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Continuous seismic reflection prqfiling‘, echosounding and a core

- sampling program carried out by and in cooperation with Bedfotd Institute

of Oceanography have provided new information on the morphology, sedimen-

/ /
tary facies and processes, and the history of development of the Northwest
Atlantic Mid~Ocean Channel of the Labrador Sea.

e

A sequence of layered sediments approximately 500 m thick consisting
predominantly of tggrigenous turbifites accompanies the Northwest At'lantic
Mid-Ocean Channel (NAMOC) as a b;‘o/ad band and marginally interfingers with
the acoustically transparent pelagicland contourite facies of the Labrador
Sga. The meandering channel is a depositional-erosional feature formed by
;ubmarine mass flows dominated {Jy turi:idity currents.

The channel has a meandering taiweg and appears to have remained
felatively stable for a long time. There is little evidence for extensive

lateral channel -migration. The talweg 1s associated with a sequence of

subdued submarine point bars which consist of lenticular, discontinuous

v

bodies of thick bedded, coarse-grained turbiditgs and éand and gravel
layers (channel-fill facies). ,

Natural levees flank the channel for its entire length merging with
broad flood plaih-like featt;res that extend laterally up to a’aundred kilo~

meters. This spill-over facies comprises thin bedded, fine-grained turbi-

dites dominated by thinly laminated muds. A layer-by-layer correlation of
a sequence of spill-over turbidites is possible between two adjacent levee
cores which are 70 km -apart.

Individual units.of parallel laminated muds result from single turbi-

dity carrents overtopping the channel banks. Each unit consis\ts éf laminae
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% of granular material alternating with laminae of flocculated clayey -«
%A - *
2 . material a tenth of a millimeter to a few millimeters thick. Upward thick-
o » » +
%ﬁ ness variation of pairs of granular and flocculated laminae shows a

logarithmic relationship with the‘éranular laminae decreasing logarith-

mically upward in thickness and the flocculated laminae increasing

logarithmically upward. This logarithmic thickness variation results from

deposition through the viscous sublhyer of dilute turbidity currents by
{ “
mechanisms of sorting and differential ‘settling which are not yet under-

stood in detaii. . . .
The thinly laminated spill-over turbidites differ frbm laminated con-
tourites recovered from Eirik Sedimentary Ridge, off 'the southern i%p of
' Greenland by the high degree of Eioturbation and/%ottling, and By the

preﬂominantly"biogenic pelagic and terrigenous ice-rafted constituents of

the latter.

The dominant sediment source for the NAMOC was on the northeastern

Canadian continental margin, especially in the region off Hudson Strait, to

which glaciers supplied a large volume of terrigenous sediments. *

"

Turbidity cdrrent activity in the channel probably started with

the onset of glaciation at about Mid-Pliocene time. -During the end of the
last glaciation turbidity current activity in the NAMOC was apparently
concentrated in a period of a few thousand years and ceased at about j
7,106 y B.P. when deglaciation was rapidly proceeding. Averaged over the period
betweent 20,000 and 7,000 y the episodes of large—scalgﬁturbidity curtents that

’

overflowed the channel banks probably recurred about every 230 years. The

averag% sedimentation rate of the levee tirbidites during the Late
- Pleistocene is about }3_cm/1000 years. During much of th; glacial epiéodeé
. the northwestern Labrador Sea was covered with sea ice. - |
~ .
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Voluminous spill-over muds with relatively h%&P organic carben content
. » — - . i!
(av. 0.8%7) and associated coarse—graﬁped channel-fill sediments of\buried
1 . . e »

deep-sea channels may under suitable diagenetic conditions become .targets

. ' - %
for future petroleum exploration in the deep-sea.
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RESUME

Un programme de profilage par réflexion séismique continu, de sondage

ultrasonore et-de carottage entrepris avec la collaboration de 1'Imstitut

d'océanographie Bedford a permis de recueillir de nouvelIeswdonnées sur la
morphologie, les faciés et 1'activité sédimentaires, et 1'historiqug du
développement du Chenal médio—Océaniqué du nj;f-ouest de 1'Atlantique, dans
la mer du Labrador. ‘, . 3
Une séquence de sé&diments qtratﬁfiés d'enviren 500 m d'épaisseur com-

poség essentlellement de turbidites terrigénes borde le chenal . et s'inter-
\

\ .
digite avec les facids de contoiirites et les faciés pélagiques acoustique- ~

ment tramgparents de la mer du Labrador. Le chenal, méandriforme, est une
. N . L

structure d'érosio%—déposition formée par des écoulements de masse sous-—

_ N . & -
marins dominés par des courants de turbidites.

. s -
& 3

Le chenal posséde un talweg lui aussi m&andriforme et semble étre/

demeuré relativement stable depuis'longtemps. Il y a qu/ﬁ'évidences d'une . :

rd
e

migration li;érgle importante. Le taléeg est agpoéié a une séquence de |
///
lenticulaires et discontinus

barres sous-marines mineures consistant ﬁ9/§§/
» K -

de turbidites épaisses et grosst@geéié//

lits de sable et de graviers

e

(faciés de remplissage de chenal). i >

Des levées flanquent le chenal sur toute sa longueur et se perdent dans
o s

ce qui semble &tre une grande plaine d'inondation.pouvant s'&tendre sur uné -

~
centaine de kilométres. Ce faciés de débordement comprend de minces et

¥

fines turbidites et, principalement, des boues finement laminées. Une

corrélation de 1it-&-1it d'une séquence de turbidites de débordement est -

-

possible entre deux carottes adjacentes prises dans les levées et situées

x -
3 70 km 1'une de 1'autre. - , >

e rsat |
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, Chacune des unités des boues laminées résulte d'un courant dé turbi-

I' ‘ di;ﬁ dépassant les rives du chenal. Chaque unité consiste en laminae de

+

matériel granuleux alternant avec des laminae de matériel argileux floculé

? . . d'un diziéme de millimetre d quelques millimdtres d'epaisseur. I1 y a

w T relation logarithmique dans la variation verticale de l'epaisseur des

B "couplets de laminae granuleuses et floculdes, 1'épaisseur des couplets de

f. laminae granuleuses diminuant 1ogarithmiquement vers le haut, et celle.des
laminae floculées augmentant logarithmiquement vers le haut.
Ces vatiations logarithmiques d'épaisseurs sont attribu€es i une

- déposition 8 travers l'horizon lamiraire de courdnts de turbidités de

faible concentration oli entrent en jeu des mécanismes de tri et de sédi=~

mentation différentielle qui ne sont pas encore é&mpris efi détail.

Les minces turbidites de débordement se distinguent des contourites

recueillies sur la Créte Sédimentaire d'Eirik, au large de 1'extrémité

-

r méridionale du Grol¥nland, par le degré €levé de bioturbation et de bariole-

ment et par la prédgminance de constituants biogénes pélagiques et

d'éléments—terrigénes'dﬁrivés de glaces flottantes qui caractérisent les

contourites.

H
sy
£
d
-

Aok
23

Les sédiments du Chenal médio-océanique du nord-ouest de. 1'Atlantique

g; ont pour source dominante la plate-forme continentale canadienne, surtout
| §; au large d; Détroit d'Hudson, qui a regu des glaciers des apport; importants
‘ éi ' de sédiments terrigénes. :
& .
z” La présence de courants de tuyrbidités actifs dans le chenal remonte
- probablement & 1'établissement de ;onditions de glaciation vers le milieu -
du Pliocéne. Vers la fin de la dernidre glaciation, 1l'activité de courants \

m de turbidit@s semble avoir &t& concentrée-3d 1l'inté€rieur de quelques milliers

d'années et cessa vers 7,100 a B.P. lorsqu'une rapide déglaciation eut 1lieu.
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des 20,000 a3 7,000 derniéres années, les épisodes de coumnts

a grande é:ﬁ&{le é

peu a tous les

es de déborder des rives du chenal se

. . de turbidité

produisaient 0 ans. Lé taux mo

de chenaux abyssaux et enfouis dans des-.

ourraient devenir des cibles intéres-
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Density of turbidity current
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Radius of meander

Net rate of sedimentation from viscous sublayer 2
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Labrador Sea and northwest Atlantic Ocean.
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CHAPTER I - INTRODUCTION ‘

L}

Marine geological studies of submarine canyons and deep-sea channels

have progressively revealed the importance of procesées of submarine mass
' r

flow(din the transport of coarse-grained terrigenous material to the base of

slope and the deep ocean basins. These stuaiés have also helped paleochydro-

\ ]
dynamic and palecenvironmental interpretations of anéient sedimentary depo-

sits. Mass flow processes such as slumps, debris flows, grain flows and
turbidity currents are not restricted io gubmarine canyons, £;m valleys
and deep-sea channels on the continental slope and rise, but also play a .
role on deep-sea trench plains (Piper et al., 1973), and on abyssal
plains (Horn g&_gl,,1971)‘and on the ébyssal sea floor. On the létter some

g .

of the largest deep-sea channels occur known as mid-ocean chamnels. The

longest of these channels is the Northwest Atlantic Mid-Ocean Channel of the

a

Along the course of.fhe Northweat Atlantic Mid-Ocean Channel (hence-

forth abbreviated as NAMOC) of the Labrador Sea-a band of ‘'young coarse-

grained terriggnouq sediments floors the central Labrador Basin, dissectipg

r

the blanket of pelagic and hemipelagic éediments: Much of these young sedi;
ments were deposifed when the Quaternary glaciers extended far out on the
northeast Canadian continental shelf. Idenfifigation of end moraines and
other glaci;l landforms impiies thAt much of the shelf was éoveredey the
Laurentide ice sheet during the Wisconsinan. Seaward penetr#fibn/and

retreat of the-glaciets have deposited large volumes of sediments on ‘he

shelf as ground moraines when the sea-level stood lower or as submar}ne"

glacial drift under the ice sheet in the deeper outer shelf (Fillon, 1975).

®

Submarine canyons at the shelf edge were the/loci of submarine mass flows
I4 . ‘v,“

’
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which originated from thesé piles of”sediments on the shelf. Especially,

" the shelf edge off Hudson Strait was a locus for supply of terrigenous

material, for the ice lobes flowing out og Hudson and Davis Straits coal-~

esced he;e (vart der Linden et al., 1976).

Different from other continental margins where submarine mass flows in
submarine canyons on the slope result in the formation of deep-sea fans at
the base of the slope the flows generated off Hudson Strait in the north-
western Labrador Sea apparently bypassed the base of the slope, not forming

J *
a 4eep—sea fan where it would be expected to occur. Instead these flows
were guided southward across the deep Labrador and Newfoundland Basins by
the NAMOC (Figure 1) which acted as an enormous funnel way for these glacial

terrigenous-sediments. Individual flows have’ probably travelled for the

_entire length of the chamnel or abodt 3,800 km. Transport of large amounts

of sediment through the channel has probably involved alternating and
répeated phases of erosion and deéosition, erosion dominating in the channel
to keep it clear from excess sediment, and deposition occurriné predomi~ )
nantly on the channél banks forming broad natural levees,

Conceivably the submarine mass flows were initiated from the piles of
glacial sediment -deposited on the shelf edge. This concept, however, leads
to a number of éuestions°related to the mechanisms of initiating such flows,
What were the mechanisms involved? Did the flows start in the form of sub-
glacial melt water underflows? -Did they result from sediment instability
due to excessive«glacial deposits on the outer shélf? Or were they ‘trig-
gered by mo;e catastrophic events such as earthquakes? ,Wefe the flows
largely generated under the ice'sbeet during glatial advance? Or3§ere they

mainly generated during the retreat of glaciers from the shelf? What was

the volume of individual flows? At what frequency did they occur? Why did
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Figure 1. Major physiographic features of the Labrador Sea,
modified after Heezen et al. (1969) and Egloff. and Johnson (1975).
NAMOC = Northwest Atlantic Mid-Ocean Channel, IMOC = Imarssuak Mid-
Ocean Channel. Contours in meters. Broken line: Detailed position
€  of the NANOC undecermined.
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they bypass the base of the élope? ' L '

- ~ t
( Current models of deep-sea channel se&inientation based largely on o

‘

results from the northeast Pacific (Nelson and 'Kulm, 1973) have emphasized
certain analogies to sedimentation alopg subaerial fluvial channels, such as !

: ’ N - the differentiation between coarser-grained channel deposits and finer-

y

f grained, thin bedded overbank or natural levee deposité. Also meandering or -

braided channel patterns have been found or inferred for dé;ﬁLsea channels

, in various ocean basins. On the other hand, individual continuous turbidite

layers wegg traced for long distances in Cascadia Channel blanketing‘awflat

channel floor (Griggs et al.,1969), unlike most river ‘channels. How does

. e
the NAMOC match those different models? To what extent does it resemble

subaerial river chamnels? 1In what respect is it different? ) |
On rapid déglaciation of the continental shelves with subsequent

eustatic rise “of sea level the glacial sediments on the shelf’ probably no-

longiy/}eached‘a’posiéion at the shelf edge suitable for the generation of

submarine mass flows. It appears‘that the NAMOC is at present inactive as

an avenue for mass flows. When did the activity oease? 1In the northeast’

+

Pacific, activity of channel processes decreased markedly in Holocene time, |

. kY
as shown by a sharp decline in the number, thickness, and codarseness of

= - st A b e T e
s RO ARPATE N i ST IR g Sy TR BRI €T gy O T AT LY 8

turbidites (Neison and Kulm, 1973). Does the Same hold for the NAMOC as

well? ‘ , o

It has been generally recognized that bottom water circulation plays‘a
significant role in transporting fine-grained abyssal sediments. In the
periphery of the Labrador Basin conﬁbur—foilowing bottom currents, intermit- Y,

tently generated by Norwegian Sea Water overflows, are believed to be res-

‘[Y ponsible for building up sedimentary ridges, composed of contourites, such

as Eirik Ridge off the gouthérn tip of Greenland. Few criteria have been
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proposed to distinguish contourites from distal turbidites (e.g. Bouma and

Hollister, 1973; Pipér and Briscp, 1975). How do contourites on Eirik Ridge

\

1 ¢ « .t
compara with other fine-grained terrigénous deep-sea sediments, for example

those on the NAMOC levees? What are the principal differences between fine~
/

grained distal turbidites or levee turbidites and contourites?
Beside the terrigenous faclies and the contourite facies, pelagic sedi- '

ments and abundant ice-rafted debris in the deep Labrador Basin’constitute

1

an additional distinct facies.} The quantity of peiagic carbonates and ice-

!

rafted debris in deep-sea sediments has been used as a paleoclimatic
indicator. The relation7hip between rate of sedimentation and climate is
complex and influenced by a number of factors. During climatic deteriora-

i;ion sea ice formation in tﬂé high latitudes .precludes the supply of ice-

o ¥

Q;ggted debris and markedly lowers su<face productivity, whereas abundant
ice-rafting and high carbonate production are associated with warmer periods

(Keany -et al.,1976). Much of the present northwestern Labrador Sea is

”

. seasonally covered with sea ice for a considerable period each year. What
were the paleoceanographic conditions of the Labrador Sea during glacial
stages? To what extent did the paleoceanographic conditions affect the

distribution of ice-rafted debris and surface productivity?

e

LAY "/ —
A considerable volume of terrigenous sediments fumnelled through-the |

NAMOC system covers the axis of the‘pentrﬁfﬁLabrador and Newfoundland Basins.
Fine~grained levee deposits with rei;tively high organic carbon content abut

sands and gravels of the channel facies. These would possibly represent

P

sultable source and reservoir débbsits'for hydrocarbons if subjected to

e
S

favorable diagenetic conditions. - The oc fence of a 9 m thick coarse sand

—

layer cored near Imarséaak‘Nid—Oéean Channel at Deep-Seg Drilling Project

(DSDP) site 113 (Laughton et al., 1972) shows that such layers are not
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restricted t& the younger deposits of the Labrador Sea. Does this imply a

.theoretical petroleum potential of older deposits of the centfal deep basin?

One of the important questions related to the deposition of terrigenous
!
sediments along the NAﬁOC concerns the source of thesé materials. This

éueation has remained unanswered since the channel was first discovered in
L3 p/Q‘

the early 1950's, due to the lack of adequate bathymetric information and
core gamples from the channel head area. Do the terrigenous sediments of
the NAMOC \o'ri\ginate predominantly from the Canadian or the Greenlandian

coasts or are thef derived from both sides?

Q

.In the foregoing,pargggaghafaome of the basic problems of sedimentation
i

ey

in a small Ocean basih in high latitudes have been outlined. Among the

small ocean basins the Labrador Sea is perhaps unique as a-single mid-ocean
channel system profoundly influences the sedimentary facies distribution.

s

Obviously a detailed study of_gome of these long-standing problems was

-

warranted.

‘Field Work and Data Acquisition

Field work for this study wés done in cooperati?n with Bedford Institute
of Oceanography (BIO) aboard C.S.S. Hudson. It was started in. 1974 and con-
tinued during the summer of 1975. During the 1974 cruisg (Hudson 74-026-
Phase IV) bathymetric profiles across the upper reaches of thé channel were
obtained. Due to unfavorable weather conditions in éeptemger and October,

1974 only a limited number of cores and grab samplés was recovered (for

.stdtions see Figure 3 and Appendix 3). During the 197% cruise (Hudson 75~

009-Phage IV) a detailed bathymetric study, an extensive coring program and

deep-sea photography were carrled out in a selected area over the middle

// -

reaches of the NAMOC between 52° and 57°30' N (for ship tracks, core and
- .
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camera stations see Figure 3‘and Apfeﬁdix 3).

| Bathymetric and seismic .reflection profiles across the NAMPC'north of
56°N equally spaéed at 30 km intervals were obtained by M/V Minna in 1974
(Macnab and Srivastava, 1975) ;nd C.$.S. Hudson in 1975 (cruise 75-009-
Phase V)’éhd made ;vailable for this study, courtesy-i;r S.P. Srivastava,

BIO. Seven additional seismic profiles acrgss the NAMOC between 55°N and

Charlie Fractune Zone were run by USNS: Lynch in 1972 (Egloff and Johnson,

"1975) « Copdes of/rhe original profiles were kindly provided-by Dr. J. Egloff,

u.s. Naval Oceanographic Research and Deqelopment Activity, Bay St:. Louis,
Miss, ' Access to additional piston.core samples respvered from the NAMOC and
its vicinity by R/V Vema was made possible by Lamont—Doherty~Geoiogical -
Observatory, Palisgdes, N.Y. Subsamples of~core materials from sites 112
and 113, Leg 12, of the Deep—Sea,Drilling Project (DSDP) were made available

f
by Drs. W.A. Berggren and U, Franz.

1 @
Three cores taken from Eirik Ridge during the 1975 cruise (Hudson 75—~

009-Phase }V) were made available for this study, courtesy Dr. R.H. Fillon,

. BIO. | .
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Addendum - OSung Kwun Chough Ph.D., Thesis
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Exploration History of the Northwest Atlantic Mid-Ocean Channel

e

P The Northwest Atlantic Mid-Ocean Channel was discovered in 1949 by
o B.C. Heezen aboard R/V Atlantis in the abyssal plain east of Newfqundland,

o o o

In 1952, the existence of the channel was confirmed by a survey with more than
80 crossings aboard Revifi Moran and R/V Atlantis in the Newfoundland Basin
between 52° and 38°N, (Ewing et al., 1953; Heezen et al., 1959).

) In the Labrador Sea between 52° and 60°N the channel was further traced
by Drake et al.(1963), Rvachev (1967) and Johnson et al, (1969). Jezek (}972)
Tl oompiled echosounding profiles obtained from the Labrador Sea north of GOiN

T

TR IR ST R RO

A

by Danish Hydrographic Service, Canadian Hydrographic Service, U.S. Naval ;
Oceanographic Office and the U.S. Coast Guard in an attempt to establish possible

L}

PR

. northern extensions of the channel.

o

: Prior to the present stud§ which was started in 1974, a oathymetric map

——
i el

of the central Labrador Sea (Figure 2) was prepared throughnvarious echosounding

and continuous seismic reflection profiles that were obtained by the U.S. Naval

OceanoéraphicwOffice:(ﬁohnson et al., 1971), the‘Bedfotd Institute of Oceanography
. (C.S.S. Hudson cruise 72-025, van der Linden and Srivastava, 1974) and aboard

USNS Lynch (Egloff and Johnson, 1975). These studies have also established

the general channel morphology and postulated the possible depositional-erosional

origin of the channel bf\turbidity currents (Heezen et al., 1969; Egloff and

Johnson, 19755. ’

A sediment core from the floor containing fine sand and two silty lutite
cores from the levees of the channel near 39°N were also considered evidenceofor

the sedimentary origin of the channel by strong currents flowing from morth to

R IR T R S gt Sy G TR

- - south (Ewing et al., 1953; Heezen et al., 1969).\ Sediment cores from the floor

and associated levees of the channel in the north of 52°N were casually obtained

LEr

during various R/V Vema cruises during the period between 1961 and 1969, These

!
core materials were previously not studied and thus included in the present study,
_courtesy of Lamont—Doherty Geological Observatory ’ .
It was obvious that a detailed sedimentological study including channel

morphology, the sediment source, sedimentary faties and processes of sediment

k!

transport and deposition was warranted. ot

|
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, . Figure 3. Bathymetric and seismic survey tracks across and along the NAMOC in the study are
Hudson, USNS Lynch, R/V Mariposa, R/V Glomar Challenger, and National Geophysical and Solar-Terre
DSDP reprebent R/V Vema, C.S.8. Hudson, R/V Eltanin and Deep-Sea Drilling Project core stations,
by double‘stippled lines. Two broken linés om both sides of the channel indicate the extent gf €

«

~

©




long the NAMOC in the study area; M, H, L, Ma, GC and NGSDC -~- represent M/V Minna, C.S.S.

12l Geophysical and Solar~Terrestrial Data Ceater survey lines, respectively; V, H, E and
rilling Project core station#, respectively. The meandering talweg of theschannel is shown

jannel indicate the extent of spill-over facies, modified after Egloff and Johnson (1975).

)
'

3




Lt oy

a

I s A aORN ks ol e Loy

10

CHAPTER II -~ MORPHOLOGY

p :

- ‘ Channel Position

v
[y

The NAMOC extends for more than 3,860 km, fr;ﬁ about 6(?°30'N off
Hudso}n Strait t:o‘ about 39°N, where it merges with Sphm Abyssal Plain
(Figure 1). It traverses the Labrador ﬁaBiP approximately along its median
line until it turns east north .of Orphan Knoll at 52°N. “The channel trends
east for about 90 km along the Charlie Fract‘ure Zone (Egloff and Johnson,

4

1975), then it enters the Newfoundland Basin to the south. At about 39°N

‘ the channel swings westward entering Sohm Abyssal Plain where it eventually

-

becomes morphologically indistinct. The NAMOC has two eastern tributaries
between)E‘;G" and 57°N (Figure 1) 2 One, the \Imarsauak' Mid~Ocean Channel’
(IMOC), which originates in the West Reykjanes Basin on tﬁe s'outheast side
of Greenland (Egloff and Johnson, 1975), joins the NAMOC near 56°N.’ It
cascades onto the NAMOC with'a 40 m drop of its braided floor. The other

tributary near 57°N éppeérs to be a minor one which does éot extend far to

]
the northeast.

In the following sections morpholi:gical data for the NAMOC are dis-

cussed.

o Cross-sectional Profile
a* / '

In veftically exaggerated cross-sectional profiles. (Figure 4) the

. NAMOC appears to be generally box-shaped vgith a flat floor and relatively

. )
steep walls. A detailed survey of an approximately 180-km-long stretch of
the middle chamnel between 56° and 57°30'N shows a rather specific channel

morphology. On most. crossings the channel displays an aéymxetric shape with
} \
the right (west) wall being consistently steeper (average slope of 4.3°)
L Py ,

~
« . 4

¢

. gy
« . . - o e wqw’mu‘ Wy - - R

\

i odaior G L oae ] St s S adin




i

Ehe Ak s
=
[
.

» g2

Figure 4. Transverse profiles across .the NAMOC from the
channel head to Charlie Fracture Zone;-M, H, .and L ~ numbers
represent M/V Minna, C.8.S. Hudson, and USNS Lynch surveys,
respectively; I and G are also Hudson profiles; numbers on the
right-hand side serve for locatlon of the lines in the inset.
Vertical exaggeration 100:1. Scale bar applies to Minna

profiles; for those profiles oblique to the Minna profiles the
- scale bar should be rotated.
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. i
than the left (east) wall (average slope of 3.2°). The ‘channel floor is

slightly inclined with an angle between 0.2; and 1.5° sloping either toward
squthwest or northeast. -At the deepésf point the channel is entrenched by
0.5 to 10 m over a 0.5 to“l:S km wide\area. This observation was the first
hint that the NAMOC may possess a talwek and that this deepest part of the
chanpel may be meande;ing, a feature comparable to subaeriél channels.

The NAMOC is Jbecween 2 and 5 km wide at the floor and 100 to 200 m
deep. Measured at the crests of the levees chanflel wi&th is between 6 and
19 km. Natural levees accompany the channel for its entire length and
develop laterally into broad flood plain-like areas up:to a hundred kiio—

meters wide. They are built up to an average height of 60 m above the

adjacent plains. The right (west) levee is consistently up to 90 m higher
and 5 to 10 km wider than the left (east) levee. The slope gradient of the
levees away from the channel is higher on the right levee (average slope of

11') than on the left levee (average slope of 8'). Both gradients gradually ,/

decrease downcurrent.

