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ABSTRACT

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 ice

station-traversed the Chukchi Rise, portions of “ue Alpha Cordillera

and Mendeleyev Ridge, and the Chukchi, Mendeleyev, and Canada
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Plains. The findings, together- with pertinent observations from older

investigations, support the suggéstion of carliér investigators that the
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Alpha Cordillera is an inactive center of scaflcor spreading. Several

fractures were obsex_'vcd to cut the Mendeleyev Ridge and Alpha Cor-
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dillera, and many other closely spaced fractures are suggested by
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fopdgra}phic,, magnetic, and gravity trends. These fractures appear to
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parallel the 142° Weést. méridian. ‘Seismic reflection profiles show a
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buried ,fto_pggraphy similar to that of the Mid-Atlantic Ridge. Offsets in

the apparent axial rift suggest thatthe fractures are the traces of
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transform faults. The angular relationship between the Mendeleyev

‘Ridge and the Alpha Gordillera appears to result from a sou“t’her]y dis-

placement of the cordillera crest along numerous .en-eclielon transform
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faults. Magnetic anomalies are consistent with the seafloor spreading
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'l;ypothesis./{A crustal gravity model based upon.a continuous 600 km
long. gravity and bathymetric profile and one reversed refraction
measurement from Station Alpha shows: the -observed gravity to be
consistent with a section of: East Pacific Rise tybc with a 5 ke thick
oceanic layer overlying .27 km of anomalous (F) = 3.15) mantle

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

Precambrian time is proposed, in which the basin experienced spreading
. ( P 8

at least once in the Paleozoic, and again in the Late Mesczoic and

early Tertiary. _The _Early Paleozoic episbde is related to the opening
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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 oceani.. crust beneath the Beaufort Seca
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-
matic or depositional changes. Sediment cover on the ridges varies from
several hundred meters to more than one kilometer. Sedimentary ridges
up te 55 meters high blanket the crestal plateau of the Alpha Cordillera,
and appear to be the result of currents which transport sediment.across
the ridge from nofthwest to southeast. This ;ijroc’ess is presently iractive,
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 bott,om
circulation in the past. A zone of bottom erosion 5long; the Mendeleyev
Ridge flank may reflect a circulation of water through the. Cooperation
Gap, a trough which-appears to cross the ridge. Two buried channéls
extending to-subbottom depths- of 700- meters we,‘ré observed:between the
Mendeleyev Fracture Zone and the Mendeleyev Plain.-

7 Three generalipurpose computer programs- arfe Ainclude‘d‘. They
compute I'}-geographic position from celestial cbservations, 2)-prob-
able drift between known positions-using wind.data, and 3) :gravity
meter -calibrations at a base station with coﬁrecti‘«)fg for earth:-tides

based upon a calculation by means of an-abbreviated lunar and solar

ephemeris. - )
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INTRODUCTION

Geographical Setting

The Arctic Ocean, with an area of about 14 million square kilo-
meters, is the smallest of the world oceans., This ocean iz unique
in several significant respects, It is almost land-locked, it has a
peréennial cover of pack ice, continental shelves occupy one thii‘d of
its area, and it is divided by three subparallel submarine ridges.

Figure | is a physiographic diagram of the Arctic Ocean showing tne
major features. This diagram is based-upon a diagram given by
Hunkins (1968). 7

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
Lomenosov Ridge lies in the center, dividing the basin into the
Amerasia Basin north of Alaska, and the smaller and deeper Eurasia
Basin north of Europe. This ridge has steep slopes that are -convex
upward, and has minimum depths of I 00-1200 meters..on-the North
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 -div:ide'd;into ‘tw.o‘éma’l‘ler basins. by the
Arctic Mid-Ocean Ridge, a-seismica’ly active belt of high ridges and deep
rifts, This feature is considered to -be the Arg:tic extension of the Mid-
Atlantic Ridge, a center -of seafloor spréé.glipg. The Amundsen Basin
lies between the NMid-Ocean-Ridge and the Lomonosov Ridge -‘and encloses
the Pole Abyssal Plain. This plain:is the-deepest and second largest plain
in-the ocean basin; its depth increases from about 3909 meters near the.
Lomonosov Ridge to-more than 4200 meters along the ArcticMid-Ocean
Ridge. South of the Mid-Ocean Ridge lies-the Nansen Basgin, which
encloses the small. Barents Plain at»deéths between 3750 and 3900 meters.

South. of the L.omonosov Ridge, —t;he Alpha Cordillera divi’cies the

Amerasia Basin into two smaller basins; the Makarov Basin-on the
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north, and the Canada Basin on the south, Two plains form the deep
floor 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 Marvir Spur projects

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

tﬁ‘ The Alpha Cordillera is the largest single submarine feature in
! the Arctic Ocean. Like most of the features in this ocean, the Alpha
; “ Cordillera has not been extensively scunded, but its outline is gen-
erally known. It crosses the basin from the vicinity of Ellesmere
i m Island to the East Siberian Shelf, forming broad triangular plateaus
* " where it abuvts the shelves. The width of the Alpha gorduléx_'a. varies
: considerably, reaching a mavimum on the Canadian sidé, and a min-
B imum of about 300 kilometers near the.center, where the crestal
‘ ;‘ ) regions reach their maximum:.depth of more than 2000 meters.
e Soviet workers (Belov-and Lapina, 1958) report this crestal low to
i z -consist of a long deep ~trqug};»;with topographically complex, convex-
: - upward-slopes, and a maximum depth of 2700: meters. At this point,
'. \ * ;:alled the Sotf.udpiéhégtya (Cooperation) Gap by Treshnikov et al.
- (1967), the:cordillera‘axis changes direction toward the :south, heading
s :f ) ‘ '@wayz:rﬁ;‘orf; the. Laptev Shelf and-toward the East Siberian Shelf, and
; H’ ‘the :fe#’g;rei bé;gon‘aes’. the M;ndeleyev Ridge.
: 2 : : Between- the Alpha Cordillera and the Chukchi.Shelf lies the
: . o Canada Bas;ir;, the__A}gfr»geét..of the four Arctic basins. In the center
Yol : lies the Canada Plain, the largest plain, with depths of about 3850
- meters alony the flank of :thé Northwind Ridge. The Chukchi Rise,
: 2 ) . iﬁcludipg the Nprtbwind Ridge, projects about 600 kilometers north
L from: the-edge of the-Chukchi Shelf. Two small plains are located
) ”; » betwecn-the: Chu;kchi Rise and the- Mendeleyev Ridge. The Chukchi
. N Plain, located near the East Siberian Shelf at-a depth of 2200 meters,
j ’ ,conneg;ts: with-a deeper Api'ain;to the north via the Charlie -Gap (Figure
- ‘ 9). 'Ilii?p}ai’n, at a.depth of about 3300 meters, is described here
_ ! ;_:;’ ' for. the first time. and has been called the Mendeleyev Plain, It
17
$! >
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‘search in the north. polar regions,

presumably conneces with the Canada Plain notth of the Chukchi Rise

via another gap.

Previous Work

The perennial surface ice cover on the Arclic Ocean makes nav-
igation by conventional vessels impossible. This single fact accounts
for the slow growth Aof knowledge about the Arctic Ocean. What know-
ledge there is has been acquired through a wide variety 6f 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 icabreakers along the fringes of the pack,
underwater probings and f.ransi"ts by conventional and nuclear submar-
ines, and in the case of the present investigation, the meanderings of
ice islands within the pack. In addition, long range aix;craft;are meas -
uring ‘the magnetic field, and together with artificial earth satellites,
are acquir{ng data about ice -conditions, Beal (1968) and Osten50~(:1962)
have presented interesting discussions of the history of scientific re-

Drifting ice stations have contributedimuch t» our knowledge of the
Alpha Cordillera. TLe broad outline of this feature was first shown in
a diagrammatic chart of volcanisim in the Arctic Ocean by Hakkel' (1958),
and was based primarily upon soundings made from- the«&rifting Soviet
ice station NP-4 in November 1955. In 1957 and 1958 Drifting Station
Alph2x crossed the cordillera, permitting Hunkins (1961; also 1GY, 1959,
and 1961) to- carry out investigations which showed this feature to be a
niajor mor;hological province. Over 600 explosive soundings revealed
waler depth, bottom dip and str‘ike, and subbottom information. Three
unreversed refraction profiles indicated an average of 9.38 km of
unconsolidated: sedimen’ overlying, in one case, a 2.80 km thick layer
with 4,70 km/sec compressional wave velocity, Below this lay  5.44
km/sec "oceanic" layer of undetermined thickness. The céntral por-

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

Ice Station T-3 drifted over the Canadian términus of the Alpha
Cordillera in 1952 and 1953. Data taken along the track cutlined the
Marvin Spur (Crary, 1954). Crary and Goldstein (1957) reported
three unreversed refraction profiles which showed a shallow velocity
structure more -continental thun oceanic. Kutschale (1966) gave the
resul(s of geophysical investigé.t’ions from Drifting Station Arlis I1
within-the Makarov Basin. He reported the existence of a steeply dip-~
ping basement ridge beneath the Wrangel Plain. This ridge-separates

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

‘the Alpba Cordillera, Seismic reflection profiles showed at least 3.5

km qf‘at;a.éified sediment benéath the Wrangel Plain,

Dietz and Shumway .(1961) published the first continuous sounding

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

in 1958, and:by the U.S.S. Skate in 1958-and 1959, 'I'hey observed steep
flanks and a relatively smooth ,pppel: surface iacking in jagged topogra-
phy; and concluded that the cordillera was non-volcanic and.bounded
by major fﬁults. Gravity measurements made from-Station Alpha show-
ed-a i‘ég‘ional free-dir gravity anomaly of +60 miilligals over the cord-

illera, which Ostenso-(1963) interpreted-as being further evidence of

-a.horst structure, as suggested by the submarine profiles.

A Tow lével deromagnetic survey was made over part of the.Arctic
in 1961, and was reported by Ostendc (1962). Depth to scurce computat-
ions were made from the af\omaliés. These revealed that the high

amplitudé- anomalies associated with ‘the cordillera were of shallow

.origin, suggesting an uplifted basement, These same high amplitude

xazio-mai,iés,, obgerved.in.a ‘high altifude survey flown in 1950 and 1951,

led: King:et al. (‘1‘9’66;) to designate -a "'central magnetic zone' whose
a‘ﬁpﬁ"zaliei paféilél’ and extend.beyond the flanks of the Alpha Cordiilera.
They noted-the presence of broad. long wavelength "block shaped

pos}i't,iv,é?arigl nepative anomalies-along the flanks, which they considered

~
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to be related to the "block-fanlted mountain range'' origin suggested
Ly Funkins (1961) t¢ explain the rugged relief observed from Station
Alpha,

King et al. {1964, 1966) also noted the resemblance between the high
amplitude anomalies on the cordillera and adjacent plains, «nd those
over the Canadian Shield. They concluded that the Amerasia Basin
conegists of a large sunken block of highly magnetic continental rock,
presumably Precambrian like the rocks in the Canhadian Shield Complex.
A precess of crustal thinning was evcked to explain the thin (hence
oceanic) character .os the basin crust as suggested by aj the Asurface
wave studies of Oliver et al. (1955) and Hunkins- (1963), and b the
gravity observations of Ostenso (1963). The downdroppéd-block
hypothesis, commonly called upon in early speculations. on the origin
of the Arctic Basin to provide a .connection between similar tectonic
features observed on opposing sides of the basin, seems fo make its
last appearance in the paper of King et al. (1966). )

Lachenbruch and Marshall (1966) measired the heat fiow at twe;:lt.y
stations over the \ ordillera flank 2nd on the adjacent plain from T-3
in 1963, and found the flux over the cordiliera t5 ‘be about-one half
that of the normal and uniform (L.41 7} 4% «xi‘iicroé’a.iogi.égf;/;cmzsed) flux
measured on the plain. Using models: they -concluded-that théir
measurements were best.explained by ~avzoné of’law donductivity rock
extending below thercordillera to a c_le:pth~~-o£;a‘t least 15 kilometers, and

projecting out at this .depth for some distance beneath the adjacent plain.

