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ABSTRACT 

Continuous seismic reflection pr9filing, echosounding and a core 

'sampl~ng program carried out by and in cooperation with Bedford lnatitute 

of /Oceanography have provided new in~ormation on the morphology, sedimen­

tary facies and processes, and the history of development of the Northwest 

Atlantic Mid-Ocean Channel of the Labrador Sea. 

A sequence of layered sQdiments approximately 500 m thick consisting 

predominantly of terrigenous tJrbi3ites accompanies the Northwest Atlantic 
,~;..> 

Mid-Ocean Channel (NAMOC) as a b,r'o~d ban? and marginally interfingers with 

the: acoustically transparent pelagie and contourite facies of the Labrador 

Sea. The meandering channel ia a depositional-erosional feature formed by 

submarine mass flows dominated by turbidity currents. 

The channel has a meandering talweg and appears to have remained 

relatively stable fo~ a long time. There is little evidence for extensive 

lateral channel 'migration. The talweg is associated with a sequence of 

subdued submarine point bars which consist of lenticular, discontinuous 

bDdies of thick bedded, coarse-grained turbiditea and sand and gravel 

layers (channel-fill facies). 

Natural 1evees flank the channel for its entireLength merging with 

broad flood p1ain-like features that extend laterally up to a'bundred kilo-

meters. This spi1l-over' facies comprises thin bedded, fine-grained turbi­, 
dites dominated by thinly laminated muds. A layer-by-1ayer correlation of 

a sequence of spill-over turbidites is possible between two adjacent levee 

cores which are 70 km-apart. 

Individual units of paralle~ laminated muds result from singlè turbi-

dit y currents overtopping the channel banks. Each unit consists pf laminae 
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of granular material alternating with laminae of floccu+ated clayey 

material a tenth'of a mil~imeter to a few millimeters thick. 
• Upwa~d thick~ 

1 

ness variation of pairs of granular and flocculated laminae shows a 

logarithmic relationship with the'granular laminae decreasing logarith-

, mically upward in thickness and the flocculated laminae increasing 

logarithmically upward. 
... 

This logarithmic thicknes~ variation results from 

deposltion t~rough th~ vis cous sublayer of dilute'turbidlty currents by 
1 

mechanisms of sorting ,and differential/settling which are not yet und er-

stood in detail. 

The thin1y laminated spill-over turbidites differ from laminated cop-

tourites recovered from Eirlk Sedimentary Ridge, off 'the southern tJp of 

Greenland by the high degree of biotur,bation and/mottling, and 6y the 

predominantly"biogenic pelagie and terrigenous ice-rafted ,constituents of 
, 

the latter. 

The dominant sediment source for the NAMOC was on tne northe,astérn 

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

which glaciers supplie~ a large volume of terrigenous sediments •• 

Turbidity cùrrent activity in the channel probably start~d 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 

.-"" ...... -- --- ... 

7,100 y B.P. when deglaciation was rapidly proceeding. Averaged over the period 

betweefi 20,000 ~nd 7JOO~ y the episodes of large-sca~e turbidity curtents that 

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

avera~ sedimentation rate of ,the levee tdrbidites during the ~ate 

Pleistocene is about ~3,cm/lOOO years. During much of the glaciàl episodes 

the northwestern Labrador Sea was covered with sea ice. 
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Vol,uminous sp..ill-over muds with r.el~tively hi,,\h organic carb?ft content 
~ • 1 

,(av. o. B%) and a8socia~ed coarse-grained channel-fill sediments of\.buried 
'# . lt.. ________ ~ 

deep-sea channels may under $uitable diagenetic con~it1ons become.targets 

for future petroleum exploration in the deeR-sea. 
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RESUME 
, 

Un programme de profilage par réf~exion séismique continu, de sondage 

ultrasonore et'de carottage entrepris avec la collaboration de l'Institut 

d'océanographie Bedford a permis de recueillir de nouvelles donnees sur la 
• '1 

morphologie, les faciès et l'activit~ sédimentaires, et l'historique du 

développement du Chenal médio-Oceanique du n~d-ouest de l'Atlantique, dans 

la mer du Labrador. 1 .' 
Une séquence de sédiments stratffiés d'environ 500 m d'épaisseur com-

posé~ essentiellement de turpidites terrigènes borde le chenal.et s'inter-
\ , 

digite avec les faciès de contoûrites et les faciès pélagiques ~coustiq~e-

ment trân~parents de la mer du Labrador. Le chenal, méandriforme, est une 

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

marins domines par des courants de turbidités. 

Le chenal possède un talweg lui aussi m~andriforme et s~ble être 

aemeure relativement stable depuis ':longtemps. Il Y a P~/d'évidences d'une 
/' 

/' 

migration l~r~le importante. Le tal~eg est a~aê1é a une sequence de 
/' / 

barres sous-~rines mineures consistant' en 4, /'lendculaires et discontinus . ~~/ 77/ j'Y , 

de turbidites épaisses et grossdr'~,"~/' lits de sable et de graviers 
, / .. ( 

(faciès de remplissage de chenal). 

Des levées flanquent le chenal sur toute sa longueur e~ se perdent dans 
" 

ce qui semble être une_gra~de plaine d'inondation,pouvant s'étendre sur unè ~ 

" centaine de kilomètres. Ce faciès de débordement comprend de minces et 

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

correlation de lit-à-lit'd'une séquence de turbidites de débordement est~ 

possible entre deux carottes,adjacente~ prises dan~ les levées et situées .. 
à 70 km l'une de l'autre., \ ~~ 
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Chacune des unités des boues laminées résulte d'un courant d~ turbi-

dité dé/passant les rives du chenal. Chaque unité consiste en lam1Ilae de 
ç-

matértel granuleux alternant avec des ,laminae de matériel argileux 'floculé 

d "un dizieme de millimètre à qu~lque8 millim~tres d'épaisseur. Il 'l, a ... 

relàtion ~ogar1thmique dans la vatiatic:'n verticale de l' ép'aisseur dès, 

'couplets de laminae granuleuses et floculées, l'épaisseur des couplets de 

laminae granuleuses diminuant logarithMiquement vers le haut, et celle des 

laminae flocu1ées augmentant logarithmiquement vers le haut. 

Ces variations logarithmiques d'épaisseurs sont attr!buées à une 

déposition à travers l'horizon 1amittaire de courants de turbidités de 

faible concentration où entreht en jeu des mécanismes de tri et de sédi-

mentation différentielle qui ne sont pas encore éompris en détail. 

Les minces turbidltes de débordement se distinguent des contourites 

recueillies sur la Crête Sédimentaire d'Eirik, au rarge de l'extrémité 

méridionale du Gro~nland, p~r le ~egré élevé de bioturbation et de bariole-
\ 

ment et par la préd9M~nance ~e constituants biogènes pélagiques et 

o' ,g' jS,léments- terrigènes Aériv~s de glaces flottantes qui èaractérisent les 

contourites. 

Les sédiments du Chenal médio-océanique du nord-ouest de. l' Atlantiq,ue 

ont pour source dominante la plate-forme continentale canadienne, surtout 
, 

au large du Dét~oit d'Hudson, qui a reçu des glaciers des appo~ts importants 

de sédiments terrigènes. 

La présence de courants de t~rbidités actifs dans le chenal remonte 

~ probablement à l'établissement de conditions de glaciation vers le milieu , ' 

du Pliocène. Vers la fin de la dernière glaciation, l'~ctivité de courants 

ftl de turbidités semble avoir été concentrée"à l'interieur de quelques milli~ 

d'années et cessa vers 7,100 a B.P. lorsqu tune rapide déglaciation eut lieu. 

v 
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En~yenne\, au c '~~s 20,000 à 7,000 dernières années, les épisodes decoumnts 

de tu~itéi à grande é~le' ~ de déborder des rives du chenal se 

.prodUiSa1~ peu à tous le~~ns. 
turbid?tes dah~es levées p~ndant le,,~lé~stocène supérieur est d'envir 

13 cm/l,OOO ans~ Pendant la plus grand~Rartie des épisod~ glaciaires, le 
'" '-, 

nor,dAouest de la me 
/ ' , 

u Labrador étai~ couvert de- glace. 

Des volUies 1mpoF poues de débordement avec un contenu de 

carbone organique relativ élevé (en moyenné 0.8%) assoc~ à des 
, 

sédiments grossiers de rempli de chenaux aby88~ux et enfouis dans des-, 

environeaents diagénétiques adéqu ourraient devenir des cibles in té res-
, 

J:lantes pour les futures explQ.rat.ions 1ières en eaux profondes. 
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ŒAPTER l INTRODUCTION 

Marine geological etudies of su~marine canyons and deep-sea channels 

have progressive1y revealed the importance of processes of submarine mass 

flow<1n the transport of coarse-grained terrigenous materia1 ·to the base of 

slope ~d the deep ocean basins. The~e studiès have also helped pa!eohydro-
, 1 

\ ) 
dynamic and paleoenvironmental interptetatJorls of aatient sedimentary depo-

sits. Mass flow procesees such as slumps, debris flows, grain flows and 
• 

turbidity currents are not restricted to submarine canyons, fan valleys 

and deep-sea channels on the continental slope and rise, but also play a 

role on deep-sea trench plains (Piper et al.,' 1913), ànd on abyssal 

plains (Horn et aL, 1971) and on thé abyssal sea floor. On the latter some 
/ 

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

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

,Labrador Sea and northwest.Atlantic Ocean. 

Along the course of the Northwest Atlantic Mid-Ocean Channel (hence-

forth abbreviated as NAMOC) of the LabraQor Sea'a band o~'young coarse-

grained terrigenous sediments floors the central Labrador Basin, dissectiag ,. . 
the blanket of pelagie and hemipelagic sediments: Much of these young sedi­

ments were deposited when the Quaternary glaciers extended far out on the 

northeast Canadian continental shelt. Identifi~ation of end moraines and 

other glacial landforms implies that much of the shelf was covered by the 

Laurentide ~ce sheet during the Wisconsinan. Seaward penetratihn,and 

retreat of the"glaciets have deposited large vol~s pf' sediments on \he 
shelf as ground moraines whe~ the sea-level stood Ibwer or as submarine -

/ 
glacial drift under the ice sheet in the deeper outer $helf (Fillon, 1975). 

" 

Submarine canyons at the shelf edg~ were the loci of submarine mass flows 
'\ 

.­
.," 

1 

, , 
/. 



o 

.. 

2, 

) 
which originated from these piles of"'Sediments on the shelf. Especialty, 

the she'lf edge off Hudson Strait was a locus for supply of ten;igenous 

material, for the ice lobes flowing out of Hudson and Davis Straits coal-
" 

esced here (van der Linden et aL, 1976). 

Different from other continental margina where submarine mase flows in 

submarine canyons on the slope res~lt in the formation of deep-sea fans at 

the base of the slope the fl9wS generated off Hudson Strait in the north-

western Labrador Sea ap~rent1y bypassed the base of the slope, not forming 
1 

a deep-sea fan where it wouid be expected ta occur. Instead these flows 

were guided southward across the deep Labrador and Newfoundland Basins by 

the NAMOC (FLgure 1) which acted as an enormous funnel' way for these glacial 

terrigenous.sediments; Individual flowa have" probably travelled for the 
, 1 

entire length of the channel o~ about 3,800 km. Transport of large amounts 

of sediment through t~e channel has probably involved aiternating and 

, repeated phases of erosion and deposition, erosion dominating in the channel 

ta keep it cle~r from excess sediment, artd deposition occurring predomi­

nantIy on the channel banks forming broad natural levees • 
. 

Conceivably the submarine mass flows were initiated from the piles o.f 

glacial Bediment .. deposit~d on the sheH edge. This concept, however, leads 
,1 , 

ta a number of questions' related to the mechaniams of initiating such flowa. 

What were the mechanisms involved1 Did the flows start in the form of sub-

glacial melt water underf10ws? Did they result from sediment instability 

due to excessive -glacial deposits on the outer 8h~\lf? Or were they 'trig­

gered by more catastrophic events such as earthquakes? Were the flows 

largely generated under the ice's~eet during glaê!~l advance? Or were they 

mainly generated during the ~etreat of glaciers fram the shelf1 What was 

the volume of individual flows? A~ what frequency did they occur? Why did 

! 
1 
i 

i ' 

1 \ 
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Figure 1. Major physiographic features of the Lab~ador Sea, 
modified ?fter 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 NAMOC undetermined. 
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\. 
they bypass the bas~ of the alope? 

Current models of deep-sea channel ~edimentation based largely on 

résults from the north~ast Pacifie (Nelson and'Kulm, 1973) have emphasized 

certain analogies to sedimentation alopg subaerial fluvial channels, such as 

the differentiation between coarser-grained channel deposits and finer-

grained, thin bedded overbank or natural levee deposits~ Also meandering or 

braided channél patterns have been found or inferred for deepLsea channels 

in various ocean basins. On the 0~4er hand, individual continuous turbidite 

layers were traced for long distances 'in Cas cadi a Channel blanketing a -f1at 
~ 

, -
channel floor (Griggs et al.,1969), unlike most r1ver'channels. How does 

the NAMOC match those dtfferent models? To what extent does it resemble 

subaerial river channels? In what respect 1s it different? 

On raPid deglaciation of the continental shelves with subsequent 

eustatic rise'of sea level the gl~cial sediments on the shel~probably no-

10ng~reaChe~,a position at the shelf edge suitable for the generation of 

submarine roass flows. It appears that the NAMOC is at pres~nt inactive as 

an avenue for mass flows. Wben did the act1vity cease? In the northeast' 

Pacifie, activity of channel processes decreased markedly 1n Holocene (ime, 
'1 

as shawn by a sharp decline ~n the number, thickness, and c6a~seness of 

turbidites (Nelson and Kulm, 1973). Does the sarne hold for the NAMOC as 

well? 

It has been generally recognized that bottom water circulation plaY8'a 

significant role in transportihg fine-grained abyssal sediments. In the 

periphery of the Labrador Basin contour-foilowing bottom currents, intermit- ) 
1 

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

ponsible for building up sedimentary ridges, composed of contourites, such 

as Eirik Ridge off the southern tip of Greenland. Few criteria have been 

.1 .. -... -

1 
i 
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Figure 2. Bathymetrie ehart of the Labrador Sea. modified after Johnson et al. (1971) and Egloff 
and Johnson (1975). Depth in fathoms (nncorrected) at an assumed sound velocity of 800 fm/s. 

J' 

fi l ' 

l ' l' 1 1 ~ f· i 
r . :. f= 
;"": " , .. j:(.:...:..;".::..........---~ ~~ ~ 



~~".""" ___ ' __ ~~_~"""""H"'_ ~_~ ..... ___ ", .... _. __ ~_.-.4;_'",I"'~"'" __ ,_._.""',_ ..... _____ ..... _ ..... _. _ .... n __ ' _, .... l_ .. ____ "I"p ... ,,,._ ... _. 

( 

( 

6 

-.1 
proposed ta digtinguish contourites from d~~ta1 turbidites (e.g. Bouma and 

1 

Hol1ister, 1973; Piper and Briseo, 1975). How do contourites on Eirik Ridge 
l , • 

eo~pare with other fine-grained terrigénous deep-sea sediments, fôr exa~le 

those on the NAMOC 1ev~es? What are 'the prin~ipa1 differences between fine~ 

grained distal turbidites or levee turhidites and cQntourites? 

Beside the terrigenous facies and the contourite facies, pelagie sedi­

tœnts and abundant ice-rafted debris in the deep Labrador Basin.'constitute' 

an additional distinct facies./ The quant:it~ of pelagic carbonates and ice-
o ') 

rafted debris in deep-sea sediments has been used as a pa1eoclimatic' 

\ 
indicator. The relation~iP between rate of sedimentation and climate ts 

complex and influenced by a num er of factors.' During climatic deteriora-

~1on sea iee formation in the hig latitudes -prec1udes the supp1y of ice-
-c' 
;~r!!ted dc:hris and marked1y ~owet's s,\face productivity,. whereas abundant 

ice-rafting and-high carbonate production are associated with ~armer periods 

(Keany·et aL, 1976). Much o·f t1;te pre~ent 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? 
--~----

A "'Considerable volume of terrigenous seclimen ts funnelled through --the -- - ------
...... .('10 .. -. 

NAMOC system covers the axis of the"cea~ràl Labrador and Newfoundland Basins • 

Yine-grained levee deposits with re1atively hlgh organic carbon content a~ut 

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

suitab1e source and reservoir deposits'for hydrocarbo~s if subjected to 

favorable diagenetic C~diti~:~~~~: 9 m thick coarse sand 

layer cored near Imarssuak Nid-Ocean Channel at Deep-Se~ Drilling Projeet 

(DSDP) site 113 (Laughton et ~1., 1972) shows that such layers are not 

. , 
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restricted to the younger deposits of the Labrador S~a. Does this imply a 
1 

,the~retical petroleum potential of older deposits of the central deep basin? 

One of the important questions related to the deposition of terrig~~oU8 
\ 

sediments along the NAMOC concerns the source of thesé materials. This 

9uestion ~as remained unan~wered sinee the channel was first discovered in 

the early 1950'8, due to the lack of adequate bathy~etric information and 
o ' 

core ~ample8 from the channel head area. Do the terrigenous sediment$ of 
J' •• ~.' -.r _.. "" • 

the NAMOC ,ôrig1nate predominantly from the Canad1an or t~e Greenlandian 

cossta or are they deri~d from both sides? 