Longitudinal Profile . N

A 1,200 km longitudinal profile from the head region to Charlie Fracture

Zone was cgnstructed from 31 transverse profiles. It shows three major

segments of the NAMOC (Figure 5) in this region: an upper, middle, and
lower segment, with slope gradients' of 0.002, 0.001, and 0.0005, respec- N

tively.

a

The upper segment of the channel consists of two branches in the region

-

between 60°10'N and 59°40'N where the slope gradient of the floor is rela- °

tively high. The channel fleor of the west branch is cut down by about

60 m deeper than in the east branch. A tglweg is present in both branches
Ve
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Figure 5. Longitudinal profile of the NAMOC from. the head to Charlie Fracture Zone; numbers (10, 20

abscissa:

and 30) for location of data points in inset on Figure 4; ordinate: corrected water depth in meters; ’ . .

distance from shelf edge off Hudson Strait in kilometers. The gradients of the upper, middle ‘and I

O lower reaches are 0.002, 0.001 and 0.0005, respectively. The difference between the mean and the floor :
indicates channel depth. .
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of the upper channel, but the east one appears to be the locus of much winnowing.

From the confluenge of the two branches the middle segment extends to
54°30'N with a gradual.decrease in slope gradient. In this segment the
channel attains its maximum relief and tﬁe average difference in height
between the left and right levee (63 m) is greatest. ' '

A downchannel gradient of 0.0005 and a less pronounced difference in
levee height iharacterize the lower segment of the channel. Further down-
stream the gradient of the channel decreases slightly more. In the
Newfoundland Basin the slope gradient of the NAMOC is as low as 0 00045
(Ewing et al., 1953). >‘b

The significance o;‘. variations in the longitudinal gradient of the
NAMOC with respect to levee height and their implication. regarding both the
expected flow characteristics of turbidity currents and the \t\extural

characteristics of ‘their deposits is discussed in the sections lon channel

and spill—over procedses.

Channel and Talweg Meandering

The meandering pattern of the channel and talweg was initially recon-
structed from' Precision Depth Records (PDR) on a ship—'t;ack of C.5.S. Hudson
(cruise 75-009-Phase IV), across and parallel the channel in the middle

reach between 56° and 57°30'N (Figure 6). Positioning was by satellite

i

navigation and Loran-C. Loran-C fixes were obtained every two minutes at a

ship speed of less than 6 knots. The location of the talweg is apparent
on the cross—-channel records (Figure 7A, B). On some records paraliel to
the channel, the talweg could ble detemined with special precision at some
outer meander bends where the talweg comes ‘so close to the chaiu;el wall

that side-echoes from the wall appear on the PDR records simultaneously
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Figure 6. Ship track and meander pattern of the channel

and talweg. B:
Figure 7.
side~echoes from channel walls were seen.
talweg by ship track shown as bold lines.

see Figure 3. gl
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. Figure 7. 20 kH, bathymetric profiles ‘across and along
¥ , the showing the talweg (betwWeen arrows). Distance between

horizontal lines is 20 fm; distance between vertical broken
. ‘ lines 1is approximately 1 nautical mile. For location of profiles,
} gsee Figure 6B, bold part of ship track. A: channel crossing at
: 56°57'N, 50°22'W with talweg near higher westémm levee; arrows
indicate width of talweg of approximately 400 m; low reflectivity
of talweg is probably due to pelagic sediment fill; corrected
water depth is 3,731 m; dépth of talweg is approximately 5 m;
.downcurrent direction pointing out of picture. B: channel
crossing at 56°58°'N, 50°22'W showing talweg near higher western
levee; arrows indicate width of talweg of approximate 400 m;
depth of talweg is approximately 2.5 m; corr\e\:§ed water depth is
5

(. 3,730 m; subbottom reflectors in the upper 15 m on the right ~

{ ) levee suggest internal stratification due to interlayering of
sands and fine-grained turbiditic and pelagic muds. C: profile

K near eastern levee (appearing as side echo in center of picture)
at 56°48'N, 50°00'W; ship's track intersects meandering talweg
twice; inside the two central arrows the talweg runs midway
between eastern levee (in background) and point bar (closest to )
viewer, about 8 to 10 m higher than talweg); downcurrent direction
to the right; note relatively high reflectivity of talweg, which

is indicative of coarse (channel-lag) sediments; corrected water
" depth is 3,738 m.
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with the talweg (f‘igute 7C). With‘( the 1imitey}ta available the recon-

o

structed meander pattern of the channel and tglweg appears to be the best

/

interpretation possible, although more clo§gly spaced bathymetrié “1ines

‘might reveal a slightly different pattex;n’/ in detail.

/
™ The talveg meanders with about t/hé same wavelength (50km) but slightly higher

amplitude than the channel, i.e. 1/ and 10 km, respectively (Figure 6C).
These averages are based on the feconst:ructed meandering pattern of the
channel and talweg for the entire reach between the head region and 549N

for whieh the closely spgcéd 1974 crossings by M/V Minna (Figure{ 3) were

I
’

also a,v-ailable. ‘
Figures 3 and 6B clearly show a relatively low éinuosity of the mean-

dering channel /and talweg. The sinuosity is the ratio of channel length to

s

meander /len’éth. For most river channels there is a constant relationship

Jof /meﬁﬁder wavelength to channel width. On Leopold and Wolman's (1946~0)
/V Y -

meander wavelength-channel width (L/W) diagram (Figure 8) the NAMOC plots

below the 10:1 (L/W) line characteristic for ’subaeriglr‘rivers; i.e. itg(/‘”///
wavelength to channel width ratio is less” than that typical fofr fluvial -
channels. l'yl‘hisg is in line with data from Maury Mic)l—-Ocean Channel or the ;
Gulf Stream which also haw{e a smaller than 10:1 ratio of meander wavelength 1
to channel width. ‘It thus seems that hydrodynamic processes in large sub- ;
marine channels differ systematically frc;m those ix; subaerial ones: as will ' /‘,
be further discussed in the section on channel processes. | {
Submarine Point Bars -
On most crossings the channel flogr is slightly inclinead toward the
~-{talweg with an angle between 0.2° and 1.\5\;\\(se<a\lf'igure 7A, *B) zlipping
alternately e'i.ther toward southwest or northeast ‘( ié‘uze\\QA, C).V "”#dfﬁf
. \\\ e
| | : P |
. | > -
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Figure 8. Relation between meander wavelength (L) and channel width ' ;
(W), modified after Leopold and Wolman (1960) and Egloff and Johnson L :
(1975). A: meanders in rivers and laboratdry flumes; B: meanders on - ’ {.
glacier ice. Note that the NAMOC plots (E) are below-the 10:1 line l\ N
characteristic for subaerial channels, as are the-data points for Maury !
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Morphologicelly this change in direction of floor inclinatien toward the

l talweg may be interpreted as a ‘sequence of point bar"s associated with the
- meandering talweg. This is apparent on the concave (inner) bend of the
4.0 km segment of tt;e talweg meander ‘shown in Figure ?C. Subbottom;
ref_l,ect‘:orin in the upper part of the sediment colum on some chammel pro--
. files reveal oblique internal stratification support:i:ng the interpretation
aﬂsi submarine point bars (Figure 9A). The same féature is also visible on
a slow-scan profile obtained vhile the ship was drifting on at:ati’on
- (Figure 9B, C). A short p:ist:dh core at this station (H75~6) contains a
layer of sand under a tl:xin veneer of fine-grained pelagic l;xtitgs.

’ o
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" Figure 9. Subbottom reflectors from the channel floor at
54°33'N, 48°24'W (between stations 4 and 7) showing inclined
strata dipping toward west and probably representing internal
stratification-in a submarine point bar; downcurrent direction
pointing out of the Figure, A: distance between horizontal
lines is 36 m, distance between vertical broken lines.is about
200 m., B: distance between two vertical broken lines is
approximately 20 m. Location approximately 400 m west of A.
C: detailed subbottom stratification; total height of picture
is about 40 m, width is”approximately 20 m. 4
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CHAPTER 1II -~ SEDIMENTARY FACIES v

.
~
~a

Facies Distribution

l
Four distinct sedimentary facies occur in the central Labrador Sea

- (Figure 10): .a) the channel-fill facies of the NAMOC, b) the spill-over
" facies ;Bsociatgd‘with the channel, c) the pelagic—higipelagic facies and
) d) the bottom-current deposits (contourite facies). ‘ .

: \ The deposition‘of pelagié'sediment results from partiéle-by-pa:ticle

settling of biogenic components and terxigePous detritus. In the Labrador:

Sea the latter includes abundant ice-rafted debris. . In the vicinity of the

] - o
NAMOC pelagic sedimentation has been frequently interrupted by the rapid
[ .

H

@
[
{
f
&

| input of uérrigenous sediments by channel processes resulting in an alter-
nation of terrigenous and pelagic layers. The latter are limited in number

and thickness. The terrigenous sediments cover an area up to a hundred

-

PN T T M © S uff s SR iR e P S P

kilometers wide on either side of the NAMOC comprising both the channel-
f11l facies within the confines of the channel and spill-over facies on ‘the

natural levees deposited by, flows‘overtopping the channel walls. The

- *  channel-fill facies consists of thick bedded, coarse-grained deposits in

L

contrast to the spill-over facies which is predominantly thin bedded and

(=3

fine-grained. Bottom current‘ﬂeposits (coritourites) consist of pelagic and

e

Y hemipelagic sediments reworked by contour—fﬁllowing deep oceanic currents.

In the Labrador Sea there are two contourite ‘ridgesy Eirik Ridge ‘on the !

P e 4

south Greenland continental rise, south of Cape Farewell and Gloria Drift oo

. . A
. in the central southemm part of the Labrador Basin, respectively (Figure

10).— These are piles of acoustically transparent sediments differentiated
from the pelagic facies by their characteristic hummocky surface morpho-

‘:; logy, which yields wavy or hyperboli¢ reflections on echograms and seismic S

!
!
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. Figure 10. Schematic Sedimeniary facies distribution of the central

Labrador Sea extrapolated to a subsurface depth of 500 m on the basis of
seismic reflection profiles, partly after Egloff and Johnson (1975).
Diagonally hatched pattern: spill-over facies of the NAMOC and IMOC.
Sedimentary ridges with crest lines: contourite facies. (Nos. 28, 29
and 30 denote sediment cores from Eirik Ridge)
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‘sedimentq are discussed. ’ -

23. .

records (Davies and Laughton, 1972).
" A tentative interpretation of the seismic p?ofiles (Plate 1) suggests
that approximately a 500 m thick sequence of alternating terrigenoua}and
pelagic sediments was aeposited in the central Labrﬁdor Basin under alter—
naéing regimes of predominant channel processes and subotrdinate pelagic
sedimentation. In the following sections the diagnostic features of each

facies, such as occurrence, sedimgntary structures and texture and sequen-

tial analysis of structure divisions, revealed in the topmost 10 m of

¢

Channel-fill Facies

Occurrence
“

Coarse~-grained deposits, layers of sand and gravel, extend along the
1enéth of the NAMOQ floor; they were found in almost all of 'the channel
corgs taken froﬁ the head region down to the termination of the channel
ﬁear*39°&,(figure 11; for descriptioﬁs of 1ndiy?dualﬁcores/see Appendix 4)..
Layers are up to several meters thick and show distinct depositional ‘mits:
graded or massive divisions bound at the base by a écou; surface and soﬁg-
‘times being overlain by cross-bedded, cross-laminated and parallel lami-

¥ ’ ¢

nated divisions.

-

Core V17-196 was recovered from near the northern limit of the study
area near 60°44'N, where the -channel is morphologically ill-defined. It

contains an 8.7 m thick sandy gravel layer ovefgin by a layer of pelagic

3

ooze., Individual pebbles are up to 60 mm in diamefet {(Plate 2&). Although

. the gravel layer is bottomed by pelagic lutite in the core catcher a sub-

I

stantial "flow-in" of materials during retrieval of the piston corer is |

— e s,

Y

3

b Lene

B




. /

Figure 11. Main sediment types .of channel-fill cores. Note
discontinuity of sand and gravel layers which cannot be traced
from station to station. Dashed line in cores V17-196, H75-25
and more southerly cores denotes lower boundary of uppermost
M pelagic layer. Cores on the left hand side of diagram are from

the possible northern tributary of the NAMOC off Cumberland
Sound. The pelagic sections of these cores are dominated by ice-
rafted debris. -

-

$1s

.




P
pad

=

. \ M -

L0 TR 7 . TN X g MR EVIIND T e [y
PLOINL S el ey DRSS R N N I R S RO EO Y SO I L )
AR ALV A R I A A SN T S R R S A A WA LT R

CHANNEL CORES

H74
68
]

. ) . T
R IIlii!ii-lllIIIIIIIIlIllﬂ-

LEGEND

B
mgr - B

5

BT |

motiled pelagic lutite and IRD
paralie]l laminated mad
climbing riggle crons laminated
plans laminated sand
massive fine to medium sand
graded sand and greve!
C-14 dates

/

X1

Ay

] I NN S T .

.
.

\
RS CTLE
8' N R

HAER )




AT PRT T TR i

[T SRR

s e At e T

L4
g -

g

THRG B OB TR roteidh g i

MG 2 et o

C o e aa e e - ca e et e et st i o e

25
evident. Nevertheless, the occurrence of gravel and sand at this locality
is of great significance for traci&g the coarse channel-fill sediments
toward their source.
) Core H75-25 (Plates 2A, Byand 3) was taken approximately 450 km
farther south in water 3,600 m deep. Here, a 1.3 m thick sandy gravel
layer underlain by a 10 cm“thici paralle}llaminéted mud grades upward into
sand. It is, in turn, overlain by another graded .layer of sandy gravel.
A thin pelagic ooze layer is intercalated between the sandy gravel layers.

The upper gravel layer is followed by a sequénce’of layers containing a

basal division of graded gravel and séhd, parallel laminated sand, cross-

-laminated and climbing ripple cross-laminated sand, parallel laminatgd mud,

homogeneous mud, and at the top, a pelagic divisionm.
Core H75~21 was recovered from the more or less flat channel floor,
1 Ve N
approximately 50 km downcurrent from core H75-25. It consists of a 1l m

thick layer of sandy gravel at the base (which shows evidence for distur-

bance by flow-in). Tt grades upward into sand displaying divisions of the

4
Bouma-sequence: ©parallel laminated sand and cross-laminated fine sand and

v

silt. ‘

In cores H75-15, 9 and 6 (Figure 11), which were taken approximately

' 700, 800," and 850 km away, respectively, from the chanﬁel head, sand layers

with thin intercalated, layers of pelagic ooze occur. These cores bottom
in coarse-grained gediment, which was penetrated only superficially by the
corer. At channel stations H75-2 'and 5 no penetration was achieved.

Core V23-21 from the channel floor near Charlie Fracture Zone con-
tains a sandy gravel layer (Plate 2D) within the lower 75 cm of a total

length of 1 ﬁ.}xThe top 25 cm consist of pelagic lutite. The core was
RN L '

taken approximately 1,600 km away from the. possible source on the shelf edge

’
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off Hudson Strait.
‘ In cere Al180-11 (Heezen g_i:_g_]_._., 1969, p. 1445) a 2.4 m thick well
¢ sorted fine sand layer (parts of which probably represent flowed-in
o . material)' is overlain by 1.3 m of pelagic lutite. The core was recovered
near 39°N at a distance of approximately 3,000 km from the chan%el head.
Core H74-66 was raised from the eastern branch of the uppeé channel
) whose floor is approximately 60 meters shallewer than the western branch. Y
Although this locality is proximal to the source, the core cone}éts almost

entirely of bioturbated, mottled pelagic lutite except for a 5 ¢m thick

PRt -

sand layer which is accompanied by parallel laminated mud.

Cores H75-60, 61, 62, 55 and 56 (Figure 11) were recovered from a
northern tributary of the channeél north of 61°N where the continuity of the
channei morphology is not well established. The cores consist of mottled
pelagic lutite .with abundant ice-rafted degris and some intercalated

coarse-grained layers. »

n'}y »
Sedimentary Structures and Texture

4

TR AL I g 2 R TS L W e T off TR RO

v Sedimentary structures of the channel-fill sediments w?re studied by

-

visual examination of sﬁlit cores and X-radiography of sediment slebs: For

é

%

: X-radiography 1 cm thick slabs,of~fediment were sliced from all core

g sections except for material coarser tQFn gravel size. Slicing was done

5 .

¥ uging thin wire and 29 cm long plastic containers. Thin sediment slabs for

g X-radiography rather than core halves or the entire core have the advantage ;
& . . . ?
§ of minimizing superposition of sedimentary structurés and avoiding edge

S effects. All plctures were taken on Kodak Industrial AA2 Film with a

A

Picker Mini Shot II X-ray unit at 50-60 KV, 3 ma, 10 seconds exposuré time

] ‘L1 - . and .source to sample distance of 53 cm.
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The coarse~grained layers vary in thickness from a few centimeters to
more than 9'm. As mentioned before the 9 m thick layer of coarse gravel
and sand in core V17-196 most likely does not.re%resent the true amount of
tpenetrgtion. The sediments were probably sucked in during retrieval of the
corer. These thicL layérs are largely strﬁctureleés except for grading -
(Plate 2A, B). The lack of structdfes is either a primary feature (massive
basal division of turbidites,deﬁrig flow deposits) or the result of.coring
disturbance. Thin, usually less than 20 cm thick, sandy gravel layers
intercalated between finer-grained cohesive sediments are usually less
affected by coring disturbances and often show‘graded bedding (Plate 3B, C).
In most cases the graded (or structureless) sandy gFavel at the base

-

(Bouma's A-division or Ta) is followed by parallel laminated sand (Bouma's-

-

B-division or Tb). Sometimes the B-division starts at or near the base.

In some layers a thin division of cross-laminated and climbiﬁg-

ripple laminated fine sand to silt (Bouma's C-division dr‘Tc) follows on
top of Tb, which, in turn, is sometimes overlain by the upper pa;allel
‘ q° Plate 3A, B). Less frequently
homogeneous turbiditic silt and clay (Bouma's E-division or Te) and inter-

laminated mud (Bouma's D-division or T

turb@dite pelagic ooze (F-division of turbidite-pelagite sequence) are

found (Plate 3A, B and Appendix 4) in the channel cores. Turbidite -

\
sequences observed in the channel-fill facies can be sumarized as follows:

T T T ., with intercalated pelagic intervals. For a statistical
abcde, “abe, “ab

analysis of the structure divisions the number of cores from the channel is

‘ »

// L4

—

insufficient.
The gravel and sand la&ers of the channel-fill facies are apparently e
lenticular and form discontinuous bodies, because the sequence of layers

b d

encoqptered do not match between cores;, even if core stations are less than

B e e e R R AT oo A ” B ol piaes o
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than a few kilometers apart (Figure 11).
Grain size analyses were done according to standard granuloﬁetric
techniques; i.e. gleving at 1/9 phi intervals of the sand-sized (> 63 microns)

¢

material using a Fritsch-Analysette-3 sieving machine, and pipette analysis.
for Fhe finer fractions following the procedure of Foik (1968). The stan-
da}d grain ;1ze nomenclature of Shepard (1954) is used. ' In addition the
term mud is used in this study for mixtures of terrigenous silt and clay,
thus including clayey silt and silty clay.

Individual thin sa;dy grawel'layers are poorly to very poorly sorted
(Figure 12). Individual gravel components are subangular to,subrounded and
mostly equant or piolate in shape (Plate 2C, D). Some show surface stria-
tions which may in&icate a-subglacier origin. Numerical textural para-'

-

meters for the gravel layers are given in Appendix 5.

Spill-over Facies

Occurrence . . !

u

The spill-over facies occurs on the'natdral levees‘resulting from
innumerable overspills of flows from the channel. In the Labrador Basin
this facies extends laterally up to a hundred gilometers on both sides of
the channel. According to Egioff and John;on (1975) further downchannel in
the Newfoundland Basin it widens to over 240 km. The spill-over facies is
envisaged to marginally interfinger with the pelagic facles. It gonsists
of thin bedded fine—graiﬁed sediments, usually finer than medium sand,
which ar; devoid of bioturbation, except beneath somé thin intercalated

o

peiagic layers that are

3

o

intensely bioturbated and mottled.

o
e
[Sad

Sedimeritary Structures and Texture ) -

The most didtinctive feature of the spill-over sediments is a monotonous

b i
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Figure 12A. Cumulative granulometric curve;}bf channel-

. f411 (C.F.) and spill-over facies (R.L. = right Yevee); T";", T,
Ty» T and Ty indicaten"A", A, B, C end D~structural divisions
of..turbidites, ~respectively, of the spill-over facies. "A" (or
Tnan) defistes a non-typical turbidite structure unit which is

characterized by its crude parallel laminations. The wunit is ten-

tatively called "A"~diyision because of its extremely poor
-gorting and scattered pebbles, which resemble the A-division.
C.F., "A", A and B are very poorly sorted, whereas C and D are
mo&gra@g}y to poorly sorted. Reliability of. portions of the
curves to the right of the vertical broken 1line at 10phi 1is

.. limlted, because the pipette method is inaccurate for particle

’ smaller than about 1 micron equivalent diameter. Therefore,

3?“’/;hese portions have been omitted from the diagram. B: same-a

A but for the left levee (L.L.). For sample intervals see

Appendix 5. |
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repetition‘of thin parallel laminated units of terrigenous very fine sand
| ’ c
and mud (clayey silt and silny‘clay)._ A set of tens of thin laminae forms

an upwatd—fihing unit between 0.2 and 9 cm thick (3 cm on the average)./

This parallel lahipated unit often starts-with a ¢limbing micrq—ripple oi

micro-cross-laminated very finé sand to s8ilt division at the base 'and

grades in most cases upward into unlaminated homogeneous mud (Piates 4 and 5).
The occurrence of climbing micro-cross-lamination at the base ;f many

of the depositional units clearlg 1ndicat;s: a) the fine parallel lamina-

tions are current-generated, b) sediment supply was relatively rapid.

These units are fine-grained turbidites as will be di;cussed ig more detail

in the section on spill-over processes.

The se&imentary structures of the spill-over facies can therefore be.
described in terms of Bouma's (1962) sequence of sedimentary structures
established for "classical” turbiditeés with some minor modifications:

-1a) cru;ely parallel 1am1n;ted sand-silt-clay (designated here as "A"-
éiviaigg or T"a"),/lb)TmasaiVe or graded medium to coarse sand division
(Bouma's A-divisiod or T_,)» 2) lower parallel laminated division (Bouma's
B-division or Tb), 3) ciimbing miéro-ripple or dicrb;crbss-laminated sandy
ailt, clayey silt and silt division (Bouma's C-division or Tc), 4) paréllel
laminated mud division (Bouma's D-division or Td) ana 5) Eggogeneous mud
(Bouma's E-division or‘Te). Some pelagic ooze 1aygrs (F-~division of
turbidite-pelagite seque;ces) ate’i;tercalated betweep some of the
turbidite units. : ’ ‘ ’ ‘

Crudely parallel laminated "A"-divisions were observed in some cores

from béth levees (Plate 6). These units are more common in the upper and

» upper middle channel segments than in the jower segment. 'The massive or

I
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graded A-division and the parallel laminated B-division occur only rarely

‘: in the spill~over facies. Most common among the sedimentary structures in

’

the spill-over facies are the climbing micro-ripple or micro-cross-laminated
{

| and parallel laminated divisions, which occur ubiquitously on both levees.

) ¢
The unlaminated homogeneous mud (Te) may be distinguished from the infer-

turbiditic pelagic ooze by sediment composition (terrigenous components) and

[

*

-a lesser degree of bioturbation.

gt

" In the following sections individual sedimentary structures of the

RN
e g
. 4

splll-over facles are discussed. Grain size distributipns for various

|
types of/sedimenCary structures are shown on)Figure 13. '

i

PR

Crudely Laminated Sand-Silt-Clay Division (T"a")

This unig is characterized by its crude parallel lamination and often

by the presence of some pebbfes which are in most cases scattered through-

e w

g out the layer (Plate 6C). It consists of approximately equal proportiomns

k
of sand-, silt- and clay-sized terrigenous mag;rial (Figure 13R) and is

very poorly sorted. With the underlying mud the unit is bound by a sharp

°
PO

) contact, which may be of erosional nature. With the overlying cross-

B laminated silt, parallel laminated or homogeneous mud it contrasts in

% ' ) sorting. The thickness of individual units rarely exceeds 6 cm. This

T e

ﬂunit is estimated to make up less than 5 percent-by thickness of the spill-

over facies in the core material.

Whereas the crude lamination miﬁics"Bouma’s (1962) B-~division, the
extremely poor sorting and existence of scattered pebbles suggest that it

is equivalent to the A-division. Although no'modern examples of sucﬁ )

T AR 4D Ty

deposits have been reported elsewhere, similar, but much thicker examples

R s

~

are found in the basal unit (A-division) of some ancient turbidites

B0 L R
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Figure 13. Classification according to grain size of spill-
Jover deposits of the natural levees; nomenclature after Shepard
(1954); R = right levee, L = "left levee; "A", A, B, C, D and E
2 denote the crudely .laminated, the graded, the lower parallel
: laminated, the cross-laminated, the .upper parallel laminated and
i the pelitic turbidite divisions (Bouma, 1962), respectively. "A"

) is more common on the right levee, whereas A and B were found only
on the left levee; D, E and C are equally common on both levees.
(From the left levee no samples of "A", D and E were analyszed.)
For sample intervals see Appendix 5.
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(van der Lingen, 1969; Hesse, 1973; Rocheleau and Lajole, 1974), Because

. /
( ’ of this similarity the unit is referred to as "A'-division (or T"a")'

The significance of the "A'"-divieion with respect to levee height, the

~

flow characteristics of overflows and the channel gradient will be dis7

cussed in the section on spill-over processes.

.

‘ /
Graded or Massive Sand and Sandy Gravel Division (Ta) ¢ T

¢

Bouma's (1962) A-division occurs very rarely in the spill-over facies.