This uncdel is similar to the anomalous mantle models for the mid-

oceanic ridges-given by Talwani et al. (1965).

Sykes (1965) relocated ali well-recorded ,Ar.ct,icfear‘thquakeé for the
period January 1955 to March 1964. In-the Vvici_r;itybf :the Alpha Cord-
illera only ongagarthquake. was recorded. This -Wa§ a s;m»ahll event, of
magriitude 4.5, which occurred on.June 3, 1956 on the Canadian Shelf

at 79.91° North, 117.70° West. Barazangi and Dorman (1970) prepared
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SEISMICITY OF THE -ARCTIC , 1961-SEFT, 1969, ESSA, CGS-EPICENTERS

Figure 2-




an updated Arctic seismicity map (Figure 2) based upon the ESSA
and USC&GS epicenters for 1961 through September 1969:. Again only
one epicenter was observed along the trend of the Alpha Cordillera,
on the continental shelf north of Canada. From these data one can
conclude tuat the Amerasia Basin is essentially aseismic.

Beal-(1968) reported on the bathymetry and structure of the Arctic
Ocean, based primarily on the bathymetric data collected during
United States nuclear submarine cruises betwesen 1958 and 1962. Nine
profiles across the Alpha Cordillera assisted greatly in defining the
physiography of this feature. Beal (1968) describes the Alpha Cordillera
as a broad arch, marked with volcanoes and regions of '"high frac-
tured plateau" similar to those observed on the Mid=Atlantic Ridge,
and by scarps 500 to 1000 meters high. On the basis of the physiography,
the magnetic lineations, and the relatively small quantity of geophysical
data pertaining to the crustal structure, Beal:(1968) interpreted the
cordillera as an inactive mid-oceanic ridge whichk has undergone some-
subsidence. The Alpha Cordillera was considered t6 be 4n é rctic
extension of the buried ridgé discovered benéath iﬁ'e’"I:;é.brad’Qr Sea by
Drake et al. (1963), and probably responsible for the -opening of the
Amerasia Basin. _ )

In the méantime, Soviet investigators mapped-the magnetic pavt-
terns in the Eurasia Basin, :Rasspkhoret; al. (1967) and Karasik (1968)
gshowed a linear anorhal&r —p;attern (Figure 3) ‘paz;al‘lgxli’ng‘ the Arctic Mid-
Ocean Ridge and éxhibiting rough symmetry relative to the ridge axis.
Karasik (1968) obtained a preliminaxfy spreading rate of 1.1 cm/year
for the past 8-10 million &ears ‘by compariion with the known anomaly
pattern for the other oéeans; Toward the Alpha Cordillera and the
Mendeleyev Ridge the anomaly wavelengths were sezen to increase with
the patterﬁ becoming moré irregular. The magnetic anomaly amplitudes
over -the Arctic Mid-Ocean kidge are considerably smaller than fhoée,
on the Alpha Cordillera. '

Vogt and Ostenso (1970)- examined the existing géophysical, and
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geological data, and found it to be consistent with the hypothesis that
the Alpha Cordillera is an inactive mid-~oceanic ridge. Using additional
low level aeromagnetic profiles flown in 1963 and 19t ¢, they attempted
to date the anomaly pattern over the cordillera, A comparison of

sclected profiles projected perpendicular to the cordillera with profiles

from the North Atlantic suggested a correlation with anomalies now

found between 300 ana 200 kilometers from the axis of the Reykjanes

‘Ridge, indicating that the cordillera became-inactive in the Tertiary,

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

observed in some of the profiles, o
Vogt and Cstenso (1970) aiso used e’ariy gravity measurements from

Ice Station Arlis II over the Mendeleyev Ridge, and from T-3 and Alpha

over the Canadian end of the Alpha Coxdillera, to make three projected

——

gravity-and bathymetric profiles across thg,cordiil‘cr‘a. Model cé]tul- Lo
ations: were made for the two end profiles, using-six layers. A. root

of anomalous mantle extending to about 70 kilometerswas- required . &

to fit the obsetved anomalies.

Ptresent Wotrk o "

This paper presents the geonhysical findings-of the post-1962'

drift of Fletcher's Ice Island:(T-3) an-the vicinity of thé Alpha Cerdillera S
Fletcher's Ice Island began operations in March 1952 with the landing

d
{
{
!
!
:
!

of a scientific party undex the leadership of Lt. Col. Joeeph O: Flgtchg:‘— - .- R

" on a large (approximately 170 square kilometers).and \tbic_:k—(ﬂabc}qtt‘sft ) il “‘
_ R X ) - by
meters) piecé of glacial ice. This tabular .icebegg is ‘beligved to have “r

broken off from the land-fast ice shelf aloung the northern coast of Ellesmere

[ e

~e

Island. The morphology of the ice island has beég.des’c’rib_ed, by Smith (1969)-

For the next eight years, T-3 drifted south.and west from. ité in’itiél :
position 230'km from the north pole, skirting the continental margin : o
: north-of Canada, and eventually grpunding, in: April-’1960, _on»éys,ﬁoa?lz 7 ] 1 -
150 km northwest of ‘Barrow, Alaska. Many investigations, ‘godme 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),

fg and by Cabanies et al. (1965). Following the grounding, the station was

occupied for more than a year, but was finally abandoned in Septei..ber

o
o .

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

: ; Sometime during the next winter the island drifted free, and on
3 X F February 16, 1962 it was discovered by an Arctic Research Labora-
J tory (ARL) plane on a routineé supply flight to the new ice island, Arlis

LI Within a few-days the station was reoccupied by ARL personnel,

Carh et
e

e a1
——
B

-and its life began-anew. By the middle of May a geophysical program
1 o was-being conducted by scientists of the Lamont-Doherty Geological
Observatory. This program, consisting of navigation, -depth soundings,
5[ and gravity and magnetic observations, plus supplemental seismic
) reflection measurements, coring.and bottom photography, continues
T to the present.time, with numerous additions and refinéements, This
- program is customarily carried out by two.or three field personnel.
Figure 4-shows the drift.of T-3 since- its- reoccupation. During
this period-thesstation has completed one clockwise orbit around the
; ; “Canada Basin, and is now on its way through a second. Three insets
.8how ‘the areas to-be condidered. Area I and II, on the flank of the

N B ‘Mendeleyev Ridge, and'between the Chukchi Rise and Alpha Cordillera,

A g R T e T A RS A T T T T g X

‘were invégtigaﬁ’ced'duripg\ the 1962-63 and 1966-68 drift of T-3. Area III

Wa‘g‘;:;ii';\f'estigaté,ﬂjvglu“r'ing 1968-70:.Depth soundings were made along

féj - much. of ‘the drift track. In 1966 a seismic profiler was installed, and
% % m reflection:measurerfients ‘were obtained along much of the 1967 and
i - ~196:8=70‘tfa¢k; i;}g'rir;g these periods.a number of piston.cores, bottom
x z: _ . ,pl_gotogrgphs,, and-light scattering measurements were also obtained,
ﬁ _ Thé T-3 data, together with pertinent observations from Stations Alpha,
b i} I - ) A _ Charlie, and Arlis II, as well as the Rusgian drift station North Pole 2,
3 ;. ‘ B ‘have been g;igd,: inthe study. The recent T-3.data is available in
AL l o o reduced g:i'ap'hic;}l‘ form in a report by Hunkins et al. (1969). The

earlier gupplemental data was taken from compilations by Bushnell

4 | "~ {1959), Black and Ostenso (1962), Cabaniss-{1962), -Cabaniss et al. (1965),
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and Somov (1955),

Additional magnetic measurements were made by members of the
British Trans-Arctic Expedition (BTAE) wintering on an ice {loe
approximately 140 kilometers to the northwest of T-3 during the
period November 1968 to February 1969. These measurements
filled in many details of the anomaly pattern over the ridge crest.

The present findings are wholly consistent with the suggestion of
Beal (1968) and Voyg: and Ostenso-(1970) that the Alpha Cordillera is
an inactive mid-ocesnic ridge. The principal evidence for this is the
identification. of at least five fracture zones that cut the cordillera, and
apparent offséts of the ridge axis in the crestal regions. Ba‘thyme—trié
data suggest-the presence of otherfractures, whjle“géismié reflection
studies suggest a buried bagsement topography similar to that found on
the- Mid-Atlantic Ridge. The magneti¢ and gravity data support this
thesis, .and suggest the existence of still other fractures. )

Bottom currents appear to controi sedimentation over a large

part of the area studied. Elongate sedimentary ridges or waves appear

to‘vppv_er the crestal plateau, but ate blanketéd'with-a uniform cover of
pelagic-sediment, suggesting that they have beer ;iﬁactive for a con-
siderable.period of time. TheSg waves are apparently the result of

a si:r_ong:;-paieocircula.tioxj, similar to-the weak one found toélaly, which
transported sediment across the ridge from northwest to. soﬁ‘thgast‘.

Along the eastern flank.of the 'Menti;eleyev Ridge a region of gubmarine
ercsion is: obs'e;.i'v’ed, apparently maintained by a strong flow of water
through the Cooperation Gap, frem i:he Makarov Basin to the Canada Basin.
A zone-of sediment .wéve;s ‘obéerw;d beneath the.present Mer;de'I'e');ev

Plain indicates that boitom currents have apparently been an gffective

agent of deposition in the past,
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DATA REDUCTION ’

P
2

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

aid of an electronic digital comp:..ter. Several Fortran language

i i programs developed for this investigation, but having a wider range -
of applicability, are described and listed in the Appendix.

I » - . -

3 Navigation

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

navigational fixes. Positions prinr to April 15, 1967, and for the

1
vt sy
b

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 navigatidn

with = theodolite, whenever visibility permitted. The fixes were reduced

R T ot +

by computer (see Appendix). A maximum error of 1 km was possible
; . ) when sun shots were used in daylight periods, and t } km when star
sights were used. Positions for all other periods are from satellite

fixes using the U.S. Navy Navigation Sét_elli’te System (NNSS) described »

o

by Guier (19:66)\é.nd- reviewed by Talwani et al. (1966). Errors in excess

of t + km are:unlikely because of the high rate of fixing with this

phst it ke g

‘method at polar latitudes, and because of the low rate of ice drift,

S
¥

Wind data' were used in another-program:(see Appendix) to computé the

most-probable drift of the island between fixes by applying the ''rule"

ok S v

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 vends.

to drift 2t a small fraction oi the wind speed, and ata ﬁxed angle to the

right (in the northern hem1sphere) of the wind.