,In the foregoin~,par~aBhs-aome of the basic problems of sedimentation 

-- --------in a small.()cean, basi~ in high latitudes have been otitlined. Among the 

small ocean basins the ~abrador Sea ia perhaps unique as a'single mid-ocean 

channe} àystem profoundly influences the sedimentary facies distributio~. 
; , 

Obviously a detal1ed study of sorne of these long-standing problems was 
. - "'-

warranted. 

Field Work and, Data AcquisItion 

Field work for this study was done in cooperation with Bedford Institute 

of O~eanography (BIO) aboaid C.S.S. Hudson. It was started in, 1974 and con-

tinued during the summer of 1975. During the 1974 crui~ ,(Hudson 74-026-

Phase ~V) bathymetric profiles across the upper reaches of t~e channel were 

obta1ned. Due to unfavo~ab1e weather conditions in September and October, 

1974 on1y"a limited number of cores and grab s~mples was recovered (for 

,stations see Figure 3 and Appendix 3). During the 197~ cruise (Hudson 75-

009-Phase IV) a detai1ed bathymetric study, an elttensive coring pro,gram and 

deep-sea photography were carried out in a selected _area over the middle 
-~-----------------

reaches of the NAmC betw~u--3-2-micf 57° 30' N (for" ship traclcs, core and 

,." 
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eamera stations see Figure 3 and Appendix 3). 

Bathymetrie and seismic~refleetion profiles aeross the NAMOC'north of 

56°N equally spaced at 30 km intervals were obtained by M/v Minna in 1974 , 

(Macnab and Sri~astava. 1975) and C.S.S. Hudson in 1975 (cruise 75-009-
) 1. ~ ,~ ------

Phase V) 'and , made availab1è for this stud:9, courtesy,Dr., S.P. Sriv~stava,. 

BIO. Seven ad~itiona1 seismie profiles aeross the NAMOC bet~een 55°N and . , . . -

Char lié FrAèture Zone were run by USNS· Lynch in 1972 (Eg1off and Johnson, 

" 1975Y: '~Copi.es of lîhe ~rigina1 profi~es were kind,lY provided. by Dr. J. Eg1off, 

U.S. Naval Oceanographie Research and ,De'{E!lopment'·,Activity. Bay St~_ Louis, 
, 

Miss. IAccess to additiona1 piston core samp1es recovered from the NAMOC and 
" ",-' ~ . ~ 

its vieinity by R/v Vema was made possible by Lamont-Doherty'Geo1ogiea1 ~, 

Observatory, Pa1isades, N.X. Subsamples of,eore materials from sites 112 
) 

and 113, Leg 12, of the. Deep-Sea J>rilling Projeet (DSDP) were made available 
1 

by Drs. W.A. Be~ggrên and U. Franz. 
1 c' 

Three cores taken from Eirik ~idge during the 1975 cruise (Hudson 15-

009-Phase IV) were made availab1e for this study, courtesy Dr. R.H. Fi11on, 
1 

BIO. \ 
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v 
~ddendum Sung Kwun Chough Ph. D • Thesis 

Exploratiôn History of the Northwest Atlantic M~d-Ocean Channel 

The Northwest Atla~tie Mid-Ocean Channel was diseovered in 1949 by 

B.C. Heezen aboard R/V Atlantis in the abyssal plain east of Newf9undland. 

In 1952. the existence of the channel was confirmed by a survey with more than 

80 crossings aboard KevIR/Moran anâ R/V Atlantis, in the Newfoundl~nd Basin 

between 52° and 38°N. (Ewing et al., 1953; Heezen et al., 1959). 

In the Labrador Sea between 520 and 600 N the channel was further traced 

_ by prake et a1.(1963), Rvachev (19~7) and Johnson et al. (1969). Jezek (1972) 

comp1led echojsounding profiles obtained from th'e Labrador Sea north of 600 N 

by Danis,h Hydrographie Service, Canadian Hydrographie Service, U. S. Naval:' 

Oceanographic Office and the n.s. Coast Guard in an attempt ta establish possible 
, 

northern extensions of the channel. 

Prior to the present stu~ which was started in 1974, a bathymetric map 

of the central L@rador Sea (Figure 2) was prepared through(l,various echosounding 
\ 

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

Oceano~raph:!c ·'Office.l eJoh.."1son et al., 1971). the 'Bedford Institute of Oceanography 

(C.S.S. Hudson cruise 72-025, van der Linden and Srivastava, 1974) and aboard 

USNS Lynch (Eg10ff and Johnson, 1975). These studies have also established 

the general channel morphology and postulated the possible depositional-erosionàl , 
origin of the channel by" turbidity currents (Heezen et al.. 1969; Egloff and 

Johnson, 1975). 

A sediment core from the f100r containing fine sand and two silty lutite 
o 

cores from the levees of the channel near 39°N were aIs a considered evidence for 

the sedimentary origin of the channel by str~ng currents f10wing frQm north to 

south (Ewing et al., 1953; Heezen et al., 1969). Sediment c~res from the floor 

and associated levees of the channel in the north of 52°N were casual1y obtained 

during various R/V Vema cruises during the period between 1961 and 1969. These 
l ' l ''l 

core matei'ials w,ere previously not studied a~do thus included in the present st,udy, 

courtesy of Lamont-Doherty Geologiea1 Observatory. .. {'. ; 

It was obvious that a detailed sedimentological study including channel 

morphology, the sedtment source, sedimentarY,facies and processes of sediment - , 

transport and deposition was warranted. 
! j 

,1 
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, Figure 3. Bathymetrie and seismie survey trpcks Beroes and along the NAMOC in t.he st.udy are 
Hudson, USNS Lynch, R/v Mar1posa, R/V Gloœar Challenger, and National Geophysieal and Sola1'-Terre 
DSDP repre~ent R/v Vema, C.S.S. Hudson.,R/V Èltanin and Deep-Sea D1'1ll1ng Project core stations, 
by double 'stippled lines. l'wo broken lines on both sicles of the channel indieate the extent <;,f 
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CHAPTER II - MORPHOLOGY 

~hannel P~siti~n 
The NAMOC extends for more than 3,800 km, from about 60 0 30'N off 

Huds~ Strait to about 39°N, ~herè it merges ~ith Sohm Abyssal Plain 

(Figure 1). lt traverses the Labrador Basin approximately along its medlan 

linë unUl it tums east north .of Orphan Knoll at 52°N. 'The channel trends 

east for aoout 90 km along the Charlie Fracture Zone (Egloff and Johnson, 
.. 

1975). then' it enters the Newfo~nd1and Basin to the south. At about 39 ON 
, 

the channel swings westward entering Soqm Abyssal Plain where it eventually 

becomes morphologically indistinct. The NAHOC has two eastern tributaries 
~ . 

between 156 ° and 57°N (Figure 1)."'t One, the fmarssuak Mid-~ce~ Channel 
.. 

(lMOC), which originates in the West Reykjanes Basin on the southeast side 

of Greenland (EglQff, and Johnson, 1975), joitls 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 appears to be a minor one which do~s Jot extend far to 

• the northeast. 

In 'the following sections morphological data for the NAMOC aie dis-

cUBsed. 

Cross-sectional Profile 

In vertical l'Y exaggerated cross-sectional profiles. (Figure 4) the 

NAMOC appears to be generally box-shaped ~ith a fIat floor and relatively 
, 

steep waHs', A detailed survey of an approximate1y 180-km-Iong stretch of 

the middle channel betwe~n 56° and 57°30'N shows a rather specifie ehannel 

morphology. On most. crossi~gs the channei displays an asymmetrie shape with 
J \ 

the r~ght (west) wali being consistently steeper (average slope pf 4.3°) 
.. ~l 1 

. ' 
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Figure 4. Transverse profiles aeross ·the NAHOC from the 

channel he ad ta Charlie Fracture Zone,-M, H, ,and L - numbers 
represent M/V Minna, c.S.S. Hudson, and USN9 Lynch surveys, 
respectively; land G ~re also Hudson profiles; numbers on the 
r1ght~hand side serve for location of the lines in the inset. 
Vertical exaggeratian 100:1. Scale bar app11es ta Minna • 
profilee; for those- profiles oblique ~o the Minna profiles the 
seale bar should be rotated. 

" 

\, 

.. 

) 

\ 

( 

" . >$' 

" 

-----'--

" . 

,1 

o 

"1 

0 

1 

'1 
1 

î 
! 

L 



c 

___ L ___ _ 

-:_. '~-'. :=-. 
______ -

___ 1 

t7".:--'----' ~', _ 
.,1-

L .. 

H·. 

H. 

• 

III 

J~ 
/1 • -. 

;~ 

• 



( 

, , 

. ' "'.' ~'~,..l' "' 
...... r' 

i 
1 . i . 
r~ 

\ 
f 
~ 
1 

~ 
f 

f: 

J 
y:. 

! (1 ,~ 

r 
( 

r' 

l' ," 

/ 

12 

1 

than the lef~' (east) waH (average slope of 3.2°). The 'channel floor Is 

slightly inclined with an angle between 0.2° and 1.5f sloping either toward 

s~west or northeast. ~At the deepèst point the channel Is entrenched br 

0.5 to 10 m ~ver a 0.5 to' 1.5 km wlde area. This observation was' the first 
\ 

hint that the NAMOC may possess a talweg and that this deepest part of the 

• 
channel may be meandering, a feature comparable to aubaeria1 channels. 

The NAMOC ia bétween 2 and 5 km ~ide at the flaor and 100 to 200 m 

deep. Measured at'the cresta of the levees chanftel width ia between 6 ani 

19 km. Natural levees accompany the channel for its entlre length and 
, 

develop laterally into bro~d flood plain-like areaa up·to a hundred kilo-

meters ~ide. They are built u~ .to an 8ver~ge 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 alope gr~dient of the 

levees away from the channel iS higher on the right levee (average slope of 

U') than on the left levee (average s~ope of 8'). Both gradients gradually 

decrease downcurrent • 

Longitudinal Profile 

A 1:,200 ~,longitudinal profile from the he ad regian to Charlie Fracture 
, " 

Zone was c~structe'd from 31 transverse profiles. It shows three major 

segments of the NAMOC (Figure 5) in this region: an upper, middle .. and 

Iower segment, with slope gradients' of 0.002,0.001, and 0.0005, respec-

tively. 

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

between 60 ol0'N and 59°40 ' N where the slope gradient of the floor Is rela­

tively high. The channel floor of the west branch ia cut doWn by about 

60 m deeper than id the east branch. A talweg ls present in both branches 
~ 

'­, 

, , 
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indicates channel depth. 
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of the upper channel, but the east one appears ta he the locus of much winnowing. 

From the confluençe of the two branches the middle segment extends to , 

5~030'N with a gradual<decrease in slope gradient. In tbis segment the 

channel attains its maximum relief and the average difference in height 

between thf;! left and right levee (63 m) is greatest. 

A downchannel gradient of 0.0005 and a less pronounced difference in 

levee height characterize the Iower segment of the channel. Further down­
, ~ 

stream the gradient of the channel decreases slightly more. In the 

Newfoundland Basin the slope gradient of the NAMOe is as low as 0.00045 

(Ewirig el: aL, 1953). ).,. 

The significance of variations in the longitudinal gradient of the 

NANoe with respect ta levee height and their implication regarding bath the 

eXpected flow characteristics of turbidity currents and the ~extural 
" 

characteristics of 'their deposits ls discussed in the sections Ion channel 

and spill-over processes. 

J 
Channel and Talweg Meandering 

The me an de ring pattern- of the channel and talweg was initially recon­

structed from' Precision Depth Records (PDR) on a ship-tJack Of C,.S.S. Hudson 
/ 

(cruise 75-009-Phase IV), across and parallel the channel in the middle 

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

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

ship spaed of less than 6 knots. The location of the talweg is apparent 

on the cross-channel records (Figure 7A, B): On some records parallel to 

the channel, the ta~weg could b,e determine~ with -special precision at sQme 

outer me an der bends where th~ talweg cornes 'so close ta the chan~el wall 

that side-echoes from the wall appear on the PDR records simultaneously 

fi , 

------_._-----_._"-----' ,~\ 
,. ~P,.,. J.' 
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1 
Figure 6. Ship track and meander pattern of the channel 

and talweg. B: Bold Unes are lo~ations of profiles shown on 
Figure 7. C: Diagonal hachures: 'portions of channel where 
side-echoes from channel walls were seen. Actual crossings of 
talweg by ship traCk shown as 'bold' Unes. For other information 
see Figure 3. ~ 
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Figure 7. 20 kHz bathymetric profiles acrass and alang ~ 
1'.~ 

the showing the talwes ·(betWeen arrows). Distance between 
horiz tal Hnes ia 20 fm; distance between vertical broken 
Unes i8 approximately 1 nautical JRi:le. For location of profiles, 
see Figure 6B, bo~d part of ship track. A: ~ne1.- crossing at: 
56°57'N, SOo22'W ~i~h talweg near higher-w~rn levee; a~rows 
indicat:e 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; dêpth of talweg i8 approximately 5 m; 

1 

, downcurrent direction' painting out of picture. B: channel 
crQ8sing at 56°58'N, 50 0 22'W showing talweg near hlgher weste-rri 
levee; arrOW8 indicatè width of ta1we~ of approximate 400 m; 
depth af talweg i8 approximat:ely 2.5 m; carr~ed water depth,~~_ 
3,730 mi subbottom reflectors in the upper 15 on the right 
levee suggest internaI stratification due to i terlayering of 
sands and fine-gra1ned turbiditic and pelagie muds. C: profile 
near eastern levee (appea'ring as side echo in center of picture) 
at 56°48'N, SOoOO'W; ship's track intersecta meandering talweg 
twice; inslde the twa central arrow~ the talweg runs midway 
between eastern levee (in background) and point bar (ciosest to 
"iewer, about 8 ta' 10 m higher than talweg); downcurrent direcJion 
to thé l'ight; note relatively h;1gh reflectivity of talweg, ,which 
is indicative of coarae (channel-lag) sediments; corrected water 
depth 18 3,738 m. 
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! 
/ . 

wi th the talweg (Figure 7C~. Wi t~ the limited ~ta availab le the re con-

structed meander pattern of the channel and t~weg appears ta be the best 

interpretation possible. although more c1o~é'iy spaced bathymetri~ "lines 

might revea! a slight1y different pattern' in detail. 
/ . 

The talweg meanders wi th about ttié same wave1ength (50kn') but Bligh tIy higher 
1 

amplitude than the channel, Le. U/~nd 10 km. respective1y (FigU~e 6C). 
/ 

1 
These averages are based on the t"econstructed meandering pattern of the 

~annel and talweg for the entire reach between the head region and 54qN 

/ 
for whlch the clasely spaced 1974 crossings by M/V Minna (Figure 3) were 

/ , 
~ / 

aIso a:vailab1e. 
, 

Figures 3 an~ 6B clear1y show a re1atively low sinuosity of the mean~ 

/ 

dering channel.4nd talwèg. The sinuosity ls the ratio of channel length to 

meander~ngth. For Most river channels there is a constant relati~s~~~ 

of roe~der wavelength to channel wldth. On Leopold and Wolman' B (19.60~ 
o .~ 

/' 

meander wavelength-channel width (L/W) dlagram (Figure 8) the NÀMOC plots 

below the 10: 1 (L/W) line characteris tic for subaeri~l; rivera; Le. it~ ______ ·,/ 

wave1ength tQ channel width ratio la 1e8s" th~ that typlcal fo~ f1~vla1 

channels. !bis is in line with data from Maury Mid-Ocean Channel or the 

Gulf Stream which a1so have a smaller than 10:1 ratio of meander wavelength 

ta channel width. It thus seems that hydrodynamic processes in large sub-

~ 

marine channe1s differ systematically from those in subaerial ones as will 

be further discussed in the section on channel procesaes. 

Submarine Poin t Rars 
" 

On MOst crossings the channel fl~r is slightly inclined toward the 
~ , 

,..~ 
~ 

-.} talweg with an angle between 0.2 0 and 1.5 0 ~~See~lgUre 7A, 'B) dlpping 

./ alternately e~ther toward southwest or northea;'\( iguI1l 9A, C). _,-~ 
"~ ... "...--

~"" ~< ....... 
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. "', 
MOrpho1ogie~11y thls change in direction o~ f100r lncllnatién toward the 

talweg may be. interpreted as a'sequeace of point bars associated with t~e 

, meandering t~lweg. Thi~ la appare~t on the eo~eave (lnner) bend of th~ 

4.0 }an segment of the ta1wes mel!inder shawn in 'Figure 7e. Subbottom 
, 

refleetors in the upper 'part of the sediment, e01!J111ll on some channel pro-' 

,files reve)!l o~l.ique interna! stratification supporting ,the interpretatlon 

~~ submarine point bars (Figure 9A). The same feature ls a1so visible on 

a ~low-sean profile obtained wnile the ship was drlfting on station 

(Figure 9~ C). A short pistdh core at,this station (H75-6) contains a 
'# ' 

layer of sand under a thln veneer of flne-grained pelagie 1utttes • 
• 
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- Figure 9. Subbottom reflectors from the channel floor at 
54°33'N, 4So24'W (betwéen statioQs 4 and 7) sh~ng Incl1ned 4 

strat. dipplng toward west and p~obably representlng internaI 
stratification'in a submarine point bar; downcurrent direction 
pOinting out of the Figure. A: distance between horizontal 
lines 1s 36 m, distance between vertical broken lines.is' about 
200 m. B: distance between two vertical broken lines ia 
approXtmately 20 m. Location ~pproximately 400 m west of A. 
C: detailed subbottom stratification; total height of picture 
ia about 40 m, .idth is appt'oximately 20 m. 
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CHAPTER III SEDlMENTARY FACIES 

Facies Distribution 

Four d~stinct sedimentary facie~ occur in the central Labrador Sea 

(Figure 10): .a) the channel-fill facies of the NAMOC, b) the spill-over 

facies ~8sociated with the channel, c) the pelagic-hemipelagie facies 
" ~ .. and 

d) the bottom-current depoaits' (con't'ourite facies). 
\ , 

The deposition, of pelagie 'sediment results from particle-by-par,ticle 

settling of biogenic components and terrigenous detritus. In the Labrador' 
:'> 

Sea the latter inc1udes abtmdant ice-rafted debris. _ In the 'vicinity of the . - , 

NAMDC pelagie sediment~tion h~s been frequently interrupted'by the rapid 
1 

input of nérrigenous sediments by channel proeesses resulting in an alter-

nation of terrigenous and pelagie layera. The latter are limited in number 

and thickness. The terrigenous sediments cover an area up ta a huridred 

kilometers wide on either side of the NAMOC comprising ~oth the channel­

fill facies within the confines of the channel and sptll-over facies on the 

natural levees deposited by flows 'Iovertopping the channel walls. The 

channel-fill facies consists of thiek bedded, coarse-8,rained depasits in 
~ 

contrast to the spil1-over facies which Is predomlnantly thin bedded and 
, 

fine-grained. Sottom current-deposits (contourites) constst of pelagie and 
. 