Only three sequences were found that start with the A-division: a).a 40 cm
! 1

e ARSI TR Y A
~

thick massive medium to coarse sand on the right levee (core H75-14); it

rer

TP A, R I TR WG e}

rests with an erosional contact on a parallel laminated mud; b) a 10 cm

thick graded gravelly sand on the right levee (core H74-68); it is :‘.ollowed

by subsequeng turbidite divisions; c¢) a 5 cm thick obliquely stratified

gravelly sand on the left levee (core H75-13, Plate 6A); the oblique
. stratification is accentuated by alternating placers of heavy minerals and

coarse sand. ¢

Parallel inated Sand Division (T,)
; ; b

The parallel laminated sand which corresponds to Bouma's B-division
(or Tb) is also very rare. It consists of well gsorted fine to medium sand.
Grading, if present, 1s masked by parallel lamination. Two parallill,el lami~

. A
o f, VaRN

nated sand divisions followed by cross-laminated sandy silt divisions were

M R R s B e R T

N
found on the left levee (e.g.Plate 6A). The th:lcknepa of individual units

Lo

,«

is lessithan 4 cm.
7

-

04

F

L " Cross-Laminated Silt Division (Tc)

c This unit includes micro-ripple crosé-lamination, climbing micro-

o

i
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ripple lamination and some convolutely laminated sandy silt, clayey silt

a

and silt. It is generally medium olive grey in color (5Y 5/1), and con-

sists dominantly of quartz together with detrital carbonates and other ter-

rigenous grains. The thickness of individual units rarely exceeds 3 cm.
It is estimated to make up less than 10 percent by thickness of the spill-
5 .

over faciles.

The cross~laminated and overlying parallel laminated divisions were

studied in thin dectiorns obtained from impregnated sediment samples. These

‘were taken from the slabs used for X~radiography. The impregnation was

done following a method mod{fied after Foster and De (1971). A 1 cm thick
slab of glass slide size was treated with chloroform and acetone in a
desiccator in order to replace the pore water (Appendix 10). 'The sample
was then impregnated with araldite resin, and a thin section was prepared '

from it. 4
[ £

Under the microscope the micro-ripple laminated division shows alter-

nating lee-side laminae (of heavy and light minerals which are tabular (and

rarely convex upward) in shape but become slightly concave near the base of

the lee-side (Figure 14). The slope angle of the lee-side laminae ranges
from 12° to 14° for different coseta; The level of the sedimentation
surface remains nearly horizontal.

Some cross-laminated divisions are composed of climbing sets of lee-
side laminae with or without preservation of stoss-side laminae (Platesfz
and 5). Alao here, lee-side laminae are accentuated by the concentration
of heavy minerals in alternating laminae. The angle of climﬁ is generally
less than 5°. The climbing ripples are useful Tor determining rates of
sediment transport and deposition from unidirectional flows. In general,

three types (A, B and 5) of climbing ripples are distinguished by their

LoIpis ve RS - e -, - @ e e e
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Figure }/ Analysis of the laminated spill-over fa‘cies;
core H75-11, interval '354-382 cm. A: X-radiograph of a typical
sequence of spill-over turbidites; B: photo~micrograph of 8th
laminated/ wnit -from bottom, unit begins with micro-cross
laminated fine sandy silt and silt (T;) followed by parallel .
laminated and homogeneous mud; cross-lamination accentuated by
placets of heavy minérals; in the parallel laminated division
the /1ight bands are dominantly composed of silty quartz o
(granular laminae = G), whereas the dark bands are compqsed of
flocculated (F) clays. Numbers give thickness in millimeters
f G and F laminae, respectively. Contraction of the columnar
diagram C eliminates the voids due to cracks developed in the
thin section during sample preparation. Grain size variations
(in median diameter) of quartz grains in five consecutive
/ laminae (nos. 4 to 8) are shown in 13.
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, \

’ ’ . |
preservation of stoss-side laminae, asymmetry of ripplp profile and the
angle of climb (Jopling and W7lker, 1968; Allen, 1973)& The climbing
ripples of the NAMOC spill-over facles are of type A. \They are character-
. \ -

dzed by a low angle of climb, presprvation of stoss—and\lee—side laminge

Y

and the micro-scale of the cosets {Plates 4 and 5). \

~* At the upper contact the cross-laminated unit is aizays followed by

the upper parallel laminated division. This ‘transitién

1

\ccurs at a median
gsediment size of about 30 to 40 microns, below which no Qipples form.

The significance of these ripple laminations with regﬁrd to flow
regimes and rates of deposition from bed-load and suspensi&n will be dis-

cussed in the section on spill-over processes.

Parallel Laminated Mud Division (Td)

In terms of frequency of sedimentary structure divisions this is the
dominant element in the spill-over facies, comprising more than 60 percent
of all the structure divisions. It consists of medium olive grey (5Y 5/1)

|
. l
mud (clayey silt and silty clay). The division sometimes oﬂerlies the micro-

ripple or cross-laminated division but in most cases it ﬁepeats,icéelf.

On the average it 18-30 mm thick and consists of laminae h bneds of

-

microng to a few millimeters thick.- Similar deposits have bTen described

from ancient and modern turbidites (e.g. Bouma, 1972b; Piper, 1972, in

press; Rupke and Stanlgy, 1974). 1t coréesponds to the upper parallel

divi;ion was originally defined for sand and silt sized mate

laminated division (D-division) of the idealized Bouma sequence. This
Fial and still

lacks an adequate hyjrodynamic interpretation (Blatt et al., 1972, p. 123).

Each unit beging with a lamina of granular material of medium to

<

c¢oarse silt size (30 |to 40 micgons), followed by a finer—gra*ned lamina of
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, 0
Figure 15. Upward thickness variation of pairs of granu- .o
- lar (G) and flocculated (F) lamfnae in parallel laminated mud;
abscissa: thickness of granular lamina (logarithmic scale); -

ordinate: thickness of flocculated lamina overlying granular
lamina (logarithmic scale). Trends of upward decreasing

thickness of G and corresponding increasing thickness of F /
display a nearly logarithmic relationship for samples shown in
_ A, B and C.

A, open circle:  H75-11, 362-365 cm i |
filled circle: K25-11, 373-374 cm oo
> / I3

B, open circle: H75-11, 367-369 cm .
‘filled circle: H75-11, 378-380 cm

~ C, open circle: H75-22, 244-245 em ’

filled circle: H75-22, 239-242 ¢m

D, open circle: H75-22, 244~246 cm
filled circlé: H75-22, 256-259 cm

oy
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non-granular flocculated clayey material. The results of a.detailed
/
( ) analysis of one such it are shown in Figure 14. The light and dark hori-

-

zontal bands (Figure 14B, C) represent granular and flocculated laminae, !

respectively. Each granular lamina consists of well sorted quartz and

[

other detrital grains with less than 10 percent of clayey matrix.l The
flocculated laminae contain on;.y A few percent of quartz grains. The mean
grain size of the granular mat;rials in both types of laminae decreases
upward (Ekgure 14D). Each umnit ends with a lamina of flocculated clay at
the top which aFtains the greatest thickness of all flocculated laminae.
In many parallel laminated divﬁsions the upward thickness variation of
granular and flocculated lamifiae shows a logafitthc relationship, The
logarithmic relationship is better displayed 1n"somé units than in others.
Figure 15 shows the P\;ertical thickness variation of successive pairs of
.0 granﬁlar laminae and floccublated lami;aé. The thickneas of the granular

laminae is plotted on' the abscissa, the thickness of the corresponding

flocculated lamina on the ordinate. The former decreases logarithmically

! upward, whereas the latter’ increases logarithmicaiiy.' A discussion of the

, P N
possible causes of this systematic variation follows,in .the section on

deposition of laminated turbiditic mud...
. o - 1

N ©

ﬁomogemom Mud Division (Te) ’ )

Y

The top of theé parallel laminated’ uni‘tﬂ, which consists of flocculated
clay is dehignat;ed homogenedws mud. It is the equivalent of Bouma's (1962)
+ pelitic or E-division (I). In X-radiographs this division is devoid of -
. parallel laminae and thereby differentiated from the underlying lamin;lted
division. 1Its averagé tflicknéss is about 10 mm. In terms.of frequency of

( structural divisions of the spill-over facies it 1s the second most 4
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5
3

freéxuent unit after the parallel laminated division. The unit is sometimes

( ‘ bioturbated (bioturbation of the E-division is treated together with pelagic

3 g'hs;difnents in section on secondary sedimentary structures of the pelagic facies.

Pelagic Facies el

Occurrence <! 5

The present sea floor of the Labrador Sea 1s covered with, peldgic and
hemipela'gic sediments with admixed ice-rafted debris, a facies thAat results
fro;n the slow particle-by-particle settling of bilogenic and ézontinental
detrital materials through the water colum. In the Pprocess of_ﬂaettling
same of the fine-grained material is picked up by bottom currents or incor-
porated into diluted turbid suspensions often referred to as nepheloid ‘
iayera. Surface currents.also assume an 1mp;>rtant Qtole in the \distributiin‘x
of fine-grgingfq} pattiéles 8s well as ice-rafted debris including ice~rafted
tephra‘ particles. .

This facies is interrupted by the broad band of terrigenous sediments
along the course of the NAMOC in the central Labrador BaIai,n. Within the
terrigenous channel-f111 and spill-over facies o‘f the yNAMOC the occurrence
of pelagic sediments is limited in time and space., In the spiil-aver

facies of the cores recovered the pelagic layers make up less than 3 percent

of the total sediment thickness,

Characteristics

The biogenic\materials of the ﬁelagib facies are composed of the tests
- (\l N N

of foraminifera, diatoms, Radiclaria, coccoliths and sponge spicules. In

Y

the oxidation zone near the sediment surface, the sediment color is usually

( ‘ pale or moderate to dark yellowish brown (10YR 6/4, 10¥YR 6/2, 10YR 5/2) but

i

)
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Figure 16. Classification according to grain size of (A):
) pelagie-lutites (F), and (B): contourites; IRD » ice-rafted.
i debris; X = slightly to moderately bioturbat,ed. Y = very strongly
] bioturbated and Z = completely bioturbated and mot.tled
. contourites.
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below 50 cm greenish or olive grey hues prevail. Ice-rgfted debris form a
( significant constituent of the pelagic sedliments ‘in the Labrador Sea
(Plate 7 and Figure 16A). Texturally this is expressed by the very poor
sorting of these sediments (Figure 17A). Structutally’the most important’
. characteristic of the pelagic facies is the high degree of bioturbation
(Plates 8 to 11). The ice-rafted debris include pebble and boulder aized
rock- fragments whose surfaces contain glacial grooves—and striations.
Although texturally these pebbly muds resemble debris flow deposits, the
matrix composition (biogenic materials) is distinctly different from the

terrigenoué constituents of debris flows. . »

Secondary Sedimentary Structurés (Bioturbation) and Texture -
"’ ?

ioturbation structures are biogenic secondary sedimentary structures
[ -

’

that reflect the disruption of original stratification features or sediment
/l . ‘ ) ) r

fabrics by the activity of benthonic organisms. An ethological clasaifj-

ation of bioturbation structures proposed by Seilacher (1964) is commonly

used. It includes. a) resting traces (cubichnia), b) crawling traces

(repichnia), grazing traces (pasichgia), d) feeding structures
ia) and e) dwelling structures (domichnia). Most studies of
bioturbation structures have focused an tidal flat and near shore environ-

Lo
wents which are easily accessible. In deep-sea sediments observations of

bioturbation structures and burrowing organisms are comparatively few.

. | .

Although photographs of the present deep-sea floor (see Heezen and

Hollister, 1971) have revealed many details of the sPrface morphology of
trace fossils and also living organisms, various burrow structures observed

in deep-sea sediment cores remain still unclassified.

!
( Bioturbation structures in the NAMOC 'aediments were observed both in

4

+
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Figure 17. Cumulative granulometric curves: (A) pelagic ) ’ o
lutites (F) and (B) contourites; IRD = ice-rafted debris; X = slightly to *
mderately bioturbated, Y = very strongly bioturbated, and |
Z = completely bioturbated and mottled contourites. Because
reliability of portions of the curves to the right of vertical

* broken line at 10 phi is limif.ed. these portions ware omitted

as on Figure 12.
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vertical sections of core samples and on bottom photographs of the sea

floor. They are most abundant in the pelagic facies.

/

In Table 1 six types of burrows are distinguished according to their

shapet 1t also records the orientation of burrows and their position'with
respect to the pelagic sediéent/turbidite boundary.

(1) Tubular burrows, mostly produced by polychaete worms (Griggs et
al., 1969; Piper and Marshall, 1969) are common in pelagic oozes an& in the ;
topmost (approximately 10 cm) of the underlying turbidite muds (Plates 8
and 10). The tubes are filled with sandy silt or mud. They measure

between 1 and 5 mm in diameter and usually betweea“I and 5 cm in length. A

vafiety of shapes are observed including straight, bifurcated and dendritic

ones. v
P

(2) Subhorizontal burrows are found in pelagic lutites and under-

\i*ing turbiditic muds. They are (sub~)horizontal and often display

/
.\ien4scus—shaped internal structures (Plate 8B). The meniscus~shaped

linings are made up of reworked sandy silt and muddy sediment, probably
representing excrements of sediments ingested by the organism. These

burrows represent vertical sections of the conical.and helical structure

of'Zoophycos. Zoophycos is formed by the burrowing of a sediment~fe€fer of
uncerkain affinity. The diameter of these burrows iqﬁclose to 1 cm. The‘
same type of burrows are describe& by van der Lingen (1973) and Piper and

- Schrade; (1973) from deep-sea sediments in the Pacific. ‘ (

(3) Oval to circular burrows are common in thick pelagic layers and in

the top 10 cm of underlying éurbidite muds (Plates 8A and 9). The burrogs B

are filled with poorly sorted sand and mud. They are up to 20 mm in dia- ' 1.

meter. These burrows are believed to be formed by sediment feeders such as

N ’

polychaetes, holothurians, mollusps, and echinoids (Piper and Marshall,

_ l
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. TABLE 1. TYPES OF BURRONWS
: ' S 1
- . ' Type Shape Characteristic Length (L) Orientation Occurrence Assumed Burrower
. . Diameter(D) P .
) 1. Tubular _ | Y r straight. L=1-5 cm vertical, Pelagic ooze, polychaetes : - e
' N bifurcated, D=1-5 mm oblique top of pelecypods ? -
- _ dendritic, turbidite crustaceans ?
Tined tubes -
2. Subhorizontal g meniscus-shaped L=5 cm . horizontal Pelagic ooze,
3 . (Zoophycos) e====== or concentric D=2-20 mm  to sub- turbidite-
’ internal " horizontal
' structure
- 3. Oval to P reworked small; variable Pelagic ooze, polychaetes
circular . sediment D=1-8 mm top 10 cm of holothurians &
X . large; turbidite echinoids ? :
Ejﬁ’ - ¢ 0‘8‘20 mm
4. Needle- — very small, L=2-5 mm ' Wariable Mainly polychagtes
-’ , shaped 1677 straight, D=1 mm turbidite x
! . dendritic .
- 5. Mottled ,%“I;: completely : ~ Mainly S
’ . reworked, no - - i pelagic ooze
distinct . N
3 structures - 1
3 .
A 6. Pyritized { // very small 1—'—1 3 cm . -variable Pe1agic ooze worm tubes ?
- r  filament : D=0.5 mm . N . hyphae of marine
: s fungi ?
I8
3 . £
? e . N - ‘_
— - Ny M
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1969) .
‘ \ (4) Needle-shaped burrows are oriented vertically or randomly and

commonly occur in turbidites (Plates 9B, 10B and 11B). Where they occur in

high concentration the original laminae are almostﬁcompletely

destroyed. They sre sediment filled or open, as type 1, and one end of the
burrow usually terminates with a circular outline, probably representing
the intersection of the tube-shaped burrow with the face of the sediment '
_ slice. They are less than 1 mm in *diameter and between 2 and 5 mm long.

(5) "Mottled" is the term used for sediments whose primary sedimentary
structures have been disturbed so intensely that the individual biotur- .
bation structure is not recognizable (Plate 7).

(6) Pyritized filaments are apparent on X—rgdiographs (Plates JA and

' ks
16C) of thick pelagic oozes from the upper reaches of the NAMOC and of

bottom current deposits on Eirik Sedimentary Ridge. They seem to be parti-

c cularly abundant in sediments strongly affected by bioturbation, especially

those of the contourite facies. Similar filaments have also been described
from burrowed sediments in the Strait of Otranto, Mediterranean (Hesse et

al., 1971), in burrowed turbiditic muds of the Alboran Sea, Meditérranean

- e

Rrar f,

(Rupke and Stanley, 1974) and in mottled ‘sediments from the Gulf of Mexico
(Bouma, 1972a). They are interpreted as pyritized fi}aments of worm tubes
or hyphae of marine fungi (Hesse et al., 1971). ~ -

¢ Bottom photographs of the channel floor and walls of the NAMOC reveal

S

numerous epibenthonic organisms, tracks, trails and-excrements (Plates 12 . ,

and 13). The most common types of organism observed on these photos are .

polychaete worms and holothurians. Crustaceans and sea anemones are rare.
Other animals such as annelids, ophiuroids, gastropods and pelecypods that

have been reported from abyssal depths (Piper and Marshdall, 1969; Griggs
;
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et al., 1969; Heezen and Hollister, 1971) may be responsible for some of the

-

”
structures described, although living specimens were not seen on the botmm,

photographs from NAMOC.

o

The amount of reworkingof sediments by bioturbation is controlled by the

number of organisms per unit volume of sediment and the rate of sedimenta-

to be also affected by the sedimentation rate of the overlying pelagic sedi-

ments and by the length of the time interval between successive turbidity
currents. 1In other words, organisms penetrate deeper into turbidites when

the overlying pelagic sediménts accumulate more slowly and for a longer

period of time.
Contourite Facie$s ) -

Occurrence

Bottom current deposits (contourites) in the Labrador Sea delineated
by Johnson and co-workers (Johnson and Schneider, 1969; Jones et al.,
1970; Egloff and Johnson, 1975) include the Eirik Ridge on the cm:r.inental
r:ise off the southern tip of Greenland and the Gloria Drift in the central

southem Labrador Basin (Figure 10). The Eirik Ridge is bordered by the

terrigenous facies of the NAMOC to the west and the Imarssuak Channel to the

south, whereas the Gloria Drift forms a loop bound on three sides by the

i

The depth of penetration of burrows into underlying turbidites appears

NA!‘DC, the Imarssuak Channel and the Charlie Fracture Zone, respecti&eh\

On- echograms and seismic records contourites are distinguished from
normal pelagic sediments by hyperbolic reflections indicative of wavy sur-
face morphology; from turbidites by their relative acougtic transparency.

According to Davies and Laughton (1972) contourites are further character-

& ]

ized by the fact that the "sediments are often heaped into piles and- ridges

e e
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elongated in the direi:ticlm of t;xe bottom current and lying wder the margin
of the current"; and( by the "presence of marginal /channels or moats
developed around basement highs or obstacles encountered".

The contourite ridges (or drifts) in the Labrador Sea are believed to
be shaped by bottom currents that originate from intermittent overflows of
the Norwegian Sea w;tet (Figure 18). The Eirik Ridge is dug to the North-
west Atlantic Bottom (NWAB) Water overflowing fintermittentl through Denmark
Strait. Flowing southwestward on the Ea;st Greenland continental slope and
rigse below 1200 m it tums northwestward at the southern tip of Greenland
forming a counterclockwise gyre. On the\pe"tiphery of the Labrador Basin,
measured bottom velocities of the curremt ex;:eed 20 cm/s (Rabinowitz and
Eittreim, 1974). . ’

Noﬁegian Sea Wat-er enters the Labrador Sea also through the Charlie
Fracturg Zone. Overflowing from the Norwegian Sea through!the Faeroe
Channel (Crease,‘l%S) this water mass, designated tktk‘lea t Atlantic Deep
(NEAD) Water flows southward along the eastern flank of Reykjanes Ridge
below 2,000 m. A significant portion of the NEAD Water is deflected westward
thro'ugh Charlie Fracture Zone (Horthington and Volkmann, 1965; Garner, 1972),
then turning northeast in response to the Coriolis force and flowing north- ‘
ward z;long the western flank of. Reykjanes Ridge. Here, the topography of
the West Reykjanes Basin forces 1t to turn west- and somhw“cﬂ:stward, part of
it overlying the NWAB water. The Giori,a Drift is believed [tq be formed by
this Visﬁ—moving counterclockwise gyral circulation within the southern basin.
In tk;e following s/ection gsedimentary structures and textures ‘of three

)

cores obtained from Eirik Ridge are digcussed.

o
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Pigure 18. Surface and bottom currents in the Labrador Sea; velocities are in cm/s; A: modified
after Dunbar (1951) and Anonymous (1965); B: after Rabinowitz and Eittreim (1974).
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Sedimentary Structures and Texture ‘ .

Contourites of the Eirik Ridge studied in three cores are, in general,

intensely bioturbated and mottled. Therefore, the former presence of

primary sedimentary structures could not always be revealed with certainty.
Intensity and types of bioturbation are similar to those of the pelagic

\

facies discussed earlier. On the other hand, a very small portion of

1’

finely laminated contourites in these cores is virtually unaffected by

-

' burrowing. In this case burrows occur only sporadically. ~There are also
some layers which are gtrong}y bioturbated but are left with some traces
of the original laminae or layers.

H According to the scheme of Reineck (in Reineck and Singh, 1973) the
various degrees of bioturbation in Eirik Ridge contourites correspond to
‘the following three categories: a) slightly to.moderately bioturbaked (grage 1
of Reineck; degree of bio;urbation, 1-5% ), b) very strongly bioturbated
but with some original beddinpg still being recognizable (grade 5; degree
of bioturbation, 90-99%) and c¢) completely bioturbated and mottled (sradé«6;
degree of bioturbation, 100%) - the existence of o;iginal structures being
uncertain,

More than 98 percent of the Eirik Ridge sediments examined belong‘to

the grade 6 of bioturbation, i.e. they are completely bioturbated}and

mottled (Plate 16). Individual burrow types in sediments bioturbated to

a lesser extent are the same as those discussed for pelagic sediments.

L

Approximately one percent of the contourites is very strongly bloturbated

v
2

.(grade 5), and shows vasuertraces of original laminations (Plate.l5). TLess
than one percent of the contourites show grade 1 bioturbation. Here, the

lamination 1s nearly parallel but wavy and hummocky, clearly distinguishable
o *

~
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from the parallel-lamination of the spiil—over facies. It also lacks the
systematic vertical change and gradation in thicknesas and\gragh sige of the

laminae within individual laminates turbidites (Plates 148, C). Plate 14B

alao shows some ;avy laminations of fine to medium sand which may have been

¥

pioduced by winnowing bottom curredts. k v

Texturally most contourites studied are poorly sorted due to blogenic

mixing and the presence of abundant ice-rafted debris (Figure 17B). The

T

less disturbed finely laminated coﬁtonritasghre moderately ‘to poorly sorted.

Numerical textural parhmeters are given in Appendix 3.

, -
.
Sequential Analysis of Structural Divisions

#

The monotonousarepetition of fine-grained, parallel laminated
turbidites is a distinctive feature of the spill-over facies.
In order to characterize the spill-over facies more preciaély a quan-

titative analysis of vertical structure sequences was carried out by

counting the number of transitions between the various structural divisions
encountered on X-radiographs (Figure 19). Most levee cores used in the

analysis are from the middle channel segment where the channel gradient is

]

less than 0.002.

More than 95 percent of the turbidites in the spill-over facles start

‘
-
§

either with the D-division or less frequently with the C-division. Less
than 5 percent begin with basal divisions 'such as the crudely laminated

"A¥~division, the graded or massive A-division and the B-division. The

.

most frequemt transition on both levees is from D to D (average of 55 -
percent of all transitions). It is followed by the transition D to E ” i
(about 20%). The transition E to E occurs with relative frequencies

»
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Figure 19. Turbidite structure sequences observed in the spill-
over facies of (A), right levee, and (B), left levee; "A", C, D and
E. represent the turbidite structure divieions: crudely minated
basal division (Twgv), cross laminated silt division (’l‘ ), parallel
laminated mud diviaion (T4), homogeneouspelitic mud divinion (Ta);

F represents pelagic oore or interturbidite. Because of insufficent
occurrence, T4~ and T,-"divisions were omitted from the analysis.
Broken lines connect structure sequences within individual turbidites

deposited by spill-over of single turbidity currents over the channel’

walls. Self trmit:lon such-as D~D indicates that a D-division 1is
ismediately followed by another one deposited from a second turbidity,
current of similar hydrodynamic characteristics.

-

T,
s
.
S,

S



T

s

n
1

oy

~ <
, 00°001
.. ot o
o .
m, oe's
Q——0 "o
- , ot
@II.H..I.// _ 02
elw . oe°gs
. "o
(™ -
O -
. @/UV .t
@II..|@\1\“|V@ ”®e
~
O———0———® :

1141

——

s

K2l

‘baag

- “ —
+ 4 - P
>--0 *
@———=__
iy
*——-0~ "
O]
« P
Q-"II-//
N
=3 -
N eulllle.\\
@'llb.l-,.l.@' '!@ 4 R B
: AN
O —— o —
N -
. ’ @Illlll//“/
*-—@ -39
‘ Q———a )
\\
@———@——-0Q
// -




.
¥

&

ns

e

RS o P

52

of 10 and 7 percent on thetright and the left levee, respectively., C to D
( ' transitions occur more frequently on the right levee (6 Z) than on

e the left levee (1 7).
J ‘ ‘ On the natural levees the D-division is predominant and is repeatedlyﬂf

followed by itself; i.e. the parallel laminated mud division 15, in at 1ekbt

; ‘

i 50 pchent af the overflowq, the sole turbidite structure developed frqm

: each overflow. Occasionally, deposition from an overflgw stgrts with micro-
) cross lamination. Often it terminafes with unlaminated homogeneous’clay.ﬂﬂ
;, Basal turbidite divisions are generally rare but occur more frequently
g in the upper part of the middle channel segment than in the lower part.

g They ar; more commonly followed abruptly ;y D- or E-divisions (4.22) than

: ~by B- (02)“;r C-divisions (0.8%). Thef are also more frequent on the left

) than on the right levee. ‘
: , ,
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CHAPTER IV ~ PETROGRAPHIC AND MINERALOGIC COMPOSITION

J

Gravel Components :

In order to trace the NAMOC sediments te their source a detailed |
analysis of gravel components of the channel-fill facies was made, aiming ;t . :
the identification of pebbles charactétistic for a specific source such as ‘ i
Paleozoic carbonates which have been known to occllr only on the con;inental
margins of northeastern Canada but not on the Greenlandian co;tinental
margins.