The detailed track for Areas I-III, shown as infets in Figure 4,

- is presentecd in Figures 5, 6, and 7. Ihdividpal fixes are not plotted on

the drift track, as up té fifty per day are available with t}}e satellite

system. Approximately 11,000 kilometers of frack ‘are represehted on
2 these three maps. Daily distances varied from zero for periods of

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

days drift for T-3 showed the average daily drift to be 5.2 km/day. .-
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f ) . Depth Soundings
— Depth soundings were made almost continuously using a precision -
depth recorder {PDR) of the type described by Hubbard and l.uskin i
(1959). A Gifft ESRTR-3 sonar transceiver was used as the sound -

transmitter and receiver, driving an E2O Corporation AN/UQN 12 KHz
transduczr at a nominal pulsed power of 1000 watts. All soundings -
were made on a | second (750 meters) recording scale, with a paper
feed rate of approximately 1 cm/hour., The echo-distance error due to
timing in the recorder and reading of the records was-about 0.0025
seconds (I 2 meters). The records were digitized at frequent intervals
(0.1 to 0,5 km), and at all slope changes to allow accurate interpolations.
These soundings were corrected for the vertical variations in the sound
velocity (Matthews, 1939) as part of the computer reduction program.
Corrections of the order of +60-n;eters were needed for water depths

of 3000 meters. No slope. corrections were applied.

Between May 1962 and June 1963, when thé PDR was put into -
'd‘peration, soundings were obtained using explosive charges and-a geo- .

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

e

measurement accuracy of 1 millisecond, or less than Z’Vméters. These

=

soundings- were corrected in the same manner as the PDR data,

‘Gravity Measurements

~ Gravity meias_uremventa were made several times a day with a

Lacoste & Romberg ModelifG (No. 27) geodetic gravity meter. The meter
was mounted on a \;/ooden post which projected through the labratory

~ fleor and was securely frozen into the ice, The meter height was approx-
imately 4 meters above sealevel, Ice vibrations gém;rally 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
Wis cOnsin'péndulum station at Barrow, Alaska, twenty-five;ti,mes‘ between
1962 and 1970, The drift is shown in Figﬁre 8. Abrupt chahges 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 t 1 milligal. )
Maximum errors are considered to be less than 1 milligal for most -
observations, but possibly as much as * 5 milligals during the severest -
storms. i

Simple beuguer anomalies were coinputed for each observation B
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 h
study. )

An additional 150 gravity measurements, cbtained from Station -
Alpha in 1958 with a Frost C-1-15 gravity meter, were used in Area =
111 to assist in contouring. These¢ observations are of limited value T
because the abandonment of‘the-station, following.seven m’o'rith‘s of =
measurements, did not 'Perxjnit a final calibration., Comparisan of the -
Alpha measurements with.the calibrated observations from T-3 at five "
Alpha/T-3 track iﬁtersections show the Alrha data to be about 1:5‘rmilligals' ”
too high, and they -have —‘b,‘égn adjusted accordingly. A "

Msagnetic Measurements. -

The total intensity of the earth's magnetic:field was measured
almost continuously ‘with a proton precession magnetometer (Packard
and Varian, 1954) Buiit at the. Lamont-Doherty Geological Observatory. 7
Readings were made evéry‘—si-x seconds and recorded on a strip chart.
Magnetic total intensity waé calculated {rom precession frequency
according to the relation H = 23,487386 f where H is the total field in
gammas (lo'sgauss) and f is the proton precession frequency in her,tz.A
The precession frequency measureme nts were made with a frequency |

counter, whose crystal oscillator time base was checked periodically

¢
!
i
H
¢
i
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against other frequency standards. The individual measurements

‘
Nty o0 bt St w

are accurate to better than i 10 gammas.

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

SN A A]
o ot

comrmonly exceed one hundred gammas (Hunkins et al., 1?62, and

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

(R R

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

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

T T ST

i) 7
EAMARA- At sy

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

el
Py
‘m.‘ ‘.i

four hourly readings centered -about that time,

SNSRI R S A
1 vt

wo e s

oy Yo

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 regional field in this area by the Dominion Observatory of

ey b

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

R CREL RS
L $
I a1

center of their aeromagnetic survey. The magnetic total intensity

anomalies presented here are defined as the difference between the

w >
e -]

observed total magnetic field and the computed regional field at the

point-of observation.

R R NN N

BTSSR % R

§ —

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

‘were supplemented by measurements made by the British Trans-Arctic

avd

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

H

Crme g o

the northwest of T-3. A Varian M-49:porta.l$1e 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

e L. "
)
]

to better than T 20 gammas, and were reduced in the sarne manner as

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

i‘ - Airborne total intensity measurements reported by Ostenso and
3 ﬂ Wold (1970) were a useful aid to ir;te‘rpreta.tion. These measurements
- ‘were made at an-altitude of 450 meters with a proton preceesion mag-
: hetometer. No attempt was made to reduce these observations to
gv% . sealevel, a change .of less than 20 gammas. A correction for temporal
" ,E .L 7 vakiations 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 positicaing 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 bgiqw,

The sound source consists of a triggered capacitor bank from
a 9000 joule storage capacity ""boomer' (Edgerton and Hayward, 1964),
discharging through an underwater spark transducer. The tra,nsdugér
is a flexible two-conductor cable, terminated by a tape-covered 5/8"
diameter brass rod with one end open to the seawater, and'by-a length
of exposed copper braid wrapped around-the cable 30 cm back from tiie
end. When the sparker is triggered, the capacitor banks discharge
into the ocean via the brass rod, causing breakdown of the seawater
and producing an acoustic shock pulse. The copper braid-ensures a
good connection of éhe capacitor bank :grouﬁd to the seawater. Spectral

measurements of the pulse at a listening array 5 km from the trahsducer

indicated a peak intensity at 80 hertz. Caulfield (1962) has descr-'ibf;ci the-

various parameters affecting pulse shape and intensity,
The transducer was suspended-about 8 meters below Jtﬁe sea ice

near the edge of the-ice ~i§15.nd_. The cable was passed through an oil-

filled pipe frozen—.info 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 erodea'together, and replacement about every eight -

months. Details of elec,t}ode congtruction are discussed by H&l};:»{_—zl()b{). ) -
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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
Sound Lakoratory ((Woollett, 1960). These highly sensitive hydrophones

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

in the hydrophone case.

The hydrophone signals were mixed and preamplified at the

Ty
wd s e w
i S
e e e

ice surface, then amplified, filtered, and recorded on a modified

ES
P
[ “Q

Westrex chart recorder. This recorder uses an electrified stylus, riding

i ) on & translating steel band, to write on electro-sensitive dry recording
1

vt ey

paper passing-slowly under the band. The band has three styli spaced
at equal intervals, so that as one stylus finishes writing a line, the

next one commences its sweep. A six second sweep was used for this

P L
Pd v

work, ‘controlled by a precision frequency derived mechanically from

P
s

.
fr2un ,i.

, a synchronous clock. The paper speed was approximately 11 .centimeters
v L per day. A-cam and gating arrangement was used to-control the
; ; ‘L operating program of the profiler. Once every five minutes, this.
, 2 o programmer turned off the PDR so that it would not interfere with the
: i ,.L ) prafiler; fired the spark source as one stylus began its sweep, allowed
*' - the ‘reflected sign.is to print-on the paper, then disconnected the print
k ‘; .éfnpliifief»fr*orp the styll 3o that nothing was printed until the begiuning
4 % - . of t};e next five minute interval. ,
: A two-c'h_annell drum recorder with hrake-clutch mechanism,

similar to that used by Kutschailé (1966) on Arlis 11, was used along

¥
[ ISe——
|

_ with the chazt recorder during part of 1967 and 1968. This 10 second

N, A

Yd

sweep recorder generally produced better records, but required

considerably more maincainence.

Individual. seismic reflection measurements were obtained prior

e

YOI ooy g
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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 profiles shown in

Figure 16.

; : Data Storage and Presentation .
The results of the reduction programs for navigation, bathymetry, o

gravity and ma gnetics 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,

e e —

3 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 speéds -
s is roughly equivalent in-distance to thattraversed in 45 seconds by a .
‘L‘ 12 knot ship. Altogether the tape contains data recorded over 70,000 .
g hours.-
3 The tape was used to prepare contour maps-and construct profiles, .-
i using an automatic 30" plodter contrb:lled by the computer, The contour ..
\( .program is arranged to print out the contour number at the lo_éétion .-
3 along the track at which that particular contéur is crossed. Any map e

scale and contour interval éan-beused; In this fashion the computer -

performs, the task of interpolating contour crossings, and the portion L.

s Aoy L

of track between convours acts as a constraint during the manual process .-
.of drawing contour lines. . —

Profiles. were produced by specifying endpoint positions for each

Abs8 i AL iy

A

segment of the profile, and then Specifying the beginning and.end times

of portions of track that should be projected onto the profile. -Bathy-

vty

metry, freé-air and Bouguer anomalies, and ma gnetic anomalies were - .

L e
B T

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

3  the seismic profiles were also digitized in sectxons, and fed into ‘the -
computer for projéction. The vertical scale for bathymetry and subbottom

reflections on .all projected prefiles. is in meters. not reflection time.
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g Water depths are all expressed as corrected meters. Sediment thick-
nesses are based upon an assumed sedimeni 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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INTERPRETATION
PART I: TECTONIC FEATURES
Bathymetry

The area of investigation has been subdivided into three areas,
shown as Areas I-11I in the index map (Figure 4), Contour maps
with 100 meter isobaths have been prepared for each area. In those
parts wvhere 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 Mendeleyer Plain, and the eastern margin of the Mendeleyev
Ridge. The Mendeleyev Plain, described here for the first time, has
gradients of about 1:100C and lies at a depth of about 3300 meters. Its
gradient barely classifies it as an abyssal plain. On the west, the Men-
deieyev Ridge rises 2300 meters above the adjacent plain to forin
three isclated plateaus. Two of these are named for the submarine
U.S8.8. Sargo and Ice Station Arlis II (this plateau is off the map),
from which they were discovered (Del.eeuw, 1967). A third plateau
was discovered in this investigation, located still further north around
79°N and 176 "W, and at a slightly greater depth of around 1100 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 pa ralleled by a 600 meter high
scarp which faces the ridge across a trocugh. This ridge disappears
to the-north, being absent allogether in a traverse 5Q kilometers away.
This {eature, shown in cross section in Figures 13, 14, and 35, is
interpreted as a fracture zone, associated with the Alpha Cordillera,

which locally parallels the Mendeleyev Ridge. The name Mendeleyev
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Fracture Zone is proposed {or this feature. Along the ridge flank the
topography appears to trend NNW-SSE, paralleling the fracture
zone,

Avea 11 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 II. These are interpreted as seamounts, although from the
crossings it is uncertain whether they are isolated ieatures. 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 relief of at least 700
alnd’preferably 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 Cana—dian‘chart {DeLeeuw,
1967) tl:nése features appear as the southern end of a long NNW-SSE
trending ridge. In this paper they have been reinterpreted as seamounts,
probably volcanic in origin, because of their crestal depressions (see
Profile A-B in Figure 15}, the associated magnetic anomaly (Figure 16
and Figuere 256), and because\ cf the very low heat flow measured on
their flanks by Lachenbruch and Marshall (1966). Subsequent heat flow

measurements over the Alpha Cordillera have shown tﬁe 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 conduclivity volcanic material,

Names arc proposed for these seamounts, to honor scientists
involved in the exploration of this part of the Arctic Ocean. The
largest seamount on the flank of the Alpha Cordillera is named after
Rollin Arthur Harris (1863-1918), who in 1904 proposed the amphi-
dromic 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 Del.eeuw (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 f{lat-topped
structure, shown in Profile C-D in Figure 15, suggesting that it is
bounded on the east by a fracture striking in the direction of a steep
valley observed by Hunkins (1961) from Station Alpha. This valley
appears in Area III (Figure 11). This seamount is named after Albert
P. Crary, whose early geophysical measurements frormn T-3 delineated
the North A1 .erican termiinus of the Alpha Cordillera.