.. hemi~elagie sediments rewor~d by contour-following deep oceanic currents. 

In the Labrador Sea there are two con tour! te 'l'idges i' Eirik Ridge 'On the 

-south Greenland continental rise, south of Cape Farewell and Gloria Drift 
'\ 

in the central southern part of the Labrador Basin, respective!y (F~gure 

10). These are piles of acoustic4lly transparent sediments dtfferentiated 

from the pelagie facies by their characteristic hummocky surface morpho-

loKY, which y1e1d~ wavy or hyperboliç reflections on echograms and seismic 

l ' 
f ' 

.' 
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Figure 10. Schema tic ~edLmentary facies distribution of the central 

Labrador Sea ex~rapolated ta a subsurface depth of 500 m on the basis of 
seismic reflection profiles, partly after Egloff and ,Johnson (1975). 
Diagonal1y 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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records (Oavies and Laughton, 1972). 

A tentative Interpretation of the seismic profiles (Plate 1) suggests 

that approximately a 500 m thick sequence of alternating terrigenous/and 
1 

pelagie sediments was deposited in the central Labrador Basin"under alter-­

nating regimea of predominant channel processes and sUDordinate pelagie 

sedimentation. In the fo11~ing sections the diagnostic features of each 

facies, such as occurrence, sedi~ntary structures and texture and sequen~ 

tial analysis of structure divisions, revealed in the to.pmost 10 m of 

sediment~ are discussed. 

Channel-fill Facies 

Occurrence 

Coarse-grained deposits, layers of sand and gravel, extend along the 

length of the NAM~ floor; they were found in a1most aIl of ,the channel 

cores taken from the head reglon down ta the termination of the channel 
" , 

near .. 39°N ,(Figure 11; for descriptions of 1ndl~dual!lcores lsee Appendix 4). 

Layers are up to several meters thick and show distinct depositional1units: 

graded or massive divisions bound at the base by a seour surface and sOme-

/times being overla:l,n by cross-bedded, cross-Iaminated and parallel lami-

nated divisions. 

Core V17-196 was recovered from near the northern limit of the study 

area near 60 0 44'N, where the 'channel is ~rphologically ill-defined. It 

containe an 8.7 m thick sandy grave~ layer ove~ by ra laye~. of pelagie 

ooze. Individual pebbles are up to 60 mm in diameter (Plate 2C). Although 

. the gravel layer Is bottomed by pelagie lutite in the core catcher a sub-

stands! "flow-in" of materials dudng retd.eval of the piston corer is 
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" 
Figure 11. Main sediment types ,of channel-fill cores. Note 

discontinuity of sand and gravel layers/which cannot be trace~ 
from station to station. Dashed line in cores Vl7-l96 t H75-25 
and'more southerly cores denotes lower boundary of uppermost 
pelagie layer. Cores on the left hand aide of diagram are from 
the possible northern tributary of the NAHOC off Cumberland 
Sound. The pelagie sections of these cores are dominated'by iee­
rafted debris. 
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evident. Nevertheless, the occurrence of gravel and sand at this locality 
1 

is of great significance for tracing the coarse channel-fill sediments 

toward their source. 

Core H75-25 (Plates ZA, Band 3) was taken approximately 450 km 

farther south in water 3,600 m deep. He~e, a 1.,3 m thick sandy gravel 

l~yer underlain by a 10 cm thick paraileillaminated mud grades upward into 

sand. It is, in turn, overlain by another graded,~ayer of sandy gravel. 

A thin pelagie ooze layer is intercalated between the sa,ndy gravel layers. 

The upper gravel layer is fo11owed by a sequence'of layers containing a 
~ 

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

-laminated and climbing ripple cross-Iaminated sand, parallel lamin~d mud, 

homogeneousmud, and at the toP. a pelagie division. 

,Core H75-2l was recovered from the more or less fIat channel floor, 
1 j 

approximately 50 km dawncurrent from core H75-25. It consists of à 1 m 

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

banèe by flow-in). lit grades upwan! into sand displaying divisions of the 
, 

Bouma-sequence: 'parallel laminated sand and cr.oss-laminated fine sand and 

sUt. 

In cores H75~lS. 9 and 6 (Figure Il), wqich were t~ken approximately 
, 

. 70q, 800.,' and 850 km awày, reBpectively~ from the channel ~ead. sand layers 

with thin intercalated. layers of pelagie ooze oecur. These cores bottom 

in coarse-grained sediment, which was penetrated only superficially by the , 

corer. At channel stations H75-2 'and 5 no penetration was 'achieved. 

Core V23-2l from the channel floor near Charfie Fracture Zone con-

tains a sandy gravel layer (Plate 2D) within the lower 75 cm of a total 

length of l ni. i'~ The top 2S cm consist oi pelagic luti~. The core ~as 
'-> 

taken approximately 1.600 km (Nay from the. possible source on the shelf edge 

1 
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off Hudson Strait. 

In core Al80-11 (Heezen et aL, 1969, p. 1445) a 2.4 m thick well 

aorted fine sand layer (parts of which probably represent flowed-in 
\ 

materlal)'ls overlain by 1.3 m of pelagie lutite. The core was recovered 

near 39°N at a distance of approx1mately 3,000 km from the channel head. 
:f 
1 Core H74-66 was raised from the eastern branch of the upper channel 

whose floor i8 approxi~âtely 60 meters shallower than the western branch. 

Although th1s locality is proximal to the source, the core conai~ts almost 
{ 

entirelyof bioturbated, mottled pelagie lutite except for a 5 tm'thick 

sand layer which is aeepmpanied by parailei laminated mud. 

Cores H75-60, 61, 62, 55 and 56 (Figure Il) were recovered from a 

northern tribùtary of the channel north of 6loN where the continuity of the 

channel morphology la not weIl estab11shed. The cores consiat of mottled 

pelagie 1utite.with abundant ice-rafted de~ris and some intercalated 

coarse-grained layers. 

Sedimentary Structures sad Texture 

~ed1mentary structures of the channel-fill sediments were s~udied by 
• 1 

vis~l examination of split eores and X-radiography of sediment slabs~ For 

~radiography 1 cm th1ck alabs,of sediment were sliced from aIl core 

-----sections except for material cOarser than gravel site. Slieing was done .. 
using thin wire and 29 cm long plastic containers. Thin sediment slabs for 

X-radiography ~ather than core halves or the entire core have the advantage 

,of minimizing superposition of sedimentary structurés and avoiding edge 
". 

effecfs. AlI pictures were taken on Kodak Industrial AA2 F1~ with a 

Picker Mini Shot II X-ray unit at 50-60 KV, 3_mA, 10 seconds ~xposuré ti~e 

and.source to sample distance of 53 cm. 

) 
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The coarse-gralned layers vary ln 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-l96 Most likely does not represent the true amount of 

The sediments were probably sucked in' during retrieval of the 
1 

( 

corer. These thick layérs are largely structureless except for grading< 
1 

(Plate 2A, B). The lack of structures is either a primary feature (massive 

basal division of turbidites,debris flow' deposits) or the result of coring 
1 

disturbance. Thin, us~ally less than 20 ~m thick, sandy gravei layers 

intercalated between finer-grained cohesive sediments are usually Iess 

affected by coring disturbances and éften show'gra'ded bedding (Plate ~B, C). 

In MOst cases the graded (or structureless) sandy gravel st the base .- - ~ 

(Bouma f s A-,div'is1on or T ) is followed by parallel laminated sand (Bouma 1 s' _ a 

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

In some layers a thin division of cross-l~minated and climbing-

ripple laminated fine Band to ~ilt (Boumals C-division drlTc) follows on 

top of Tb' which, in turn, is somet1mes overlaln by the upper parallel 

laminated mud (Bouma's D-division or Td , Plate 3A, n). Less frequently . 
homogeneous turbidltic silt and clay (Boumals E-division or T ) and inter­

e 
1 

turb~dite pelagie ooze (F~divlslon of turbidite-pelagite sequence) are 

fOlIDd (Plate 3A, B and Appendix 4) in the channel cores. Turbidlte r' 
\ 

sequences observed in the channei-fiii facies cao be summarized as follows: 

T b d T b T b with intercalated pelagie intervals. For a statlstlcal ace, a c, a 

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

insufficient. ~ ! 
Th~ gravel and sand layers of the channel-fill f~cies are apparently 

lenticular and forro d1scontinuous boales, because the sequence of layers 

enco~tered do not match between cores. even if core stations are less than 
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than a few ki10meters apart (Figure 11). 

Grain size analyses were done according to standard granulome trIc 

techniques; Le. deving at 1/4 phi intervals of the sand-sized (>63 microns) 
o , 

material using a Fritsch-Analysette-3 sieving machine'"and pipette analY8i8 1 

for the fl~er fractions following the procedure of Folk (1968). The s~an-

" dard grain size nomenclature of Shepard (1954) i8 used. ' In addition the 

term mud is used in this study for mixtures of terrigenous 8ilt and clay., 

thus including elayey silt and silty clay. 

Individua~ thin sandy grav~l "layers are poorly to very poorly sorted 

(Figure l~). Individual gravel components are subangular tO,8ubrounded and 

mostly equant or prolate in shape (Plate 2e, 0). Some show surface stria-

tions which may indicate a'subglacier origine Numerical texturaI para-' 

meters for the gravel layers are given in Appendix 5. 

Spill~over Facies 

Occurrence 

The spill-over facies occurs on the naturai levees ,resulting from 

innumerable overspil1s of flows fro~ the channel. In the Labrador Basin 

thls facies extends laterally up to a hundred kilometers on both sides of 

t~e channel. According ta Egloff and Johnson (1975) further downchannel in 

the Newfoundland Basin it widens ta over 240 km. The spill-over facies is 

envis4ged ta margina~ly interfinger with the pelagic facies. It consists 
( 

of thin bedded fine- grained sediments. us ually flner than medium sand, 

whlch are devoid of bioturbation, except bene~th some thin intercalated , ' 

',' 
<' J 

pel~gie layera that are intensely bioturbated and mott~d. 

Sedimeritary Structures and ~~xture 

The DlOSt diètinctive feature of the spl1l-over sediments ia a monŒOnoua 
" 

- ----~-~-------~----
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Figure 12A. Cumulative granulometric curves~ channel­
HU (C;F.') and spi11-over facies (R.L. -.right Xevee); Tlla'", T , 

-" r a 
Tb' Tc .and Td indica~ "A", A, B,~ C end D-structural divIsions 
of,,·turbidites, ,,'t'espectively, of the spill-over fades. "A" (or 
T"alt) a'è'tt5tes a non-typical turbidite structure tullt which la 
characterized by its c:.rude parallel laminations. l'he unit i8 ten-­
tatively clllied "A'!-'ôiyiaion because of He. extremely poor 

'sorting and seattéred pebbles, which resemble the A-division. 
C. F. " "A'.'. A and B are very poorly sorted, whereas C and D are 

• • 1 

mo4!i!ra,~~lx to P,oorly sorted. Reliability of. portions of the 
curies té the right of the vertical broken line at 10 phi ia 
limited. because the pipette ~thod Is inaccurate for partiel 
smaller than about 1 micron equivalent diameter. Therefore, 

;:~1l __ these portions have been omitted from the diagram. B: sameta 
-- A_~ut f~ the left levee (L.L.). For sample Intervals see 

Appendix 5. 
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repet1tion of thin parallel laminated units of terrigenous very fine sand 
1 

and mud (clayey ~ilt and silty'clay). A set of tens of thin laminae forms 

an upward-finlng unit betwe~n 0.2 and 9 cm thick (3 cm on the average). 

This paraHel lam1~ted unit often starts'·,with a cl1mbing micro-ripple or 

micro-cross-laminated very fine sand ta silt division st the base 'and 

1. 

grades in most cases upward into unl"aminated homogeneous mud (Plates 4 and 5). 

The occurrence of climbing micro-cross-Iamination st the base of many 

of the depositional units clearly indicates: s) the fine paraI leI lamina-
I 

tions are cur~e~t-generated. b) sediment supply vas relatively'rap1d. 

These,units are fine-gra~ned turbidites as will be discu8sed 1n mo~e detai1 

in ~he section on sp1I1-over processes. 
, 

The sedtmentary structures of the spill-over facies can therefore be-

described in terms of Bouma's (1962) sequence of sedimentsry structures 

established for "classical" turbiditès vith some m;nor modifications: 

,la) crudely parallel laminated sand-'siit-clay (designated here as "A"_ ,. , 

1 

division or Til II)' lb) massive or graded medium to coarse sand division 
.... a, < 

(Bouma's A-divisiQIÎ or T )', 2) lover paraI leI laminated division (Bouma's .. a / 
1 . , 

B-division or Tb)' 3) ,climbing miéro-ripple or micr~':'cross-Iaminated sandy 
, , 

silt. clayey silt and silt division (Bouma's C-division or Tt)' 4) paraI leI 

1am1~ted mud division (Bouma's D-division or Td) and ,5) ~9~ogeneous mud 

(Bouma's E-division or ,Te). Some pelagie Qoze layera (F-division of 
'i 

turbidit~pelagite sequences) are iotercalated between some of the 

turbidite units. 

Cr-~de1y paraI leI laminated "A"-divisions were observed in some cores 
,-

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

upper middle channel segments than in the lower segment. 'The massive or 
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graded A-division and the paral1el laminated B-division occur only rarely 

in the spill-over facies. MOst common among the sedimentary structures in 

the spil1-over facies are the climbing micro-ripple or m1cro-cross-l~inated 

and paralle1 laminated divisions, which occur ubiquitoosly on both levees. 

The un1aminated homogeneous mud (T ) may be distinguished from the in~er- ' 
e 

turbiditic pelagie OOze by sediment composition (terrigenous components) and 

• a lesser degree of bioturbatio'n. 

ln the fQllowing sections individual sedimentary structures of the 

spill-over facies are discussed. Grain si~e distributions for various 
1 

types of /8edimentary structures are shO'Wn on l Figure 13. 

Crudely LaIIlinated Sand-Silt-Clay Division (T" Il) 
. a 

This uniS is characterized by its crude paraI leI lamination and often 

• fbY the pr .. ençe of BOIlle pebb!eB which are in ... st cas .. Bcattered through­

<~ o~t the layer (Plate 6C). lt consists of approxtmately equal proportions 
~ 

of sand-, silt- and clay-sized terrigenous ma~erial (Figure 13R) and is 

very poorly sorted. With the underlying mud the unit Is hound by a sharp 
• 

contact, which may be of erosional rulture. With the overlying Cl'088~ 
1 

laminated silt, parallel laminat~d or homogeneous mud it éontraats in 

sorting. The thickness of individual units r~rely exeeeds 6 cm. This 

unit i8 estimated to make up less than 5 pereentoby thickness of the spill-

over facies in the core mater!al. 

Whereas the erude lamination mimics "Bouma's (1962) B-divlsion. the 

extremely poor sorting and existence of scattered pebbles suggest that it 

ls equivalent ta the A-division. Although no"modern examples of sue~ 

depo8its have been reported elsewhere, sim!lar, but much thicker examples .. 
are fouRd in the basal unit (A-division) of some anclent turbidites 
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Ftiure 13. Cla.aification accordiDl.to aratn aiae of epill-
.over depoaita of ~be natural levee.; aa.enclature after Shepard 
(19.54); R.. r1.lbt levee, L • 'laft levai; "A". A, B, C. D anet E 
danoie the crudely.laa1.aated. the araded, the loveJ' paraÙe1 
l .. inated t the cro8.-lsainated, the.upper para1le1 laainated and 
the petitie turbid'tte divisions (Boulia. 1962) t re.pectively. "A" 
i • .ore c~n on the riabt levee, Wherea. A and B vere found only 
on the 1eft levee; D, E and C are equa11y caa.on on bot» 1eveea. 
(Froa the left leve. no .aplea of "A", D and B vere ana1yaect.) 
Par ... ple interval. see Appendix 5. 
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1 

(van der Lingen, 1969; 'Hesse, 1973;1 Roche1eau and Lajoié, 1974). Becauae 

of this similarity' the unit is referred to as "Ali-division (or T" ,,). 
a 

The significance of the "Ali-division with r~spect to levee height, the 

flow characteristics of overflows and the channel grad~nt will be dis; 

cUBsed in the section on spil1-over processes. 