Mineralogy and petrology of gravel components (greater than 2 mm) were
studiad in thin sections of grain mounts embedded in araldite resin. Thin
sections were prgpared from samples of all gravel-layers in the channel
cores and counts of the total number of grains were used for’estimating
relative frequencies. L |

Of the more than 1,000 gravel components examined, 50 percent are
ca;b;nates, 37 'percent gfanite gnd granite gneisses,.’ percent sandstones,
2 percent basalts, 1.8 percgnt gabbros, 1.7 percent amphibolites and <less //
than 1 percent ancrthosites kAppendix 6). Several ironstones and si1li- ,
'manite-schint fragments were also found.

Carbonates are most common among the rock types encountered and coﬁéist /
qf limestone'and dolomite of various textures and domposition., More than /

80 percent of the carbonate pebbles are micrites and biomicrites. Fossils
in biomicyite include crinoids, gastropods, brachiopods, bryozoa, molluscs

and others. A number of samples also contained coral fragments. The coral

fragments were iggntified as Paleofavosites of Late Ordovician to Middle

'

Silurian age (C.W. Stearn, pegs. comm., ).

14

Granite éneissea inglude various types of granites, gneisses and reldted
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rocks which are comﬁon in the Canadian Shield and also in Greenland. Sand-

stones include litharenites with angular grains, poorly sorted arkoses and

>

quartzites.

'l »
Although only a few fragments of anorthosite were found the plagioclase

composition in anorthosites is of particular importance for the identifica-
tion of the source of the NAMOC material. The An-content of plagioclase in

7 anorthosite samples ranges from An25 to An45 (andesine-oligoclase).

Anorthosites on the Canadian Shield are‘intermediate (A"ao-eo) whereas
anorthosites from Greenland are higher in An-content of plagioclase (Anggy_gq)

~
(Windley, 1969).

¥

The abundance of carbonate pebbles and the plagioclase content in

anorthosites indicates a Canadian source for the NAMOC sediments and is

further discussed in the section on sediment source.

Sand Fractions

Heavy Minerals \

©

Studies of heavy minerals have provided useful information on the
provenance of sediments in many ancient and modern basins. Potentially
useful provenance indicators are minerals unique to a localized sedimené
source as for example tﬁevplkali basalts of southwestern Greenland. F;r
comparative purposes samples of beach sands from this region (courtesy
F. Kalabeek) were included in this study. Also studied were Fhe coarse
layers of sediment cores from the, Imarssuak &id—Ocean Channel aréa (DSDP
site 113). . | .

! Standard methods were followed for heavy mineral séparationn(using
bromoférm with a specific gravity of 2.88 g/cm3) and‘sample preparation

. 3
(Carver, 1971). 'To make results between samples comparable, two narrow
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grailn-size f;acti’ons (63-125 and 125-250 microns, respectively) were used.
In each mount the total number of grains, 150 on the aver’age, was counted.

The heavy mineral assemblage of the non-opaque, non-micaceous grains of
the NAMOC and the Imarssuak Mid-Ocean Channel area is dominated by garnet
and hornblende. Garnets include clear to pale pink and some salmon colored
varieties. The hornblendes are don;inantly green and bluc;—green with some
brown varieties. Amounts of clinopyroxené, hypersthene, epidote, tourmaline
and apatite are subordinate. Very small f;momts of sphene, zircon, andalu-
site, rutile, sillimanite, zoisite, enstatite, kyanite and staurolite are
present in varying proportions.

kPercentages of individual heavy mineraf assemblages of the NAMOC and
the Imarssuak Mid-Ocean Chwnnel are given in APpendix 7. Minerals charac-
teristic for the alkali basalt provinge of southwestern Greenland such as

& ¥

chromite, eudialyte, arf%zedaonite\,’\ aegfi'rine and twinned hypersthene
" e s 5
(Crbmmelin, 1937; Kalsbeek, pers. comm.) are absent in the sediments of the

two channels. Although the minefral assemblages are very similar in the two

|
channels, the ratio of garnet to hqmbWs greater in the NAMOC than

-

“in the Imarssuask Mid-Ocean Channel area. In addit;c;ﬁ',‘“mmall percentage

of actinolite and tremolite is recorded from the latter.

Light Minerals

" A detailed stuﬁy of light minerals of the coarser layers was not made

.tbecause the results were not expected to contribute significant information

1

for the problems under investigation.  For fomparison with the coarser

t

layers of the pelagic facies only a small number of samples were studied

" * using the grain size fractio‘ns of 63125 and 125-250 microns. For the

i

o
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distinction between K~feldspar and plagioclase the grain mounts were stained

( i ’ | according to the method of Bailey and Stevens (1960).
e d‘/ . ©In decreasing order of abundance the light minerals include: qui;tz
/ : 2 (50%), detrital carbonate (AOAJ“ plagiaclase (5%), K-feldspar (3%), bfoci
; (2%) and remaindijrﬁg.g. clay pellets, less than 1%). ) { |
. ] . g '

o

| S1lt- and Clay-sized Fractionms

Mineralogical composition of the fine-grained sediment fractions was

i

studied in order to further characterize the differences between fine-
! 3

grained turbidites of the spill-over f;cies and intercalated pelagic lutites."

Two sets of samples were analyzed: one for bulk mineralogy and one for
' “
clay mineralogy. For X-ray diffraction analysis of the bulk mineralogy .

samples were ' prepared by the smear-slide method (Gibbs, 1971) without

) ..
removing carbonates. In the Labrador Sea the carbonate content serves gs an

/

additional meams to distinguish between fine-grained turbidites and pelagic

i

. lutites. - {

AT RGN T AL gt WA W s AT S TG e 1 Py, G IR TP TR

. The clay-sized fractioms for X—ray diffraction were prepared according

] to the method of Griffin gg_gé, (1968). A sample of approximately 10 g was
: . Ay
treated with a solution of 10 percent H, O, in distilled water ,to remove the

272

organic carbon, The sample was then sieved through a 63-micron sieve and

: ) the fine fractions were collected in a 35 em high, one~litre cylinder. Two
£ 3 . ’

grams of sodium metaphosphadte (Na3204) were added to disperse the clay. i
. . : . . !
The suspension was stirred and after four hours of settling, size frhifions

(I

smaller than 2 microns were collectéd from the top 5 cm of the cylinder.

Oriented slides were prepared for each sample; one untreated, the other
1 ‘ }
treated with 25 percent HCl to remove the carbonates. All slides were g

treated with ethylene glycol overnight. : : . 31

wy R ) Lo e Te e \!!"h,v‘ilv 'h
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All X-ray diffraction analyses were performed with a Norelco diffract9L~ Co,
¢ J

-
!?.

meter using Cu Kx radiation and a-nickel filter at a scanning speed of 1
2-theta/min. or 1/5 2-theta/min. Identification of the mineral phases and

semi-quantitative analysis of clé& minerals were carried out following the

¥

methods of Biscaye (1965), Carroll (1970) and Carver (1971). The result of a

systematic X-ray diffraction study of two cores (Figure 21) was also provided
o ,

by Dr. J. Miller, Teg¢hnische University. . ’ i
The minerais present include calcite, quartz, plagioclase, K~feldspar,

dolomite and clay minerals. Both in turbidites and pelagic lutites, calcite

¢

along with dolomite are dominant over quartz and feldspar (Figure 21A, B).
Detrital calcite and dolomite are more common in turbidites than in pelagic

lutites (Figure 20; also compare A and B in Figure 21)‘which result in the

high total carbonate contents (Figuré 21).
? L)
- Among the clay minerals the four major groups of clay minerals, i.e.

illite, chlorite, montmorillonite and kaolinite are present. Turbidite nuds
,

are rich in illite with an average of 70 percent and contain less than 10

percent montmorillonite, whereas illite makes up 40 to 50 percent and mont-
. 1

morillonite 25 to’40 percent in the pelagic lutites, respectively (Figure 21}1»

Kaolinite and chlorite make up less than 20 percent in both the turbidites

~—
’

and pelagic lutites.

"
-

e

The predominance of illite in the turbiditic muds #eflects glacial erosion ;

of weathered plutonic and high'grade metamorphic rocks of the Precambrian '
B

>

Shield during the Wisconsinan. Piper and Slatt (197%7) also found that illite |

£

was the dominant ciay miner§l contributed to northeastern Cana?iap shelWes
‘during Late Wisconsin”time. Montmoriilonife, on the other hand, is absent ) R
frqm the Baffin Island till and onshore in northeastern Canada but ‘occurs off- .Q,ﬂ
shore Labrador, where it 1s'¥upposed to be degived from the underlying coastal n%f

plain strata (Piper and Slatt, 1977) and pdesibly from alteration of
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Figure 20. X-ray diffractogram showing presence of abundant
: calcite and dolomite in turbiditic muds (1 and 2) whereas pelagic
~ lutites (3 and 4)-are free of or contain very little dolomite.
Also shown is the contrast in the 11lite/montmorillonite ratio
between the two, which is relatively high for the turbiditic muds
and lower for the pelagic lutite; portion of diffractograms to
the right,‘ f 27°: sample treated with 25 percent HC1 and
glycolated overnight; left portion: untreated sample, C =

calcite, D = dolomite, Ch = chlorite, K = kaolinite, I = 1llite,

.
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; ‘M = montmorillonite, Q = quartz. \ .
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Vertica;l variation in mineralogical compositipn

In general carbonates are very common; detrital dolomiltes
are more abundant in turbidites (most of B) than in pelagic

in the turbidites compared to the pelagic lutites.
the contradt in the illite/montmorillonite ratio between the




TRESEe R A

e

SR
:

ks
Y

ol
s

LS

‘ ¢ N
.\ ‘
H74-66
)Bulk - Clay ~ Total «
em Mineralogy Mineralogy Carbonates
o D
' ' - [ G .
100} |+ oF . =
L . &
o a -
i ‘ s
. 200}
. ) / o
. o :
i A |
3oo} | , |
r o
" e
400} ° [ |
[
, [ = ‘
[
500 N 20 6 - -
' . % "
) . LEGEND :
Ee__] mottied po\li)glc lutite and IRD .
E paralie! jaminated mud
Q:Quartz K:Kaolinite ’ o
K-F:K-teldspar Ch:Chiorite '
/ / P:Plagloclase SR ' i
' C:Calcite ~ M:Montmorillonite )
D:Dolomite ‘
O:Others{mainly layer silicates) . . '
! (

7 - Py
W e rmibelamaitntn ibonit




w. ~ ) ‘ . : ) ' .
: _— 4 M
1 ' . . . \» )
1 - o . ’ -
] . ’ F 3 —_ ]
- - #\ N » S
. . m
~ ' L ° ¥
' - f j
i 5
) {
S - “ . 2
. . ) ) f
. . . . F
(-] N
~ . H : ) . ]
. 3 v ,
. - %5
o2 3
-3 3
» <
z X o
gl g CRY
- @ .
® Y c
6 - o 3
. 3 o~ .
« x : -
. o ¥
. : 3
- ©
i x
@ m 1€ w
: N N g
| , B 1 i [N |
M N . . PP S P U S P S P S S S T S S ST ST S W % W, A 2 % 3 2 2 & 2 & 2 A Abdhud
) o o o o o .- o 0
: g R 8 § 3 $ . @ g
i ; . ¢ v
© - -\
. * .
\ S | ‘ -

P o8 - ~ - 1 '\ 4
Pl «Wm&hﬁ e e gk il bR R



[ N P 3
= el FERI 2 500 cn ik st nmian e ¢ e eaew e e h ek et o xR e et o AR s g 5oy st o < A [ w

60 ‘

indigenous volcmnogenic material originating fyom disseminated tephra of'

( Icelandic origin. , {

. . Ice-rafted Debris | “‘

Paleoclimatic implications of ice-rafted debris in deep-sea sediments

have been quantitatively studied in many parts of the high-latitude oceans.

In an attempt to evaluate Late Pleistocene to Holocene paleoceanographic

conditions of the’central Labrador Sea ice-rafted debris in pelagic sedi- |

ments were quantitatively analyzed.

e, .
»

. ! q. ; &
¥ Ice-rafted debris are recognized on X-radiographs as scattered sand-

hd

£ N

g and pebble~sized clasts in pelagic lutite (Plate 6B, C). The majority of

S - 4 . {

;, the larger ice-rafted components consists of angdlar to subrounded rock

fragments, some of which contain glacial striations and grooves. .On scan-

w o

ning electron microscope (SEM) photos of ice-rafted quartz grains typical

features of glaclal origin such as high relief, conchoidal fractures,

> b

\chatter marks and lack of solution pits are common, as have been described -

’

in numerous previous studies of ice-rafted debris (e.g. Margolis and Kmnett,

B § S e 0 g g

1971). S(;me ice-rafted quartz grains are frosted which acvcorgling to Siatt
(1973) is an indicatign of imitial ‘deposition in a beach environment. -The
dist‘inction of these ice-rafted sediments from poorly sorted poe'bbly muds of
debris—-flow deposits, vihic;h may be similar texturally and structurally,is
cozxfirmed,by\the matrix composition béing pelagic ooze rather than terri-

genous mud. C -

N +

Detrital grains larger than 63 p in pelagic ooze were considered ice-

S e e e s I

N

rafted debris. Quantitative estimates were obtained with the method of

Kennett and Brunner (1973). Layers identified as pelagic on the X-radio-

graphs Were sampled at intervals of 5 or 10 cm with an 11 cm3 cylinder.

(f Samples wefe dried and weighed, then wef washed through a 63 micron sieve

¥ . t
° "

.
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_ Ruddiman, pers. comm. to R.H. Fillon) and 65,000 y B.P. (Bramlette and

61 \ ;

and weighed dry again. The number of clastic grains was colmted and.con—

verted to grains per gram of total sample. Estimates of the proportion of ~

tephra grains were obtained in the same way except-their abundance is

expréssed as number of grains per gram of material coarser than.63 microns.

4

There is po systematic latitudinal or temporal variation apparént in

4

the abundance of ice-rafted debris during the last 23,000 years (Appendix 8). .
This is partly due to the limited number and thickness of pelagic layers®
but may also have been caused by a number of other factors such as seaward

extent of glaciers, and shelf-ice development, ice surges, variations of
-

preferred iceberg tracks, or transport by bottom currents that .,
control the distribution of ice-rafted debris as explained by Keany et

al. (1976).

Icg-}afted Tephra
] f&\“

Ice-rafted debris include sand-sized tephra particles disseminated in-

the pelagic ooze. ' Ice-rafting and also bioturbational mixing (Berger and

£

Heath, 1968) are responsible for an extreme dissemination of these
particles. They consist of brownish and dark pumice and tuff particles as

well as rare graiﬁs of clear bubble-walled shards. Some grains are as

large as 6 mm in dismeter. °

' ‘Siﬁilar‘tephra material was previously found in the North Atlantic in

|
peligic layers dated 9,300 (Ruddiman and McIatyre, 1973), 54,000 (W.F.

Brad;gy, 1941). They are assumed to have been transportej by iceé:rafting
of volcanic material originating from Iceland (Ruddiman and Glover, 1972).
The sand size of the tephra grains, their.widespread distribution and great

distance frbmeolcanft centers eliminate any other posquilities'of

=
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.vents during perlods of extensive ice-cover (Fisher, 1964). Breaking of

‘which will be discussed in detail in the section on stratigraphy.

.1971). This material comes from the continental 3margins where primary

I R —————
- 4

63
r o ]

. .
transport in water or the atmosphere. Tephra layers-are assumed to' have

accumulated on the ice around Iceland within 200 to 400 km from volcanic

the ice during subsequent warmer /perglods causéd redistribution of the
tephra material, which was controlled by the prevailing surface currents,

A®orrelation of two discrete layers of disseminated tephra particles

emerges from a systemétic analysis of the levee cores (Figures 22 and 25),

\ .

¢ Organic Carbon

The organic carbon content of the tur{aiditic muds and pelagic oozes

was determined for selected intervals of the levee cores in which the two

types of sediments can easily be distinguished by means of X~radiography,

&

composition and othéf chéracteristics‘.'
The organic carbon content was measu;:ed with a Leco induction furnace

and a gasometric analyzer. Carbonate was removed by digestion in 50 percent

_HCl. . Complete removal of carbonates was checked by XRD. The samples were

then' washed, dried and ground. A constant amount of material of 0.5 grém

was used for anélysis. Total carbon content was also determined by the
same method, without HCl treatment (Appendix 93. RJ‘

/
The organic, carbon content of the turbiditic muds is on the average

¥

twice as high as that of the pelagic oozes (Figures 23 and 24), The high

values of organic carbon in the turbiditic muds are attributed to rapid

-

deposition of organic matter bearing sediments (see also Froelich et g}_.’,

*

‘production and terrigenous ihput of organic matter bearing sediment are -

high (Griggs et al., 1969; Heezen et al., 1955). Lower organic carbon in

/ N
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the .pelag\ic oozes probably results from pre-burial oxidizing conditidns on +
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( CHAPTER V - CORRELATION+AND STRATIGRAPHY

Correlation of Individual’ Cores

’ Diétinct differences between the channel-fill and levee facles have
been pointed out in previous chapters. The difference is particularly
evident with the correlation of cores from the channel-fill and the levee
facies. The gravel and sgyd layers of the channel-fill facies do not
correlate, even’between cores that are only a few kilometers apart ,

(Figure 11). This may be attributed to lenticular and discontinuous develop-

e e S R I T ML T 83

ment of sand and gravel bodies that build point bar sequences in meander

o
bends or from lag deposits in the talweg.

On the,other hand, a layer-by-layer matching is, in fact, possible

between some layers in ‘the spill-over facles. This can be demonstrated in .

TIPS PR T

: . two cores fromithe right levee which are 70 km,apgft in the~downchann91
ﬁ direction (stations 24 and 22, Figure 25; see Figufe 3 for detailed core *i
% ’ location). The correlation is self-evident from corresponding core sections

_? on Plates 18 to 20. It is obvious from a sequence of marker units, i.e.
b -
f the crudely lamihated "A"-divisions of some of the layers. Divisions of L
§ ‘ parallel laminated mud between the marker layers alsc match. The type and '
; intensity of biloturbation and the#amount of coarser ice-rafted debris in
g pelagic layers are comparal;le as wel}. A downcurrent dgcrease in layer
‘ff . thickness is not apparent.

‘ g ’ Four str%}igraphic units can be dieting;ished in most of the levee '
4

cores on the basis of lithofacies (pelagic versus turbiditic), tephr? cor-

yelation and radiocarbon dates. They include from;top to bottom: a) an
N o

1
J
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etters a, b, ¢, and d denote four stratigraphic «__
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! ' /

\ 4
upper pelagic, b) an upper/turbidicic, c) a lower pelagic and 'd) a lower
turbiditic sequence. The/thickness of the upper pelagic sequence is more
!

. of less uniform (30 cm the average). The ﬁpper turbiditic sequence over-

/
lies the lower pelagic/sequence, often with /an erosional contact at the

e

base. The lower turbiditic sequence 1is of/undetermined thickness. 1In core

e intercalated within the lower ﬂ

}

i

H75-4, however, four/more pelagic layers

Zy

Z pmem

T 8

turbiditic sequence.

Longitudinal and Lateral Variations

varlations of the fouy stratigraphic horizons in the spill-

IR

over facies /along the channel axis are shown in Figure 25; Being present

28

in most cofes the top pelagic layer is of moré.or less uniform thickness on t
both levdes and also in the channgl. Minor thickness variation may have
7

been caﬁsed by current winnowing/ and local differences in the rate.of ice-

it

rafting. Anomalously low or high thickness of the top layer in some of the

-

R e A s £ i T i, o R a il Lt

cores may be partly attributed/ to sediment’loss or stretching during coring
opérations, as shown by a comparison of trigger weight cores with piston

cores from the same station.

!
'

/

/ The upper turbidite horizon has a lenticular distribution in the middle

//channel segment. This hoyizon is thicker on the left levee than on thg

right levee. At the top/of the upper turbidite horizon a layer of medium

TR A TR 2 e 4

to coarse sand occurs four, cores which ate as far as 200 km apart from

one to the other (i.e. cores 22 and 14 on the right levee and cores 20 and

13 on the left levee; see Figure 25). Although it is not known whether the

. -

‘coarder layer 1s age-equivalent and .forms a continudus blanket on both ,

levees, the stratigraphic position of the layer, i.e. just beloG the boun-

ooy g-,“?mw,mw Yy -

' ‘L ' - dary between the upper pelagic and the.upper turbiditic-horizon, suggests
. J .

-

. o] - " R O " v ‘ : o
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{

that it represents an extensive overflow from a single turbidity current.
The lower pelagic horizon contains some turbidite layers. Fn the
right levee the thickness is relatively uniform parallel to the channel

axis. On the left . levee it is relatively irregular.
: s . ' -

-

Stratigraphy’

The time framework of the stratigraphic horizons has been established

-
-~

f?om a) a number of radiocarbon dates (Table 2), b) correlation of dissemi-
nated tephra horizons and c¢) biostratigraphic evidence. Most of the radio-
carbon dates were obtained from the tephra-bearing foraminiferal ooze layers
near the b;ses of the upper,and lower pelagic horizomns. Becaﬁse of abundant
detrital carbonates in pelagic layers foraminifera used for dating were
hand-picked. ‘ g

Three r;diocarbon ages were obtained from the base of the upper pelagic
layer: 6,930 * 200 y B.P. for the interval between 17 a?d 26°cm in core
H75-25; 8,630 * 320 y B.P. for the interval between i3 and 19 cm in core
H75-24; 5,810 + 240 y B.P. for the interval bétween 15 and ‘27 cm in core
H75-13. The interval 32-36 cm in:core H74-68 also contains ice-rafted tephra par-
ticles which by extrapolation of the 8,600 y date were deposited at about
8,000+ y B.P. This age for brownish tephra deposits in the central Labrador
Sea is slightly youriger than ghat of the North Atlantic clear bubble-wall
. shard layer I (9,300 y B.P.) determined by éuddiman and Mclntyre (1973) and
Ruddiman and Glover (1975). According to these determinations the boundary
between the upper pelagic and the upper turbiditic horizon in the NAMOC cores
is slightly older than 7,100 y B.P. This boundary occurs at an average sub-
surface depth of 30 cm in most of the cores from the axis of the Labrador

Basin.

-
&

The lower pelagic horizon contains two disseminated tephra layers

¥
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- “ TABLE 2. CARBON-14 DATES
. . -
Core No. Core Depth _  Location Laboratory Lab. No. C-14-Dates Material-
(cm) ) . ( B.P.)
H75-25 17-26 Channel Floor  Geol. Surv. Canada  GSC-2451 6,930:200° Foraminifera .
H74-65 70-76 * Right Levee Geol. Surv. Canada  GSC-2205 5,]60*:‘)5‘0 Foraminifera.
H74-68 157-179 Right Levee Geol. Surv. Canada GSC-2208. 17,200:600 :Foraminifera
“H75-24. 13-19 Right Levee Geol. Surv. Canadd GSC-2444 . 8,630:3%0 Foraminifera \ |
H75-24 140-155°  Right Levee Geol. Surv. Canada 6SC-2430  22,700:540 Foraminifera .
o H75-22 175-180 Right Levee Geol. Surv. Canada GSC-2332 >23,000 Foraminifera -
-t
H75-11 270-280 Right Levee _ Teledyne I-gam > 25,100 Foraminifera
H75-4 115-122 Right Levee Teledyne »1-9814 > 26,000 Foraminifera L
H75-20  330-345  Left Levee Geol. Surv. Canada 6SC-2356 . »25,000  Foraminifera " -
H75-13 15-27 Left Levee Teledyne 1-36,079 5,810:240  Foraminifera
H75-6 29-35 Channel Floor Teledyne . 1-10,078 4,775£110 Foraminifera - :
' 3
P K ¢
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(Figure 25): 'one occurs near the top and the other near the base. Figure 22

‘ shows a correlation of both layers in most levee cores. An age of 22,700%
o

) 540 (and >23,000) was obtained for the lower tephra layer in two cores

(H75-24 and 22), in which a iayer-—by-laxer matching is established as des-

: X .
cribed iy’l the section on correlation of individual cores.  The same layer

dated inrcoﬁ:e H74~68 from a slightly higher 1€titude gives a 17,200 £ 500 y

B.P. -ag’é., 'If the minimum ages obt‘ined from the base of the same layer in
r ‘ o P, -
the lower latitudes (i.e. >25,000, ‘\»25,000/and >26,000 v B.P. in cores

H75-20, “11 and 4, respectively; Figure 25) are used, the boundary between

the lower pelagic and the lower turbiditic horizon would appear time-

transgressive from southeast to northwest.

s

In addition’ to the radiocarbon dates a relative time stratigraphy of

: core H75-4 was established by means of foraminiferal abundances. Planktonic

7

foraminifera are well established as paleoecologic indicators because the
p .