Area III comprises the- flank and crestal regions of the central
section of the Alpha Cordillera. Soundings reported by Hankins (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 Tordillera 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 A. Ostenso, whose aeromagnetic, airlifted gravity, and
other marine geophysical measurements from [ce Station Arlis J1I
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 pari 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-
iliera. 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 graben-like valleys. A
pronounced characteristic of the soundings -on the crestal plateau was the
appearance of numerous hyperbolic echoes, which are discussed in some
deta:l in the .second:-part of this paper. A

A general profile across slightly more than half of the cordillera is
shown in Figure 12 (see Figure 4 for the location of this profile). This
projected profile runs in a straight line from the northern margin-of
the Chukchi Rise to just beyond the apparent axis of the cordillera as.
indricated 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 & more general trend. In this profile, the Alpha
Cordillera appears as a rounded feature, rising rearly 2 kilometers

above the Canada Plain. To the easf of this profile the crestal regions
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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 0° 23! slope.
This slope is identical to that given by Beal (1968) from an analysis

of nine submarine crossings of the Alpha Cordillera.

Seismic Reflection Measurements

The results of the seismic reflection measurements are shown
in Figures 13 through 18, With the exception of Figure 16, which is
derived from explosive soundings, these prcfiles were ontained 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 ig 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 Mendele?ev Ridge. Figure 13
shows these segments projecged onto a comnmon fixed plane., From
this figure it is apparent that the fracture can be traced over a distance
of at least 80 kilometers. Differénces in stratigraphy across the scarp,
discussed in some detail in Part II of this paper, indicatg that these
sediments were deposited after the formation of this fracture. The
topography of the basement is quite rough. In Profile A-A', the top
‘layer consisting of several hundred meters of conformable sediment,
overlies relatively flat sediments which appear to have undergone
considerable erosioh. Higher on the Mexidéleye’v iRi_dge (Figure 14),

reflection measurements along a zig-zag track (Profile j-5) show
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the Mendeleyev Ridge to have a relatively thick and highly variable
sediment cover, Steep slopes and rougl topography within the basement
are reflected in the surface topography, even though large volumes

of sediment have partially filled some of the valleys.

More than two kilometers of sediment were observed beneath
the Mendeleyev Plain, with no indication of basement. Kutschale's
(1966) measurement of at least 3.5 km of sediment beneath the
Wrangel Plain, across the Mendeleyev Ridge approximately 300
kilometers to the northwest, suggests that considerably more
sediment exists. Beneath the Mendeleyev Plain, about 106 km
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 (¥igure 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 trendnorth-northwest. Over two kilometers of sediment
were observed beneath the northern Canada Plain, Again no basement
reflections were observed. The basement appears to drop precipitously
north.of the Chukchi Rise. Dipping interfaces benéath ‘the plain, more
than-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 a thick sediment cover extending onto the Chukchi
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
+to-more than 1200 matere. The thickness increases toward ihe east,
probably as a result of increased deposition‘-near the continental
shelf. Toward the west, sedimentation appears to be partially cont;'Qlled

by bottom currents, which have rediatributed the available sediment.
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This sedimentation is discussed in some detail in Part II.

Beneath the sediments @ rough basement topography is indicated. =
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 previnces 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 1 in Figure 19 or h
Profile Q-T in Figure 17) is lower, and exhibits a shorter wavelength.
The boundary between the two provinces appearc 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 III. Step
faults bound these depressions, and there is some suggestion {(Figure
18 {bottor..), Profiles V-W and A-S) that the {loor of these depressions o
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-f{illed rift valleys found on

land (Helmes, 1965).

Gravity Measurements

Figures 20, 21, and 22 show the free-air gravity over the area of
investigation, ccntoured 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 cccurring
on the crestal highs of the Alpha Cordillera, and minima of -30
milligals within the depression on the r~..nern 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

Arpctic Qcean Basin,
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The Bouguer anomalies are generally smoother than the free-air
in the immediate vicinity of topegraphic highs, suggesting that these
features 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 eviden®,

A two-dirnensional crustal model was fitted to this long profile
using the procedures outlined by Talwani et al. (1959), and by Hayes

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

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

of a topographic high at 85 °01.7'N between 137°54'W and 139° 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

2.30 km of 4.70 km/sec ""basement" material overlying an "oceanic"

layer of 6.44 km/sec compressional wave velocity. The existence of a
basement and oceanic layer in this refraction profile suggested that

a multilayer crustal section such as that used by Talwani et al. (1965)
might be more appropriate than one using a single crustal block with
varying thickness and density around 2.87 g/cc. The reflection data
shows considerably more than 0.29 km of sediment in many areas on

the cordillera, but the control from the seismic reflecticn measurements
is unfortunately not continuous, so that sediment and basement have been
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 1. 90 and 2.59
g/cc on the Nafe and Drake (1963) curve. The oceanic layer ‘vas
asjumed to have a constant thickness of 5 km under the cordillera

and adjacent plain, This thickness is based upon the average for this
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

continuous over the East Pacific Rise. A density of 2.60g/cc was given to

Ex
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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 idensity 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-basemaent -
layer was assumed to thicken in the direction of the neighboring plain, -
primarily due to thickening sediments observed by the reflection meas-
urements. The deoths to the layers were specified at inflection points
in the {ree-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 cousisting of 32 km -of 2.87
glcc erust overlying a mantle of 3.40 g/cc density. The level of
compensation was arbitrarily set at 45 kkm, where the pressure is
136.04x 107 g/em2, A pressure of 10° g/cm2, equivalent to that
produced by a layer 1 km thick with unit densily, ccrresponds to.a
gravity anomaly of about 42 milligals,

The Bouguer anomaly was computed assuming the water
layer to have density 2.67 g/cc, in order to match the assumptions.
used in zomputing the observed anomaly. Any comparisons of these
Bouguer gradients with thése from other ridges should be made with
tnis in miind,

The computed model agrees reasonably well with the observed
pravity., 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 inferred pattern in Figure 28,
might be responsible for the larger deviations, particularly that
oceurring around 500 km. This particular model, similar to that of
ralwani et al, (1965) for the East Pacific Rise, shows that the observed
gravity is consisfent with the hypothesis that the Alpha Cordillera is
a fossil mid-oceanic ridge. One must remember however, that this madel

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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reiraction and reflection measuremsnts.
The free-air gravily anomralies have bzen ploited against latitude
in Figure 24, For this side of the Amerasia Basin the average field
is d.cidedly positive, with some tendéncy to increase tcward the
no:th, This increase rnight be due to the Alpha Cordiliera, which
marks ;:he 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
intervals, The results are combined into one map in Figurs 28c. In /
Area I (Figure 22}, closely spaced high amplitude (1000 gammas)
anomalies showing an ENE-WSW trend are observed in the southweet
over the Mendeleyev Ridge. To the north, the trend is generally
north-south, centered about a large 1400 gamma anomaly associated
with the Mendeleyev Fracture Zone (Figure 13), On the Mendeleyev
Plzin, 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 [I (Figu¥e 26), the anomaly pattern appears to show tws
orientations, The most prominent oriefhtation is normal to the trend
of the Alpha Cbrdillera_, and is represented by linear anomalies extending
SSE from Harris Seamount, along the Lamnnt Ridge, and over the
eastern scarp of Crary Seamount to the northeast. The se<>nd orien-
tation iz rather weakly developed parallel to the cordillera between the
three sets of transveree anomalies, and together they suggest the
striping pattern observed in the fracture-offset ilanks of the present
mid-oceanic ridges,

Area 111 magnetics are shown. in Figure 27, Goed coverage to the
northwest.and in the southern part of this area allowa a relativelyr
detailed look at the heart of the Central Magnetic Zone of King et al.

(1966). In the northwestern part, data from T-3 has been supplemented
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by observi.tions taken during the winter drift of the BTAE. Two
pattern oriencations are again evident, but in this caga the anomalies
paralleling the cordillera are the most prominent. In tne northwest
portion, a wavy pattern of NE-SW trending anomalies follow the
cordillera, but exhibit sufficient complexity to make correlation of
individual anvmalies hetween pr :files very difficult. This particular
problem was encountered by Vogt and Ostenso (1970).

'In the south-central pur of Avea III, along the 132°West meridian,
a trangverse band of ancma.ics was delineated, possibly produced by a
buried fracture bounding the valley which runs into tlhe cordillera just
to the east. A similar lineatinn appears to bound the eastern side of
the-valley, passing alongside Ostensv Seamount.

A general profile of the mugnetic anomalies across the southern
half of the Alpha Cordillera is shown in Figure 12. The magnetic
anomalies appear to show symmetry about an apparent axis at 510
kilometers, corregponding 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.

There is evidence, from other magnetic profiles whicl are not
shown. here, that there is another negative anomaly, bounded by ¢wxo
positive anomalies, which appears within the central negative anomaly
in Figure 12, These anomalies were removed from Figure 12 because
of their extremely ragyed appearance, posaibly caused by the contorted
nature of the track, aud also by the possibility (suggested by the gravity
measurements) that the track crosses a fractiu e here. However these
central anomalies do appear in short segments ol profile (not snown)
irom the eastern part of Area I1], and particularly in Ostenso's
(1962) aeromagnetic profile 61-523 whick appears to cross normal to
the cordillera axis in the vicinity of 84°N and 165°E.

The magnetic anomalies might help exnlain the angula: relationship

between the Mendeleyev Ridge and the Alpha Cordillera. The anomaly
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pattern for the Soviet Arctic (Figure 3) shows lir¢ations trending
approximately north-scouth along the Mendeleyev Ridge just eas: of
180" The prasence of the Mendeleyev Fracture Zone shows that these
anomalies could not reflect 2 north-south trending axis {6r the Men-
deleyev Ridge, for this would imgsly that any spreading must occur
across rather than parallel to the fracivre zone. Instead it suggests
that the Mendeleyev Ridge represents a portion of the Alpha Cordillera
which kas been offset toward the south along a series of en echelun
transform faults, one of which is the Mendeleyev Fracture Zone.
The large anomalies associated with these fractures (Figure 25
around 170° West for example) might tend to overwhelm the narrow
o.fset sections of smaller anomalies which parallel the cordillera
axis, giving the pattern shown by Rassckho et al., (1967) in Figure 3.
The suggested configuration for ‘he ridge is shown in Figure 26.

The magnetic data generally supports, and certainly does not
conflict with, the application of the seiiloor spreading hypothesis
of Vine and Matthews (1963) to the Alpha Cordillera. In fact, the
p:esrence of some degreée of symmetry about the apparent ridge axis,
plus the parallelism of the anomalies with the axis (except in-the

vicinity of fracture.), argues for th.s hypothesis.