1 

Graded or Massive Sand and Sandy Gravel Division (T ) 
a 

Bouma's (1962) A-division occurs very rare1y in the spill-over facies • 

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

thick massive medium to coarse sand on the right levee (core H75-l4); it 
, 

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

thick sraded grave11y sand on the right 1evee (core H74-68); it is followed 

by subseque~, turbidite divisions; c) a 5 cm thick obliquely stratified 

~r.avelly sand on the left levee (core H75-13, Plate 6A); the oblique 

stratification is accentuated by alternating placers of heavy mineraIs and 

coarse sand • 

ParaI leI ~inated Sand Division (Tb) 

The parallel laminated sand which corresponds to Bouma's B-division 

(or Tb) is also very rare. It consists of weIl sorted fine to medium sand • 

'IWo parallel laml-~· 
.1.'. " 

• ~~, V~.;. t + 

Gradins, if present, 18 masked by parallel lamination. 

nated sand divisions followed by cross-lamlnated sandy sUt dlvisi,ons were 

'" found on the left levee (e.g. Plate 611). The thickness of individusl units 

i8 lessLthan 4 cm. 
1 

? Cre-ss-Làminated Silt Division (T ) 
c 

This unit includeâ micro-ripple cross-lamination, cltmbing micro-
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,.. 
ripple lamination and some convolutely laminated sandy silt, clayey silt 

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

sists dominantly of quartz together with detrit~l carbonates an~ other ter­

rigenous grains. The thickness of individusl units rarèly exceeds 3 cm. 

It Is estimated to make up 1ess than 10 percent by thickness of the spil1- , 

over facies. 

The cro8s-1aminated and over1ying parallel laminated divisions were 

studied in thin éections obtained from impregnated sediment samples. These 

were ta~en from the alabs used far X-radiography. ihe impregnation wss 
, . 

done following a method mod~fied after Foster snd De (1971). A l cm thick 

slab of glas8 slide size was treated with chloroform and ace~one in a 

desiccator in order ta replace the pore water (Appendix 10). The samp1e 

was then Impregnated with araldite resin, and a thin seçtion was prepared 

from it. ..t 
iIt". 

Onder the microscope the micro-ripple laminated division shows a1ter-

nating lee-side laminae (of heavy and l1ght mineral~ 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 caSèt&. The lever of the sedimentation 

surface remains near1y horizontal. 

Some cross-lam1nated divisions are composed of climbing sets of lee­

side laminae with or without preservation of stoss-side laminae (Plate8~ 

and 5). Also here, lee-eide laminae' are accentuated by the concentration 

of heavy miner~ls in altemating laminae. The angle of climb 18 generally 

1es8 than 5°. TIte cl1mbing ripples are useful 10r de~~rminlng rates of 

sediment transport 'and deposition from unidirectional flows. ln general, 

three types (A, B and S) of climbing rlpples are distingu1shed by their 

1 
'J 
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Figure ~ Analyais of t~e lamin4ted apill-over fa~ies; 

core H7S-11 interval '35.4-382 cm. A: X'::ra~o8raph of a typical 
sequence 0 spill-over turbidites; B: phato-micrograph of 8th 
lamina te tmit~from bottom, unit begins vith mtcro-cros8 
laminat G fine aandy silt and silt (Tc) followed by parallel _ 
lamina ed and hOlllOgeœous mud; cross-lamination accentuated by 
plac a of heavy minérals; in the parallel laminated division 
the ight banda are dominantly cOlllPoaed of silty quartz 
(g anular lam1nae • G) , whereas the cfark bands are c01DpQsed of 
f occulated (F) claya. NUlllbers give thicknesa in millimeters 

f Gand F laminae, reapectively. Contraction of tbe co'lumar 
diagram C,eliminates the voida due to cracks develop,e4 in the 
thin aection during sample preparation. Grain size variations 
(in median dia.ter) of quartz graina in Uve consecutive 
lnlnae (nos. 4 to 8) are shawn in D. 
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, \ 

p~e8ervation of stoss-side laminae, asymmetry of rippl~ profile and the 

angle of climb (Jopling and Wilker, 19~8; All~n, 1973)~ The climbing 

ripp1es of the NAHOC spill-over facies are of type A. 11hey are character-

\ 
..1zed by a low angle of climb, preSf~ation of stoss-andl lee-side laminee 

and the micro-scale of the cosets ~ates 4 and 5). \ 

\ 
J At the upper contact the ~~oss-laminate~ unit iS,a~ays fo1lowed by 

the upper parallel laminated division. This transition bccurs st a Median 
\ 

sediment size of about 30 to 40 microns, below which ~o tipples forme 
\ 

The significance of these ,ripple laminations with re~ard to flow 
1 

regimes and rates of deposition from bed-1oad an~ suspensiqn will be dis-

cussed in the section on spi11-over processes. 

Paral1el Laminated Mud Division (Td) 

In terme of frequency of sedimentary structure diViSiols this is the 

dominant element in tlfe spill-over facies, comprising more han 60 percent 

of aIl the structure divisions. lt consists of medium oliv, grey (5Y 5/1) 
• 1 

Il 

mud (clayey si1t and si1ty ~lay). The division sometimes 01erlies the micro-

ripp1e or cros8-1aminated division but in MOst cases it ~epeat8. itee1f . 

On the average it is·30 mm thick and consists of lamina. h-1d.eds of. 

microns to a few millimeters thick. - Simi1ar deposits have bt,~n described 

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

pr.ss; Rupke and Stan!!!_ 1974). It cor~esp .. ds to th_ uppe~ psrall_l 

laminated divisioD (D-div1sion) of the idealized Bouma sequerce. This 

division was origina11y defined for sand and silt shed matefia1 and still 

1acks an adequate hy~ro~ynamic interpretation (Blatt ~ al"~'1972, p. 123). 

Each \mit begin~ with a lamina of granular mate rial of dium ta 
, 

~oarBe silt Bize (30 to 40 mi~tons), followed 'by ~ finer-g~a~ned lamina of 

1 

1· 
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FigQre 15. Upward thickness variation "of pairs of &ranu-
. 1ar (G) and flocculated (F) lami'nae in parall~l laminated mud; 

absclssa: thickness of granular lamina (logarithmic scale); 
ordinate: thicknes8 of flocculated lamina overlying granular 
lamina (logarithmic scale). Trends of upward decreasing 
th1ci:knea8 of G and corresponding increasing thickness of F / 
d1splay a nearly logarithmic relationship for samples shawn in 
A, B and C. . 

.~ 

A, open cirele: H75-11, 362-365 'cm 
filled circle: HU-lI, 373-374 cm 

B, open c~rcle: H75-11, 367-369 cm 
, filled circ1e: H75-11, 378-380 cm 

C, open circle: H75-22, 244-245 cm 
f!lled circ le: H75-22, 239-242 éIl 

D, open circle: J H75-22, 244-246 <::Dl 

filled circl : H75-22, 256-259 cm. 
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non-granu1~r flocculated clayey material. 'nle results of a~detailed 
'1 

ana1ysis of one sucb mit are sbown in Figure 14. fbe ligbt and dark. bori­

zontal bands (Figure l4B, C) represent granular and flocculated lamlnae, 

respectively. Eacb gratiular lamina consists of weIl sorted quartz and 

otber detrital grains with less tban 10 percent of clayey matrix. The 

flocculated laminae contain oo1y a few percent of quartz grains. The mean 

grain size of the granular materials in botb types of laminae decreases 

upward (~gure 14D). Eacb unit ends witb a lamina of flocculated clay at 

the top which attalns the greatest th1ckness of aIl f10cculated laminae. , 

In many panllei Iamin~d divisions tbe upward thiclcness variation of 

granu1ar and floccu1ated lamillae shows a logarithme relationship. 'nle 

10garitbmic relationsbip is better disp1ayed in 80mè units tbàn in otbers. 
~ 

Figure 15 sbows tbe vertical tbickness variation of successive pairs of 

" 
granular laminae and flocculated laminae. The thickness of the granular 

1 

~nae 1s plotted on' tbe abscissa, the tb~ckness of the correaponding 

flocculated lamina on the ordinate. The former decreases logarithmical1y 
, , 

upward, whereas the lstter"inèreases 1ogarithmically; A discussion of tbe 
r • ~ 

possible causes of this sy.stematic variation ~ol~QW!) ln .the section on 
-, .. ..., 

dep08ition of laminated turbiditic mud._ 

, 
HomogeneolS Mud Di vision (T ) 

e 

'nle top of thE! parallel laminatedl
• mitO, which consists of flocculated 

clay 1s de1dgnated hOlllOgeneén.s mud. It is the equivalent of Bouma's (1962) 

f pelitie or E-division (X). In X-radiograpbs t~is division la devoid of e 

parallel laminae and thereby differentiated from the un~erly1ng laminated 

division. lts average thlcknéss 18 about 10 mm. In te ras ,of _frequency of 

structural divisions of the spill-over ,facies it' i8 the second MOst 

1, 
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frequent unit after the parallel laminated division. The unlt Is sometimes 

bi,ottitbated (bloturbation o( the E-divlsion Is treated together with pelag:1.c 
·1 . . 

~i~diments in section on secondary sedimentary structures of the pelagicfacie~. 
~ " 

Pelagie Facies 

Occurrence :. ", , 

The present sea floor of the Labrador Sea i8 covered wfth~pel~lc and 

hemipela'gic sediments with admixed ice-rafted debris, a facies that results 

• from the slow partlcle-by-particle settling of oiogenic and continental 

detritsl mate rials through the water column. In the ~rocess o~ settling 

" some of the fine-grained mate rial is picked up by bottom currents or gtcor-

porated into diluted turbid suspensions often referred to as nepheloid 

layers. Surfilee currents aIso assume an important role in the ,distributiOn 
'. 

of fine-grain&d particles as weIl as lce-rafted debris including ice-rafted , r., 
tephra particles. 

This facies 18 interrupted by the broad banq of terrigenous sediments 

along the course of the N.UIlC in the central Labrador Basi:n. Withln the 

terrigenous channel-fill and spi11-aver facies of the6NAMOC the occurrence 

of pelagie sediments is limited in time and spaèe-. In the spill-aver 

facies of the cores recovered the pelagie layera make up lees than 3 percent 

of the total sediment thickqess. 

Characte ris t1cs 

'lbe biogetl1c\mat~r1a1s of the pelagiè facies are composed of the tests 
~ 1 \i e 

of foraminifera, diatoms~ Radiolaria, coccoliths and aponge spicules. In 

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

pale or--modera~ to datk yellowish -brown (lOYR 6/4, lOYIt 6/2. 10YR ~/2) but , 

1'1 

.' 

u > 

1 • 



; , .... 1_ .. ' MU .. n ___ .i-.,;.;.... ____ -..i'-__ .......... _.~~~r:: ~_~~ _.~~., ~ktl ~Il_.,i;.~~ .... ;~_~; ... ,';... . .... Q\ .... · __ -..iJ~1 --" .. r-~ __ .... ·_îÎ.kt,.:..:. .. :....:., • .," ... ',:r.;./ 

/ 

., 
'. 

St' 
. , .. , 

" 

..... . 1 
1 , 

1-
1 
1 

. <1 
. -, 

o· f' .. 
1 
l 

ï ",. , 
l , 
l' 
Il . , ! 

, . 

40 

Figure 16. Classification according to grain s1le of (A): 
pelag1j.utite. (F), and (B):contourltesi IR»· ice-rafted, 
~br1si - sHshtly" to moderately b1oturbat.ed, Y • ver., Itrongly 
bioturb ted and Z • completely bioturbated and ~ttled . 
coqtourites. 
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be10w 50 cm greenish or olive grey hues prevail. Iee-rafted debris form a 

signifieant constituent of the pelagie sediments in the Labrador Sea 

(Plaie 7 and Figur~ l6A). TextQrally this is'expressed by the very' poor 

sorting of these sediments (Figure l7A). Structurally the most important! 

'. characteris tic of the pelagie facies is the high degree of bioturbation 

(Plates 8 to Il), The ice-rafted debris include pebble and boulder sized 

,rock' fragments whose surfaces contain glacial grooves and striations. 
, 

Although texturally these pebb~y muds resemble debris flow deposits. the 

matrix composition (biogenic,materia1s) i8 distinctly different from the 

/ terrigenouS constituents of debris flowa. 

Secondary Sedi~ntary Structures (Bioturbation) and Texture 

ioturbatian structures are biogenic secondary sedimentary structures 
" .,. 

reflect the dlsrup,tioo of original stratification features or sediment 

/ . 
fabries by the activity of benthonic organisms. An éthological classifJ-

of bioturbatlon structures proposed by Sei1acher (1964) is common1y 

des. a} resting traces (cubichnia), b) craw1ing traces 

grazing 'traces (pasichnia), d) feeding structures 
1 

and e) dwel1ing structures (domichnia). ~st studies of 

bioturbation structures have focused an tidal fIat and near shore environ-

. \ 

ments which are easi1y accessible. In deep-aea sediments ,~bservations of 

bloturbation structures and burrowing organisms are comparative1y few. 

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

Hol1ister, 1971) have revealed many' detai1s of the surface morpho1ogy of 
( 

trace fassils and a1so living arganisms, varlous ~urrow structures observed 

in deep-sea sediment cores remain still unclassified • 
1 

Bioturbation structures in the NÂMOc sediments were observed both in 
1 
• 

, 
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Figure 11. Cumulative Iranulo_tric curves: (A) pelaaie , 
lutite. (p? and (D) contouritè8; lRD • ,ice-rafted debris; X • allghtly to \ 
moderetefy . bioturbated, Y • very 8troogly bioturbated, and 
Z • coapletely bioturbated and IOttled contourltes. Becaute 
reliabil1ty of portions of the curie. to the right of vertical 

, broken line at 10 phi i8 liiDited, theae portions vere omitted 
a~ on Figure 12. 
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vertical sections of core samples and on bottom photographe of the sea 

floor. They are most abundant in the pelagic facies. 

In Table 1 six types of burrows are distingu1shed aceording ta their 

shap~ It also records the orientation of burrows and their position with 
J 

respect to the pelagie sediment/turbidite boundary. 

(1) Tubular hurr~s, mostly produeed by polyehaete worms (Grigga ~ 

al., 1969; Piper and Marshall. 1969) are eomman in pelagie aozes and in the 

topmost (approxlmately 10 cm) of the underlying turbidlte mods (Plates 8 

and 10). The tubes are fil1ed with sandy silt or mud. They measure 

between 1 and 5 lIIJIl in diameter and usually betweeQ"'1 and 5 cm ln length. A 

variety of sh~pes are observed ineluding straight, bifureated and dendrit1c 

ones. 
..... 

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

î~ng turblditic muds. They are (sub-)horizontal and often display 

~sc~-shaped internal structures (Plate 8B)~ The meniscus-shaped 

1in1ngs are mad~ up of reworked sandy si1t and muddy sediment. probably 

representing excrements of sediments ingested by the organism. These 
/ 

" burrows represent vertical sections of the coniesl.and helical structure 

of Zoophycos. Zoophycos is formed by the burrowing of a sediment-fe~er of 

mcer1tain affinity. The diameter of these burrows 18' close to 1 cm. The 
\ 

same type of burrows are descrlbed by van der Lingen (1973) and Piper and 

~ Schrader (1973) from deep-sea sediments in the Pacific. 

(3) Oval ta circular burrows are common in thick pelagie layers and in 

the top 10 cm of under1ying turbldite muds (Plates SA and 9). The burrows 

are fi1led with poorly sorted sand and mud. .they are up to 20 mm in dia-

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

po1ychaetes. h010thurians, mol1uscs, and 'echinoids (Piper and Marshall, 
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... TABLE 1 • TYPES OF BURROWS 
~ 

-;. Type Shape Character1stic length (l) Orientation Occurrence Assumed .Burrower 
• DiameterCD) • ~ 

1,. TubulaL , y" stra1ght, L-1-5 cm vertical, Pelagie ooze, polychaetes . -. , 
\ bifurcated, 0-1-5 II1II oblique top of pelecypods? 

dendrit1c. turbfd1te erus taceans 1 
l1ned tubes 

tl 2. Subhorizontal~ menisGus-shaped l=5 cm . horizontal Pelagie ooze, 
(Zoophycos) or concentrie 0-2-20 l1IIJ to sub~ turbidite " 

internal ' horizontal 
structure ..,. 

, 
..,... 3. Oval to .......... - . reworked smal1 ; variable Pelagie ooze, polychaetes 

eireular ••••• -1 . -.~ .. sediment 0-1"-8 l1li1 top la cm of holothuriaos ~ 
~ 

large; turbid1te eeh1,noids ? 

~1 
0-8-20 111ft 

-4. Needle-
"..-/ 

very 'smal1, L-2-5 l1li1 hriable Mainly polycha~es 
shaped straight. 0-11FllJ turbidite i 

dendr1t1e c 

5. Mottled '\~i : completely Mainly -"il!.:t-~ .... " reworked, no pelagie ooze 
distinct 

r 
structures '" 

(y • wonn tubes? 
l 

6. Pyritized very sma'l l:::1-3 cm °variable Pelagie, ooze 
filament 0=0 • 5 II1I'I hYphae of Marine 

[ , fungi ? 