-

TY R

temperature of the water/ mass has a direct influence on the abundance of

; different foraminiferal species and coiling directions of Globigerina
f @)
pachyderma. According to BE and coworkers (B&, 1959, 1960; Bé and Hamlin,

i

1967) polar‘water is representled by the sirtiat;:al-coiling G. pachyderma;

Lot o Lo

subpolar species include dextral-coiling @. pachyderma, Globig;evr_ina
' -

bulloides and others; Globorotalia inflata characterizes the transitional

water mass. Using these crikeria and coccolith abundance McIntyre et al.
(1972) have identified fluctuations of the polar front in the eastern North

Atlantic during the last 225,000 years. . « :

\

! \
In order to determine the age of sediments in core H75-4 the\abupdance

L3

of planktonic foraminifera and the relative frequency of sinistral-coilling: .~

G. pachyderma versus G. bulloides and Gt. inflata were determined (Figure 26)

(' by Dr. R.H. Fillon, Bedford Institute of Oceanography. Both the cold-water

! . - ¥
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Variations of the foraminiferal fauna in core H75-4, right °
levee (R.H. Fillon, pers. comm., unpublished data).
line denotes the data, obtained ‘from the specified interval of laminated :
turbidites.
turbidite mud;

>26,000
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/

spaced horizontal lines represent parallel laminated
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( ‘ speci’es (G. pachyderma - left coiling) and warmﬁwat‘er specieé (6. buMloides, "

Gt. inflata and G. 'p_achxderma -~ right coiling) ake'up essentially 100 per-'

'

. ‘cent of the foramfniferal fauna (Figure 26A, B .

. . . ' ‘ . N
Less than 80 percent sinistral-coiling G. pachyderma occur in four \
bee

@ . ) - - Ut .
stratigraphic horizons (Figure 26B) and the third hgrizon from the top has

-

¢ dated as >26,000 y B.P, (Fi?ure.ZﬁA B). If the turbidite sequeno'é is

.

¢

1

7
o
E:

L3

"

L3

.assigned relatively short periods of time for deposition, the genera,lized

curve of left-coiling G. pachzde is seen to resemble the polar water

L

fluctuation curves of McIntyre et al. (1972) for the North Atfantic. This

o

may suggest a last interglaéial age of 110-125,000 ¥ B.P. for the bottom

most Gt. inflata rich pelagic 1ayer at about 550 cm in core HTS 4, It is

e

rather difficult to give time brackets for, the subsequently younger pelagic

layers because of superposéd turbidite deposition and khe prevailing polar
/ .
water conditions recorded in ‘the core. Nevertheless , "faunal termination

LS

; M
1", correspondimg to the Pleistocene-Holocene transit;ion, fcan be placed, at
|

the youngest change from the minimum té the maximum jof the planktonic fora-

. -

minifera abundance at about 20 cm in the core: The {:ermination approximately

corresponds to a level just above the boundary bet en the up?er pelagic

i

and the thin upper turbiditic horizon which has bq' dated in other cores

(Figure 25) at about 7,100 y B.P. This agrees wi/)é " the faunal terminaré}on 1

_of .leas than 8,000 y B.P. suggested by Ruddiman dnd McIntyre (3973) for the

g

southern Labrador Sea. The abundance curve of Si}. istral-coiling G. z

pachyderma in Figure 26B closely matches that ‘of core V23-23 (Ruddiman and

- McIntyre, 1973, Figure 3, p. 120). . h '
Assuming co:"stant and rapid sedimentatio\c\n rates for the interve%iné

. | o '

turbidites, midpoints of the 3 pelagic layers\\bétvqaen the base of the lower

3

f

"

pelagic horizon and the last interglacial ’sc;aié (110-125,000 y B.P.) may be N ’ [«

P v
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00 and 100,000 ¥ B.P., reSpe'Etively (R.H. Fillon,

~
k]
-~

placed at about 70,000, 90,0

- b4
pers. comm,), .
“ o »
. o <
a -
/ A~
- . .
.
4 = oo o
/ ~ 3
”, -
o y -
o - - L
’ &
b ? o - o ¢
N
.
. >
[
’ L
A .
a
o -
B
s <.»,;,vﬁt .
. -
— v -
» . - [ " -
¢ . S .
I . - - y
. .
- - .
. .
f -
' .
i .
¥ [
=~ P
< F N 0
- s .
- N o N
e P . .. ‘
-HJ'
- g - *
LY > °
! - +
A w
~
[N T~ ° .
e b - \ b
rud o . - R
L < «
. o .
. , -
- e .
4 ‘ L d
s v o .
- .
' h !
’ -
«
. , \
PR » w
;s ' - s N -
. » < v ’
- <
v
i . Q
¢ A . .
- L -
>
H . B . N
s . *
* prs - -
d ;
G
'
-~ / Q
— -
\ 4. g -
¢ -
Q 24 ¥
. - L] -
N \ N
) ) s B .
¥ "
&
- o
P R , .
[ - )
< . .
N « . < o .
. . . .
B - e -
. y
- o .
. N » o
” .
- » - < "
R
5 4
. -
. ' 4
- . ,
—_
r ® s
. . > e >
« - . )
> . - o @

s



"~

A

AR YT S3nms m
v .l -

S tar

=

Ser

LRPEY

®

TR AR MR IR ot LA T g e

e

_ ~
L giainet QTR FremeRar -

| L

‘CHAPTER VI -~ SEDIMENTARY PROCESSES

In this chapter an attempt is made to interpret the data chaé have
been presented in the foregoing chapters ig‘term?‘of the processes of
sediment transport and deposition in the NAMOC system. A facles model
for Lhe mid-ocean channel (Figuqe 27) is developed based on the detailed
observd‘ions of channel morphology and sedimentary facies relations.

The model\coﬁprfses four distigct sedimentary facies, i.e. a) channel~-fill

facies, b) spill-over facies, c) pelagic facies and d) contourite facies,

each of which is attributed to speci?ied inferred depositional process%s.
P i ¢

t
’ v

v

o . " Channel Processes™

rs

Sedimentary processes in deep-sea channels have been inferred from
circumstantial evidence. Most workers concerned with the studyéPf deep=-
sea channels seem to agree thdt turbidity currents play a major role in.

the formation of these channels (Komar 1969; Griggs and Kulm, 1970;

Ness and Kulm, 1973 Damuth and Gorini, 1976 and others) The evidence

. comes largely from findings of layers of terrigenous sand and gravel and

shallow water biogenic carbonate particles such as algal fragments or
shallow water benthonic foraminifera in deep—~sea channels many'hundred
kilometers away from land., Although the éhenomena of s;nd falls and“
creep have been observed in submarine canyons (Shepard, 1963a) and sediment
gravity mbvements such as slumps and debris flows are possible mechanisms

» .
to tramsport terrigenous materials into deep basins (ﬁahpton, 1972;
Mifldletons and Hampton, 1973) in mosé.cases channel processes appear to be
dominated by turbidity currents. Turbidity currents seem to be the only

reasonable transport mechanism to build natural levees that occur along

the channels for hundreds of kilgﬁeters. Nevertheless, bottom currenta

v +
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Fifure 27. TFacies model for the NAMOC.'
CF = channel-f11l facies; spill-over (RL = right levee, LL = left
levee); P = pelagic facies; S = spill-over sand; T = meandering ‘
.talweg; B = basement ridge (mid-Labrador Sea ridge); I = Imar-
ssusk Mid-Ocean Channel (braided). .Refer to Figures 1l and 25
for the symbols of the sedimentary structures. ’
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arefalso assumed to play an important role in certain deep-sea channels
\
*(1.e. Falkland and lgmﬁ\ Channels in the South Atlantic, Le Pichon et al.;

1971a, b).

<

" Certain characteristics .of subaer}al river channels and their 4
depoéits have been used to pesc£;be deep-sea channels such as the differ~
entiation between coaréé;grained channel deposits and fine-grained, thin
bedded levee aepoéits (NelSon'apd Kulm, 1973). Als9, meandering or

braided channel patterns havéﬁbgén found in submarine channels (Shepard,

{ < Ak/

1966; Haner, 1971; Cher&;s'é@}gl., 1973; Egloff and Johnson, 1975) .

Unlike meandering river channels in which point bars develop, individual

oy 3
3

turbidite layi}s in the Cascadia Channel were interpreted to blanket a

flat channel floor for long distances (Griggs et al., 1969).

¥t

i 'dﬁ'gi ‘&3 S

Compaiison Between the NAMOC and Subaerial Meandering Channels

g

i it

N " As to the morphological similarities between subaerial meandering

i
et R

¢ river channels and the NAMOC perhaps the most important finding is the.

e AT

discovery of a meandering talweg in the NAMOC (Chough and Hesse, 1976).

Phack v

=

Talwegs méy be seen on many published bathymetric and seismic profiles
of deep-sea channgls (e.g. Cherkis et ‘al., 19732 Griggs and Kulm, 1973)
but their occurrence has been generally disregarded. Apart from this
study the presence of a meandering talweg has only briefly been
described from La Jolla Submarine Canyon by Palmer (1976) and from the

i

Monterey Deep-Sea, Fan valleys by Normark (1970) and Hess and Normark (1976).
Associated with the meandering talweg in the channel arelmorpho—
logical features that may be interpreted as submarine point bars (Figure 9).

The presence of submarine point bars is also indicated on high-resolution

~ echo-sounding profiles that shéw inclined subbottom reflectors probably
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representing point-bar stratification. Due to the limited depth of ~
penetrat%bn of the coarse-grained chaﬂhel sediments by conventional

piston corers the core material presently nvaiiuble fdom tbo ;hnnnol

floor is insufficent to verify the preéence of submarine point-bar ,

N deposits’%hat might ge compared with fluviatile sequences. The cores
obtained from the channel floor are generally too short to revéal complete
vertical sequences suitable for a comparison with subaerial channels.
Nevertheless, m;st channel cores consist of gandy or coarser-grained
terrigenous sediment and are long erugh to display primary sedimentary.’
structures such as graded bedding, parallel lamination, cross-bedding, N

cross—-lamination' and climbing fipples that are‘at least difficuXe tq
p . by N w

| y " distinguish from and may in fact be identical to those found in subaerial

point-bars. The submarine point;bars inf;rred for the NéMOQ are
épéisaged to form in a similar faéhion'to those of meanderiné river channels,
i.e. by lateral accretion on the inner bends of meanders.

- . The thi;d major feature of the NAMOC that bears.an analogy to certain

% large meandering river channels is the development of natural levees.

The natural levees of the NAMOC which are up to 100 km wide accompany ' 1
the channel for its entir® length, and merge with flood plain-like areas

on either side of the channel. The natural levees are on the average

60 m higher than the adjacent plains. Due to the effect of Coriolis force
- / . -
the right (west) levee ig consistently higher (up to 90 m) than the left

(east) levee.

The marked differentiation between athe coarse-grained and probably

. thick bedded channel-fill facies &nd the fine-grained, thin bedded spill-

over facies occurs because only the dilute top portions of turbidity

7

. . currents which are laden with fine-gFained materials will overtop channel

t
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( ' ;
banks with a relief as high as that of the NAMOC (i.e. up to 200 m).

In subaerial river channels catastrophic events sucp as floads are
more important in the development of channel morphology than the normal
processes {(cf. Leopold and Madqock, 1953; Stewart and LaMafche, 1967

and others). Deposition of sediments on the bed occurs usually at the
Ea « ) ” ’ ) P
waning stage of floods or bankful stages due to the:mutual adjustment

¥ /

among discharge and bed. load (suspended load), velocity, width, and de?th
of the'channel. If la;ée—scalp turbidity currents in the NAMOC ﬁsre also
in equilibrium with channel morphology as floods are with river morphology i
submarine point bars will most likely form during the waning stages of
turbidity currents. Due to lack or weakngbs of permanent’bottom currents

in the NAﬁbC, however, the channel morphology most likely changes very

little during the times between successive turbidity curre;ts. Ch§nnel—

wall undercutting as a cause of lateral shift of meander bends probably

plays a minor role in the NAMOC. Significant adjustment between channel

4 »

morphology and discharge by point-bar accrefion is, therefore, probably

not required. Consequently, point—bar accretion in the NAMOC is probably

\

much slower than in subaerial river channels of comparable size. .

This also explains the relatively low sinuosity of the NAMOC which

- -
is one of the differences compageq with meandering subaerial channels. fﬂg

Sinuosity of subaerial river qpanneis‘varies from a value of unity to a
’ —_ i

*

value of 4 or more &dnd is usuélly highest in alluvial valleys with very
.1ow slope gradients (Leopold et al., 1964). Despite the very low slope

gradient the sinuosity of the NAMOC ranges only from 1. 05 to, 1.10. l’

r

Assocliated with this low sinuosity of the channel is ;he éﬁparent stability

e

of the channel position.’ On many seismic reflection profiles (Plate 1)

evidence for extensive lateral channel migration with time is lacking. The

; e
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channel course has shifted only slightly, less than about 10 km, and mostly .

., . |
toward the left (northeast) levee (see profiles 9, NNE-SSW, #IC; Plate 1),

\

- s 1 a ®

o Turbidity Current Processes in the NAMOC

4 0
\ )

In the light of the discovery o@,d meandering talweg and associated ,
submarinelpoint bars certain aspects of turbidity current processes in the
NAMOC may be evaluated from analogies with processes in relatively stable

meandering river channels. Nuferical values for'the flow parameters and the

Il

hydrodypamics of large-scale turbidity'curients can, hoyever, only be
’ /

inferred. Inferences can be made from: a) small—scalé experiments on density

©

currents, b) theoretical considerations using certain boundary conditions.
based on the theory of open chamnel flows, c) direct velocity measurements

< of some slow-moving turbidity currents in submarine canyons and lakes ‘and

&« d) indiréct velocity determinations derived from the timing of submarine

cable breaks on the sea floor.

e 4

- Experiments on density and turbidity currents have shown that three

morphologically distinct regions exist within thése flows; head, body and

tall. According to Middleton's (1966b, c, 1967) experimental results dif- =

ferent velocity equations apply to the head and body of turbidity curréntET‘\\\\\
i N

T R oL B T RGP A TR K TR

For the head velocity v, Keulegan's (1957, 1958) formula

v = C (Ap/ptg'hl)i (1)

may befused, where Ap = pt~0, ¢

<

pt = density of turbidity currents,

p = density of ambient water,

' C1 = Keulegan's coefficient (dimensionless), i

R S A

( g = acceleration due to gravity, /

R
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hl-- flow thickness of the head.

Aéauming steady state conditions for the body a Chezy-type equation
! !

u = [Ap/ptg h2 ain B/(].‘H’-)Cf]i (2)

e

1s hpplicable, where h2 = flow thickness of the body,

B = slope angle,

a = the ratio of the drag on the upper surface of the flow to the drag on
tﬁe bottom and '

Cf = drag coefficient.

Comparison oé equations (1) and (2) shows that among other factora v
depends on the helght of the head, hl’ but not on the slope gradient (sig B)
wheréas u depends o; both body height, h2 , and ijxs. Since h1 depends on
the amount of suspension advancing from the body into the head, it depends '
indirectly on u and thus on sin 8. The velocity of the head (v) will thus
adjust to the body velocitg (u), accelerating or decelerating with varying
slope gradients (sinB). At increasing slope gradients, acceleration of the

body. and consequently an increase in h1 will occur whereas at decreasing '

'

slope'gradients'the body slows down, and thus less material will be supplied

to the head. The critical slope gradients (sinB8) for which h1 surpasses h2

. have been estimated by Middleton (1966b) to range from 0.005 to 0.01.

Kersey and Hsl (1976) give an average value of 0.009, whgyeas Komar (1972)
agsumed a value of 0.002. ' o W

To evaluate velocities of channelized turbidity.currents from Keﬁlegan's
formula (1) or the Chezy;type equation (2) certain flow parametars 'such as
the flow.depth (h1 or hz) may reasoﬁayly be ‘assesséd assuming channel-full
flow as boundary condition. Slope gradient sinf may also be determined

with reasonable accuracy from bathymetric profiles. Other parameters im the

-

*
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equations are, however, difficult to assess, i.e., a) the dimensionless
\ .

»coefficient C., b) the effective,densicy of turbidity currents (p€~p), c) the

1!
drag coefficient C

£ and the arag ratio a.

'The difference in thickness between the head and body height (h1 - h2)

1s principally controlled by the slpﬁe gradient of the channel and determines
whether épill—over of channelized turbidity currents will be from the head
or the body. As will be discussed in*detail in the sedtion on spill-over

. - .

processes in the upper segment of the NAMOC the channel depth H may be

!

assumed to represerit the head height hl, because the channel slope gradients

are greater than critical (i.e. greater than 0.002, Komar, 19%2). Here, the
head height will be greater than the body height bécause the body advances‘
faster than the head. In this case, the head velocity reflects the velocityﬁ
w%th which the turbidity current advances and, therefoia,‘Keulegan's formula
(1) may be applicable to calculate turbidity current velocities in the uppér
channel. . ’ X . #

'fo solve for v in the equation (1) the density of turbidity currents
(pt) muét be known. As to the maximum den§ity of~turbid1ty'currents Bagnold
{1962) has shown that an upper lim%t of 1.18 g/cmshor sediment concentration
of 9 percent exists, above which thé average dista?ce betw;en particles °*
becomes so small thé; particle~to~-particle collisions generate considerable
intergrain friction. Thq value of 1.18 g/cm3 is therefore often used as an
upper limit for the density of furbidity currents. The lower\limit,’on the
other hand, may be obtained from dilute turbidity currents in Takes which
is in the order of l.d3 to 1.06 g/cm3 (Gould, 1951; Normark and Dickson,'
1976). Tgese densities are slightly higher than the density of sea' water

(p=1.028 g/cms) énd are required for turbidity currents to break thréugh

— 7 *
the dgnsity stratification of sea water in ocean basins (e.g. Hesse, 1975).

——- » e
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For Keulegan's coefficiént C1 Middleton (1966b) experimentally obtained
( ! numerical values ranging from 0.65 - 0.92 for Reynolds numbers greater than
103. Kersey and Hsd (1976) 'im their density current experiments in a hori~
zontal flume also found that the coefficient is not constant but decreases

f . with increasing travel distance due to energy dissipation by friction. "An

average value of 0.71 for Cl’ obtained by Kersey and Hsll (1976) for experi-
mental turbidity cdfrents on a nearly horilzontal slope, may be applicable for

' turbidity hurrénts in the NAMOC because of its extremely low slope gradients.

- -

Based on the foregoiné discussions it seems reasonable to use the

-

~

g/cm3, P = 1.08-1.15 g/cm3 and C, = 0.71. Equation (1) yields average

1

1
velocities v ranging from 490 to 720 cm/s for turbidity currents in the

upper channel where hlraverages 100 m. ;
The Chezy-type equation (2) may be applicable to the middle an&)lower
segments of the NAMOC where the height of the body (n,) is more likely to
’be equal or thicker than that of the head (hl)' Here,.the chanpelvdepth H
which is, on the average, 150 m in the middle channel, most probably
reflects body height (hz)'of turbidity currenta.‘ In the lower channel h2,
is on the average about 100 m. Valﬁe§ of o and Ce in equation (2) may be
taken from expeéimental and theoretical résults, i.e. a= 0.40-0.50 and
Cf = 3x10-3, respectively (Komér, 1969, 1970, 1975; K;rsey and Hsl, 1976).
Using p = 1.028 g/cm3, Py = 1.08-1.15 g/cm3 equation (2) gives average
vélocities ranginglfrom 400 to 600 cm/s for thé middle channel (sing = 0,001)
and of 240 to 350 cm/s for the lower channel (sin8 = 0.00055.
Equations (1) and 62) provide first order approximations for the head

and body velocities of turﬁiditx currents. Bagnold (1962, 1963) has’

'[ - developed a model whereby fine—grained sgdiments maintained in the flow by

e

following numerical values for the parameters in equation (1): p = 1.028 . )

/
;

L v w1 mernn e -
MH,-;\,,...,W._/ "
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‘u sinp (i.e. the vertical component of the body velocity) and the settling

,4§ - .
velocity of the sedimentary particles w 1s greater than a certain constant

"(Middleton, 1966a), but as may readily be seen, equation (3) reduces to the

'maintéin,the sediment in suspension is omitted.

K ..
3
&

85

auto-suspension provide the force to drive the flow. Turbidity currents

will maintain a state of auto-suspension as long as, the differé¢nce between

o

A (Bagnold's auto-suspension criteriem): u sinf - w > A. This.provides

another possibility to calculate the fldw velocity of turbidity currents:

—ﬁi g hy(u sing - w) = (1 + a)Cfu3 (3)

’

where w = settling velocity and the other notations are the same as in

equation (2). What the numerical value of A should be is debatable
Chezy-type equation (2), if w equals zero, i.e. if the force necessary to,

ﬁéiﬁé therame numerical figures as in (2) and assuming a settling

ve}ocity of 0.01-0.06 cm/s for particles of iO to 35 microns in diameter T

(Bagnold, 1963) equation” (3) may be solved for u, yielding velocities from :
T~ <« .

600 c00250 cm/s for channelized turbidity currents in the NAMOC.

The velocities ogtained from equations (1), (2) and (3) forlthe NAMOC
are of the same order of magnifude as those inferred from the timing of‘sub—
marine cableﬂbreaks for lérge—scale turbidity cu;renté on abyssal plains -

’

(i.e. 600-980 cm/s on the Sohm Abyssal Plain over 400 km- from the source, v

Heezen and Ewing, 1952; Heezen, 1963; Menard, 1964). Calculations for

turbidity currents from ancilent channel gravels in Doheny Channel (Komar,-

1970) gave similar velocities, i.e. 690 .cm/s.
The foregoing equations (1), (2) and (3) apply to straight channels.
Additional parameters may be obtained for flows in meandering channels,

Turbidity currents in meandering‘channels are characterized by a surface

-

t
&
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N

oy
slope resulting from the combined effects of centrifugal and Coriolie\
" forces. Under the condition of chanfel-full flow it may be assumed that the

difference in levee height on both sides of the channel reflects the surface
slope of the flows. Komar (1969, p. 4546) used the following equation to

calculate the body velocity u from the surface slope: ' .

.

>

2
u _ AP AH
= + 20usin ¢ : g—~-——pt Y 4)

where a flow velocity
R = radius of meander
Q = angular velocity of earth rotation
¢ = latitude
, OH'= difference in height of the levees
’ W = width of the channel. -

\

] [ |

In equation (4) theicentrifugal force and the Coriolis foree balance the
horizontal pressure gradient force'that results from the cross-sectional
surface'slppe of the current.

Equation (4) may be solved for AH by feeding into it the velocity
values obtained from equatioms (1), (2) and (3). The calculated values of
AH may then be compared to the observed ones. As‘stated above the diféerence
in levee height (AH) in meanders reflects the cross-sectional surfaceé slope
of éhannelizeé turbidicy currenfs aed primarily results from the combination
of the centrifugal and Coriolis forces. In southwesterly (i.e. right) meanders
the Coriolis and centrifugal forces will support ohe another whereas in
nprtheasterly (left) meander bends the two forces will counter-act each

other. Consistently higher right levees along the entire length of the

NAMOC are in good agreement with.the fact that the Coriolis force is always

v 1

larger than the centrifugal force by about 20 percent for velocities between
700 and 300 cm/s. The relatively small magnitude of the éentrifugai force

in Fhe NAMOC is due to the low génuosity, or the veéy large meander radius

At
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which ranges from 60 to 70 km.

bends by an average 5

top of the channelized flows the extent of the facies diffefentietion

The effect of the.eentpifugel force cen be
seen in the fact that the difference in levee height in northeaeterly
(1.e; left) meander bends less than in southwesterly (i.e, right) meander

(see Appendix 2)., This accordance between channel

o ~!

morphology and the forces causing the surface of channelized turbidit

currents in the NAMOC meanders to slope conversely suggests that che‘ca@-

4

f;j=culqted velocities are in the righ;iorder of magnitude..

S

Spill-over Processes

Wt

. An important gspect of the channelized flow of turbidity currents is

. the overspilling f the channel banks and the development of natural levees.

» ~

As has been poin ed out, pronounced natural levees occur along the entire

¥
E:
xl

length of the N OC attesting to" the frequent occurrence of curremnts over—

\

topping the channel banks. Because overfloqé will be fed from the difute

i

[M]
.between the generally fine-grained, thin bedded levee facies and the

generally coarse—grained channel-fill facies will enable us to estimate at
least qualitativeﬁy the degree of vertical and possibly horizontal gradation

in the flow. The cdhprast between the channel-fill and the levee facies

L1
Form

will, of course, be the greater the higher the relief, i.e. the greatei the

depth of the channel. :Theoretically, it should also increase with
B .

-

increasing flow distance, Ehat is, increasing maturity (i.e. vertical and

horizaetal érain gize gradation) of the flow.
Qverflow conditions may vary in the downchannel diréctbon due to the

chenge in slope gradient'of the channel. In addition, the thickness of

individual overflows will be influenced by local channel relief and other

factors such as the variation in momentum resulting from the superposition
L,
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. of the Coriolis and centrifugal forces which, as discussed above, add up or

counteract at right or left meander bends, respectively.

Komaf (1972, 1973) theoretically analyzed overflow conditions of chan-
nelized turbidity cgrren£é@ He recognized that the thickness of ind}vidual
overflows was dependent upon channel gradient. Thické? ovérflowé result
from a deqrease in g;adients because the corresﬁonding velocity decrease will
cause the flow to thickén in order to maintain continuit& of discharge.

Komar also pointed out that overflow will occur either from the head or the
body of a turbidity currené depending on ﬁhannel §1opé ‘gradients. According

4

to Komar's assumption head spill#ver dominates if the channel gradient is

greater than 0.002 because the head will be _thicker thamn the body, whereas

N & . : t ’ P
body overflow occurs at lower gradients. Dividing équation (1) by equatfon rf(
(2) and using the relationship . : ;

' . v -t
Fr = Cl(sin B)é (5)
Komar (1972, p.. 1153) showed that the ratio of the head velocity toﬁEEe body
velocity (v/u) is inversely proportional to the Froude pumber (Fr) but . . _

“directly proportional to the ratio of the head height to the body height o

(hllh2)=‘
31 '
v/u fﬂcl(hllhz)\ e (6)

L

' . N .
The inverse relationship between the ratio of v to u and the Froude number

'

(¥r) is also evident from experimental results summarized by Middleton

(1966b).> For low Fr the ratio v/u approaches unity and may even be smaller,
t 4 \
although this condition cannot be maintained for any length of time. If

the body véloéity is about the same as thé head velocity the head thickness

¢ 1

(hl) may be expected to be close to the body thickness (hz). To satisfy

equaliens (5) and (6) this condition will occur at & Froude number of 0.7l
| Ty
o ’\/\a

o
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(or 0.75, Komar, 1572) or a bottom slope gradient of about 0.002.