Inferred Fracture Zune Pattern

According to the seafloor spreading hypothesis, the ocean barsins
consist of basaltic material which i8 introduced at the axis of a mid-
oceanic ridge. With time, this material moves.-away from the axis,
gradually cooling and subsiding to give the ridge its characteristic shape.
Newly forming seafloor takes-on,a remanent magnetization corrés-
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
symmetry about the ridge axis. If the reversal chronolegy is-known,
then a magnetic profile normal to the ridge should indicate the approx-

imnate age of the seafloor at any noint. as well as the rate ai which

e LA S IS R |

am

A AR mdd it A oy A ma ey P ) RSy




% F ez

B \ B DR S e I G SRR SR g
- .
J e e L L a s Ve

il

Y

e A drt VL 2
o U%',’Mﬂ,« ¥

M i DA AR Stk i ol o

H
i
I
i
i
I

P o]

. i o «
4=z i

LR A P R S eIt R Tlid St § o el ani S ThE i 44 ook Al Sulihel SN S-S S s R ol R AP

57

seafloor is produced.

When the ridge axis is offget, the pattern becomes more comp-
licated. That part of the offest joining the displaced axes is called a
trancform fault, and represents an area of relative strike-slip motion
of the spreading blocks. Qutward from the transform the offset flanks
spread together, separated by a lineation or fracture zone which dis-
locates the magnetic striping pattern. Fracture zones are inactive
traces of transform faults and are often observed as basement ridges
normal to the ridge axis. Delineation of these fractures defines the
direction of spreading.

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 142° West meridian, which, for ease of
reference, is about the orientation of the Alaska-Yukon boundary. No
evidence of curvature was noted for these fractures, but any existing
curvature is unlikely to be observed by so coarse a survey so close
to the ridge axis. The 1961, 1963, and 1964 aeromagnetic profiles
published by Ostenso and Wold (1970) were used in locating f{racture
crossings (usually identified by sharp anomalies or a break in the pat-
tern) and the ridge ax’s (evidenced by some anomaly symmetry and
a maxima 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-'ow basement

configuration consistent w'tn the inferred ridge offsets.
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Table I
Basis for Inferring Fracture Zones

Zone Bathymetry Magnetics Aeromagnetics siravity

1 (L)
2 L (L) L
Wrangel Plain Buried Ridge {Kutschale, 1966)
3 (L)~-SP L L
4 (L) (L) (L)
Mendeleyev Fracture Zone
5 L-SP L Prof. 61-609 L
5 SP L L
T G.T (L) 61-609, 523
8 {L)- Prof. -61-609 (L)
9 L (1)
10 L-GT (L)
Wilkins and Harris Seamounts
11 L-GT L Prof. 61-609 L
12 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 Eastérn Flank
15 L L (L)
16 L-GT L ) (L)
17 LV-GT L L
18 L L L
19 X (L) ) (L)
20 L-Valley L L
Ostenso Seamount
21 L-Valley (1.) L
Beal Seamount
22 L Bouguer Trough (L)
23 GT
24 L-Trough L L

( )= Weak, L= Lineation, GT=Gross Tupography, SP=Seismic Prof.




s

VAR

.ﬁvﬁ,

BN
ww

o
\.’u\ N2 ,N.».w. e

Y ™

'
)

EA A Sl N AL A

Ele R A R i S S D = SR - S S G R
- . RN R E

B PRI [T BT I RN VMR TR e SN I N A

Faatigs Bi AT

IR

IR RN S TR Y

T WERRANT LA

‘?" .
- [

R

el YN

‘‘‘‘‘




59

prd
aC
Lo
=
..... &
@ . o=t \\\ %
/ o, oﬁ...- -'. -~
DA\ : ] w
_\—ﬁ:\\ﬁ \. o &)
\ a /ﬁ : 8 F
o0 ; I w
f‘//_. / 1 a m
\¢. : D —
. w2
. ~ « e o«
s /, o R [T
L s & @
AR N
) A / \.FJ//./V/”//, J/ *\ -
TR N AR @®~
3 m. J /c»//oful / »tl
) Lmﬁﬁ/nﬁ/ ,UM, N~
M T -

RIDGE AXIS

lllll
-~
-~

CANADA

~

ABYSSAL

AN PR

-~

Ll

- Figure Z2BA.

1400




14cy
-~ Y

1508
ALPHA CORDILLE

AT R W AT A S L L e Y

R abiaalb n b AL S it hdn bic Jud t NN R 2




i e A i R A e ol e e iy e ey S S R e K e

-
g

5

j\.
\
\
e

I

vy
-
ot
R
&
R
A‘K\a
vl
L 4
ks
1Y
A
s [N
| | ‘)\:/
R\ 3 5

EN]
—
S
L
e
o N .\,\\‘:} , N
=Ny Vg
SvL
TN
[ N

= 0
NS .

]

24

ot

6 FRACTURE —

- T, BTy nArS TR A penan
v N v
~ ?‘i

5 RIDGE AXIS ==

1450 140W

LERA FREE-AIR GRAVITY

E 150 =

INFERRED FRACTURE PATTERN

B ey YAy T cOSET T I rE SET A R N S S e

TR WA TN MATY e A e A

60

et e o o St S A e e P b e, et

e ——




!

145

ALPHA CORD]

b s nd et SRS S T aloatnct 3

PRI R 2y TN T} T el b ey B a8

T IETIANE rhT s

rEndigd

S IR TR

Potindsaibchatibaint S candainaiiine el 2 Al intuC sy sibch 2 f ShConhii B (et}




b1

A O
o153 B 4
01
P
17 LAY 3
'
A2

e hoko'? a2 by ha

INFERRED FRACTURE PATTERN

FRACTURE —

A0 dsl RIDGE AXIS =

:;i‘q
.

R Figsure 28C
Vo ~ Fig

¢ 1450 140 13

ROILLERA MAGNETICS




A il e A et R G e e e ey R R e e I - T > T

Speculations concerning the Alpha Cordillera as an Inactive Center

of Seaflooxr Spreading

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.

Proposed Model

Figure 29 shows the Amerasia Basin as it would appear following
the closing of the Atlantic Ocean and the Eurasia Basin, about 89
million years ago., This reconstruction generally follows that of Bullard
et al, (1965) based upon the computer matchinLg of bathymciric contours,
and also the reconstruction of Pitman and Talwani (1970) frora fracware
zone orientation and magnetic anomaliy in the Norili Atl-.ntic.Slight changes
have been made to assure the fit of the sinuous Lomonecsov Ridge against
gsimilar indentations along the Barents Shelf. The rotation of Ellesmere
Jsland and northern Greenland will be described later, and the position
of Siberia relative to Alaska is certainly in error,

This reconstruction shows that the Amerasia Basin is 2sgens, 'y
rectangular in shape. On the east the basin is bordered by the Innuitian
(pron, like Aleutian) system of fclded 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 Siberie, which is bounded by
the Chukotka Geosyn:line on the northeast, lies to the west. To the
north is the Lomonosov Ridge, which Wilson (1963) and later investigators
have considered to have once been the outer margin of the Barents
Shelf, Within the Amerasia Bas.n, the results of this investigation
suggest that, in the vicinity of the crest ol the Alpha Cordillera at least,

scafloor 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 Listory which is quite similar to tha
of the Appalachiax /Caledonian 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 t¢ an opening and closing of a Proto-Atlantic Ocean
in the Lower Paleozoi. following a suggestion set forth by Wilson (194%)
The model proposed here suggests that the Alpha Cordillera was an
integral part of this ear!, spreading episode, as weil as a forerunner of
the opening of the Eurasia 3asin.

The continuation of the Appalachians into the Caledonian belts of
Scotland, 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 riglit angles to the Caledonian belt on
the eastern coas., 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 Spitsbe"gen, and northern Greenland
and Ellesmere Island. However any expansion and contraction in this
vicinity would net be normal to the arcuc ‘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 tiience 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 few kilometers of strike-slip
movement (Kerr, 1967). Furthermore, any continuation beneath Ellesmere

must pass beneath areas of undisturbed Lower Paleozoic sediment
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(Thorsteinsson, 1961),

4) Finally, the tectonic history of the bordering belts is similar
for all periods ¢ 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 weit
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 belcw.

1) Prior to the early Tertiary, the Caledonian/Appalachian orogen
extending from Florida to Spitsbergen continued northwest and west
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 prior 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 sedimentation.

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 vastern Ellesmere, produced the
Late Caledonian Spausms (Haller and Kulp, 196Z) in the Greeniand and
Innuitian belts and the Acadian orogeny to the south.

5) Minor movements occurred along the belts in the Late Paleozoic
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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 was¢
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.

7) Between 80 and 60 million years BP Greenland separated from
Labrador, rotating approximately 11 degrees east about an apparent
pole 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, 1370), parzllel to the present
J42° West meridian. The amount of spreading apparentily exceeded the
opening of the basin, producing compressional structures in the mar-
ginal geosynclines south of the Alpha Cordillers.

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., 1979). This
motion was predominantly strike slip along the Davis Strait. This
northward movement resulted in the deformation of the eastern
Franklinian Geosyncline and the northern -Greenland Caledonian belt,
through a kinking of the belt about two hinges or pivots in northeastern
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 Greern-
land. The northward movement was possibly accomodated through
deformation of the Greenland end of the Lomonosov Ridge, which was
then the outer margin of the Barents Shelf.

10) About 40 million years ago the movements of Greenland ceased,
except for slight rifting along the Robeson Channel (Kevr, 1967},
Spreading ceased on the Alpha Cordillera about this time {Vogt and
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Ostenso, 1970), and was replaced by openiny of the Greenland Sea

and the Eurasia Basir.

Alternative Proposals

The events south of Spitsbergen appear to be reascnably well
enplained by the formation and contraction of a Proto-Atlantic Ocean
(Dewey, 1969). However, other proposals have been, or might be
called upon, to.explain-the events recorded in the belts around the
Arctic. Three of these are discussed below.

1) Tailleur (1969b) has speculated that the Canada 3asin may have
formed through episodic Early Jurassic to Early Cretacecus rifting,
similar to the Arctic Sphenochasm proposed by Carey (1955). According
to Tailleur's {1969b) specuiation, the basin opened approximately along
the present 145° West meridiar, by rotation abouf an apparent pole in
east central Alaska, Total opening was estimated-at about 32 °.
Arguments for this -speculation lie in the fact that geologically, the
newly parallel Brooks Range and Franklinian Geosyncliné/Sverdrup
Ba>sin would have developed alongaide a tectonic source area that could
have supplied the clastics comprising the thick Devonian and Missis-
sippian deposits. Ritting would also-allow the straightening of the bends
Tailleur (1969a) reports in the western Brooks Range orogen, accocunt
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 +iose similarities between the Devonian and Mississgippian
carbonates aiong the front of the Brooks Range -and those found at Nation
River on the Yukon.

However, this 3peculation has several failings. First it suggests
no mechanism of rifting, such as seafloor spreading or the relative
rotation of blucks, which might dovetail with the known history of the -
basin. Moreover it does not explain the absénce of basinal deposits
between Prince Isal:rick island and the Mackenzie Delta, or the lack of

deformation of the Sverdrup Basin 2ccurmilations analogous to that found
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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 disappeurance.