~ /. , 
• 

.".. 

'. 
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1969) • 

(4) Needle-shaped burrows are oriented vettically or randomly and 

commonly occur in turbidites (Plates 9B, lOB and lIB). Where they occur in 

high concentration the original ~aminae are almost comp1etely 

destroyed,_ They are sediment' filled or open, as type 1. and,one end of the 

burrow usually terminates with a circular outline, probably representlng 

the intersection of the tube-shaped burrow with the face of the sediment 

sUce. 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 sa intensely that the individual biotur-

bation structure ls not recognizable (Plate 7). 
, 

(6) Pyritized filaments are apparent on X-radiographs (Plates 7A and 

16C) of thick pelagie oozes from the upper reaches of the NAMaC and of 

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

cularly abundant in sediments strongly affected by bioturbation, especia11y 

those of the contourite facies. Similar filaments have also been described 

from burrowed sediments in the Strait of Otranto, Mediterranean (Hesse ~ 
) 

aL, 1971). in burrowed turbiditlc muds of the Alboran Sea. Mediterr'anean 

(Rupke and Stanler. 1974) and in mottled ~ediments from the Gulf of Mexico 

(Bouma, 1972a). They are interpreted as pyritized fitaments of worm tubes 

or hyphae of marine fungi (Hesse ~ al., 1971): 

Bottom photographs of the channel floor and wa11s of the NAMOC revea1 

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 animaIs sucheas annelids, ophiuroids, gastropods and pelecypods that 

have been reported from abyssal depths (Piper and Marshall, 1969; Grig8s 

. i 
1 

1 
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.!! al., 1969; Heezen and Hollister, 1971) may be responsib1e for SQme of the 

8tru~tures described. although l~vin8 specimens were not seen on th~ bottom 

photographs from NAMOC. 

The amount of reworking of sediments by b1oturbation i8 controlled by the 

nuœber of organisms pel' unit volume of sediment and the rate of sedlmenta-

tian. The depth of penetration of burrows into underlying turbidites appears 

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

ments and by the length of the time interval between successive turbidity 

currents. In other words, organ1sm8 penetrate deeper into turbidites when 

the overlying .pelagie sediménts aceumulate more slowly and for a longer 

period of Ume. 

Contourite Facies 

Occurrence 

Bottom current deposits (contourites) in the Labrador Sea delineated 

by Johnson and co-workers (Johnson and Schneider, 1969; Jones et al., 

1970; J!:gloff and Johnson, 1975) include the Eirik Ri,dge on the continental 

ri se off the southern tip of Greenland and the Gloria Drift in the central 

southern Labrador Basin (Figure 10). The Eirik Ridge i8 bordered by the 

terrigenous facies of the NAMOC to the west and the Imar~suak Channel ta the 

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

'; 

'NAMOC, the lmarssuak Channel ~d the Charlie Fracture Zone, respective~ 

On-echograms and seismic records contourites are d1stinguished from 

normaf pelagic sediments by hyperbolic reflections indicative of wavy 8ur-

face morphology; from turbidites by their relative acouati~ transparency. 

Aeeording ta Davies and Laughton (1972) contourites are further character-
1 

ized by the fact that the "sediments are often heaped into piles and, ridges 
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elongated in the direttion of the bottom current and 1ying der the margin 
1 

of the current" i and by the "presence of marginal channels 0 moats 

developed around basement highs or" obstacles encountered". 

The contourite ridges (ur drifts) in the Labrador Sea believed to 

he shaped by bottom currents that originate from intermitte t overflows of 

the Norwegian Sea Water (Figure 18). The Elr1k Ridge :1s d to the North-
, 

west Atlantic Bottom (NWAB) Water overf1owing intermittentl through Denmark 

Strait. Flowing southwestward on the East Green1and contin ntal slope and 

t'ise below 1,200 m it tums northwestward at the sputhem ti of ,Greenland 

formlng a fOU1)terclockwise gyt1e. On the périphery of the 

measured bottom velocities of the current exceed 20 cmls (Rabinow1tz and 

Eittreim, 1974). 
, 

Norwegian Sea Water enters the Labrador Sea a1so throlgh the Charlie 

Fractur,~ Zone. Overf1owing from the Norwegian Sea ~rough the Faeroe 

Channel (Crease,'1965) this water mass, designated N~thea t Atlantic Deep 

(NEAD)' Water flows soutbward along th~ eastern flank of Re kjanes Ridge 

below 2,000 m. A significant portion of the NEÀD Wlter Is eflected westward 

through Charlie Fracture Zone (Worthington and Volkmann, 1965; Garner, 1972), 

then tuming northeas t in response ta the Coriolis force and flowing north-

ward along the western flank of, Reykjanes Ridge. Here, the topography of 

the West Reykjanes Basin forces lt ta turn west- and southw~stward, part of 
1 

it overlying the NWAB Water. The GloriJl Drift is believed ~o be formed by 

this wsW-moving counterclo~kwise gyral circulation within t e southern basin. 

In the follawing section sedimentary structures and textures 'of three 

cores obtained from Eirik Ridge are di~cussed~ 

\ 
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Figure 18. Surf~ce an_d' bottom. currenca in the Labrador Ses; velocitiea are in ca/a; A: .,dified 
after Dpnbar (1951) and Anonymoua (1965); B: after Rabinowitz and Eittreia (1974). 
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Sedimentary Structures and Texture 

Contourites of the Eirik Ridge studied in three corès are. in general, \ 

intensely bioturbated and mottled. Therefore. the former presence of 

~r1mary sedimentary structures could not always he revealed with certalnty. 

Intensity and types of bioturbation are similar to those of the pelagie 

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

finely laminated contourites in these eo~es is virtua11y unaffected by 

bur~owing. ln tbis case burrow8 occur only sporadica11y. "There are a1so 

some layers whicb are strongly bioturbated but are 1eft with some traces 

of tbe original laminae or layera. 

According to the seheme of Reineck (in Reineck and 51ngh. 1973) the 

vatious degrees of bioturbat1on 1n Eirik Ridge contourites correspond ta 

the f~~lowing three categories: a) slightly to-moderately bioturbated (grade 1 

of Reineck; degree of bioturbat1on, 1-5%). b) very strong1y bioturbated 

but witb some original bedding still being recognizable (grade 5; degree 

of bioturbation, 90-99%) and c) completely bioturbated and mottled (grade--6; 
( 

degne of bio'turbation, 100%) - the existence of original structures, being -

uncertain. 

Kore than 98 percent of the Eirik Ridge sediments examined be1ong G to 

J the grade 6 of bioturbation, i.e. they are completely b10turbated ,and 

mottled (Plate 16). Individual burrow types in sediœents bioturbated ta 

a lesser extent are the same as those dlscussed for pelagic 8edimen~s. 
.. 

Approximate1y one percent of tbe contourites ls very strongly bioturbated 

,(grade 5), and shows vague traces of original laminati~ns (Plate,15). Less 

tban one percent! Qf the contour1tes show grade 1 bfoturbation i
• Here, the 

lamination is nearly parallel but wavy and hummocky, clearly distinguishable 
., 

.. 

te{! l 

1 1 



1· 

... 

1--, 

from the parallel·lamination of the spill-o~er facies. lt also lacks the 

8ystema~ic vertical change and gradation' in thickness and grain Bize of the , ( 

G 

laminae within individual laminated turbldltes(Plates 14B, Cl. Plate 148 

also shows 8~e wavy laminations of fine to medium sand which may ha~e been 

produced by winnowing bottom currents. 

T~xturally most contourites studied are p~orly sorted due to biogenic 

mixing and, the presence of abundant ice-rafted d~biis (Fi8u~e 178). The 
, . 

1ess disturbed finely laminated contourit~sc~rè moderately ·to poorly sorted. 

Numerica1 tèxtural parameter& are given in Appendix 5. 

Sequential Analysts of Structural Divisions 

The monotonoUB repetition of fine-grained, parall~l laminated 
a ' 

turbidites i8 a distinctive feature of :the spill-over facies. 

In o;d~~ to characterize the spill-over facies more precis~ly a quan-

titative analysie of vertical structure seq~ences was carried out by 

counting tbe number of transitions between the various structural divisions 

encountered on X-ra~iographs (Figure 19). Host levee cor~8 used in the 

analysis are from the middle channel segment where the channel gradIent Is 

les8 than O.OO~. 

, More tban 95 percent of the turbidites in the 9pill-over facies start ... 
\ 

either with the D-divislon or lees frequently with the C-division. Less 

than 5 percent begin vith basal divisions ,'such n the crudely laminateéj' 
~ 0 

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

most frequent transition on both levees i8 from D to D (average of 55 

percent of all transitions). lt is folloved by the transition D to E 

(about 20%). The transition E to E occurs vith relative frequencies 

-- ~-~ .... 'fI~~ ... -'IW~" _~~_~:: .. ..:...~--.~ -. ..... _-_ ... :-...... ,.--~ ....... ,-,.-

. w. 
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Figure l~. Turbidite structure aequencesobserved 1Q the .pill­
over f~ci.s of (A) ~ daht levee, aa.d (D), 1eft levee. "A", C. D and 
g,repreaeRt tbe turbidite structure divtaion.: ctUdely iaainated 
basal division (t"a")' cros. laminated ailt divb10n (Tc)' par.l1el 
lUliuated lIIud division (Td)" boIIoa __ oua peUtie mueS division (Te); 
F represents pelaaic, ooze or interturbidite. Becauae of insuffieent, 
occurrence, Ta - and tb..?div1s10ns vere OIlie'ted frOll t1}e analysis. 
Broku Unes connect 8truct~e aequencea vithin individuel tUTb1dites 
depoaited by spill-over of 811181. turbidity currents, ~ver the channel" 
walla. Self transition 8ucbo&8 D-D iDdicatea that a D-div1aion 1s 
t.mediately folloWed'by anotber one depolited froa a second turb1dity 
currut of .~ar hydrod~c characteriatica. 
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of 10 and 7 percent !ln the) right and the left l.vee, respectively. C to D 

transitions occur more frequently on the right levee (6 X) than on 

,the left levee (1 %) • 
. , 

On the natural levees the D-dfvis1on 1s predominant and Is repeatedl, . . , 
followed by ltself; i.e. the parallel laminated mud division Is, in at le.st , 

{ 

) 

50 percent of the overflow~. the sole turb1dite structure developed from ~ 

each overflow. Occasionally, deposition from an overflow starts wlth micr9-

cross l~natlon. Often it terminates w1th'unlaminated homogeneous'clay. 
1 

, -' , . 

Basal turbidite divisions are generally rare but occur more frequently 

in the upper part of the middle channel segment than in the lower part. 
1 • 

They are more commonly followed abruptly by D- or E-divislons (4.2%) than -by B- (0%) or C-divisions (0.8%). They are aIso more frequent on the left 

than on the right levee. 
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CHAPTER IV PETROGRAPHIC AND MINERALOGIe COMPOSITION 

1 

Gravel Componen ts 

In order to trace the NAMOC sediments to their source a detailed 

analysis of gravel components of the channei-fiii facies was made, aiming at 
f • 

the identification of pebbles characteristic for a specifie source such as 

Paleo~oic carbonates which have been known ta occur only on the continental 

margins o,f northeastem Canada but oot 00 the Greeolandian continental 

mar~ns. 

Mineralogy and petrology of gravel components (greater than 2 mm) were 

studi&d in thin sections of grain mounts embedded in araldite resin. Thin 

sections were pr~pared fram samples of aIl gravel~bPyers in the chaonel 

cores and counts of the total number of grains were used for estimating 

relative frequencies. 

Of the more than 1,000 gravel components examined, 50 percent are 

carbonates, 37'percent granite and granite gneisses, ,7 percent sandstones. 

2 percent basalts, 1.8 percent gabbros, L 7 percent amphibol1tes and 4ess , 

than 1 percent anorthosites '(Àppendix 6). Several ironstones and spli-

.manite-sch~~ fragments were also found. 

Carbonates are moat common aroong the rock types encopntered and consiat 

Qi limestone and dolqmite of various textures and domposition. More than 

80 percent of the carbonate pebbles are micrites and biomicrites. Fossile 

in biomicrite include crinoids, gastropods, brachiopods, bryo~oa, molluscs 

and others. A number of 8amples 4180 contained coral fragments. The coral 

fragments' were identified as Pa1eofavosites of Lâte Ordovician to Middle ,.. 
Silurisn age (C.W. Stearn. p~s. comm.). 

Granite gneisses in.clude various types of granites, gneisses and relited 
• 
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~ rocks which are coœœon in the Canadian Shield and also in Greenland. Sand-

stones include litharenites with angular grains, poorly sorted arkoses and 

quartzites. 

Atthough only a few fragments of anorthosite were found the plagioclase 

composition ln anorthosites is of particular importance for the identifica-

tion of the source of the NAMOC mater!al. The An-content of plagioclase in 

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

• Anorthosites on the Canadian Shield are intermediate (An40-60) whereas 

anorthosltes from Greenland are higher in An-content of plagioclase (AnSO-90) 

(Wind ley, 1969). 

The abundance of carbonate pèbbles and the plagioclase content in 

anorthosites Indicates a Canadian source for the NAMOC sediments and is 

furt~er discussed in the section on sediment source. 

Sand Fractions 

Heavy Miqerals 
\ 

Studies of heavy mineraIs have provided useful information on the 

provenance of sediments in many ancient and modern basins. Potentially 

useful provenance indicators are mineraIs unique to a loca~ized sediment 

'source as for ex8Jllple the ',alk.ali basalte of southwestern Green1and. For 

comparative purposes samp1es of beach sands from this region (co~tesy 

F. Kalsbeek) were included in this study. AlsD studled were the coaree 

1ayers of sediment cores frOm th~ Imarssuak Mid-Ocean Channel area (DSDP 

site 113). 

Standard methods were followed for h~avy mineraI eeparation'(using 
, 1 3 

bromoform with a 8pec~fic gravit y of 2.88 g/cm ) and samp1e preparation 
• 

(Carver, 1971). 'To mak~ results between samples comparable, two narrow 

• 1 

.. -' 
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grain-size fraet1'ons (63-125 and 125-250 microns. respectively) were used. 
, 

ln each mount the total number of grains, 150 on the average, was counted. 

The heavy mineraI assemblage of the n'on-opaque. non-micaceous grains of 

the NAMOC and the lmarssuak Mid-Ocean Channel area is domi~ated by garnet 

and hornblende. Gamets include c1ear to pale pink and sorne saJmon colored 

varieties. The pornblendes are dominantly green and blue-green with some 

(, brown varieties. Amounts of clinopyroxene, hypersthene, epidote, tourmaline 

and apatite are subordinate. Very small amounts of sphene, zircon, andaiu-

site, rutile, sil1imanite, zoisite, enstatite, kyanite and staurolite are 

present in varying proportions. 

Percentages of individual heavy minerai assemblages of the NAMOC and 

the lmarssuak Mid-Ocean Chennel are given in Appendix 7. MineraIs charac-, . 
teristic for the alkali basaIt provil\%:: of southwestem Greenland such as 

,. fJ 

, 'J'-

chromite. eudialyte, arfvedsonite / aeg1trine and twinned hYPers thene - '" 
\., 

(CrBmmelin, 1937; Kalsbeek, pers. connn.) are absent in the sedf.ments of the 
1 

two channels. Although the mineral assemblages are very similar in the two 
i' 
1 

channels, the ratio of gamet to h9rnb~ is greater in the NAMOC than 
---~ ......... 

\in the lmarssuak Mid-Ocean Channel area. In addi;~~all percentage 

of actinolite and tremolite is recorded from the latter. 

Light MineraIs 

, \J 

A detailed study of light mineraIs of the coarser layers was not made 

lbecause the results were not expected to contr!bute significant information 
\ 

for the prolHems under investigation.' For ~ornparison with the coarser . 

layers of the pelagie facies only a small number of samples were studied , 
G 

, using the grain size fracti9ns of 63-125 and 125-250 microns. For the 

' . 
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distinction between K-feldspar and plagioclase the grain mounts were stained 

according to the method of Bailey and Stevens (1960). 

, In decreasing arder of abundance the light mineraIs include: qUv tz 
1 

(50%), detrital carbonate (40tf" plagioclase (5%), K- feldspar (3%), biotiite 
, 

(2%) and rema:nd~.~. clay pellets, ~ess than 1%). 

Silt- and Clay-sized Fractions 

/ 
t 

Mineralogical composit~on of the fine-grained sediment fractions was 

studied in order ta further characterize the differences between ~ine-
.. 

grained turbidites of the spill-over facies and intercalated pelagie lutites •. 

Two sets of samples were analyzed: one for bu1k mineralogy and one for 
oi1 

clay mineralogy. For X-ray diffraction analysis or the bulk mineralogy 

samp1es were'prepared by the smear-s1ide method (Gibbs, 1971) without 
'" '-. 

!emoving carbonates. In the Labrador Sea the carbonate content serves fS an 

additional meaœ ta distinguish between fine-gr~ined turbidites and pelagie 

1utites. 

Thë c1ay-sized fractions for X-ray diffraction were prepared accotding 
, 

to the method of Griffin !l al. (1968). A samp1e of approximatély 10 g was 
>~ 

treated with a solution of 10 percent H202 in disti11ed water .to remove the 

arganic carbon. The samp1e Was then sieved through a 63-micron sieve and 

the fine fractions were col1ected in a 35 tm high, one-litre cylinder. Two 

grama of sodium metaphosphate (Na3~04) ~ere added to disperse the clay. 