' As Komar (1972, p. 1154) pointed out the above values for the critical

+

condition'h1 = h2 should be taken with some reservation bechuse a) u may still be

slightly higher than v for hl = h2 resulting in a slightly larger Frouqe' ,

number, b) of fhe tncertainty concerning the coefficient (Cl) which might be
p .

'

1esalthan 0.71 reéﬁltfng in a smaller Froude number, and c) the general

w

uncertainty concerning the applicability of Keulegaqfs or Chezy;type

%

%
3

' equations respectively, to large-scale turbidity currents. Both equations

assume steady state conditions that are certainly not fulfilled over very

long distances.

%f . : °  To my knowledge different kinds of turbidites on natural levees have
not yet been identified in the literature as either head spillover or body

5pillover-deposité. From the study of the levee facies of the NAMOC it

aﬁpears that this distinction is_possible. The crudely laminated "A"-

strycture divisions ‘observed in cores from the right levee in the upper

’

channel reach (Figure 28, see also sectioh on crudely laminated VA"—divisibn)

. -

e LR e
5
.

. 4
} ¢ {3 ‘ ’ ,atelconsidergd to represent head spill~over deposits. This structural unit
g is extremeiyipoorlf so;ted. The vague laminations are forme& by an incom- -
% s plete separation Bf coarser and éiner grg}ns, with some p;bbles scattered ‘ 0

throughout the "A" umit. "The upper contact of .the unit with the overlying

&
i \ .
cFoss—laminated (TC) or parallel laminated (Td) unit is sharp. The contrast

.

= i e

o -Ng

in the degree of sorting and textural maturity across this bbundaiy is

striking, )

B

Sl
pE U

e

The "A"-structure-division is interpreted as headugyé%flow deposit for

Ty

R TR

R
‘ ¥

Nﬂi? -
°
A

the following reasons. It is knowq/from e%peri;entsA§§.g. Middleton, 1966a,

7
B v

b, 1970) that the head is charactérized by the turbulent upward movement of

v ->

suspension from which individial larger grains rapidly settle and fall back
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Figure 28. Head ﬁpill-over versus body spill-over turbi-
dites. Bar = 1 cm. A graded sequence of turbiditic structure
divisions (numbers 1-5: crudely laminated, poorly sorted T, , .
unit, cross~laminated (T ), parallel laminated (T,) and homo-
genrous (T ) divisions) §s interpreted as having gesulted from
head spill—over (Tq W) and subsequent body spill-over (T ) of
the' same ‘turbidity Gurrent. -See text for discussion. Ninfers . .
(1-5) in the middle &nd right-hand columns correspond to those
nunbers for the- turbiditic structure divisions in the left-
hand column., Pelagic lutites (F) with ice-rafted debris
intercalate between turbidite sequences; note intense biotur- .
bation in tﬂe bottommost layer (F). . O S
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into the body of the current. Considering the high relief of the channel
the head of the current is th; only liﬁely'portion where particles of-granule
slze may be thrown up high enotgh by turbulent motion to leave the channel.
The sharp break in grain size and sorting at the upper boundary of th; "AY-
division suggests that the o;erlying C-division may have resulted from
subsequent body spill~over as the'turbidity current continued its passage
at the spill-over region. Thus a highly differentiated overglow resulted
with coarse suspended particles in the frontal portions and much finer

material compriéing the bulk of the overflow. Interestingly, the T"a"—

divisions occur most frequently on the levees of the upper channel where the

. channel gradient is steep (0.002). On the other hand, in the middle and

lower reaches of the ‘studied channel segment where the gradient is less than

-0.002 (0.001 and 0.0005, respectively), the "A'"-division occurs in less than

'5 percent of the levee deposits. This is in accordance with Komar's (1972)

choice of the critical slope gradient of 0.0022.

The common occurrence of basal turbidite dﬁvisions on the'levees of Fhe
upper channel supports the idea that initially overflows may have been in
the upper flow regime. On the other hand, extremely rare occurrence of basaln
turbidite divisions (A and B) in the middle channel levees suggests that the
flow conditions of overflows were 1arée1y subcritical. Although instanta-
neous  overflows could result in a kind of shooting flow due to ; sudden
décrease in flow depth, subsequent decrease in velocity will, however, loéer
the Froude number below the critical value.

In ;he middle and iower channél segments parallel laminatgd and homo-
geneous muds that are often undgrlain by mic%o—cross-laminatedh(micro—

4
. 9
climbing ripple lamination) fine sand and silt prevail.in the spill-over

faq;es. Evidently, the layers of climbing ripples arnd micro-cross-laminated

14
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fine sand and silt result from bed-load transport qnder lower flow regime
conditiohs. Furthermore, the preservation of stoss sidgs in these ‘climbing
ripples indicates that the rate of sediment fall-out was relatively high.
The overlying parallel’ laminated muds formed under similar conditions but
at a slightly later stage when the flow velocity had decreased further

e

whereas the depth of flow probably remained relatively comstant,

Degosition of Laminated Turbidite zuds . .

It is known from thenworks of hydraulic engineers and others studying
coastal andﬁestuarine environments that deposition of fine-grained sediment
(less than about 50 microns) differs from that of fine sand in that cohesive
forces between the particles as ;éll as between the bed surfgce and the
particles play-a role (Einstgin'andlKrone, 1961, 1962; Partheniades, 19653).
Flochlation of particles results from collisions by Brownian ﬁovemeﬂt,
internal shear of fluid and differential settling velocity (Einstein and
Krone, 1961, 1962). Flocs formed by internal shear are denser and stronger
than those formed by Brownian movement or differential settling (Krone,
1976). Fine-grained mategials in turbidity curréntg are important because

they facilitate auto-suspension (ﬁagnold, 1962) which is effective in main-

taining the currents to flow for long distances.
D

The°deposi£ion of fine-grained particles as flocs is largély controiled
by shear stress on the bed (Partheniades, 1965, 1972), flow turbulence,
settling velocityr(Einstein and Krone, 1961) and other factors such as
physico-chemical properties of the clay—;ater system (Partheniades, 1972).
Deposition of flocs will occur if flocs overcome the limitinglshear stress
(Tl) of flow on the bed. Experimental values of T; range from 0.41 to 0.81

dynes/cm2 (Einstein and Krone, 1962; Partheniades et al., 1969).
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chCave and Swift (1996) proposed a viscous sublayer model for the
deposition of fine—grained sediment. The viscous sublayer is a viscosity-
dominaﬁed flow region, immediately adjagent to the boundary of the flow.
The viscous sublayer 1is not ent{;ely 1amiﬁq% but diéplays instability
involving periodic turbulence. The sublayer has a gtructure of high~ and
low-veYocity streaks which have been detected'by dye injection, a hydrogen
bubble technique and high—speed‘motion picture photography (Kline‘gﬁ.gl.,
1967; Corino and Brodkey, 1969; Grass, 1911; Kim EE.El;’ 1971; Offen and |
Kline, 1974, 1975). Periodic high velocity eddies or fluid inrushes trigger
tﬁé instability of the sublayer andhinterac; with streaks éf low-velocity,
resulting in ejectioh of low-momentum fluid from the sublayer toward the
main flow away from the boundary. The periodic fluid inrush and ejection
events, which are known as "bursts" also occur in marine boundary layers
(Gordon, 1974; Heathershaw, 1974). It may be assumed that fine—grained
suspended particles in the viscous sublayer of dilute gurbidity‘currents are
concentrated in the 1ow-velocit§ streaks. .

The thickness of the viscous sublayer & is expressed as

s ==010\)/(p/1'0)i ) N

~

where v 1is kiﬁematic viscosity, ro is shear stress at the bed, p is fluid
density. McCave and Swift (1976) assume that the rate of deposition (Rd)

from the sublayer is given by the difference between the net ejection rate

—

(E) and the settling input per unit of time to it (S):

”

Rd =S - E (8) ‘

The settling flux input (S) 1is given by Cb w under depositional dbnditionr

¢

and the ejectfgn flux (E) may be expressed as Cb Y (TO/TL) (McCave and

Swift, 1976), where Cy is paréicle concentration juat outside of the

1

v
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sublayer, w is settling velocity and T, 18 limiting shear stress above which
no deposition takes place. The relationship (8) then becomes

Ry =Cpw (1 - To/Tﬁ). 9)/

. The term (1 - T;/TQ) is the probability (p) of a particle settling to the

bed which 1s also affected By factors such as bioturbatién and bed roughness.
Einstein and Krone (1962) and Krone (1962, 1976) express an empirical

formula for the rate of particle settling (and thus concentration of par-

ticles in suspension):

w
In Ctlco = - 5~(l - To/Tz)t , 10)
\‘

whefe Ct is mean concentration at time t, C0 is initial concentration with

2

flow depth (D). McCave and Swift (1976) pointed out that equations (9) and

(10) are similar to each other. Equation (10) is identical to (11),

- = ¥ (1 = i
. in C0 1n,Ct 5 (1 rolrg)t (11)

2

The left side of equation (11) gives the amount (or conceqtration) of par—-
ticles that have settled after time t. The logarithmic decrease of concen-
tfation in suspension with time is also shown by Krone (1976, Figures 3 and
4) for dilut;d suspended sediments at varying mean flow velocities. Using
White's (1970) data McCave and Swift (1976, p. 543, Figure 1) show the :
variation ofiiimiting shear stress (rl) with settling velocity Ew). Par~‘
ticles of higher settling velocity may be deposited:at higher bed shear
stress (TO). Altho;gh this relationship was initially derived for non-
cohesive fine.particles it may be applicable to fine gohesive particles
(McCave and Swift, 1976). The term (1 - TO/TE) will then vary with w. From
equation (11), therefore, the settling of fine-grained particles from a

]

viscoug sublayer may be stated in termg of the settling velocity (w).

PERSRPAPS




. '
SRRy s — 4 A
i hisad o L A G o e e A AN e e foandio kPR AR < W3 b

95

/
Kuenen £1966) produced thin parallel laminations in a circular flume

( and sugféted that the laminations were formed from uniform flow by a

4

sof;ﬁég process which he called a "kind-seeks-kind" mechanism. Current

¥ ‘Eaisation was not envisaged to ﬁlay a role because pulses were tog numerous

° - to match the relativeiy!emall number of laminae in each depositioqal unit.
Based on a number of studies of thin parallel laminated turbidite muds
Piper (1972, 1973,hin press) suggested that; a) the laminations reflect
velocity fluctuations of the turbidity currents; and b) the mode of’trans-

port is different for the silts and for the clays; fine‘sigt is carried as

bed load at higher velocities and deposited when the vglﬁcity decreases,
. Q
the c%§y~is carried in suspension and deposited when velocity decreases

even further., TFor thinly laminated turbidites from the Nova- Scotian outer

7

e R e S, o o

continental margin Stow (1977) suggested a mechanism of depositional.shear
sorting through the viscous shblayer: s8ilt’ grains settle through the
viscous sublayer, while increased shear in the boundary layer causes flocs

to break up; as mud cJ;centration,builds up on the top of the boundary

layer, reflocculation occurs and at some critical concentration floc aggre-
_ gates overcome shear break—up and deposit rapidly through the laminar suﬁ;
z ' layer as a mud blanket. In this model current pulsation was not envisaged
as neceasary to.produce the segregation of silt and cia§ partic}es.
The occurrence of micro*ripple cross-laminations in the NAMbC spill-

% over sediments suggests that the coarse silt to very fine sand at the base ;

of some laminated layers is dominantly deposited from bed load transport .

(cf. Figure 14). However, some of this material may have been carried in
suspension as suggested by the preservation of stosa~alde laminae (Plates |
4 and 5) indicative of a relatively high ratio of fall-out. , At -the trans-

ition from the ripple laminated division to the parallel laminated division

S

-
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the mean grain-size decreases below 50 to 40 microns. The lowermost silt
laminae of the D-division, therefore, consists of material fine enough to
be carried in suspension (cf. auto-suspension limit of Bagnold, 1962). gp

5.

is, therefore, suégested here that essentially all material deposited in
» .

N £

the parallel laminated division was transported in suspension.

In the light of recent observations of bursting phenomena in the
viscous sublayer of experimental flows and of natural marine boundary
1éyers, a suggestion is here put forward for the mechanics of formation .of
thin paral{sl daﬂinations from dilute turbidity currents.

The similarity of equatioms (9) and (11) indicates that fine—grained
particles in turbulent suspension of dilute turbidity currents settle via
the viscous sublayer. It is also ;pparent from equation (11) that the
settling velocity, i.;. the difference betweén granular silty aﬁd floccu-
lated clayey part;cles assumes an important role for the segregation during
deposaition. Thg segiegation is envisaged‘to occur via the viscous sublayer
enhanced by a series of "bursts'": during the sweep (op’strong velocity
pulse) incorporation of granular_pariiclea into the sgblayer may be accelg- .
rated, whereas finer-grained clayey particles are|ejected from the suﬁlayer
toward the main flow. During or just after a period of a sweep granular
part{gles in the sublayer most likely settle first to the bed at relatively
high bed shear stréss. The overall concentraiion of granular pafticles in
the suspension and the viscous sublayer are, therefore, deplefed first
logarithmically with time (cf. Krone, 1976, Figures 3 and 4).

In the meantime, flocs of clayey particles are progresasively enriched
-]

in the low~velocity streaks of the viscous sublayer. Settling of flocs

from the low-velocity streaks will occur when aggregates reach sﬁfficient

specific weight (equivalent to that of individual silt particles) and floc

£
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bonding overcomes critical shear stress (T.). This process wmill be accelerated
as turbidity currents decay with time because current velocity as well as

both critical and bed shear stress decreas;‘

There are, of course, some flocs in granular laminae and,granufar materials
‘ t
in flocculated laminae. As Stow (1977) suggested, the discrete boundary between

.

the‘granular and flocculated laminae can only be formed by rapid settling of .
flocs. This may be related to the instability of low-velocity streaks or other
factors such as rate of velocity decrease, and of shear stress in the viscous 'sublayer.
Frequencies of velocity fluctuations observed in smaii—acaie turbidity
currents (Shepard et 5_1_.,1975, 1977; Normark and Dickson, 1976; Lambert et al.,
1976) are in the same order of magnitude to those of "bursts' observed in
marine boundary layers (Gordbn, 1974; Heathershaw, 1974).. In fact, it is

most likely that individual laminae result from a number of bursté.

H

Upward logarithmic variation in alternating laminae thickness of granu-

t

lar and flocculated particles may be related to the bursfing phenomena in fhe

viscous sublayer. It is, however, beyond the scope of this study to further

! o

speculate on the relationship. An explanation must be approached from care-

-

!

ful experiments.

Levee Turbidites vs. Contourites

For the past decade there has been discussion concerning'the relative
importance of turbidity currents and deep oceanic bottom currents in trans-
porting fine-grained deep-sea sediments. It started with the finding of

bottom current activity off the southeastern Greenland Continental Rise

(Heezen and Hollister, 1963). The study. of contour-followlig geostrophic

- bottom currents on the continental rise of the western North Atlantic was

initiated by Heezen et al. (1966). These studies suggested that fine sand

a
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bottom currents (Heezen and Hollister, 1971).

Heezen, 1972;. Bouma and Hollister, 1973).

* of fine-grained, parallel laminated turbidites from contourites have been s

98

and finér-grained sediments alodg the continental rise (and the margins

< | -

of the deep-ocean basins in general) are mainly transported by contour-

following bottomacurrents ithereforeanamed "contourites" e.g. Hollister
and Heezgn;\197253 wpich previously had been taken for granted by most
workers as being turbidites.

On PDR records, sedimentpry ridges composed of contourites are char-
acterized by a wavy and hyperboiic surface morphology; on seismic reflection g
profiles sedimentary ridges are tran§£arent and distinguished. from intern-
ally layered turbidite sequences (i.e. Davies an& Laughton, 1972; Bouma
and Hollister, 1973). On bottom photographs the surface of ridges reveals

N\
current lineations, ripples and other features that are-indicative of

In general, ocean bottom currents and turbidity currents operate in

different parts of ocean basins in transporting deep—sea gediments: bottom

°

currents tJnd to dominate the margins of basins due to the Coriolis force,
~

whereas turbidity current activity concentrates in the base-of~slope environ-

ment and the basin centres (Bouma and Hollister, 1973). Bottom currents

produce sufficient turbulence near the bottom to keep fine-grained material
in suspension, causing nepheloid layers (Fwing et al., 1971; Eittreim et al.,

1976) . Népheloid layers are also caused by slow-moving, low~concentration

turbidity currents in the vicinity of submarine canyons (Beer and Gorsline,

1971; Baker, 1976). ‘ : ‘

A number of criteria have been proposed to distinguish contourites from P

a “ !

turbidites of sand- and silt-sized materials (Bouma, 1972b; Hollister and

Also, criteria for the distinction
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proposed by Piper’ (1972, 1973, in press). Piper an# Brisco (1995)

( ' " observed the ~lﬂem:icula‘x' and discontinuous nature of laminations of pro-

»
[

bable contourite origin on the continental rise offfkntarctica (DSDP site
268). In contrast to some of the criteria proposed by Bouma and Hollister
(1973) for the ideﬁlification of contourites Piper and Brisco pointed out
that heévy miner;I placers were absent in their examples; that grain

. i “ orientation was lacking; and that low matrik“content was not characteristic. ’

Stow (1977, in prep.) used various lines of evidence to distinguish betweeﬁ

¢ ' turbidites and interbedded contourites on the conlinental margin off Nova

[ ———

Scotia. He indicated that abundant parallel laminae are more indicative for .
‘ . turbidices than fﬁr contouri&es. Foi coarser layers this was ;lso suggested #f
by Fritz and Pilkey (1975).

In the following paragraphs further distinétive criteria for the differ-~
entiation of turbidites and contourites are derived from a comparison of the
NAMOC spill-over facies and the contourites of Eirik Ridge.

On X-radiographs the most obvious difference between the iévee turbidites

and the contourites is the intensity of bioturbation: more than 95 percent

of the turbidites retain their primary sedimentary structures, whereas more
. f than 98 percent of the contourites are bioturbated and mottled. The mottled
’\“ contourites are, in fact, so similar to ‘normal (hemi-)pelagié: lutites in -

sedimentary structures and texture that they may be referred to as "reworked".

pelagic lutites with some terrigenous material.-- Although it may be possible
", that the analyzed core samples are not entirely representative of the

typical deposits on Eirik Ridge, less than 1 percent of the contourites

¥ e

shows more or less undisturbed parallel laminations (Plate 17).

Apart from the abundance of parallel laminae in the turbidites, Q}so
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the characteristics of the laminations in the levee turbidites are g
dif ferent from those'of the contourites. The laminae in contourites
consist of simple alternations of coarser—grained and finer-grained 1aminae,
both of which are largﬁly composed of blogenic debris and some terrigenous
materials (Plate 17). N6 systematié’upward thickness variations ;f the
laminae were observéh. Both the laminated turbidites and the contourites
are poorly sorted (Appendix 5).

ﬁhereas primary sedimentary structures ip contourites are sei&om
preserveé due to bioturbation during slow-settling of pelagic particles,
bioturbational disturbance of primary structures in the turbiditeé is
insignificant because of rapid deposition. Bioturbation in the contourites
is pro;ably enhanced by the bottom currents that supply oxygén for the \
bu;row;ng benthonic animals. i .

- =

’. Source of Sediment

The source of the NAMOC sediment can be traced using tﬁe\position of
the channel head and tributaries, the composition of cbannel gravels, and
heﬁvy mineral assemblages.

North of 60°30'N the NAMOC becomes morphologically indistinct. The
confluence of two branches of the upper channel,’however, trends ﬂorthwest
tpward the shelf area off Hudson Strait with one other indistinct tributary’
trend?ng n;rth toward Cumberland Sound (Figures 1 and 3).

In the middle channel segment near Sf’N the channel is joined by a
ma jor tributary - the Imarssiak Mid-0cean‘céanne1, which originates in the
West Reykjanes Basin on the southeast side of Greenland. Another eastern

5
(Appendix 6) is indicative

2

tributary near 57" N heads for the souE\q;:::;n Greenland s.lope.

Pebble composition of the .gravel la
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('qf a é nadian source fot the sediment.

" of actinoliteitremolite in the latter (Appendix 7).

b 101 | " ;

‘n
The prevalence of Paleozoic

cargonates in channel gravels may be related to abundant carbonate

detritus found on the northeastern Canadian shelves énd glopes (Grant,’
1965; ‘1971; Krank, 1964; Marlowe, 1968; McMillan, 1973), but not on the
Gréenlandian shelves or slopes (Grant, 1965; McMillan, 1973; Johnson et
al., 1975a, b, c).

The carbonate pebbles on the northeastern Canadian

shelves have probably been derived by ice-rafting via the prevailing ’”
. [ \

Baffin and Labrador Currents from the eaStern Canadian Arctic archipelago
where the Lower Paleozoic carbonate rocks are exposed (Thorsteinsson and

Tozer, 1970). A recent disco;ery of Ordovician: carbpnate rocks underlying

the Baffin shelf by Maclean et al.(1977) offers an additional source for

The Ordovician carbonates

thé abundant carbonate pebbles on the shelf.

from the shelf are similar to the channel carbonates. On the other hand,

carbonate pebbles are absent along the coast of Gréenland, although they

were dredged from the southwestern Greenlandian continental slope (Johnson

o

et al., 1975b).
')
Pebbles of anorthosites with intermediate plagioclase composition °

(AnZS-hS’ éhdésine—oligoclase) also indicate a Canadian source because they
~ ©° N P
are not known from occurrences in Greenland (Windley, 1969).

Heavy mineral assemblages both frém the NAMOC floor and older sediments

of the central Labrador Sea (DSDP site 113) support a Canadian source.

( ‘ a R
The major heavy mineral assemblages from'Fhe NAMOC and Imarssuak Mid-Ocean

Channel area are Rasically identical to each other, except for -some occurrence

Also, the relative

1

abyndance of hornblendé and gatnet differs. - The ratio of gérnet to horn-

L5}

blende for the NAMOC floor is 2:1,(yhéreas it 1s 1:2 for the Imarssuak




A 135 A Rl e 714 D+ g rp—— ke

tnay

102 ‘ /

- A,

e

Channel area (DSDP site 113). As noted by Johnson et al., (1973) and'
Laughton et al. k1972), the Imarssuak Channel received considerable
amounts of volcanic sediments and reworked sandstones, metamorphic and
igneous rocks from Greenland, in which hornblendes are more common ;han
garnet along with actinolite/tremolite. The assemblage and abundances of

heavy minerals from the NAMOC are in good agreement with those of Slatt

and Lew (1973) from the Labrador shelf and slope. .

History of Ch;nnel Development

At DSDP sites 111, llzlabd 116 in the Labrador Sea and the northern
Nor;h Atlantic a pronounced change in comﬁosition froqm dominantly pelagic
to terrigenous sediments, together with a faunal change from warm to cold
assemblages and the appearance of ice-rafted debris led Berggren (1972) and
Laughton et al. (1972) to_ place thekpre—gléciallglacial boundary at about
3 my B.P., i.e. in Midiéliocen; time. At DSDP site 113 in the central \
Labrador Basin this boundary occurs at a subsurface depth of about 550 m
(Laughton et al., 1972). The interpretation of seismic éeflection profiles
across the NAMOC (Plate 1) suggests that much of‘the approximately 500 m
thick sequence of layered sediments ig the central Labtrador Sea represents
terrigenous turbidites derived from the NAMOC or its predecessors. Where
;enetration/is sufficient on the seismic profiles, sediments below the
subsurface depth of 560 m are acoustically transparent. This then suggests
that the base of the turbidites is also about 3 my old.

In the NAMOC cores 4 litho-stratigraphic units were recognized (p. 67),
i:e., a) an upper pelagic, b) an upper turbiditic, c¢) a lower pelagic, and
d) a lower turbiditic unit,=.’