2) Harland (1965) has postulated that the Caledonian belts of eastern
and vorthern Greenland resulted from two stages of deformation; an
east-west compression which was gradually replaced by a north-south
component which produced the Innuitian fold system,

Both this, and the case where both belts were produced simultaneously
in their present orientation, seem unlikely for several reasons. First, if
the development of these belts is a result of spreading followed by
contraction, as has been suggested for the southerly belt, then it is
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 coast
of Greenland. However this seems unlikely in the absence of any supporting
evidence from Eurasia, Second, the curvature of the fold belts in the
Franklinian-Geosyncline and the Sverdrup Basin does not suggest that
the direction of compression was uniform along the geosyncline, as might
be expected by a north-south component presumably resulting from
plate—;movements}. Finally, Kerr's (1967} conclusion that relative motion
betwesn northern Greenland and Ellesmere is extremely limited, plus
the mounting evidence that Greenland experienced a large northward
movement, suggests that any deformation pvrior to Greenland's move-
ment was within a different geometrical framework.

3) Beal (1968) suggested a continuation of the Alpha Cordillera through
the Canadian :Arcti‘c 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 the World Rift Syatem through the Parry Channel proposed

PRy
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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 Rokeson 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) quice unlikely; the lack of any
evidence of an extended tensional zone anywhere in the archipelago does
the same for b), and c) would imply that a ridge crest lies ia line with
the Lomonosov Ridge for a short distance. This is quite unlikely. Finally,
the work of Le Pichon et al. (1970), suggesting an opening of the Labrador
Sea which is best explained by a rotation of Greenland abouf Ellesmere,
may make such a continuation l‘ess‘ compelling.

Geological Evidence

This subsection describes the geological history of Greenland, the
Canadian Arctic Archipelago, and northern Alaska and the Yukon for three
time periods from Late Precainbrian to the present. Unless otherwise

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

_ (1962), 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 Eastern 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 hend 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 (19663,
or other comparable polar maps.

Precambrian to Carboniferous

Dewey and Bird (1970) bave related the development of mountain
belis to plate tectonics. In some sarlier papers, they dev2loped models,
based upon these relationships, for the evolution of the Appalachian/

Caledonian Orogen. The part of the orogen in the British Caledonides

B

a

R

g

e

s

_n

-

-

=

-

"~

-

W e




70

was covered by Dewey (1969) and that part in Newfoundland and New
England by Bird 2nd Dewey (1970). They showed the development of th:
orogen as a result of an cpening and closing of a Proto-A’lantic Ocean

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

|
5

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

around Late Cambrian time. Subsidence along the continental margins
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i “rviued areas of accumulation for detrital sandstones and shales,
+ed by shales, limestones, and dolomites. In the south, Bird
and Dewey (1970) show the closing accomodated by the development

of a slab of 'downgoing oceanic crust or Benioff Zone along the western
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margin: In Late Ordovician time this resulted in the formation of a

mountains, westward overthrusting, igneous intrusions and metamorphism,
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! volcanic arc along the western margin which produced Taconian folded
The Acadian Orogeny marked the final closing through continental
l colligion in the Late Devonian,
Ir 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
F one simple Benioff Zone to the west. The present eastern Greenland
E 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
and perhaps northern Alaska follows a similar evolutionary model, with
the exception that in the western part of the Innuitian belt and northern
H ~ Alaska there probably was no continental collision,
Summing up the Paleozoic orcgenic episodes in eastern Greenland

Haller and Kulp (1962) note a main Caledonian orogeny which rapidly
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produced the principal fold belt at the end of the Silurian and was

,

responsible for the vast regional metamoxphism. This may mark the
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closing of the ocean. This was followed by the ""Late Caledonian Spasms'!
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an orogenic decline which, with the minor succeeding episodes, lasted

R

T
i




o ?:!":3: SO I IS R DAV T Ak T T RO R O S S R NRT SRR DR D LURAT G SR AR R ST ARG gunt SRS B NTES LR L TR I WA N TS

71 ‘
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- I {
gressively later on the continental side!! These Late Caledonian Spasms .
were only found south of 76°N. The cening of the Prcto-Atlantic along J.‘
eastern Greenland may be recorded in the block-faulting of the older Precambrian g
Carolinician structural system and subsequent post-orogenic generation j
of basalt in the form of extensive dikes(Haller, 1961). o l
The northern Greenland geosyncline was the site of sedimentation J‘
from Precambrian through Silurian time. Movements during this time .
were slight, and paraconformities are apparent between fcrmations. 1
The Upper Silurian graptolite shales bécome 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.and metamorphism . ;
is observed, and the metamorphic rank increases toward the north. 0u
In:eastern Ellesmere, between 787 and 78 °15'N the original rifting of -
‘the Proto-Atlantic may also be recorded in a sequence of 620 meters e
of Late Precambrian sandstones and shale, tuff and volcanics which “a t
are intruded by diabase dikes, and overlain by another 1240 meters of e
light sandstones, red shales, and thick lava beds (Christie, 1962). am
Just to the west of the North Greenland belt, in the shape of a s
reverse "L" is the Franklinian Geosyncline., This was formed by great aw
subsidence between Cambrian (or earlier) and the Upper Devonian, -
Sediment thicknesses within the geosyncline increase toward the east, 3
with up to 60,000 feet deposited on northwestern Ellesmere Island. A -
miogeosynclinal belt is found on the south and east next fq 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 qu} Heiberg .

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

yome clastics which show some Ordovician and Silurian fossils to the .-
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miogeocsynclinal limestones and shales, Paleozoic volcanics are iden-
tified further to the northwest on northern Axel Heiberg and on the
northern coast of Ellesmere Island.

The Franklinian Geosyncline was the site of diastrophism several
times in the Paleozoic. Deformation of limited extent occurred near
the Siluro-Devonian boundary, resulting in northerly trending structures
which form the Cornwallis fold belt on Cornwallis and Bathurst Islands.
Shallow folds are observed, along with some normal faults but no
thrusting, The Boothia Arch was formed south of this belt at about the
sarne 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 beit on the southern side
of the miogeosyncline, and the fold belts paralleling the arcuate mio-
gcosyncline on northern Devon Island and eastern Ellesmere. The mio-
geosynclinal deformation is dated stratigraphically as being between
Upper Devonian and Middle Pennsylvanian, The Parry Islands belt
shows 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 becauce 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-
syncline may have been pre-Middle Devonian, as a thick sequence
of Middle to Upper Devonian clasticg, extending from southern Ellesmere
to Banks Island, indicate a provenence to the north of the miogecsyncline.

Within the eugeosyncline the degree of metamorphism increases to the
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In northern Alaska the interpretabls record begins in the Silurian
or Devonian, and indicates a tectonic ev>lution 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 uortherly 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
limestone, chert, and other shelf deposits (Gabrielse, 1967).

The geologic data for the Lower Paleozoic in the Innuitian and

northern Alaskan geosynciines 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
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 piark an carly 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 snuth to form

the ubiquitous Middle to Upper Devonian clastic weiges. The seafloor

-

remaining within this basin would have to be Garibrian or older,
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The lack of deformation along the archipelago between Prince Patrick
Island and the western Yukon may be a result of strike-slip motion of
the seafloor along this line, with separate Benioff Zones below the
eastern Canadian Archipelago and northern Alaska,

Carboniferous to Upper Mesczoic

With the exzeption of northern Alagka, this period was one of
sedimentation and minor tectonic movements. Eastern Greenland lay
alongside Norway, experiencing the final movements associated with
the lengthy Caledonian orogeny, a period of faulting lasting through
the Carboniferous to . fiddle Permian. Some of these movements may
have been related to leformation within the Ural Mountains geosyncline,
the completion of the Variscan chains across western Europe, or the
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.

Within the Franklinian Geosyncline, the Sverdrup Basin was devel-
oped through essentially uninterrupted sedimentation from Middle
Pennsylvanian to the Tertiary. During this time rnore than 40,000 feet
of both marine and non-marine sediment was @e’ﬁdsitgd; Along the margins
of the basin there is some evidence of a hiatus. An >:;;ngdl.ar unconformity
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 wés apparently
enough to seal off 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 produced 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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oping by early Early Cretaceous ikto a volcanic province which shed
debris into a flanking basin on the north. Large scale foreshortening,
uplift of the Brooks Range Geanticline, and depression of the flank-
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).

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
however, 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, 7

These events would appear to-be related to underthrusting of the
Pacific oceanic crust and development of a Benioff ’ZQn¢ ‘beneath southern
Alaska. Mafic and-ultramafic intrusions emplaced in one are. of the
Drooks Range in the Late Jurassic (Eardley, 1962) miayv be the result
of mobilization of the inactive south-dippirg underthrust Arctic oceanic
plate by the active north-dippiag underthrust Pacific oééaﬁic plate. In
any case the absence of Jurassic-Cretaceous tectonic activity in the
Sverdrup Basin ni.akes underthrusting of northern Alaska unlikely at
that time,

Upper Mesozoit to Present

The exact sequence and tine of tectonic events during this peried
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° to the southwest or west-southwest,
which are confined to the seacoast regiun., Berthelson (1961) tentatively

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

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

In northern Greenland, sediments of Cretaceous to Tertiary age
are found in eastern Peary Land. These have been faulted and mildly
folded along a general southeast trend sometime in the Tertiary, and
may be related to the postulated collision of northeast Greenland with
the Lomoncsov Ridge on the Barents Shelf, or perhaps the Alpha Cordillera.
West of Peary Land no post-Caledonian sediments are known, Between
Hall Land and J. P. Koch Fjord, a striking thrust-fold system is reported
(Haller and Kulp, 1962), welting the North Greenland fold belt. Structurail

relations indicate a post-Paleozoic origin, resulting from forces

directed toward the south.

Sedimentation in the Sverdrup Basin continued into the Tertiary.

—

In the Tertiary (probably early Tertiary) folding and thrust faulting

occurred thronghout much of the Queen Elizabeth Islands, Ellesmere

o i
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and Axel Heiberg show the effects of more intensive movements, Many
r 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 esastern Axel Heibarg
Island, The age of the Tertiary deformation is not precisely known,
however a post-Fuleocene-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.

In northern Alaska the main phase of the Brooks Range orogeny
occurred in the late Early Cretaceous with metamorphism and estab-
lishment of an ecast-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
Precambrian faults.

Vogt and Ostenso (1970) compared aeromagnetic profiles from ihe
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
from at least 60 my to 40 mybp, at which time spreading probably
began in the Eurasia Bagin. ""his spreading episode appears to-be
consistent with the early Tertiary deformation in tl.e Canadian Arch-
ipelago, the Yukon and Alasks., At present it is impossible to determine
when this last episode of spreading began, but it appears 7possib1'c that
the post-mid-Upper Cretacecus movemments along the eéétern‘ slope of
the Ri~* .Json Mountains (Jeletzky, 1961), or post-Lower Cretaceous
extrusion of evaporite structures along t':fne-‘northe“i'hrslope of this range
(Kent and Russell, 1961) may be related to an initial compressive pulse
caused by underthrasting, 7

Milne (1965 mayv have provided evidence of 7uxi‘def‘thrx.;§tingf with an
unreversed rofraction profile across the continental shelf NNE Aof Point

Barrow, Alaska. He shows a 2.5 km thick (sedimentary) layer of 2.40
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congidered possible that the low velocity mantle was a result of a

dip to the SSW. However, in a reversed refraction profile, Hunkins

i

(1566) reported a 7.4 km/sec layer dipping south from a depth of 20

kilometers near the shelf edge to 32 kiloamszters near Barrow, suggesting
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that anomalous mantle is dipping beneath the continental margin,

Dvuring the suggested northward rmovement of Greeniand between

3
4

60 and 40 million years ago (Le Pichon et al., 1970), it is proposed

Y

8
i
i
§

that the Innuitian-eastern Greenland belt wag bent from a relatively

linear feature into-a reverse "Z'", ithin the Sverdrup Basin the

o AR et o

bending may bé recorded in the extensive folding, thrusting., and
diapirism along the inferred axis of compresxion (Keen et al,, 1969).