The suspension was stirred and after four hours of êettlin~, size frâctions 
~ 

smaller than 2 microns Wère collectid from the top 5 cm of the cylinder. 
• t 

Oriented slides were prepéred for each samp1ej one untreated, the other 
\ 

treated with 25 percent HCl to remove the carbonates. AlI sI ides were 
, 

treated with ethylene glycol overnight. 

" 
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, 
AlI X-ray diffraction analyses were performed with a Norelco diffract9~· 

Î ) ..-
F cr 

meter using Cu K~ radiation and a·nickel filter ~t a scanning speed of 1 
. 

2-theta/min. or 1/4 2-theta/min. Identification of the mineraI phases and 

semi-quantitative analysie ~ cl~y mineraIs were carried out fol1owing 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 a1so provided 
, "p 

by Dr. J. MUller, Teçbnische University. 

The mineraIs prpsent include calcite, quartz, plagioclase, K-feldspar, , 

dolomite and clay mineraIs. Both in turbidites and pelagie 1utites, calcite 

along with dolomite are dominant over quartz and fe1dspar (Figure 2lA, B). 

Detrita1 calcite and dolomite are more common in turbidites than in pelagie 

lutites (Figure 20; also compare A and B in Figure 21) whi~h result in the 

high total carbonate contents (Figure 21). 

# Among the clay mineraIs the foùr major groups of clay mineraIs, i.e . 
. 

il1ite, chlorite, montmoril1onite and kaolinite are present. Turbidite muds 

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

percent montmori1lonite, whereas i11ite makes up 40 to 50 percent and mont­
i 

morillonite 25 to 40 percent in the pelagie 1utites, respectively (Figqre 21). 

Kaolinite and eh10rite make up less than 20 percent in both the turbidites 

and pelagie lutites. 

j-

The predominance of il1ite in the turbiditic muas ~flects glacial erosion 
, 

of weathered plutonic and high grade metamorphic rocks of the' Pre~ambrian 

Shield dur~~g the Wisconsinan. Piper and Slatt (19~7) also found that illite 
1 

'" 
was the dominant clay miner,r contributed to northeas~ern Cana~ia~ she~es 

during Late Wiseonsinrttme. Montmori1lonite, on the other hand, ls absent 

(rom the Baffin, ISland,till and onshore in ,northeastern Canada but'oceurs of~ 

shore Labrador, where it 1s ~upposed to be de~ived fram the underlyingcoastal 
~ 

plain strata (Piper and Slatt, 1977) an~ p~sibly trom alteration of 
.J 
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Figure 20. 'X-ray diffractogf~ showing presence of abmdant 
calc1tê and dolomite in turbidltic lIIu48 (1 and 2) Wherel\8 pelagie 

J • • 

luUtes (3 and 4)'are free of or contain very Httle dolomite. 
AIBà shawn iB the contrast in the illite/montmorillonite ratio 
between ~he two. which Is relatively hiSh for the turbiditic mude 
and lower. fpr the pelagie lutite; portion of diffractograms to 
the righ~ ~f 27°: 8a~le treated with 25 percent Hel and 

~ . , 
glycol8ted ovemlgh t; 1eft portion: mtreated saq>le. C· 
calcite, D • dolomite. Ch • chlorite, K • kaolinite, 1 • illite, 

. M • mon t1llOr111oni te, Q • quartz. \ 
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Figure 21. Vertical vadation in mineralogica 1 campos! 
of two cores, H74-66 (A) and H74-68 (B); (J. M\lllér, unpub ........... ""u 

data). In general carbonates are very common; detrital UU.LUULIJ 

are more abmdant in turbidites (most of B) than in pelagie 
luti~es (most of A) resulting in a high~r total carbonate~con 
ln the turbidites campared ta the pelagie lutites. Also 
the contraàt in the illite/lIIOntlllOr1l1onite ratio bétween the 
i t is higher for the turbiditeB and low for the pelagie lut! 
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indigenous vol~nogenic material originating flOfA disseIIlinated tephra of' 

Icelandlc origin. 1 . 

Ice-raf.ted Debris 

, 
Paleoclimatic implIcations of ice-r~fted debris in deep-sea sediment~ 

have been quantitatively studied in many parts of the high-latitude o~eans. 
, 

In an attempt to evaluate Late ~~eistocene t~ Holocene paleoceanographic 

conditions of the'central Labrador Sea ice-rafted debris ~n pelagie sedi-

ments were quantitativel~ analyzed. 
~. 

Ice-rafted debris are recognized on X-radiogra)?hs as scattered s~d-

and pebble-s~zed clasts in pelagie lutite (Plate 6B. C). The majority of 
f 

the larger ice-rafted components consists 'of angûlar to subrounded rock 

fragments, some of which contain glacial striations and grooves. oOn 8can-

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

features of glacial origin,such as high relief, conchbid~l' fractures, , , , 

) 

chatter marks and lack of solution 'Pits are commen, as have been described . 

in numerous previous studies ,of' ice-rafted debris (e·. g. MargoUs and Kennett, 

1971). Some ice-rafted quartz g~aina' are froated whieh a~~or?ing to Slatt 

1 
f 

" 1 

-' , 

(197) la an indieatiQn of iaitial deposition in a beach environment. 'The ' if 

distinction of these iee-rafted sediments from poorly sorted pebbly muds of 
o 

debris-flow deposits, which may be similar texturally aDd structurally,is , 
confirmed~the matrix e~positian beins pelagie oaze rather than terri-

genoue mud. 

Detrital grains largeF than 63 ~ in pelagie ooze were considered ice-

rafted debris. Quantitative estimates were obtained with the method of 

Kennett and Brunner (1973). Layers ~dentified as pelagie on the X-radio­

graphe ere sampled at intervals of 5 or 10 em vith an Il cm3 cylinder. . 

Saq>les dried ~d weighed. then we,J: washed through a 63 micron sieve 
"" 1 
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and-weighed dry again. The number of clastic grains was coùnt~d and eon-

verted t~ grains per gram of total sample. Bstimates of the proportion of . 
tephra grains were ob'tainl!d in the Sante way except· t~eir abundance 19 

exprèssed as number of grains per gram of mate~ia1 coarser than,63 microns. 

There 18 ~o systematic latitudinal or temporal variation apparent in 

the abundance of ice-rafted debris during the 1ast 23,000 years (Appendix 8). 

This 15 partly due ta the limited number and thi~kness of pelagie layers' 

but may also have been caused by a number of other factors such as seaward 

extent of glaciers. ana shelf-ice development, iee surges, variations of 

preferred icel:Serg tracks, or transport by bottom currents that J"_, 

control the distribution of ice-rafted debrts as expl~ined by Keany et 

al. (1976). 

Ic~-rafted Tephra 
,,~ 

Ice-rafted debris include sand-sized tephra partieles disseminated in~ 
, " 

f 
the pelagie ooze. lee-rafting and alao bioturbational mixing (Berger and 

Heath, 1968) are responsibl~ for an extreme dissemination of these 

particles. They consist of brownish and dark pumice and tuff particles as 
. 

well as rare grains o~ clear bubble-wa11ed shards. 
\ 

Some gral~ are as 
o 

-~'- ~arge as 6 mm in diamete r. 
, 

~imilar 'tephra material was previous1y found in the North Atlantic in 
1 ~ 

peligic layers dated.9,300 (Ruddiman and Mclntyre, 1973), 54,000 (~.F. < 

Ruddiman, pers. e~mm. to R.H. Fil~On) and 65,000 Y B.P. (B(amlette", and 

Bradley, 1941). They are assumed ta have been transporteJ by ic~rafting 
" ' 

of vo1canic material originating from Ice1~nd (Ruddiman ana Glover, 1972). 

The sand size of the tephra grains, the1r.widespread distribution and great 
.. 

distanc! from,V01cant'l! cente,rs eliminate any other poss,ibilities of 
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transport in water or the atmosphere. Tephra layera- are assumea to' have' 

accumu1ated on the ice around Ice1and within 200 ta 400 km from volcanic 

,vents during periods of èxtensive iee-cover (Fisher, 1964). Break1ng of 

the ice during subseq~nt warmer periiads causéd redistribution of the 

tephra material, which was controlled by the prevailing surface currents. 

A ~correlatian of two discrete layera of disseminated tephra particles 

emerges from a systema~ie ana1~sis of the 1evee cores (Figures 22 and 25), 

'which will be discUBsed in detail in the section on stratigraphy. 

\ 

Organic Carbon 

~- The organic carbon content of the tur~iditic muds and pelagic aozes 

W8S determined for seiected intervals of the levee cores in which the twa 

types of sediments cau easily be distinguished by means of X-radiography, 

composi tian and other chàracteris tics,.' 
. 

The argauic carbon content was measured with a Leco induction furnace 

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

HCL comp/J.ete removal.of carbonates was checked by XRD •. The samp1es were 

then' washed, dried and ground. A constant amotmt of materia1 of 0.5 gr~ 

was used for ana1ysis. Total carbon c6ntent was a1so determi~ed by the 
. 

same method, without Hel treatment (Appendix 9). 

1 
The organie, carbon content of the turbidttic muds ia on the average 

twice as hi~h as that of the pelagie oozes (Figures 23 and 24). The ftigh 

values of arganic carbon in the turbiditic muds, are attributed to rapid 

deposition of orgauic matter bearing sed,iments (see a1so Froelich et al.: 
, 

, 1971). Th~s material comes ~om the continental margina where primary 

'production and terrigenous i~put of organic matter bearing sediment are 

high (Griggs ~ al., 1969; Heezen !:t al., 1955). Lower organic carbon in 

, 1 

" , 
" 
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the pelagfc oozes probably resu1ts fram pre-buria1 oxidizing conditions on • 

the sea-floor (Froelich!! al •• 1971) 1hd from consumption 'by organisme. 
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CHAPTER V - CORRELATION. AND STRATIGRAPHY 

Correlation of Individual'Cores 

Distinct differences between the channel-fil1 and levee facies have 

been pointed out iri previous chapters. The difference ia particular1y 

evident with the correlation of cores from the channel-fiii and the levee 

facies. ~e grave1 and sand layers of the channel-fi1~ facies do not 

correlate, even between cores that are on1y a few kilometers apart, 

(Figure Il). This may be attributed to lenticu1ar and discontinuous develop-

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

bends or from lag deposits in the talweg. 

On the"other hand, a 1ayer-by-layer matching is, in fact, possible 

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

two cores from/the right levee which are 70 km,apart in the- downchannel 

direction (stations 24 and 22, Figure 25j aee Figure 3 for detailed core 

location)., The correlation ls s'elf-evident from corresponding core sections 

on Plates 18 to 20. lt 1a obvious from, a sequence of m~rker units, Le. 

the cr,udely lamiilate4 Il Ali-di ViSÜlUS of sorne of the layera. Divisions of 

parallel laminated mud between the marker layers also match. The type and 

intensity of bioturbation and the amount of coarser ice-rafted debria in 

pelagie layera are comparable as weIl. A downcurrent decrease in layer 

. thickness is not apparent. 

Four str~igraphic units can be distinguished in most of the levee 
" , 

cores on the basis of lithofacies (pelagie versus turbiditic), tephr~ cor-

J'e1ation and radio carbon da'tes. They include from/top ta bottom: a) an 
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1 

upper pelagie, b) an upper!turbiditiC, 

turbiditic sequence. The thicknes8 of 

., 
pelagie and 'd) a lower 

the upp r pelagie aeque~ce is more 
1 

or 1e8s unifonn (30 cm,. . ~ 
the average). The fipper turbiditic sequence over-

1 
lies the lower pelagic sequence, ,often with an erosional contact at the 

base. In core 

H75-4, however, four more pelagie layers e intercalated within the iower 

turbiditic sequen 'e. 

Longitudinal and 

Thieknes var~acions 

over facies along the channel akis 

in most' cotes the top pelagie laye 

bath lev/es and a1so in ,the chann 1. 
'1 

been eaksed by 

» 
Variations 

stratigraphie horizons in the spil1-

shown in Figure 25. Being present 

of morè.,.~r 1ess unÜonn thickneaa on 

Minor thickness variation m~y have 

local differences in the rate.of ice-

thickness of the to~ layer in sorne of the rafti~ •. 

cor~ may sediment1loss or stretching during co ring 

op,lrations, aS shown by a cam arison of trigger weight cores with piston 

cfres from the same station. 
, 

/ 
rqe t.lpper turbidite ho Izon has a lenticular distFibution in the middle 

channel segment. This ho Izon is thicker on the le ft levee than on the , 
1 

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

to éoarse sand Decurs four,cores which ate as far as ,200 km ap~rt from 

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

13 on the left levee; see Figure 25). Although it i8 not" known whether the 

'coarser layer is age-equivalent and ,forms a eontinuous blanket on bath 

\ 

levees, the stratigraphie position of the layer, i.e. Just below the boun-

dary between the upper pelagie and the_upper turbiditic·ho~izon, suggests 
1 
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that it represents an extensive overflow from a single turbidity eurrent. 

The lower pelagie horizon cantains some turbidite layer~. On tpe' 
1 

right levee the thiekness i8 relatively uniform parallel to the channel 

axis. On the left.levee it is relatively irregular. 

Stratigraphy' 

The time f~amework of the stratigraphie horizons has been established 

'" from a) a, number of radio carbon dates (Table 2), b) correlation of dissemi-

nated tephra horizons and c) biostratigraphie evidence. Most of the radio-

carbon dates were obtained from the tephra-bearing foraminiferal ooze layers 
1 

near the bases of the upper and lower_pe1agie horizons. Because of abundant 

detrital carbonates in pelagie layers foraminifera used for dating were 

hand-picked. 

Three radioearbon ages were obtained frpm the base of the upper pelagie 

layer: 6,930 ± 200 y B.P. fo~ the interval between 17 and 26° cm in core 

H75-25; 8,639 ± 320 y B.P. for the interval between 13 and 19 cm in core 

H75-24; 5,810 ± 240 y B.P. for the interv~l bètween 15 and '27 cm in core 

H75-l3. The interva 1 32 -36 cm in, core H74-68 a Iso 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 fnr brownish tephra deposits in the central Labrador 

/ Sea la slightly y~urtger than that of the North Atlantic clear bubble-wall 

shard layer 1 (9,300 y B.P.) determined by Ruddiman and Mclntyre (1973) and 

Ruddiman and Glover (1975). Aceording to these determinatians the baundary 

between the upper pelagie and the upper turbidlt~c horizon in the NAMOC cores 

is slightly aIder than 7,100 y B.P. This boundary accurs at an average sub~ 

surface depth of 30 cm in most of the cores from the axis of the Labrador 

Basin. 

The lower pelagie horizon contains two disseminated tephra layers 
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Core No. Core Depth 
(cm) 

H75-25 

H74-65 

H74-68 

"H75-24. 

"'75-24 

H75-22 

H75-.1 1 

H75-4 

H75-20 

H75-13 

H75-6 

.... 

17-26 

70-76 ''I! 

157-179 

13-19 

140-155 \ 

175-·180 

270-280 

115-122 

330-345 

15-27 

29-35 

-~~ ... î"'"'t'~",f",-;P.." ~~1~~"II;' ~~~",~p.Y'~$,»-:":"'~~~"'~<~.e~'~~~~,?}~~~~~~~H_~",::~>jb'*i~C~~';!~~-"~.l>o ... - -~ -
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TABLE 2. CARBON-14 DATES 
r 

Location Laboratory 

Channel F100r ~eol. Sury. Canada 

Right Levee Geol. Sury. Canada 

Right Levee Geol, Surv. Canada 

Right Levee Geol. Surv~ Canadà 
-

Right Levee Geol. Surv. Canada 

Right Levee ~eol. Surv. Canada 

Rlght Levee _ Tel edYfle 

Right Levee Jelectyne 

Left Levee Geol. SurY. Canada 

Left Levee Teledyne 

Channel Floor Teledyne 

Lab. No. 

GSC-2451 

GSC-2205 

GSC-2208, 

GSC-2444 

65C-2430 

GSC-2332 

1-9870 
~ 

.1-9814 

GSC-2356 
\ 

1-40,079 

1-10,078 

! 

C-14'Oates 
( B.P.) 

6,930~20(}: 

?,160~15'O 

17,200.t600 
~ 

, 8,630:!:3!-O 

22,700±540 

-> 23,000 

> 25,100 

>26,000 

> 25 ,000 

5-,810±240 

4,775±110 

~ 

Materjal" 

forami ni fera 

.forami ni fera. 

~Foraminifera 

Foraminifera 

Foraminifera 

Forami ni fera 

Foramini fera . 

Foraminifera 

Forami ni fera 

Forami ni fera 

Foraminifera 

, 

-..J 
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., 
fi 

, 
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(Figure 25): 1 one occurs near the top and the other néar the base. Figure 22 

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

540 (and > 23.000) was obtained fot the lower tephra layer in two cores 

(H75-24 and 22), in which a layer-by-laver m~tching is established as des-
, \..~ . 

cribed i~ the section on correl,ation of individ'ual cores. ,The same layer 
r 

dated if,l coire H74-68 from a slig tIy higher latitude gives a 17,200 ± 500 y 

B.P. ,age'l If the mi,nimum ages obt ined from, the base of th~ Barne layer in 
/' ......... 

the lo~er latitudes (Le. >25,000, >25,00rand >26,000 y B.P. in cores 

H75-20, 'il and 4, respect~ve~Yj Figure 25~are used, the boundary between' 

. 
the lower pelagie and the lower turbiditic horizon wou~d appear time-

,\ 1 • 

transgressi ve from southeas t ta northwes t •. 