The base of the upper pelagic unit in the NAMOC cores occurs at an

14 \ .

averagé_depth of 30 cm. Its aéé has been extrapolated to be slighily older

&
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than/},loo y B.P. averaged from three radiocarbon dates (i.e. 6,930 + 200 y
‘ ) - B.P., 8,630 = 320 y B.P., and 5,810 + 240 y B.P., Table 2)  obtained from a
mean depth of 25 cm, i.e. 5 cm above the boundary ﬁetween the upper pelagic
and t£e upper turbiditic units. It yieldg an average sedimentation rate of
3.5 cmllgpo y for the upper pel;gic unit. An average age of 23,000 y was
determined for the b§ae pf'the lower pelagic unit (refer to Table 2 and
Figure 25). This unit is about 46 cm thick in core H74-68, buE Eequ to

¢

- \
thicken in more:southerly cores (H75-24, 22, 11, 8, and 4; refer to Figure
. 25). The age for the upper boundary of this unit is tentative because

radi&carbon dates for its top are not yet available. If the sedimentation

rate of 3.5 cm/1,000 y of the upper pelagic unit is applicable for the

[es

lower pelagic unit as well, its top may be expected to be about 11,000 y

old. The upper turbiditic unit would then have been deposited in a time

span of only 4,000 y. This would yield an approximate sedimentation rate
of 13 cm/1,000 y for the upper turbiditic unit which 18 50 cm thick on the

average (for stratigraphic correlation see Figure 25). 1In core H74-68, the

Dy e, e SRl PR NS 15

base of the lower pelagic unit'is younger than in more southerly cores

e omoa

(1.e. 17,200 ¥ 500 compared with 23,000 y). Therefore, the sedimentation

P

rate of the upper tprbiditic‘unit in core H74-68 which {s about 100 cm
thick 1s about 10 cm/1,000 vy. 4The estimated age limit for the upper boun-

dary of the lower pelagic unit and sedimentation rate for the turbidites of

HE G WA E 3 mmroy emr ord

the upper turbiditic unit are only approximate because: a) the lower

pelagic unit appears to be time-~transgressive from southeast to northwest
and b) a number of turbidite layers are intercalated in the lower pelagic
unit in cores H75-24, 22, 14 and 8, reppecti&ely. .
Nevettﬁeléss, the rates of turbidite sedimentation are comparable wiéﬁ
the‘average sedimentation rate of 10 ¢m/1,000 y for the upper 200 m of the

/ ( .
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Pleistocene turbidites in the Imarssuak Mid-Ocean Channel area determined

by Laughton et al. (1972) at DSDP site 113. Heezen et al. (1969) assumed
an average Bgdimeniation rate of 9 cm/1,000 y for the NAMOC.levEe sediments.
For the lower sequence of Pliocene turbidites at site 113, which is 530 m
thick, Laughton et al. (1972) estimated a higher sedimentation rate of
35 em/1,000 y. If one fu;thgr assumes that the sedimentation rate of the
Pliocéne turbidites at DSDP si;e 113 is similar to that of oi&ér NAMOC-
turbidites, then the initiation of turbidity current activity in the NAMOC
18 probably related to the énset of Quaternary glaciation in the Labrador
Sea about 3 my B.P,
. <
The termination of large-scale turbidity currents in the NAMOC occurred
7,100 y B.P., although smaller guéﬁidity currents that were confined to the
channel appear to have occurred as late as 4,800 y B.P. (refer to channel
core No. 6 in Table 2). The age of 7,i00 y approximately corresponds to the
last glacial/post~g}acial tra;sition in the Labrador Sea. Glacial condi-
tions in the southern Labrador Sea ended slightly before 8,000 y B.P. based
on faunal evidence (Ruddiman and McIntyre, 1973). On thé Labrador shelf
of f Hudson Strait the Laurentide Ice Sheet, which reached as far as the
shelf edge during the last glacial maximum (Ives.gg'gi., 1975) had‘also
retreated considerably by this time. The retreat resulted in the rapid
incursion of the sea into Hudson Strait (Andrews et al., 1974; Ives et al.,
1975, Figure 3; Sugden, 19?7, Figure 7). A warming of ocean water in the

eastern Arctic region beginning slightly earlier than 8,000 y B.P. is 1ﬁdi—

cated by faunal evidence and radiometric chronology of deglaciation

(Andrews, 1972; Andrews et al., 1972). The margin of the Laurentide Ice
Sheet in eastern Baffin Island and northern Labrador was stable before this

until 9,000 y B.P. (Andrews, 1975). Thus it seems likely that the

. —
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terminafidh of turbidity current activity in the NAMOC resulted fromievents
causing the deglaciation of the Labrador shélf, éspécially off Hudson
Strait.f - ‘ '

"No evidence has yet been found conéerning triggering mechanisms and
the piecisewtiming of turbidity currents in relation to the advance and
retreaé of glaciers. Turbldity currents. could have been ipitiated during
glagial advance by slumping of unstable glacial sediments that were pro-
gressively accumulated at the shelf edge. It may have.;an been possible '
that while gl{ciers advanced turbldity currents were initiated astdischarges
of sediment—la@en subglacial melt water. Although the questionlof triggering
miechanism is beyond the scope of this study, the sﬁort period of tutbiditf
current activity in the NAMOC near the end of the last glaciatio; (corres~
ponding to the upper turbidite unit) suggests that special conditions
existed which permitted t@e'triggering of turbidity currents and these
conditions ceased shortly after deglaciation progressed farther. If the |
episodes of large-scale turbidity currents that overflowed the chaﬁnel
banks occurred moré or leas regularly during glacial advance the estimatéd
sedimentation rate of 13 cm/1,000 y gives an average recurrence time of
230 years for turbidity)currents that have deposited spi;l—ovef mud with an
average thickness of 3 ecm. On the other hand, 1t could~be significantly
shorter if turbidity current acti&ity was concentrated toward the/end Af
glacial periods.

ﬁarlier studies of the NAMOC based on fragmentary channel crossings
(Shepard, 1963b; Drake et al., 1963;“R;achev, 1967) have suggested possible
tectonic control in the formation of the channel. Heezen et al. (1969) and

Egloff and Johnson (1975) have, howevei, shown that the chamnel i8 a depo-~

sitional-erosional feature formed by sedimentary processes, unrelated to

.
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I the’ direct tectonic control.

{f' f\ ‘ In Plate 1, it can be seen that a sequence of primarily terrigenous
_sediments dérived f;om the NAMOC (approximately 500 m thick) overlies the
buried mid-Labrador Sea ridge or partially fills the topographically depressed
area. The initiation of turbidity current activitx postdates the last

event of the ridge formation by more than 40 my (e.g. Laughto; et al., 1972).
During this time pelagic sediments have partially filled the "rift valley"
andithe ridge flank. The channel was thereafter formed by turbidity

currents that followed the maximum depth of the basin. In a sense,

therefore, the channel has an expression of the topography partly created
by mid—Labra&@f Sea ridge. Ngverthelebs. the configuration was controlled

(? solely by the sedimentary processes of channelized turbidity currents.

g
.

. Paleocéanography
/

. . {
' The following brief discussion of the paleoceanography is made based

on some tentative observations of ice-rafted sediments in pelagic layers
from NAMOC levee cores. A detailed faunal study and its significance on

the paleoceanography will be assessed elsewhere by Fillon (in prep.).
’ D’ A

Sedimentological Effects of Ice Cover

The ocean's response to climatic fluctuations has a significant effect

>

on the type and amount of pelagic particles and ice-rafted debris that aré
setﬁiing'chroughwthe water column. Since turbidity currents in the NAMOC

most likely occutfed-ijtermittentiy pelagic sediments and ice-rafted debris

-

- would be expected to’ occur between successive turbidites. If ice-rafted

debris had been deposited between the influxes ofjturbidity currents this
P .
[

material-should be detectable in the spill-over facies of the NAMOC because

~
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the velocities (or shear stresses) of turbid overflows are most probably

too low to winnow away the ice-rafted particles. The absence of ice-rafted .

o

debris in the laminated turbidite sequences then suggests the existence of

i
i

an ice cover which limited the influx of icebergs. ‘

Paleoceanographic information on the western and central parts of the

]

Labrador Sea is lacking in the literature. The western continental shelf

is presently influenced by the cold Labrador Current and covered with sea

-

ice for half of the year (Dumbar, 1951). During this time ice persists in

]

* the central regions of the sea. To the east ice free conditions are main-

tained due to the inflow of warmer North Atlantic water via the Irminger

Current and the East and West Greenland Currents.

McIntyreigg_glr (1972) apd Ruddiman and McIntyre (1973) have proposed
a time-transgressive northwest-southeast migration of the polar front in the
North Atlantic and Labrador Sea for the last 225,000 years. During maximum
glaciation at 18,000 y B.P., for instance, much of the Labrador Sea was
covered with ice (McIntyreuggjg;.. 1976). For the southwestern continental

2

margin of Greenland, howéver, Fillon (in prep.) suggests that for‘much of
the Wisconsinan the eastern Labrador Sea was virtually free of long-lived
ghelf ice and recei%ed)a continuous ;upply of ice-rafted volcanic ash of
probable Icelandic o?izin. The count;rclockwise East and West Greenland
Currents in the eastern Labrador Sea appear to have persistedfﬁgih during '

glacial and interglacial periods. ' On the contrary, Ruddiman and McIntyre

(1977) further emphasized that the wafm North Atlantic water was only able

¢ L3

to penetrate northwestward into the Labrador Sea during interglacial periods
during the last 800,000 y.
The occurrence of a thick sequence of repetitive turbidites, barren of

ice-rafted debris and lacking pelagic interlayers in most of the levee

e L e N
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cores from the central Labrador Sea has important paleoceanographic impli-‘ - s
cations for the northwestern Labrador Sea. ® The complete absence of ice-
rafted debris (including ice-rafted tephra) implies that there was either

a very rapid input of successive turbidites or an ahsence of icebergs over
the area at the time of deposition. The absence of ice-rafted debris

between succeassive turbidite layers supports the sea-ice hypothesis for the
formation of sea-ice may substantially reducewthe mobilicy of icebergs.

Tﬁe sea-ice would also markedly loweF productivity of planktonic organisma.

'This agrees with the assumption by Denton et al. (1971), Fillon (1972)
and Anderson (1972) that in the high latitudes episodes of glacial maxima
correspond with a lack of ice-rafted debris in deep-sea sediments‘because
ice-rafting requires an ice-free ocean surface which in’these 1atitgdes
will be asso?ia;ed witﬁ interglacial or warmer periods.. For the Southern
Ocean Watkins et al. (1974) and Keany et al. (1976) stated that the distri-
bution of ice~rafted debris corresponds to int?rglacial periods in ihe high .
latitudes and to glacial periods in the lower latitudes.

'During glacial maxima the northwéstern Labrador Sea was probably
similar to tﬁg modern Arctic Ocean, where, as Hdnkips et al. (1971) suggest,
the ;resent ice;ponditions (average tbickness of 2.5 m, Swithinbank, 1971)
have persisted more or less‘pnchanged for the last 80,000 years. According
to Hunkins and Kutschale (1967), turbidites on the Canada Abyssaerlain
recurred every 500 years and maﬁke& pelagic sedimentation gpelagic sejimen—
tation rate of 0.2 cm/1,000 y). éﬁsre was no appreciable accumulation of
pelagic ooze due to the generai lacﬁ\of primary productivity under the

sea~ice (Mohr and Tibbs, 1963; Megurgﬁgg‘gl., 1967; Dunbar, 1968).

The absence of ice-rafted debris and lack of plénktonic foraminifera

¥

in the thick lower turbidite horizgn along the central axis of the basin
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Buggests that the northwe;tern Labrador Sea was also covered with ice
during tbeftime prior to about 23,000 y B.P. Theﬂgea-ice probably extended
toward the southeast to the cold front of the Labrador currents and
excluded much of the area from receiving ice—taftedfdebris.

In the area further south (south of 54'30'N) planktonic foraminifera
and abundant ice-rafted débris present in a number 6§1pelagic layers in
core H75-4'(Figure Zﬁiisuggest that several ice-free episodes prevailed in
the southern Lgbradoé Sea.
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‘ : CHAPTER VII - SUMMARY AND CONCLUSION c
&
' r hd N t

The Northwest Atlantic Mid-Ocean Channel extends for more than 3,800 lm

" from the northwestern Labrador Sea off Hudson Strait to Sohm Abyssal Plain

. ' in the northwestern North Atlantic Ocean. For the last 3 my the channel

o

5 has played a dominant role in the resedimentation of glacially derived

terrigenous materials into the deep basins of the Labrador Sea and north-
% . <

weafern North Atlantic. In the Labrador Sea alone the channel has accumu-

¥

lated a sequence of layered, predominantly terrigenous sediments more than
; ' 500 m thick and 100 km wide. The present study has revealed the detailed
worphology of th? middle channel segment and its sedimentary facies, and
“

attempts to intei:pret the sedimentary processes and the history of

develépment of the\chann%l.

¥

N . s TOREYI
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Subbottom reflectors on the channel floor reveal oblique internal

0 Channel Processes
é For the first time, theg_éx nce of a a:ﬂnnarine me‘andeting talweg
g and associated submarine pd bars has been documented in this study
5 for a’ deep-sea channel. The talweg meanders with about the same v'lave— 3
é length but with slightly higher amplitude than time channel (wavelength, ‘ j
é S0 km; amplitude, 10 km). The_channel floor is inclined toward the talweg
g . with an angle of 0.2°-1.5° in opposite diréctipns in sucessive meander
; bends. ’
g

stratification, which appear to be caused by layers of sandy gravel and
turbidites recovered in piston cores from the channel floor. These deposits

{channel~fill facies) occur along the entire length of the channel and are

eﬂvisaged as forming discrete and discontinuous deposits ‘of submarine

point bars.
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. The formation of the meandering talweg and submarine point bars in

‘ the deep-sea channel is attributeii to the combined effect of the centri-
fugal force and theigoriolis force on channel?zed turbidity currents. ~
'The process of dubmarine point bar formation would appear to be similar
in some respects to those of subaerial river channels. The marked dif-

v ferentiation between coarse~grained and thick bedded channel~fill facies
and finé—grain;d, thin bedded spill-over facles 1s ascribed to spgll-over
processes analagous to those in certain large subaerial meandering . -
cﬁannels.

Submarine point bars in the NAMOC appear, however, morphblogically

o B Rkl T AR

less pronounced than those in rivers‘and the meanders of the channel and

the talweg show a comparatively 10% sinuosity. Associated with the low )

sihuosity of the channel is the aéparenc stability of the channel position

¢

which in the past has shifted only slightly. The low sinuosity is

B e

i+ Broe R Y oo 1

*

probably due to the relatively weak centrifugal force of ‘turbidity currents
/ - .

(low meander-curvature, average radius = 60-70 km) and partly due to the
‘g .

e

Y

T TR

absence of strongféhrrents that undercut the channel banks during times

WY

. *
between turbidity currents. Turbidity currents fay have attained maximum i

velocities of up to 720 cmw/s.

-~ - ™~ i -

Spill-over Faciles

WS PN P A R R

The natural levees of the NAMOC that result from overflows of chan~ ;

N

* Begpe 2

nelized turbidity currents over the channel banks accompany the chahnel

. on both sides for its entire length, merging with broad flood plain-like

e

areas up to 100 km wide. The spill-over facies marginally 1nterfingersi

ik

with pelagic and contourite facies.

€ | |
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The spill-over facles consists of thin bedded and fine-grained
layers of predominantly terrigenous and subordinate pelagic sediments.
The pelagic sediments are intensely bioturbated and include abundant
ice—rafged debris. TTe most distinctive feature of the spill-over
faciés is a mouocohous repetition of thin parallel laminated units, of
terrigenous fine gand/and mud, which are often accompanied by climbing
micro-ripple cross-laminated units at the base and by homogeneous mud
at éhe top. The upper turbidite units occur most frequently on the
levees of the middle and lower channel degments where the channél slope
gradient is less chgn about 0.002. These are attributed to body over-
flows of channelized turbidity currents over the channel banks under
lower flow regime conditilons. ‘

Overflows from the head of turbidity currents are believed to have

frequently occurred on the levees of the upper and upper middle chanunel
. )

segments, where the channel slope gradient is greater than about 0.002.
|

i Ay

The head overflow depositsﬁare crudely laminated and poorly sorted

turbidite "A"-divigion (T"a")’ that consiét of about equal proportion; ‘
of sand, silt and clay. ’ ~

A layer-by~-layer matching of a sequence of layers is possible between
levee cores, H75-24 and 22, which are 70 km apart (in the downchanmel
direction). The cotrelati&n shows laterally persistent layers of the
spill-over facies. For deep~sea channels it is more appropriate to use
the term “spill-over facies'" to describe thin bﬁdded, fine-grained tur-
bidites rather than—the term "disfal fagles" (cf. Nelson et al., 1977;
Walker, 1977).

Individual units of parallel laminated turbidite mud of the spill-over

facies display systematic upward thickness vatiations of granular silty and

Voo
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flocculated clayey laminae; the thickness of granular laminae decrease
‘ loga'tithmically upwatd; whereas that of iglocculated iaminae increase
logarithmically. The upward logarithmic variation.of pairs of granular
and flocculated laminae appears to result largély from a difference in
settling velocify[through the viscous sublayer of dilute turbidity

currents. '
Mineralogically, the r.urbiditg mud is different from pelagic lutite:
. i detrital carbonates are more'commop .in turbidites th.;;x in pelagic sedi-
ments; the former are rich in illite (70%) whereas the latter are rich
in montmori;llonite (25-40X) . The organic carbon content of tubidite mud

(av. 0.8%) is on the average twice as high as that of the pelagic sediments.

The parallel -laminated turbidite mud of the NAMOC is also distinctly

different from parallel' laminated contourites from Eirik Sedimentary
Ridge in that no systematic upward variation of laminae) thickness occurs
' 4in the latter. Furthermore, the paraiiel laminated units are quanti-
/ tatively unimportant in contourites (less than 1%); most Eirik Rid'ge

contourites are intensely bioturbated and mottled.

Source of Sediment \ ‘

!

The dominant source of sediment for the NAMOC, judging from the
prevalence of carbonate pebbles and a high ratio of hornblende to garnet,

in the héavy mineral analyses, was on_the northeastern Canadian continental

VI
-

margin, especially in the region off Hudson Strait. This region was

supplied w:ith large volumes of glacially derived terrigenous sediments.

E RPN

History of Channel Development

( ' The history of the NAMOC is closely related to the Quaternary glacia-

5o - tiona. With the onset of Quaternary glaciation as early as 3 my B.P.
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/ ° 1
(Mid-P1liocene) the channel probably developed as the most important
‘ Y transport system for glécially derived materials from the outer shelf

to the déep basins of the Labradpr Sea-and northwestern North Atlantic

S

L]

H Ocean. The seurce materiaijfbr submarine mass flows in the NAMOC*ori—‘
ginated from the outer continental margins qff Hudson étfait to which
glacial debris were carried direcély across the shelf. The sea level |
was, of course, lower and probably near the shelf edge and much of the
northwéﬁtern Labrador %ea was covergd with ice. lSubmaxine mass flows
were presumably intermittently triggered probably at“beginning and end

3

of glacial cycles, either by earthquakes or due to the instability of |

w s

glacial piles which could have been incorporated with subglacial melt

3

water flows. During Late Quaternary period episodes of largerscale

* -

/ turbidity currents that overflowed channel banks occurred probably as : g

<
- ;frequent as 230 years. An average sedimentation rate of levee turbidite

during this time wag about 13 cm/1000 years.
In response to the retreat of glaciers from the shelf and synchronous
gsea~level rise slightly before 7,100 y B.P. (Pleistocene-Holocene trans-

ition) source materials for submarine mass flows no longer reached' the

s
Eaa -

shelf edge-and thereafter submarine mass flows ceased. Since then the a

pes

channel became inactive. Fine-grained pelagic materials in the NAMOC r

have been redistributed by weak to moderate bottom currents, filling ,

-
¢
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depressed channel floor such as the talweg.

-, - ' ’
- Suggestions for Further Research

i

The results of the present study lead to the following suggg;tions

for further research;
a) A study of vertical and lateral facies changég within submarine point
) \

1
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! bars; this requires gystematic tranaierse"sampling across a numbet of
1t: submarine point bars using a deep-~sea vibro corer and precise control .
‘of core locations. Deep-sea Side Scan Sonar (GLORIA-system) may be

A
employed for a detailed study of the morphology of submarine point

. bars.
b § -~
¢

- . b) A study of lateral facies variations of the spill-over facies(y a
L , ’ number of systematic transverse core samples across the levees

. flood plain-like areas.

¥

; ) LA c) A more accurate estimation of the sedimentation rate of the- lower
?\‘; ~ ‘

§

;

"o turbiditic unit and a detailed faunal study of a core (H75-4) and

other northerly cores for precise timing of submarine mass flows

TS R e

@ . o ’ ‘with respect to the glacial/interglacial events, and paleoceaﬁo—
’ . graphic and)palgoclimatic changes in the Labrador Sea. ]
d) An experimental study of channelized turbidity currents for the mode
of talweg apd point-bar formation.

e) An experimental study of fine-grained turbidity currents concerning
&

B o I SIS

the formation of thinly parallel laminated turbidite mud; and for the

- g e

‘réchanicswof the logarithmic variations in thickness between granular

o

{and flocculated laminae.

N
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) tributary channels appear to have existed hear 2nd and 5th ver-
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Platg 1

Seismic reflection profiles across the NAMOC showing location of ) 0
the channel above or in the vicinity of the mid-Labrador Sea

. ridge of the central Labrador Sea (for positions see Figure 3).

Vertical scale: two way travel time in seconds; in the upper

sedimentary column 1 second corresponds to approximately 1,100 m

sediment thickness. Deposition of the upper, layered approximately

500 m thick sequence of sediment appears to have been dominated by

channel processes. Northeasterly shift of the channel of about

10 km with time is indicated on profile 9: the channel floor appearz/

at one time about three times wider (i.e. between 6th and 8th ver-~
tical lines from left near 4.8 sec horizon) than at present; minor

tical lines from left at 5 sec horizon. Northeasterly shift of
the channel of approximately 1 km, 1.5 km or 2.5 km is also indicated
on profiles 135, NNE-SSW and IIC, respectively. All profiles indi- -
cate depositional-erosional origin of the channel. Note artificial

. nature of the sediment draping the levee crests and channel walls
on profiles 13 and NNE-SSW, respectively; fault-like feature near
7th vertical line ‘from left on profile 13 appears to be related to
the trough in the basement ridge. (Profiles 9, 13, 15 and NNE-SSW
by M/V Minna; courtesy Dr. S.P. Srivastava, Bedford Institute of -
Oceanography, Dartmouth, N.S.; $rofiles IIA, IIB and IIC by USNS )
Lynch; courtesy Dr. J. Egloff, Naval Oceanographic Research and ;
Development Activity of the U.S. Navy, Bay St. Louis, Miss.). i
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Plate 2
Gravels of ’channel—-fill facies:

A. Core H75-25, core depth 111-137 cm; two opposite core halves, -
showing a sandy gravel layer with maximum pebble size of 2 cm;
the core is from the middle channel segment approximately 450
km away from the channel head region; water depth, 3, 646 n
(corrected).

B. Core H75~25, core depth 152-177 cm; two opposite core halves.
- Maximum pebble sire is about 3 cm.

C. Core V17-196 from channel head region; water depth, 2,818 m
{corrected); maximum recovered pebble aize at base of 9 m thick
sand and gravel layer is about 6 cm. i ‘

D. .Core V23-21 apprbxinmtely 1,600 km away from the possible source
'off Hudson Strait; water depth, 4,232 m (corrected), maximum
pebble sire 1s about 6 cm.

0 ¢ ~

The majority of gravel components examined consists of carbonates

(SOX), granite and granite gneisses (37%) and sandstones (7%).
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Plate 3

Radiographs o\f“ckannel-fiu sediments; core H75-25; natural
acale (bar =1 em).

A. Core depth 5-29 cm; intensely bioturbated pelagic lutite (P)
with some ice-rafted debris. Note a large elliptical burrow
in the lower third of photo.

B. Core depth 34-58 cm displaying a vertical sequence of turbidite
structure divisions: poorly sorted coarse-grained A-division
followed by cross-laminated C-division; the thin E-dividion at

-~ the top is intensely bioturbated.

C. Core depth 62-86 cm; graded A-division (Tg; total thickness,
20 cm) followed by parallel laminated {T4) and homogeneous mud
, (Te); both Ty and T, divisions are intensely bioturbated;
(the -upper portion was slightly disturbed during coring opera-
° tiﬁn). ~ .
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Plate 6'

Radiographs of typical sediments of the apill-aver facies;
natural scale (bar = 1 cm).

Core H75-22, right levee, core depth 240-264 cwm; individual
laminated units resulted from overflow of single turbidity
-currents; the dark laminae consist of denser silty granular -
materials and the light laminae are less dense, flocculated
clay-sized materials; climbing micro ripple croass-laminated
silt and very fine sand at 245.5 to 247 cm and 260 to 261 ‘cm.
"Faults" near 245 and 255-260 cm due to disturbance during
nalple preparation for X-radiography.

A.

Core H75-4, right levee, core depth 408-432 em. Monotonous
sequence of about 15 units of thinly laninated levee spill-
over turbidites.
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o . Plate 5

. . . '

Radiographs of typical sediments of the spill-over facies;
natural scale gbar = 1 cm). '

A. Core H75-8, right levee, core depth 295-319 cm;
B. Core H75-4, right levee, core depth 435-458 cm.

Monotonous sequence of about 12 (fn A) and 15 (in B) units,
respectively, of thinly laminated spill-over turbidites (similar
to Plate 4); note micro ripple tross-laminated silt and very fine
sand at 300 cm in (A). Maximum thickness of individual laminated
units 1s about 9 em. ' .
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Plate 6

Radiographs of spill-over sands on the natural levees; natural -
scale (bar = 1 cm).

A. Core H75-13, left levee, core depth 463-487 cm; gravelly,
obliquely stratified sand layer st the base whose forseta are
accentuated by trains of heavy mineral concentratons grades
upward into medium sand (A-division); it i{s followed by
climbing ripple cross-laminated (T.) and upper parallel lamin-
ated division (T4), respectively; upper parallel laminae dis-
turbed by bioturbation; abundant coarse-grained ice-rafted
debris in the upper portion in the pelagic layer; bottom 3 cm

+ disturbed by flow-in.
e

B. Core H75-20, left levee, core depth 414-438 cm; parallel stra-~
tification of medium to fine spill-over sand on the left levee
fepresenting an incomplete Bouma-sequence of structures (i.e.
Ty dir\ectly followed by Ty and T,).

e
. -
C.  Core H75-11, right levee, core depth 232-256 cm; crudely lamin-
5 ated basal turbidite division (Tn,n); composed of about equal

nixture of sand, silt and-clay; this diyision is interpreted

as head spill-over deposit of a turbidify current (for discuss-
ion see text); bottommost 4 cm: bioturbated pelagic ooze with
ice-rafted debris. ’ '
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Plate 7

-

Radiographs of typical examples df pelagic sediments; natural

scale (bar = 1 cm).

A. Core H76~66. channel floor, core depth 414-438 cm.

B. Core H75-13, left levee, core depth 361~385

cm.,

o

C. Core H75~4, right levee, pelagic layer at core depth 485489

]

cm indescalated between thinly laminated spill-over turbidites.