Tensional features obsexved 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 ~{ rotation

N

othet than strike-slip movements along reactivated Caledonian faults,

AR AR
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The inferred hinge or pivot may lie Beneath the sea somewhesre north
of Kronprins Christian Land, or preferably near the ice-covered avea

at the end of Hagens Fjorda (Mylius Ericksens Land), while the areas

of compressional deformation should be concealeqd by the permanent

ice cover,.
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North of Greenland, deformation of the Lomonosov Ridge by the

northward movement of Greenland may have produced the Marvin Spur,

The faulted de?ressipns observed on the Alpha Cordillera and noted in

an earlicr gection-may also be a result of this motion.

Age of the Cahada Basin

A

gf.;.u.,,

The proposed history of the basin would indicate that the Amerasia

Bagin.is very cld, and that it might 2lgo contain very old seafloor.

st
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Speculations on how old, of vourse, will depend upon the interpretation

i

of events acound the basin, The inferred direction of spreading and
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location of the ridge axis (Figure 29) suggest that, in the absence of a

harge in spreading direction, the oldest oceanic crust should be located
near the Mackenzie Delta in the Yukon, This length of oceanic crust is
about 1700 kilemeters. A visual inspection of the correlated Alpha Cor-
dillera/Reykjanes Ridge magnetic profiles (Ostenso and Wold, 1970)

shows that the anemaly wavelengths, and therefore spreading rates, are
similar, Although this spreading rate is appreciably less than 2 cm/year,
let us assume this value tc be on the safe side, At 2 cm/vear it would

take about 85 million years to produce 1760 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
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
subdued for a distance of up to 800 kilemeters out {from the Alaskan
continental margin. This subdued zone generally parallels the ridge
axig shown in Figures 28 and 29, and was observed from T-3 during its
1964606 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 {ield 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
ana Permian (Irving and Parry, 1963), or an even older period when the
area was situated much closer to the magnetic equator.

'The sedimentary cover ir the Canada Basin could be consistent
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with 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 petrnleum. The large sediment-
ary accumulations offer a potential source rock, while the observed

thrusting, folding, diapirism, marine transgressions, and the possibility

the possibility of structural and stratigraphic traps.

One final speculation is in order, According to the proposed
development of the Amerasia Basin, the Eurasian continental
margin was also a zone of ocean floor consumption, a suggestion
reinforced by the asymmietrical 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 hyyothetical model

for the Barents Shelf transition zone by Demenitskaya et al, (1968).

Seismic investigations across this shelf shouid confirm or deny this

g of landward conrinuaticn of oceanic fractures as wrench faults, present
¥

speculation.
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INTERPRETATION
PART II: 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
the irregularities, This will be the amplitude referred to in relation
to these hyperbolae, or hyperbolization as they will be collectively.
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 svuth. 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 SSW-NNE trending ridge
on the northern margin arcaund 85°N, 145°W. On the southern side
of the cordillera hyperbblization is observed at depths in exceas 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 zides of local topographic highs, and
on the southern edge of the crestal plateau. The largest hyperbola
cbserved (Figure 30, at 16 kilometers) has an amplitude of 55 meters,
and a width of about one kilometer, giving quite ateep slopes of more

than six degrees.
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Data bearing on the Origin of the Hyperbolization

Seismic Reflection Measuremeonts

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 relativeiy uat horizons
extending down, in some caces, 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'ong 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 across the cordillera from north to south,
with topographic highs experiencing little or negative deposition,
and depressions and the gouthern 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, locped around a small part of the crestai 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, suggesting that they result from linear features, If
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Figure 31
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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 hyperbelae shown
in Figure 31,

A second indication of linearity was observed along the southern
flank, around 84°40'N and 137°W, where the width of the hyperbolae
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 I1I. 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 few 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
Intite is found below 40 cm. Carbon 14 dating cn these cores showed
the sediments between 7 and 10 cm to be around 30,000 years oid.

Ku and Broecker (1967) vsed the uranium series method to date
another core 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 particuiar core,
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and indicated an age of 220,000 years at the lower lithological boundary
at 45 cm. These and the other C14 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 Station 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 an
area 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
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.

If the Alpha cores are representative, as the short cores suggest,
then the relatively well correlated sediments and uniform sedimentation
rates 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 witli a separate
photographic nephelemeter {Thorndike and Ewing, 1967) for the
measurement of light scattering intensity, was used at thirty-nine
stations. Of these, twenty-two yielded usefui scattering measurements,
Forty-three stations were occupied with a tripod camera, an apparztus
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
photographs and provides a rugged platform to which a compass and

various other devices may be affixed. Photos were taken every 130
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scconds, and a number of sites were usually occupied at each station.

The bottom photographs reveal a contrast between the seafloor
on tie deep plains and that on the high ridges and rises {Hunkins et al.,
1960, 1970). The ridges and rises are found to be littered with small
fragments c" ice-rafted pebbles and seashells, and a few larger ang-
ular cobbles (Figure 34). Scour marks indicate the presence of bottom
currents., Abundant animal life is found, with animal tracks and burrows,
as well as brittle stars, medusae, amphipods, crinoids, sponges, and
sometimes even fish being photographed. The plains, on the other hand,
show a veritable mosaic of animal tracks, but relatively few animals,
and practically no ice-rafted material,

Photographs obtained frem the present drift of T-3 over the Alpha
Cordillera do not reveal any appreciable differences between areas
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
hyperbolization show no consistent increase in fine sediment relative to
debris. These observations support the suggestion that the present area
is quite similar to that frorn which the Alpha cores and photos were
obtained. It would appear that while the irregularities-are being perpet-
uated by the conformal pelagic and glacial marine sedimentation, the
sedimentary prncesses which produced the bottom irregularities are
presently inactive.

Bottom Current Measurements

Current measurements were made at twenty-two locations in Area
II1 with the tripod camera, first using visuil obgervations of a direct-
ion vane and later of a dissolving dye pellet. Directional measurements
were referenced to true north by comparing the current directions with
a compass in the field of view, and then correcting the compass .or
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
most likely of the order of 1 con/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
of bottom currents to the west of the present area, with speeds of
0.3 to 0.6 cm/sec obtained by tracking clouds cf stirred up sediment
seen in the bottom photographs. The new measurements from the
cordillera probably have similar velocities.

The observed current directions are consistent with those which
rnight be expected to produce the distribution of hyperbolae obsexrved
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 circulation with considerably higher speeds
wae once at work.

Napheloid 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 ridgee and rises, a deep zone of light scattering,
called the bottom nepheloid layer, was observed to occur below an
intermediatc 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
with depth from 2000 metere to the bottom, These observations, plus
the spot measurements of relatively weak 4-6 cm/sec bottom currents
at four stations on the Mendeleyev Ridge and of less than i cm/sec at
one station on the Canada Plain, led Hunkirs et al.{1969) to conclude

that the ridges and rises are being presently swept by bottom currents
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which Feep the fine material in suspension by turbulent {flow, erad-
icating some of the animal tracks and keeping the glacial debris expo-
sced. In contrast to the high arecas, the plains receive sufficient
turbidites to bury the randomly distributed ice rafted material, but
infrequently so that the animal tracks produced by a smaller animal
population are preserved.

The locations of the nephelometer and camera stations are shown
in Figure 32. Two characteristics of the bottom nepheloid layer, deter-
mined from an analysis of the nephelometer records, are contoured in
the figure. Considerable liberty has been taken in contouring the
sparse data, but the contours appear valid where the control is good,
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 densitometer 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.
A comparison of the R value contours with the microphysiography
(Figure 31) shows that the R value has an inverse correlation with
the degree of hyperbolization. A good example is found below the
crestal plateau at about 85°N 130 "W where the highest R value obser-
ved (R = 2.1) is surrounded by lower values, and is associated with an
isolated area with little or no hyperbolization.

The mcaning 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 amourts of fine material are being swept up in turbrlent flow, or
at teast 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.

Alternatively, the correlation may be a result of other unknown factors.
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Discussion

In summary, these data suggest that the hyperbolization reflects
the presence of elongate sedimentary structures, formed by the
bottom-current-related transport of fine sediment across the crest of
the Alpha Cordillera from northwest to southeast. The weakness of the
observed currents, the uniform sedimentary cover considered to
blanket these features, the random distribution of ice ra‘fted debris
in the phot graphs, and the low strength of the turbidity of the
bottom nepheloid layer indicate that this process is presently inactive.
However, the vcesent circulation inferred from the bottoin currents
and nepheloid layer observations appears to be capable of producing the
observed hyperholization if the currents are increased considerably.

It is tempting to speculate that such an increase in circulation
without appreciable change in pattern would atiend 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,
by 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 nccurred intermit-
tantly, not since the beginning of the Pleistocene, but probably since
the Upper Miccene, some 10 million years ago. Assuming a cor;stant
sedimentation rate of about 1 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 northern nargin of the Chukchi
Rise, we arrive at a pcssible 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 Pizin and Buried Hyperbolization

Figure 33 is a drum recorder profile across the edge of the
Mendeleyev Plain. This profile is the same as Profile b-c-d-e

in Figure i4. The recerd, obtained over a two week period, is

displayed as a function of time, and therefore does not have a
linear distance scale. Horizontal time lines are printed every
second, s¢ that the subbottom depth in seconds can reasonably
be assumed to represent the depth in kilometers,

A particularly clear section through the plain is seen at about
115 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 recorded as three strong closely spaced

horizons followed by numerous weaker horizons, indicative of

§
i
i
i
§

turbidity deposits. Two moderately strong reflectors 150-160 meaters

g below the bottom can be traced over the whole profile. This upper-

& most layer is observed everywhere on the Mendeleyev Ridge, with

T the exception of the erosion zone along the ridge flank, to be

e discussed later.

I The second layer, beginning at a depth of approximately 550 meters,
is about 300 meters thick, regionally smooth, and is recorded as two

i sequences 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

e with similarly named horizons in other oceans). The hyperbolic

= reflections, cbserved throughout the plain at this depth, are similar

- to the hyperbolization on the crestal plateau of the Alpha Cordillera,

- and probably result from a similar sedimentary process. If an

ht average sedimentation rate of about 1 cm/1000 ysax;s is assumed for

r most of the overlying sediment, one might speculate that this hyper-

f bolization is a result of a strong bottom circulation broaght about by

»

the opening of the Atlantic Ocean about 60 million years ago.
&
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The third laycr, 600 meters thick, c¢xtends from about 900 meters
to a depth of about 1500 meters below the scafloor. 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
m several cther profiles. The double reflecting horizon seen at about
400 meters depth on the ridge flank is probably A with B just below.