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

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

foraminifera are we~l established as paTeoecologiC indicato~s because the . ' 

temperature of the wate/ mass ~as a direèt influence on the abundance of 

4iffe~ent foraminif~ra1 species and coiling directions of Globigerine 
~, 

pachyderma. According ta Bë and co-workers (Bé, 1959. 1960; B~ and Hamlin, 
. , 

1967) polar water is represented by the s1n:istra1-coilin~ !!. pachyderma; 

subpo1ar.species include dextral-coi1ing~. pachyderma t Globigerina 
, ~ 

bulloides and others; Globorotalia inflata characte,rizes the trAnsitional 

water mass. Us1ng these cr»teria and coccolith abundance Mclntyre et al. 

(1972) have identified fluctuations of the polar front in, the eastern North 

Atlantic during the last 225,000 years. 
r' \ 

In order to de termine the age of sediments in core H75-4 the\abundance 

of planktonic foraminifera and the ;elative frequenc~ of sini8tra1~Oiling, 
.,9. pachyderma versus g. bulloides and Gt. inflata were determined (F~Ure 2~) 
by Dr. R.H. Fi11on, Bedford Institute of Oceanography. Both the COld-~ter 
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Figure 26. Variations Gf the foraminiferal fauna in core H75-4, right ' 
levee (R.H. Fillon, pers. comm., unpublished data). Each verti~l broken 
line denotes the data obtained'from the specified interval of ~aminated 
turbidites. Closely7spaeed horizontal lines tepresent parallel laminated 
turbidite mud; the rest for foraminife~a rich pelagie lutite. 
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speci~s (g". e8-chyde~ma - left coi1ing) and warm"7watet' species (2. bu1'1oides, J -' 

Ota 1nflata and g,. pachyderma - right C0l1inS

t
8ke 'up essentially lad p~r-I , 

. cen~ of the foràmfuiferal fauna (Pi~fe 26A. ,B..., '. 

4_. Less than 80 perce~t sin:i8tr~~-coi1in& !Lr 2aChyd~rma occur in four \\ 

.. tu ti gr aph le ,horizOns (Fig .... ~ 261.) ,and, th. +ù~ !i<1rlzOll from ~h. '?, halo be:in ' 

,J dated 8S >26,000 y B.P. (ll~ure .26A, B). Ii the turbidité sequenoe is 
• ' ( 1 

.assi~ed relatively short periods of t1me fQr deposition, th~ generalized 
.... l " • ~ 

" .. \ 01; .6 

curve oi left-coiling Q. Eaqhyderma la seen to re~emble th~ polai water 
~ " . ~ 

fluctuation curvee of Mclntyre et al. (1972) for the North Atlantic. This , 

may Buggest a last interg1aéia1 age of 110-125,000 ~ B.P. for the bottom­
~ 

most Gt. inflata rich pelagie layer at about 550 cm in core Hl'5-4. It 18 

ratbe~ diff~cu1t to give time bracket~'fo~ the 8ubsequent1y,younger pelagi~ 
-

1ayers because ~f superpos~ turbidite dep~sition'and \he prevailin~ polar 
f 

wat~r condition~ recorded in "the c~re. Neverthe1ess; IIfaunal termination ,( . , 
/, ' \) 

1" J correspon~g_ to' the Pleistocene-Holocene transi,ion'lan be placed, at 
, 

the youngest change fram the minimum tô ,the maximum~f the planktonic fora-

minifera abun~~ce st about 20 cm in the core.. Therlermination approx:1mately 

correspo~ds to a level j~t aoove t~e boundary bet 1 en the Ùpfer velagic 

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

(Figure 25) at about 7,100 y B.P. This.agraes·wJ~' th~ fa~a1 termina~on l 

of,leas than 8,000 y B.P. suggested by Ruddtman a d Mclntyre (1913) for the 
1 j , 

southetn Labrador Sea. The abund~ce curve of si istra1-coiling G. 
,1 -

eachyderma in Figure 26B closely matches th~,t 'of core V23-23 (Ruddiman and 

Mclntyre, 1973, Figure 3,' p. 120). . .. 
!t l ' • 

Il. 1 ) r)., 

Assuming constant and rapid sedimentatidn ,ates for the inte~vening 
, \ i' . 

turbidites, midpoints of the J pelagie layers \pètwaen the base of the lower 
l' \ • _ , 

pelagie, h~r1zon and the, ra~tr intergla~ial st~J~ (110-125,000 y B.P.) may be '\ 

\.,. 
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placed at about 70,000, 90,OOÇ and lOQ,OOQ ~B.P., 
ç 

pers. comm.). 
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'CHAPtER VI SEDIMENTARY PROCESSES 

ln this chapter an attempt i8 made ta interpret the data that have 

been presented in the foregoing chapters in termf of the processes of 

sediment transport and deposition ln the NAMOC system. A facies model 
, 

for the mid-ocean channel (Figu~e 27) Is develop~d based on the detailed 

observslions of channe~ morphology and sedimentary facies relations. 

The model comprises four distinct sedimentary facies, i.e. a) channe~-fill 

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

each of which is attributed te speci~ed inferred depositi~nal process~s • 
• ' ( ~t , ~ 

" fi > Channel Processes"-.. 
Sedimentary processes in deep-sea channels have been inferred from 

.' circumstantial evidence. Most workers concerned wlth the study~f deèp-
r/ 

sea channels seem te agree thàt turbidity currents play a major role in, 

< the f.ormation of these channels (Komar, 1969; G!iggs and Kulm, 1970; 

N~s and Kulm, 1973; Damuth and Garini, 1976 and others). The evidence 

cames 1a~gely from findings of layers of terrigenouB sand and gravei and 

sha110w water biogenic carbonate partic1es such as a1gal fragmènts or 

shallow water benthonic foraminifera in dcep-sea channels many hundred 

kllometers away from land ov Although the phenomena of sanet falls and 
, 

creep have been observed in submarine canyons (Shepard, 1963a) and sediment 

gravit y ~8vements such as slumps and debris flows are possible mechanisms 

to transport terrigenous mat~ria1s into deep basins (Hampton, 1972; 

Mi~dletowand Hampton, 1973) in most-cases channel processes appear to be 

dominated by turbidity currents. Turbidity currents seem to be the on1y 

reasonable transport mechanism to build natura1 levees that occur a10ng 
, 

the channels for hunareds of ki1gmeters. Never~he1es~, bot tom currents 

',; ';$; 0" ",'~" ," = 
, 1 

, 1: 1 ;;., ;.; ::L , r r 
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Fiture 27. Facies model for the NAMOC.' 

" 

CF = channel-fill facies; spill-ovèr (RL • right levée, LL • left 
levee); P = pelagie facies; S = spill-over sand; T = meandering 

. talweg; B = basement ridge (mid-Labrador Sea ridge); 1 = lmar­
ssuak Mid-Ocean ChaQnel (braided) .. Refer to Figures Il and 25 
for the symbols of the sedimentary str'uctures. ' 
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are/aiso assumed to play an important rale"tn certain deep-sea ehannels 
\ 

" , 
'(i.e. Falkland and ~~ Channels in the South Atlantic, Le Pichon ~ al.; 

1971a,_ b). 
r 

Certain eharacteristics.of subaerial river ehannels and their Q 

depo~its have been used to ~escribe deep-sea ehannels such as the differ- 0 

entiation between coarse-grained channel deposits and fine-grained, thin 

bedded levee deposits (Nelson a~d Kulm, 1973). 
, 

Also, meandering or 
1 

, . 
braided channel patterns have,b~en fbund in submarine ehannels (Shepard, 

!( .1 5'/ . . 
1966; Haner, 1971; Cherkis'et~81., 1973; Egloff and Johnson, 1975). 

j.~ --

Un1ike meanderi~gyriver ehannels in whieh point bars develop, individua1 
:1 (' . 
~.v" turbidite 1ayërs in the Cascadia Channel were interpreted ta b1anket a 

fla't c,lymnel floor for long distances (Griggs et al., 1969). 
, .' 

CompBrison Bet~een the ~AMOC and Subaerial Meandering Channe1s 

As to the morpho10giea1 simi1arities between ~ùbaeria1 meandering 

river ehannels and the NAMOC perhaps the most important finding i8 the. 

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

Ta1~egs may be seen On many published bathymetric and seismic profiles 

of deep-sea ehannels (e.g. Cherkis ~ 'al., 1973" Griggs and Kulm, 1973) 

but their occurrence has been genera11y disregarded. Apart from this 

study the presence of a meandering talweg has only brtefly been 

described from La Jalla Submarine Canyon by Pal~er (1976) and from the . 

Monterey Deep-Sea. Fan valleys by Normark (1970) and Hess and Normark (1976). 

Associated with the meandering talweg in the channel are morpho-
1 

logica1 reatures that may be interpreted as submarine point bars (Figure 9). 

The presence of submarine point bars is als,O indicated on high-resolution 

eC,ho-.sounding profiles that shdw inelined subbo,ttom'reflectors probably 
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representing point-bar stratification. Due to the limi~ed depth of ~ 

penetration of the coarse-grained channel sediments by conventional 
1 

piston corers the core materia~ presently ilvallnble f.Jorn th(' channl'l 

floor is insufficent to verity the presence of submarine point-bar l' 

deposits ~pat might be compared with fluviatile sequences. The cores 
; , 

obtained from the channel floor are generally too short ta reveal complete 

vertical sequences suitable for a compar~son with subaeria1 channe1s. 

Nevertheless, Most channel cores consist of ~andy Or coarser-grained 

terrigertous sediment and are long enough ta display prim~ry sedimentar~: 

structures such as graded bedding, paralle1 lamination, cross~bedding • 

. cross-lamina~iorr and climbing ~pples t~at are'at least difficuXt t~ 

diatinguish from and may in fact be identical ~o those faund in subaerial 

point-bars. The submarine pOint-bars inferred for the NAMOC are 

c ' 
~,nvisaged ta form in a similar fashion ta those of meandering river channels. 

i.e. by Iaterai accretion on the inner bends of meanders. 

The third major feature of the NAMOC that bears.an analogy to certain 

large meandering river channe1s ia the deve10pment of natufal levees. 

The natural levees of the NAMOC which are up to 100 km wide accompany . 

the channel for its entite length, and merge with flood plain-like areas 

on either side of the channel. The natural 1evees are on the averagè 
. L 

60 m higher than the adjacent plains. Due to the effect of Coriolis force 
1 

the right (west) levee is consistently higher (up to 90 m) than the left 

(east) 1evee. 

The marked differentiBtion between~he coarse-grained and probably 

thick bedded ch~nnel-fil~ facies i;d the fine-grained. thin ~edded spi11-

over facies occurs because only the dilute top portions of turbidity 

currents whiS,h are 1aden with fine-gr'ained materials will overtop channel 
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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 su ch as floods are , 

more important in the development of channel morpho1ogy than the normal 

( processes (cf. Leopold and Maddock, 1953; Stewart and LaMarche, 1967 

and others). Deposition of sediments on the bed occurs usually at' the 
",-

waning stage of floods or bankful stages due to thelmutual adjustment 
\ J j 

among discharge and bed,loa~ (suspend~d load) , velocity, width, and depth 
, . 

of the channel. If large-sca~e turbidity currents in the NAMOC were a1so 
• 

in equilibrium with channel morphology as floods are with river morphology f,r 

submarine point bars will most likely form during the waning stages of 

turbidity currents. Due to lack or weakness of permanent bot tom curcents 
, 1 

in the NAMOC, however, the channel morphology Most likely changes very 

little during the times between successive turbidity currents. Channel-, 

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

plays a minor rQ1e in the NAMOC. Significant adjustment between chapnel 

morphology and discharge by point-b~r acererton is, therefore, probably , 

not required. Consequently, point-bar aecretion in t~e, NAMOC is probably 
'i' • 

much slower than in subaerial river channels of comparable size. 

This also explains the relative1y low sinuosity of the HAMOC which 

is one of the differenees compa~e~ with meandering subaerial channels. 

S1nuosityof Bubaerial river ~hannels'varies from a value of unit y to a 

valuêof 4 or ~ore and is usually highest i~ alluvial val1eys with very 

.low slope gradients (Leopold ~ al., 196;). Despite the very low slope 
c 

1 

gradient the sinuosity of the NAMOC ranges on1y from 1.05 tO,l.lO. 

Aaaociated wlth this ~ow sinuosi~y of the channel ls ~h~ apparent stability 

of the channel poa.ition." On many seismic reflection profi.l~s (Plate 1) 

evidence for_extensive lateral channel migration ~ith -trme la lacking. The 

-
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1 
channel course has shifted only slightly, 1ess than about 10 ~, and mostly 

1 

toward the 1eft (northeast) levee (see profiles 9, NNE-SSW, rIC;, Plate 1). 
1 

Turbidity Current Processes in tije NAMOC 

In the 1ight of the discovery o~ a meandering talweg and aSBociated 

submarine point bars certain aspects of turbidity current processes in the 
\ 

NAMOC May be eva1uat'ed from analogies with processes in relatively stable 

meandering river channe1e. N~erica1 values for' the flow parameters and the 
r 

, 1 
hydrody~amics of large-sca1e turbidity ,currente ~an. harever, only be 

1 
1 

inferred. Inferences can be made from: a) amall-scale experiments on density 

currents. b) theoretical considerations using certain boundary conditions~ 

based on the the ory of open channel flows, c) direct velocity measurements 

of some slow-moving turbidity currents in submarine canyons and lake~;and 

• d) indirect velocity determina~ions derived from the timing of aubmarine 

cable breaks on th~ sea floor. 

Exper,iment8 on density and turbidity currents have shown that three 

morphologj,cally dis"tinct regions exist within thkse flows; head, body and 

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

ferent velocity eq~àtions apply to the head and body of turbidity current~ 

For the he ad ve10city v, Keulegan's (1957, 1958) formula 

May be used, where ÂP = Pt-P, 

Pt - density of turbidity currents, 

P ... density of ambient water. 

Cl ~ Keu1egan's coefficient (dimensionless), " 

g - ..Acceleration due to gravit y , 

1 

$ 

(1) 

,1 
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hl'· flow thickness of the head. 

Assuming steady state conditions for the body a Chezy-type ~quation 

ia applicable, where h2 a flow thickness of the body, 

/3 ... slope angle ~ 

(2) 

a - the ratio of the drag on the upper surface of the flow to the drag on 

the bottom and 

Cf = drag coefficient. 

Comparison of equations (1) and (2) shows that amou, other factors ~ 

depends on the height of the he ad., hl' but not on the dope gradient (sin B) 

wheré'l;\s u depends on both 'body height, h2 • and ,sin B. Stnce hl depends on 

the amount of suspension advancing trom the body into the head, it depends 

indirectly on u an,d thus on sin B. The velocity of the head' (v) will thus 

adjust to the body velocit;: (u), accelerating or decelerating with varying 

slope gradients (sin/3). At increaàing slope gradients, acceleration of the 

body. and consequently an lncrease in hl will ~ccur whereas at decreasing, 

slope gradients'the body slo~s down, and thus less material will be supplied 

ta the head. ,The critlcal slope gradients (sin /3) for which hl surpasses h2 

have b~en estimated by'Middleton (1966b) ta range from 0.005 to 0.01. 

Kersey and HsU (1976} give an average value of 0.009, whereas Komar (1972) 

assumed a value of 0.002. 

~ .. 

To'evaluate velocities of channe1ized turbidity currents from Ke~legan's 

formula (1) or the Chezy-type equation (2) certain flow paramet~s such as 

the flow,depth (hl or h2) may reasonably be assessed assuming channel-full 

flow aS boundary condition. Slope gradient sin B may also be determined 

with reasonable aècuracy fram bathymetric profiles. Dther parameters in the 

" .. " ! 
,," . 

1 

i t 
Il 
1 
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1 
equations are, however, difficult to aSBeBS, Le .. ,a) the dlmensionless 

\ 
• coefficient Cl' b) the effeCtiV~, density of turbidity currents (p~-p), c) the 

drag cO,efficient Cf and the drag ratio ex. 

The difference in thickness between the head and body height (hl - h
2
) <, 

la principally controlled by the slope gradient of the channel and de termines 

-
whether s~ill-over of channelized turbidity c~rrentB will be from the head 

or the body., As will be discussed in~detail in the sedtion on spiIl-over 
-01 

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

assumed to represertt the head height ~l' because the channel slope gradients 

.1 are greater than critical (Le. greater than 0.002, Komar, 1972). Here, the 
, 

head height will be greater than the body height bècause the body advances 
r 

faster than the head. In this casè, the head velocity reflects the velocity 

with which the turbidity current advancea and, therefor~,' ~eulegants formula 

(1) may be applicable to ~aIculate turbidity current velocitles in the upper 

channel . 