Pelagic sediments are intensely bioturbated and mottled (for claassi-

fication of the types of bioturbation see Plates
abundant ice-rafted debris in B and C; very thin
ments in A are probably pyritirzed ?worm tubes or
fungl. Downward mixing of pelagic sediment into
turbidites by burrowing organisms in C.

»

8 to 11). Note
curvilinear fila-
Thyphae of marine
underlying luningted
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Plates 8 to 11 illustrate various types of burtova@guul scale

(bar =

1 ecm); P = pelagic ooze, T = turbidite.

Plage 8°

Core H75-8, right levee, core depth 197-221 c=m.

(a) Type 1, tubular burrows nde by polychaetes, ?crustaceans
or ?pelecypods.

(b) Type 4, smalimdendritic burrows made by polychaetes.

(c) Type 3, oval to pircular burrows, dwelling and feeding
traces of polychaet‘es, 7holothurians or Tmolluscs.

(d) Type 5, mottled and completely reworked. ,

.

Core H75-61, upper channel tributary, core depth 292-316 ca;
three subhorizontal burrows (type 2) with-meniscua-shaped
internal structure (Zoophycos). The concave side of the
meniscus-shaped structures points in the same direction in
all three horizontal burrows. Note that only the' burrows
contain coarser ice-rafted material brought down from a layer
approximately 17 cm higher in the core. .
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y Plate 9

!
{
i

Core H75-8, right levee, core depth 176-200 cm.
(a) Large oval to circular burrows (type 3) predominate

in the middle part of photo in pelagic aediment (P) and in
turbidites (T); pelagic sediment in top portion mottled.

note abundant ice-rafted debris in the pelagic sedfment ' H
and in the material filling the large burrows (a) in turbidite.

t

Core H75-7, left levee, core daﬁth 45-69 cm. Numerous neddle-~
shaped (type 4) and a few oval to circular burrows (a).
Original lamination between 48 and 57 cm is significantly

disturbed by these burrows. Note ice-rafted material in
pelagic layer (P).
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Plate 10

- S
Core H75-8, right levee, core depth 237-261 cm. |,
(a) Tubular burrows (type 1), '

(b) oval or circular burrows (type 3).

Type 1 burrows cluster in the pelagic layers at 251 cm and

"between 256 and 259 cm and in the upper 7 cm of the parallel

laminated turbidite mud.

Core BH75-7, right levee, core depth 153-177 cm.

(a) Bifurcating tubular burrows (type 1) in the lover part
of turbiditic mud;

(b) needle-shaped burrows (type 4) penetrating dupct into
turbidites;

(c) oval-shaped burrows (type 3) concentrated in the pelagic
lutite and the part of the turbidite.
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Plate 11 -
A.  Core HI5-24, right levee, core dapth 179-203 cm.
(a) Straight tubular burrows (type 1) penetrating deep 1n:o ‘
the parallel laminated turbidite mud; some long streaks are |
artificial. Note climbing micro ripple cross-laminated unit °
(T¢) betwedn 186 and 187 com. '
(b) Subhorizontal ZOOhyCOO (type 2 burrows). .
B. Core H75-7, left lqvae. core depth 74-98 cm. '
(a) Minute needle-shaped burrows (type 4) destroy the original «
parallel laminae of turbidite almost beyond recognition.
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Plate 12A, B, C, D )

’ % . , ?
Bottom photographs of the NAMOC floor-af 56 00.N, 49" 30 W;
station H75-18; water depth 3,771 m (corrected). Current linea- -
tions (a), sediment tails (b), and deflected sediment tubes (c)
indicate the existence of low to moderate bottom turrents.
Abundant animal tracks and trails (d).and their fecal /castings(e)
as well ag animals such-as-polychaetes (Pectinaria sp.) :(f),
holothurians (Psolid sp.) (g), sea, anemones (h) and crustacean (i)
domiante the floor. Area covered by photograph ‘i approximately
1X1.5 m2; focal distance of 70 cm and camera angles of 38 and 51
were used (Edgerton;deep~sea camera; model, 205; 1light model, 206
manufactured by, Edgerton Bermeshausen, and Grier Inc. and supplied-
by Mr. N.E. Fen&rty of Bedford Institute of Oceanography).
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Plate 134, B

Bottom photographs of the NAMOC channel wall at 50 57°N,. 50 21 W;

“gtation H75-26; water depth 3,588 w (corrected). ' Existence of

very weak bottom currents is indicated by sedimenf grooves; note
abundant burrows (a), fecal castings (b) and animals such as
polychaetes (c), holothurians (d); alsorscgttered ice-rafted de-
bris (e). Area covered by photograph approximately 1X1 mZ.
Cloudy dust in the upper left corner of bottom picture is due to
trigger weight. Camera settings same as for Plate 12.
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/

Plates 14 to 16 are radiographs of contourites from Eirik Ridge.

all natural scale (bar = 1 em). Selected and arrangeJ'to demon~
strate the state of preservation of original sedimentary struc-

tures: Plate 14, slightly to moderately bioturbated; Plate 15,

very strongly biloturbated; Plate 16, completely bioturbated and

mottled. For core locations sée Figure 10.

Plate 14
S5lightly to moderately bioturbated contourites (degree of bio-

turbation, 1-5%) showing relatively weld preserved primary sedi-

mentary structures (laminations), particularly in the topmost
5 em in A and lower half of B and C

»

A. Core H75-29, core depth 174—198 cm.

B. Core H75-29, core depth 34-58 cm. -

"C.  Core H75-30, core depth 118-142 cm.

4

Note the lack of distinct parallel laminations with systematic
upward thickness variations which are characteristic for the

-laminated spill-over turbidites (cf. Plates 4 and 5); oblique

fault-like features due to artificial distiarbance.
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Plate 15
. o .
Very strongly bi\oturbéted contourites f'rom Eirik Ridge (degree O
of bioturbation, 90-99%).
‘A, Core H75-28, core depth 175~199 cm. - .
B. Core H75-30, core depth 297-321 cm.
C. Core H75-30, 'core depth 176-200 cm,
Note vague hummocky laminae in the middle por\fion of .each section;
‘ the rest is intensely disturbed.and mottled. '
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% ( Plate 16 ' ’
Completely b:l.oturbated and mottled (degree of bioturbatiorf 100!)
A. Core H75-28, core depth 85-109 cm.

B. _Core H75-30, core depth 440-464 cm. S

C. Core H75-30, core depth 469-493 cm.

No 'primary current-made sedimentary structures are preserved; £
whether. they existed or not is uncertain. The degree of sediment
mixing due to blésurbation is evident at the sand/lutite boundary

in the middle of ,column B, where diffuse burrowing structures fill-
ed with pelagic lutite are visible in the top of the silt layer.
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Plate 17 _— .

) Phqtomicrogragha of slightly to moderately. bioturbgted Birik

Ridge contourites (degree of bio;urbation, 5%) .

~ \

A. Cotre H75-30, core depth 138-139 cm.

R . LS g S )

B. Core H75-i9! core depth 178-180 cm.
‘. Core H75-29, core depth 178-179' cm.
D. Core H75-29, core depth 179-180 . .

Note sharp boundary between coarse—grained band of biogenii debris
and overlying fine-grained sediment in B. Imbrication or preferred
orientation of biogeric debris is not evident. Note the lack of
systematic variationa in lanminae thickness in A. C: Enlargement

of the fine-grained sediment in B; fine-grained biogenic debris
are randomly oriented. D: Enlatgement of the coarse-grained sedi-
ment in B; note large foraminifera, abundant’ diatoms (a) and also’
terrigenous particlea.r i . . .
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Plates 18 to 20, shaw.n continuous 1ayer—by-layer correlation of
two adjacent right Jlevee cores. Core H75-22 (B) is located 70 km
downchannel from H75-24 (A). Length of individual section 1is

. 29 cm; bar = 1 cmv P Lpelagic ocoze; Twgn, Ty, T¢ and T, are
. "\_turbidite structure divisions of crudely laminated sand-silt-clay,
lower parallel laminated sand, . climbing ripple micro-cross—
laminated silt, parallel 1aminated mud and homogeneous mud, res-
.pectively. 2 iy /

Plate 18

&,

5
= N v

a

A. Core depth B8~67 cm.
£ . v o
B. Core depth 63-92 cm. .

.
0

The one to one match of ihdividual layers in the two columns
18 self-evident; for detailed analysis of B see Figure 28,
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- | : Piate 19
Correlation of cores H75-24 (A) and H75~22 (B). (Cont'd}
A. Core depth 67-96 cm.. ' )
B. Co;e depth 92-121 cm.

Parallel laminated turbidite mud biloturbated by oval and needle-
shaped burrows in the uppermost 5 cm overlies completely bio-'
turbated and mottled pelagic sediments (P) with abundant ice-
rafted components; parallel/laminations ip the turbidite mud (Ty)
in the bottom 5 cm are almost completely deqtroyed by the oval,
tubular .and needle~shaped burrows. _ .
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y Plate 20 )
“Correlation of cores HI5-24 (A) and H75-22 (B). (Cont'd) -

A. Core depth 129-158 cm.
B. Core depth /150-179 ‘em, ‘

In the top 10 cm four crudely laminated "A'"-divisions (Twgn)
‘match one another perfectly; also the parallel laminated mud
units (laminations partly destroyed by the bioturbation) °
in the middle of the sectiommatch; also the, types of burrows
correlate from core to core as well.
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; ) , Appendix 2. Morplfology of the NAMOC : .
3 1 3
{ . Preile tr. Lo Ceected  wmsl TSNS ) e lg) o crest fi) Sl Slm gl ) mea W) Ol Nt ety
i Dopth - (*-1), = - 'Y (dopree) (-35.) L [*5 . {dogree) (dogree)
: = . . ‘ : - .
F "a-7a 60°10M, 5611w n» . .2 ;3.3 N4 ? T L2 -
3 R 60°06 M, S4°28°\ Nnsy n X [ R 2.0 3.0 1.8 2.1 7.3 0.4 - 1]
H -1 004N, S6°13 NnK ” h 3.7 63 2.0 2.0 0.9 9.2 [ 8] - 200
: wWe-2a £0°00°N, S3°48n nn 1] . (9.2 (18.5) 1.5 1.3 2. ER 0.3 0
. ws-1a s, 5o 2% © 2 (X A 2.0 3o - 1.1 vy 0.z 9
: Ws-m s9051 o, see0s ¥ 9% 102 13.8 3.9 2.3 3.0 2.0 (K] 2.7 0.5 (]
! M3 59756, S5V 3301 “ .} 31 18.0 1.8 1.0 0.7 3.6 0.6 28
| Ha-4a SN, 540N 164 '3 u.e az.1) (27.0) 1.0 1.5 .2 s 0.6 ny
ot w4-9 59°35 ', S4°21 N 3393 w2 n.2 16 1.2 3.0 s 10 1.4 6.1 0.5 3}
- w74-10 $9°22°K, 5401 W 3420 13 n.s 4 T 6.3 4.0 a0 1 1.2 8.2 0.9 1] B
: e $9°10°N, S3°30°W £ it 7.2 as 10.8 5.8 5.0 20 ] 1.0 s.2 L] Q
. LT 58°56°N, 53°08'W 3503 146 “.o0 2.3 8.6 2.5 2.0 18 27 0.7 8.2 1.2 a
\ N74-13 TS8c41"n, 52°46W |0 137 4.0 3.3 8.3 6.0 3.5 16 16 1.9 9.2 1.0 M3
" w414 Sa"27°m, $2°23°W 2555 128 .2 1.6 0.0~ 1.8 5.0 14 10 0.5 16.0 2.0 [
[ n74-15 58°14°W, S1°55"W 3979, 1s 2.4 2.4 e 3.0 3.0 18 0.4 0.5 0.5 245 —
Fi "a-16 ST*58'M, 51°36°¥ 3594 s “.1 14 1.7 s 5 1 13 1 ? * o e
e M74-17 ST*4S N, S51°18°W %25 10 nz2 - s 10.1 14.0 11.0 ] z 1.0 ? to A3 w
Ei 754 S7°32°N, SO°55°W %52 02 na 2 X 20 .0 0.7 1t g 0. ™
i n-18 $7°29°N, S0°S4'W %58 ” ®’.4 2.2 1.0 3.0 2.8 10 1 0.8 9.2 2.0 [
MIA-MRE-SS S714°N, 50°30°W 294 ” © 3.5 2.y 2.0 2.0 . 1.3 7 0.2 o7
W5-1 5711 %K, 50°24 ¥ 3708 3 [ 45 1m0 2.0 20 8 1.3 13.0 0.2 25 \
ws-6 S6°Sa'R, S0°22% mm ne [ 2.6 7.4 7.0 3.0 ¢ 0.7 (X ] 0.5 252 P
§ "4-21 56°4370, 4S8N 3740 108 " 3.5 14,3 2.9 20 S 10 X 0.4 3
E , we-z2 S6°25°K, 45N 3787 1 “ o ".2 3.0 3.0 & N 11 (X4 [ 5 B 5
W7S-F S6°DB"N, 49°31 N s n L (s.4) {9.4) 0.0 0.7 1.0 2.2 1.5 260
75-€ < s5°28°N, AB°SSW 3 1] L3 2.9 10.8 (X 3.5 N 0.5 9.2 0.5 260
ws-0 . sS4, v 20 308 i ] n 3.0 “.. 4.8 3.0 S 1.1 [X ] 0.4 %0
- nzs-1 SAITN, AN »n w “ .7 us 5.1 2.5 1.4 0.9 0.4 or.’
as-c 4TI n, 26 % 1% " 3.6 3.0 5.0 7.0° 0.9 0.6 [ X1 0
WS-8 54°26°%, 48°17% 1.5 6.4 4
-5 $3°81 °N, 48°10% » » I 2.8 n.s 28 0.5 1.1 7.3 . 0.8 ne
nz-1s SIRM, AN L0 ne @ “ 7.z 2.0 1.2 0.9 u.¢ 0.1 »
Lyize-11c SIUIBN, 4T oM 102 f s 1 (¥ a0 0.4 1.§ 0.0 m
ws-A 52°08°8, 46°26N% a7 - 9.8 n.2 3.4 1 1.8 3.0 r t ? ‘ ®
¢ T My M, LY: C.S.5. Medsom, WV Mama, U.S.N.S. Lymch .
- { ) : Oblique chenme] creesing
R,L : Right, Laft Toves, respectively B
. a : Eastern brench of the wper chennel .
. . b : Nestern braach of the wpper chemesl,




’ 154
’ \
. ' « Appendix 3. List of Cores
. . §
' Station Date Water Depth Location Latitude Longitude Core Length of
- No. Collected m, Corrected Langth T.W. Core
\ - (em) - (cm)
H75- 1 Aug. 26, 1975 4047 (AR 52°09.3'N 46°22. M ) N -
/ H75- 2 Sept.r2, 1975 3919 CF/ 54°23.5'N . 48"17,3'W - . 23 :
’ W75~ 4  Sept, 2, 1975 3783 RL 54°30.4'N 48°29.0'W 558 59
H75- § Sept. 2, 1975 3918 Co- CF 54*31.7'N 48°24.8'W 26 -
H75- 6 Sept. 2, 1975 3929 CF 54°31.8'N 48°25.6'W 75 53
H?5- 7  Sept. 2, 1975 ‘N LL 54°32.6'N 48°20.2'W 836 W7
o H75- 8 Sept. 3, 1975 3756 RL 54°48.7'N 1’8'58.3"{ 355 -
' H75- 9  Sept. 3, 1975 3883 CF 54°51.2'N 48°31.7'W 300 12
gg H75-10 Sept. 3, 1975 3861 tL 54°50.5°'N 48°26.0'W 406- 8
i [y .
5& - H75-11 Sept. 3, 1975 3696 RL 6§5°24.0'N 48°59.7'W 575 12
3 H75-13  Sept. 3, 1975 3861 o LL 55°25.7'N 48°49.6'W 708 68
H75-14  Sept. 4, 1975 3850 RL 56°07.1'N 49°39.6'W 135 -
A H75-156 Sept. 4, 1975 3764 CF 56°07.8'N 49‘30,2% 54 -
4 H75-16 Sept. 4, 1975 3732 ICF ° 56°05.5'N 4914 3'W 217 -
H75-17 Sept. 4, 1975 3699 Ik 56%07.5'N 49°16.8'W 365 -
;X H75-18 Sept. 4, 1975 I CF §6°08.2°N 49°31.7'W  camera station
; H75-20 Sept. §, 1975 3635 LL 56°59,1'N  50°16.1'W 5 -
, : H75-21 " Sept. 5, 1975 3718 CF  56°57.6'N 50°2V.4 MW -
. H15-22 Sept. §, 1975 3553 LL  56°67.4N 50°27.6'W 290 70
4 ) H15-23  Sept. 5, 1975 3579 RL  56°53.2'N 50%40.4'W 276 70 ot
1 H15-24 Sept. 5, 1975 3507 RL 57°27.0'N 51°05.4'W 815 87
J H75-25 Sept. 5,.197% 3646 CF 57°30.6'N 50°57.2'W 226 - .
¢ H75-26 Sept. 5, 1975 3588 (n ] 56°57.0'N §0°21.0°'W  camera station - !
H75-27 Sept. 6, 1975 3575 L §7°31.2'N 50°53.6'W 478 - ‘
, H74-65 ch. 19, 1974 3120 tL 59°58.7'N 56°15.3'W 158 -
H74-66 Oct. 19, 1974 3235 CF 60°00.1'N 55°49.5'" 499 < - "
H74-68 Oct. 20, 1974 3387 RL  59°32.9'N 54°29.9'W 850 - '
H74-77  Oct. 28, 1974 3983 RL 53°52.0'N *09.2'W  grab sample ~
H74-78 Oct. 28, 1974 3952 AL §3°52.9'N 08.7'W grab sample
¥17-196 Sept. 6, 1961 ' 2818 CF  60"44 N §7°50 ‘W 1034 28
V17-191 Aug. 31, 1961 3768 CF. 5514 'N 48°50 ‘W - 16
V16-228 Aug. 27, 1960 3407 RL 5821 °'N §2*18 'MW 1170 -
v23-21 Aug. 17, 1966 4232‘ 3 52°06 'N 4527 'MW lbO -
V23-20 Aug. 17, 1966 4127 LL 5124 N 4°3 ' 9% 39
) : A180-1 1952 © 5180 CF 39°07 'N 42°11 ‘W 370 -
H75-55 Sept. 11,-1975 -~ 2440 N 61°30.3'N $8°38.6'W 74 T - -
H75-56 Sept. 11, 1975 2464 vF 61°26.9'N 58*33.4'W 386 - .
H75-59  Sept. 12, 1975 1427 . CF 62°39.9'N 59°29.8'W 710‘ - v
H75-60 Sept. 12, 1975 1145 LL  62°40.6'N £9°22.4'W 700 - .
H75-61 Sept. 12, 1975 1473 CF  62°18.7°'N  59°36.1'W 819 - ;
H75-62 Sept. 13, 1925 1520 LCF  62°23,7°N 89¢18.1'"W 798 -
- H75-28 pt. 7, 1975 3093 * ER  57°36.6'N 45°05.1'% 627 o= e
H75-29 pt. 7, 1975 2395 ER  58%00.2'N  45°00.4°'W 912 -
H75-30 Sept. 7, 1975 2230 ER  58°11,9'N  45°40.3'W 900 -
Key: H - C.S.S. Hudson CF - Channel floor LL - Left lavee
V - R/V Vema CW - Channel wall ICF - Imarssuak Channel Floer
A - R/V Atlantis RL - Right levee ICL - Imarssuak Channe! Levee
T.W.- Triggér Weight . ER - E{rfk Ridge
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Appendix 5. Grain Size Parameters

( ' ] s Inclusive Graphic » )
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b * : (in percent) B .
Y - . :
? Core Core Carbonate. G‘ranite‘ Sand- Amphibo- Gabbro Basalt Anorthosite Others’ Total
" No. Depth Gneiss store Tite : No.
(cm) )
V17-196 \ 500-600 54.3 43.3 1.0 0.5 0.5 0.5 - - 210
H75-25 100-110 54.4 31.3 6.5 2.3 1.4 2.3 0.5 Ironstone 217
. . 3 -(1.4)
H75-25 140-150 46.5 44.8 1.2 1.2. 1.7 - 2.3 1.7 . Sillimanite- 172
Lﬁ . . schist (0.6) s
; . ’ . , : a
] H75-25 180-190 49.5 32.0 7.0 2.0 3.0 4.5 0.5 Sillimanite- 200
E" . schist (1.5)
? H75221 . 150-160-  47.9 22.9 20.8 2.1 4.2 2. - - a8
] H75-21 210-225 52.4 3.7 8.5 3.7 1.2 2.4 - - 82
'] ; ]
E - H75-14 53-57— 23.0 20.5 46.2 2.6 5.1 2.6 - - 39.
; ' .
: H?5-13.  480-483 40 60 - - - - - - - 5 -
. . .
] - v23-21 60-65 48.8 40.8 4.8 1.6 1.6 - 1.6 Ironstone 125
F - ~ . . ) , (0.8) )
- ] . : 1098 ~
- 46.3 - 36.4 10.6 . 1.7 2.1 J.9 0.5
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‘ . Appendix 8. Abundance of Ice-rafted Tephra and
] . . Ice-rafted Debris (IRD)

-

e

)

Core No. Core Depth ~ ' Tephra IRD

5,
; (cm) grains/g, > 63 u grains/g, total sample
» ‘H75-61 " 9-12 - 8,611
- 18-20 - 21,106
] 49-52 - © 6,466
; 89-92 - - 15,937
. 119-122 - 18,540
E 159-162 - 4,592 .
E ) H74-68 3334 + .10 6,244
‘ 142-143 4 1,782
q . 145-146 4 9N A
148-149 3 5,565 ’.
1 151-152 4 ) 147 - !
1 : 155-156 ] , 950 >
\ H75-25 3-6 - 18,408
1 : 17-20 - ‘
3 * ' s
¢ - H75-24 9-12¢ - 30,502
¢ 14-17 6 7,063
; 59-62 1 ) 8,238
¥ . 64-67 8 6,818
g 79-82 4 2,524
n 3 : . 84-87 7 10,208
? 99-102 5 9,125
\ 139-142 7 17,982
144-147 25 1,222 :
149-152 6 2,867
154-157 5 606 :
H75-22 14-17 ‘ - : 8,238
' 79-82 2 * .8,988
89-92 22 3,299
109-112 8 ) 3,299
| 164-167 2 761.
169-172 — 1 4,177
-172-182 17 .- 2,682
" H75-21 10-13 ‘ - 820 -

1720 % . - 2,603
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Appendix B (Cont'd)

.-

/

N Core No.  Core Depth Tephra \ ©IRD
£ ’ .. {em) - - grains/9,> 63;1\ grains/g, total sample
pi . : N ’ .
. H75-13 gs-ﬁ; - 33,244
‘ 267-270 - 1,337
; 310-313 - 731
1 320-323 1 4,180 ‘
: . 337-340 - 4,149.
» . 350-353 - 491
, C 376-379 - . . 563
; 390-393 ’ - - 435
; 402-405 60 : 315
s ) 449-452 - 7,045
! .. H’SN 175-178 19 - , 5,327
i ] 184-187, 12 2,013
b 274277 44 504 ‘
{ HE
P ~ h7s-8 - 10-13) - ' . 813
v . 2225 - - 1,006
E , , 223-226 : 2 269
{ 242-245 ,
¢
§ H75-4 10-13 . 8,164 ' }
‘ 44-47 3 . 1,205 g 1
é 67-70 - 2,182
3 86-89 1 12,986 .
94-97 - 18,002
107-110 - 9,663
115-122 - 96
) ‘ 211-216 - 175
, .- 545-558 - 8]
,;t ) 3
. f
{
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. Appéndix 9.  Organic Carbon and Carbonate Contents

Core Depth
o (cmz

50-51

98-100
191-192
301-302
441-442
450-451
455-456
490-492

38-39
141-142
171-172
216-211
4384-485 -
620-62]
801-802

10-12-
195-197
410-412
690-692
760-762

0-4
80‘82 o
156-158
350~352
.+550-552 -
750-752

'68-70

195-197
233-235
283-285

10-12
50-52
L6
260-26
3305332
430-432

¢

‘Organic
Carbon

@)

0.61
0.67
0.68
0.51
0.56
0.30
055
0.85

0.57
0.19 =
0.23
-0.97
1.05
1.00
0.79

0.39
0.36
0.54
0.73
0.38

0.42
0.35
0.30
0.89
0.83
0.92

0.48
0.69
0.88
0.96

0.49
0.65
10.88
0.43
0.29
0.50

Carbonate

(%

3.17
2.76
2.47
2.01
0.73
0.43
1.97
3.20

“Total
Carbon

(%)

. 3.78
3.43
3.15
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‘ Appendix 9. (Cant'd) b . ¥

iy Core No. " Core Depth Organic  Carbonate Total
¢ ‘ (cm). , .+ Carban ) Carbon
; & L (%) (%) (%)
; H754 "L 57 - 0.19 2.82 3.01 ‘

- , 100-102 0.33 2.66 2.99
? 250-252 0.93 3.08 4.02
4 - 470-472 0.92 2.16 3.08
| H7S-25 - 5-10 : 0.34 3.03 3,37

30-32 0.38 2.72 3.10
, \
» - ' '
g [~
4 * ) ‘ -
.
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Appendix 10. Method to Impregnate Mud for
Thin Section Preparation

I. Replace water with acetone in vapor tight contatiner.

a. 75% chloroform, 25% acetone ffor 1 day; . g
b. 50% T o B B o
c. 25% o, 75% v ey .
d. 0 " , 1003 " "2 days. :
Decant fluid.

II. Replace acetone with epoxy 1in vapor tight container.
100 parts daldite resin (No. 6010)
28 " hardener (No. 972) ’ for 3 days

47 " acetone
III. - Cure specimen,
Remove cover of container to allow evaporation of acetone for 3 days.

Place in oven at 30-40°C for 1 day.
Place in oven at 60°C for 1 day.
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