The fourth layer in this section appears to extend from a depth
of around 1500 meters to approximately 2i00 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
scquence of weak reflecting horizons. This layer appears to drape the
rising basement in Figure 33 at 50 km, forming the deepest layer
observed on the ridge flank. |

The fifth layer, below 2100 meters, contains few reflectors. No

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
observed beneath the sediments between 0 and 50 kru looks like
basement, but is probably layer C in close proximity to the basement.
Evidence for this is seen in Figurc 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

j three plains bordering the Alpha Cordillera - the northern Carada

LA g e g g

Plain, the Mendeleyev Plain, and the Wrangel Plain (data from

Kutschale, 1966) - show similar stratigraphy in the form of a thick
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uppermost Jayer 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 Occan 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
of the sediments seems unlikely in the absence of a vertical disturbed
zone in any of the profiles in Figure 13. Vertical movements resulting
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 found overlying another strongly reflecting interface. Two
korizous are observe:d at 300 and about 425 meters, with perhaps
another weak one at $50 meters. The strong horizon at 700 meters
consists of three closely spaced refleciors overlying an opaque layer.
This interface is much too smocth to be basement, and from the
projected profiles in Figure 13, would appear to correlate with
horizon C on the plain. Away from rhe scarp there ic a suggestion

of stratification deep below this strong interface.
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Within the trough adjacent to the scarp, a 900 meter thick
sequence of sediments, stratigraphically similar to those on the
high block, is found to overlie a strong interface similar to C
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 urpermost layer shows little thickening, which might indicate
predominantly pelagic sedimentation for this layer,

East of the scarp, the uppermost layer is highly conformal to
the reflectors below, again suggestive of pelagic sedimentation.
Against the face of the scarp these reflectors bow downward and show
some distortion. This appears to be a result of post-depositional
slumping. No accumulation of slumped material is seen however,
suggesting that bottom currents have transported the sediment away
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 burieua.
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
of layer C is underlain by a minimum of 400 and possibly up to 1000
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,

or deposition on a slope, or both, and is evidence that the fracture
predates these sediments too.

Bottom Erosion Zonre alcng the Mendeleyev Ridge

A zone of bottorn erosion parallels the Mendeleyev Ridge. On the
north, this zone is evident between 30 and 50 km in Profile A-A' of
Figure 13 (also shown as section n-o-p of Profile j-s in Figure 14,

where the uppermost 300 meters of sediment appear to overlie un-




L




-

~

e B I L B —.

nr

e

100

conformably layers A, B, and perhaps also C. However, A, B, and
C appear to be mutually conformable and flat. lying, indicating that the
erosion occurred at or near the end of the deposition of A, and perhaps
contemporaneous to the development oi the now-buried hyperbolization
seen on the plain,

Two similar sedimentary features are developed on a ridgu crest
west and southwest of the area of unconformities. These are seen
in sections I-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
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
f. 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
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) suft sediment with animal tracks and one
ice-rafted cobble in an area that is probably not swept by currents.

The outcrop area, the rippled shelves, and the area with baried
unconformities appear to result from erosion (and deposition) by
bottom currents, which in places appears to continue to the present.

It iv interesting to speculate on the source of such strong long-
term 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

Lurasia Basin to pass through the Alpha Cordillera and be circulated
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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
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
Fracture Zone, perhaps between the ridge and the plain. In both

crossings the channel is seen impressed upon the sediment interfaces,

to a depth of 700 meters 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 turbidives, re-
juvenated at about the time that bottom currents were probably building
up the sediment wedge obserwved in the high area between crossings
(13 km), and then filled up with conformal (pelagic?) sediments that
have preserved the outline associated with the time represented hy
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
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 gradien¢ of the fossil channel (No. 1) iz 1:32,
corresponding to a reasonably steep slope of 1.8, 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 ae clear as for the others,

but a developmient very similar to that of Channel 1 is indicated.

oy e
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All three channel crossings show the channel floor to be higher on
the right when the observor is looking downgtream. This elevation
becomes more pronounced with depth beneath the surface in the two
downslope traverses., Several explanations might be pcssible. The
dip at the surface might be a result of oblique crossings of the chan-
nels, always in a way so that they appear to dip north, However, this
would not explain the increase in dip 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
covering the deep channels change horizontally so that a greater ap-
parent dip is recorded. This appeatrs 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 produced.a variable dip in the channel bottom, On the
Wrangel Plain, Kutschale (1966} observed flat-bottomed chanrele with
natural levees that were always higher on the right bank when facing
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 tilts 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 cenclusions are possible,
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APPENDIX

Five of the data reduction programs used in this investigation
were considered 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 com-
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 pveparation of the
T-3 drift track from 1962 through 1970, Each fix, consisting of thres
or more lines of position, required checking, and often recomputation.
Because the observational methods aiforded inore precision than
that available by reduction using the Mautical Almanac, and inp 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 findiny 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
he sun and stars, the second for the moon. The planets are not
pragrammed as their motions are considerably more complex than
the other hodies. However a provision was made so that planet data
conld be wsed with somewhat diminished accuracy. Program EDOC
(¥phemeris Data un Cards) computes the solur or stellar Greenwich
Hour Angle, declination, horizontal parallax, and semi-diameter,
shile LUNE {lunar Epheineris) dees the same for the moon. The
coordinates for the sué in the hour angle syetern are determined by

trigoperantrivally transfovming the solar ecliptic latitude and
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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 terins stemming from the
perturbations of the planets. The {ormulae 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
American Ephemeris and Nautical Almanac of the Almanac Office (1961).

A punch card is prepared for each observation, giving Greeanwich
date and time of observation, a code number for the body observed,
‘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 LLUNE, and the results are punched on the blank, The
observation cards with their coordinate data are then grouped into
fixes (uy to six observations per fix), terminated by another biank,
and processed by a third program called CELPS (Zelestial 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
radius of that circle in nautical miles,

d) The perpendicular distance from each line of position to

the center of the smallest inscribed circle, in nautical miles,
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e} The latitude and longitude determined by a least squares-
solution of all lines ot position,

{} The azimuth ot the zero-line of the theodolite horizontal
vircle referenced to true north, for sach line, calculated from the
center position of the smallest inscribed circle, and

g) The average time of all intersections and triangies determined
from the original times of the observations comprising them, and the
duration of the fix in hours,

The results are printed out (Figure 38), and thz position associated
with the smallest circle of error - assumed to be the best position -
is punched onto the final hlank card as data to bé used in subsequent
programs. Data from planets, or any other body for that matter, can be
used by obtaining the -hour-angle and declination from the Nautical
Almarac or American Ephemeris -and entering these numbers on a blank
card foliowing that particular observation card. This method can also
be used for visible earth satellites .{-their coordinates are known, If
only one observation is available the assumed position is used to compute
the theodolite zero-"ine azimuth,

Several merits and limitations of the CELPS -program should be
noted. Two generating functions fox;' the water vapor preésure as a func-
tion of temperature are used in the refraction formulae, permitting
cor nection§ over a very broad range of temperatures(-75° to +40°.C).
The program is written for the northern hemisphere; slight alterations
might be required for cbservations south of the equator. Finally, the
instrumental height above sealevel H, is set at 5 meters, but should be
changed if observation alt;itudes are appreciably different,

Six subroutines are used by theseiprograms. Given the sin€ and
cosine of an angle, QUAD gives the angle in the range 0 to 27T, List
element UPR is the units per radian, equal to 57.2957795131 if the
résuit ANGLE is desired in degrees. JULDT converts the civil calender
date and Greenwich Mezn Time to various forms of Julian time. TJ

is daws after 0900Z January 0, 1900, a convenient form fer handling
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data collected over a broad time span, TJA is referenced to the

beginning of the Julian calender, and TJC is the fraction of the

ix

current Julian century, used in the astronomical generating functions.

Subroutine TIME converte any of the aforementioned times back to
civil 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 least beyond the point of obtaining correct
sights on identifiable bodies.

Wind Drift Program: WDP

An ice island, unattached bucy, or any other drifting bodyim,oves
in response to the winds and ¢urrents, which.are themselves-often
wind produced. If position fixes are obtained infrequently, then
frequent wind observations can help -define the track of the body
in the intervening periods. Such téchniqués have proved of gr,éa't
value in determining the drift of manned:ice stations, and should
prove useful in fhe futare for the unmanned drifting scientific
g’f:a“.tiops to be located and interroga}terd by earth satellite.

Nansen observed from the drift of the FRAM that the ice drift
wasg approximately _1;/50 the wind speed in a direction 28-30° to
the right of the wind (in the northern hemisphere}. .A computer

program is presented that is based upon a similar assumption,
except that the devidtion angle and speed factor is calculated, and
used with the obsex;"vgd—wihc\i-s to compute intermediate positions.

Program WDP (Wind Derived Positions) reads in a maximum
of 2000 positions, followed by up:—to 5000 wind observations. Pro-
céeding’ from fix to {ix, it uses average winds bevtween‘wind obser-
vations over the intervai bet\;zeén fixes to compute not onlv the

deviation angle 2nd speed factor required, but alsc the ocean curr-nts
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required if the ice responds to the wind according to Nansen's
average values of 30" and 0.02. Printing these results, the

program then calculates, for the time of each wind observation, the

] teewem .

positions resulting {rom 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
gtandard format compatible with the other reduction programs. The
wind and current solution is used in place of the purely wind derived

solution whenever the calculated wind speed factor exceeds 0.935 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 ice is restrained and cannot respond.
In addition tc the most probable position, the program punches
out the wind drift and current parameters and interval duration on
the fix cavd ending each interval, making this information available
for plotting theoretical currents etc.. Three new subroutines are
called by this program. AWDP is an auxilliary subroufine of no
gspecial interest. XYC computes the cartesian coovrdinates of any
point with latitude SLA and longitude SLO on a north polar stereographic
projection, such that the ordinate is zero along the meridian (UMAX
+ UMIN)/2. The coordinates are expressed in nautical miles, and angles .
in radians. PFXY converts these coordinates back to degrees and
minutes of latitude and Jongitude.
In all programs negative latitudes and longitudes represent the
southern and western hemispheres, respectively.

B3

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 tajlored to the Lacoste and Romberg geodetic (Model G)

meter, a widely used instrument, but can be altered to work for
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The following data are entered into ine computer: an identification
card listing the tie site, the latitude, longitu.le, height above sealevel,
and the gravity value at the site, the date and individual rcadings and

observation times in GMT. The program uses abbreviated lunar and

solar ephemeris generators to culculate 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
a 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
cormputed base value. If several ties are entered, the program computes
the Arift rate in milligals per hour and per day, and lists all the

tie dates, base values, interval durations, and meter driit rates.
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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 parallel the 142° West meridian
Seismic reflection profiles show a buried topography similar to that of the Mid-
Atlantic Ridge. Offsets in the apparent axial rift suggest that the fractures arg
traces of transform faults. The angular relationship hetween the Mendeleyevm
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 mecdel
based upon a continuous 600 km long gravity and bathymetric profile and one
reversed refraction measurement from Station Alpha shows the observed gravity
to be consistent with a section of East Pacific Rise type with a 5 km thick oceanic
layer overlying 27 km of anomalous (,O = 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 Palzo-
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 blarket the
crestal plateau of the Alpha Cordillera, and appear to be the result of currents
which transpoit 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
tc subbottom depths of 700 meters were observed between the Mendeleyev
Fracture Zone and the Mendeleyev Flain.

Three general purpose computer programs are included. They compute
1) geographic position from celestial obsexrvations, 2) probable drift between
known positions using wind data, and 3) gravity meter calibrations at a base
station with correction for earth tides based upon a calculation by means of
an abbreviated lunar and sclar ephemeris.
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