. To solve for v in the equation (1) the density of'turbidity currents 

(Pt) must be known. As-to the maximum density of, turbidity currents Bagno1d 

(1962) has shown that an upp~r limit of 1.18 g/cm3 or sediment conc~ntration 

of 9 percent exists, above which the average distance between particles 

becomes so smaii that particle-to-particle collisions geperate conside~able 

Intergrain friction. Th~ value of 1.18 g/cm3 is therefore often tlsed as an 

-
upper limit for the density of turbidity currents. The 10wer 1imit,on the 

other hand, may be obtained from dilute turbidity currents in fakes which 
, , 

is in the order of 1.Q3 ta 1.06 g/cm3 (Gou1d. 1951; Normark and Dickson, 

1976). These densities are slightIy higher than the density of sea'water 
., 3. 1 

(p = 1.028 s/cm ) 1nd are required for turbidity currents ta break through 
1 

the density stra~ificatian of sea water in ocean basins (e.g. Hesse, 1975) . 

.1 ... -,-
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For Keulegan's coefficient Cl Middleton (1966b) experimentally obtained 

nomerical values ra,~ging from 0.65 - 0.92 for Reynolds nombers gr~ater than 

103. Kersey and HsU (1976) 'IR their density current experiments in a hori-

zontal flume a1so found that the coefficient ia not constant but decreases 

with increas,ing trav7l d.istance due ,ta energy dissipation by friction. '~n 

av~rage value of o.fl for Cl' obtained by Kersey and RsU (1976) for experi-
, 

mental turbid:lty currents on a nearly horizontàl slope, May be applicable for 
" , 

turbidity't;urrents in the NAMOC because of Hs extremely low slope gradients. 

Based on the foregoing discussions it seems reasonable ta use the 

follpwing numeriea1 values for the parameters in equation (1): p = 1.028 

3 3 g/cm., Pt = +.08-1.15 g/cm and ,Cl '" 0.71. Equation (1) yiel'ds average 

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

upper channel where hl.averages 100 m. 

The Chezy-type equation (2) May be applicable ta the Middle and lower 

segments of the NAMOC where the height of the body (h2) is more lik~ly ta 
-J 

be equal or thicker than that of the head (hl)' Here, the channel depth H 

which is, on the average, 150 m in the mldd1e channel, Most probab1y 

ref lects body helght (hl) of turbidity currents. In the lower cnannel h2 

ls
1 

on the average about ioo m. Values of a and Cf in equation (2) May be 

taken from exper~ental and theoretieal results, i.e. a = 0.40-0.50 and 

-3 Cf - 3xl0 , respect~ve1y 

3 
U~ing p = 1.028 g/cm , Pt 

(Komar, 1~69, 1970, 1975; Kersey and HsU, 1976). 

1.08-1.15 g/cm3 equation (2) gives aveF,age 
i 

velocities ranging from 400 ta '600 cm/s for the middle channel (sin{3 = O.rol) 

n And of 210 ta 350 cmls for the lower channel (sina Q 0.0005). 

Equations (1) and (2) provïde first order approximations for the head 
" . 

and body _velocitiés of turbidity, currents. 'Bagnold (1962, 1963) has' 

d~veloped a model whereby fine-grained s~diments maintained in the f10w by 

" 

, ~ (,5r 

" 1 
• 1 

'<'K~~f,;\~I"""~>"M" "," 1'~~ ~ ~, ~~~ ~~=~»v,~*~ .... """'_~"' __ _ 
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" auto-suspension provide the force to drive the flow. Turbidity turrents 

1 will main tain a state of au~o-susvension as long a~ the differénce between 

'u sin~ (i.e. the vertical component of the body ve1ocity) and the sett1ing 
"~ , 

velùcity of the sedimentary partic1es w i8 'g;eater than a certain constant 

A (Bagnold's auto-suspension ,criterion): u 8in6 - w > A. This.provides 

another possibi1ity to calculate the f10w velocity of turbidity c~rrent8: - , 

(3) 

where w = sett1ing velocity and ,the other notations are the same as in 

equation (2). What the numerica1 value of A shou1d be is debatable 

'(Midd1eton, 1966a), but as may readily be seen, equation (3) reduces ta the 

Chezy-type equatio~ (2), if w equa1s zero, i.e. if the force necessary to, 

. mainta~n. the sediment in suspension 18 omi tted. 
, -, .... 

ÜS~g the jsame numerièal figures as in (2) and assuming a settllng 

ve~ocity of 0.01-0.06 cm/s for partic1es of 10 ta 35 microns in diameter 
/ 

(Bagnold, 1963) equation' (3) may be solved for u, yielding ve10cities from 
«'~ 

600 to 250 cm/s for channelized ~urbidity currents in the NAMOC. 
o 

The velocities ohtained from equations (1), (2) and (3) for~the NAMOC 

are of the same arder of magnitude as those inferred from the timing of sub-
. 

marine cable breaks for large-scale turbidity currents on abyssal plains 

(i.e. 600-980 cm/s on the Sohm Abyssal Plain over ~OO km,from the source, 

H~ezen antt Ewing, 1952; Heeze~, 1963; Menara, 1964). Calculations for 

turbidity currents trom anc1ent channel gravels in Doheny Channel (Komar" 
\ 

1970) gave similar ve1ociti~s, 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 channe1s. 
( 

Turbidity. currents in ~eandering channels are characterized by a surface 

- r 

,> 
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.--..... 
slope resulting from the combined effects of centrifugaI and Coriolis 

forces. Under the condition of chanifel-fuH flow it may be assumed that the 

difference 'in levee height on both sides of the channel refiects the surface 

siope of th~ f~ows. Komar (1969, p. 4546) used the following equation to 

calculate the body velocity u from the surface slope: 

'" 2 +2 t:.P f1H 
R Qusin ~ = g-P- '''W 

t 

where u = flow velocity 
R = radius of meander 
o = angùl~r vel~city of earth rotation 
~ = latitude 

àH '. dtfference in height of the levees 
W = width of the channel. 

(4) 

'In equation'(4) the'centrifugal force and tne Coriolis toree balance the 

horizontal pressure gradient force that results ftom the cross-sectional 
i 

1 

surface .s~ope of the current. 

Equation (4) m~y be solved for f1H by feeding int9 it the velocity 

values obtained from equations (1), (2) and (3). The calculated values of 

f1H mây then be compared to the observed ones. As 'stated above the difference 

in levee height (àH) in meanders reflects the cross-sectional surfacé slope 

of èhannelized turbidity currents and primarily results from the combinatio~ 

of the ceqtrifugal and Coriolis forces. In southwesterly' (i.e. rlght) ~8nders 

the Coriolis and centrifugaI forces will support on~ angther, whereas in ....... ' .... 

n~ttheasterly (left) meander bends the two forces Will'c~u~ter-act eaeh 

other. Consistently higher 'right levees slong the entire length of the 

.NAMOC are in good agreement with.the fact~ that the Coriolis force is always 
1 

larger than the centrifugaI forc~ by about 20 percent for velocities between 

700 and 300 cm/s. The relatively small magnitude of the centrifugai force 

in the NAMOC la due to the low ~inuosity, or the very large meander radius 
t> tr I! 

1 
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which ranges trom 60 to 70 km. The,effect of the.~ent~lfug~l force can be .. ' 
seen in the fa~t that the difference in levee height in northeasterly 

(i.e. left) meander bends ~less than in southwesterly (i.e. right) meander 

bends by an average 5 ~ee Appendix 2). ~ This accordance between channel 

morphology ,~nd the fo~ce. causing the·.u~~:f channeli.ed turbiditr 

currents in the NAMOC meanders to slope conversely suggests that the cal-
" .., "" .. 

(O", culated velocities are in the righ~ order of magnitude.~ 
~.} 'l'l, ~ 

, An important 

t;pe 

..... 

Spill~over Pro cesses 
. ' 

pect of- the channeli~ed flow of tt;rb.idity currents ·la 

the, channel banks and the development of na,tural levees. 

As has been poin ed out, pronounced natural levees occur along the,~ntire 
, " ~ ;5' , '. ':. 

.~I 

length of the ~ OC attesting t6:"the frequent occurrence, of currents over-'. 

topping the chan Because overf1o~J will be fed f~~ ~he 1ute' 

top of the cha~nel1zed flowa the extent of the facies differenti~on 
o 

,between the generally fine-grained, thin bedded levee ~acies and the 
....... - l' 0 

generally coarse-grained channel-fill facie~ will enable us to estimate at 
\ . 

least Qualitat1v'e1I.Y,-the dQgree of vertical and possibly horizontal gradation 
\ 

in the flow. The côntrast between the channel-fill and the levee f~cies 

~ ~111, of course, be th; gr~at~r the higher the relief, i.e. the greater .the 

depth of .the channel. "Theoretically, it shou;Ld a1so increase with 
,. J , , 

increasing flow distance, that is, increasing maturity (i.e. vertical a~d 

horiz~ntal grain size gradation) of ~he flow. 
.' 

, ' 

Overflow conditions may vary in the downch&nnel directton due to the 

change in slope gradient'of the channel. In ad~~tion, the thickness of _ 
. 

individual overflows wil1 be 1nfluenced by local channel relief and othet . 
, .:ct Co 

, 
factors such as the variation in momentum resuiting from the superposition 
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". of the Coriolis and centrifugaI forces which, as discussed ab ove , add up or 

counteract at right or left meander bends, respectively. 

Koma~ (1972, 1973) theoretically analyzed oyerflow conditions of chan­

nelized turbidity current~ He recognized that the thickness of ind~vidua1 

overflows was dependent upon channel gradient. Thickér overflows result 

from a decrease in gradients because the corresponding velocity decrease will 

cause the flow to thicken in order to maintain continuity of discharge. 

Komar also pointed out that overflow will occur either from the head or the 

body of a turbidity current depending on ~bannel slope 'gradients. According , 

t'ô Komar 1 s assump tion he ad spill~er domina tes if. the charlDel gra~ient i8 

gr~ater th an ~.002 because ~he. head wil~ be~hicker than the body, whereas 

~ 
body overi1ow" occurs at lower gradients~ Dividing équation (1) by equat10n 

.! 

(2) and u8ing the relationship 
/{ 1 . -

Fr .. Cl (sin 8) ~ (5) 

Komar (1972, P" 1153) shdwed ~bat tbe ratio of the bead velocity to~e body 
" . 

velocity (v/u) i~ inversely proportional to the Froude.pumber (Fr) but . . / 

. directly proportional to the ratio of the head héight to ~he body height 

(6) 

. ~ 
The inverse relationship between the ratio of v ta u and the Froude number 

" (Pr) i~ also evident from experimental results summarized by Middleton 

(~966b).o For low Fr the ratio v/u approaches unit! and may even be smal1er. 
, \ 

a1though this condition cannot be mai~tained for any length of time. If 

tp,e body v:~loèity is about the sarne as tl1.è head ve10city the head thickness 

(hl) may be e~pected tJ be close ta the body thickness (h2). Ta satisfy 

equations (5) and (6) this condition will occur at à Froude number of O.rl 
1 ;\ ~ 1 

• 0 ! \ \, 

, , 

,; 
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(or 0.75, Komar, 1972) or a bottom slope gradient of about 0.002. 

As Romar (1972, p. 1154) pointed out the ab~ve values for the critical , 

condition 'hl = h2 should be taken with sorne r,eservation because a) u may still be 

s light 1y higher than v for hl = h
2 

resulting in a slightly 1arger Frou~e' 

number, b) of the uncert~inty concerning the coefficient (Cl) which might be 
A 

> P . 
less than 0.71 resulting in a smal1er Fraude number, and c) the general 

(1 , 

un~ertaint~ concerning the ayplicability of Keule~an.:s or Chezy~type .. 
equations respec~ive1y, to large~scale turbidity currents. Both equations 

assume steady atate conditions that are certainly not fulfilled over very 

lông distances. 
. 

To my knowledge diffetent kinds of turbidites on natural levees have 

not yet ,been identified in the l~terature as either head spi11~ver or body 

spillover- deposits. From the study of the 1evee facies of the NAMOC it 

appears that this distinction is' possible. The crudely laminated "A','-

str4Sture divisions 'observed in cores from the right levee in the upper 

" , \ 

channel reach ,(Figure 28, see also sectioh on crudely laminated ~IA"-division) 
.( 

.are considered to represent ryead spill-over deposits. This structural unit 

is extremely', poorly sorted. The vague laminatfons aré formed by an incom-
, 

pIete separàtion of coarser an4 finer grains, with some pebbles scatter~d 
" 

thraugh.6ut the "A" uni t. 
,,1":;J 

The upper 'contact of ,the unit with the overlying 

'''''cross-laminated (T ) or parallel 1aminated (T
d

) unit 18 sbarp. 
.j • c . 

\ 
The contr'1lst 

in the d~gree of sorting and textural maturity across this boundary is 

striking, 

1 The "A"-structure '(UVi8ion is interpreted as head o;lferflow d~posit for 
, ~;l~" 

the following reasons. It is knownJfrom eiper~ents ,~.g. Midd1eton, 1966a, 
,/ o.J~ .. :.~' II: .If 

b. 1970) that the head is characterized by the turbulent' upward movement of 

suspension from which individual larger grains rapidly settle and fall back 

l ' 
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"Figure 28. Head sp1l1-bver versus body spill-over turb1-
dites. Bar; 1 cm. A~graded sequence of turbiditic'structure 
divisions (numbers 1-5: crudely laminated, poorly sorted T"'I " 
unit, cross-laminated (T ), paraiiei laminated (T ) and homo! , 
g~n~ou8 (Te) divisio~8) rs interpreted.as having ~es~lted fr~ 
he ad spill-over (Tf1 "' and sUDsequent body spill-over (T ) of 
the'same 'turbiâity ~i.trrent: ·See text for. discussion. Nfiiii5ers. 
(1-5) in the middle And right-hand columns correspond to those 
q~bers for the~turbiditic structure divisions in the left­
hand column. Pelagie lutite's (F) with iee-rafted debris 
intercalate between turbidite sequences. note intense b1otur-
bation in tHe bottommast 'layer (F). , ;.' 
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\ 
into the body of the current. Consider~ng the high relief of the channel 

" 1 
the head of the current is the on1y likely portion where particles of granuœ 

size may be thrown up high enoùgh by turbulènt motion to leave the channel. 

Th.e sharp break in grain size and 80rting at the upper boundary of the "A"-
, 

division suggesta that the overlying C-division May have resulted from 

subsequent body spill-over as the turbidity current continued its passage 

at the spill-over reg ion. Thus a highly differentiated overflow resulted 

with coarse suspended particles in the frontal portions and much finer 

material comprising the bulk of the overflow. lnteres tingly, the T" ,,­a 

divisions occur ~08t frequently on the levees of the upper channel where the 

. channel gradient i8 steep (0.002). Op the other hand, in the Middle and 

lower reaches of the 'stu41ed 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 1evee depbsits. This is in accordance with Komar's (1972) 

choice of the c~itical slope gradient of 0.0022. 

The common occurrence of basal turbidite dfvisions on the levees of the 

upper channel supports the idea that initially overflows May have been in 

the upper flow regime. On the other hand, extremely rare occurrence of basal 

turbidite divisions (A and ~ in thé Middle channel levees suggests that the 

flow conditions of overflows were largely subcritical. Although instanta-

neous1overflows could result in a kind of shaoting flow due ta a sudden 

décrease in flow depth, subsequent decrease in velocity will, however, lower 

the Froude number below the"critical value. 

In the middle ànd Iower channel segments paraI leI laminated and homo-

~ 

geneous-muds that are often underlain by micro-cross-laminated, (micro-
,1 \. 

climbins ripple lamination) fine sand and silt p~evai1."in ~)le spill-over 

facies. Evidently_, the layera of climbing ripples arid micro-cross-laminated 

'D 
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-
fine sand and silt result from bed-1oad transport ~nder 10wer flo~ regime 

conditiohs. Furthermore, the preservation of st!lss sidt)S in these 't1imbing 

ripp1es indicates tltat the rate of sediment fal:l-out ,was re1ative1y high. 

The overlying parallel1laminated muds formed, under similar conditions but 

at a slightly later stage when the flow velocity had decreased further 

whereas the depth of f10w probab1y remained re1ative1y constant. 

Deposition of Laminated Turbidite Muds 
'\ 

" It is known from the works of hydraulic engineer~ and others studying 

coastal and estuarine environments, that depos,ition of fine-grained sediment 

(less than about 50 microns) differs from that of fine sand in that cohesive 

forces between the particles as weIl as between the bed surface and the 

particles play"a raIe (Einstein" and Krone, 1961, 1962; Partheniades, 1965). 

FloccJlation of particles results from collisions by Brownian movement, 

internaI shear of fluid and differentia1 sett1ing velocity '(Einstein and 

Krone, 1961, 1962). Flocs formed by internaI shear are denser and stronger 

than those formed by Brownian movement or differentia1 sett1ing (Krone, 

1976). F1ne-grained mate~ia1s in turbidity current~ are important because 

they facilitate auto-suspension (Bagno1d, 1962) which is effective in main-

taining the currents to f10w for long distances. 

The'deposition of fine-grained partic1es as flocs is largely contro1led 

by shear stress on the bed (Partheniades, 1965, 1972), flow turbulence, 

sett1ing velocity (Einstein and Krone, 1961) and oth~r factors auch as 

physico-chemical properties of the cJay-water system (Partheniàdes, 1972). 

Depositi.cnof flocs will occur if flocs overcome the limiting shear stress 

(Tt) of f10w on the bed. Experimental values of Tl range from 0.41 to 0.81 

dynes/cm2 (Einstein and Krone, 1962; Parthe~iades et al., 1969). 

I--~' 

,,'. ~.. .. ----- ~." -_ .... _- .. - ;-_ . .., 
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McCave and Swift (1976) proposed a viscous sub1ayer model for the 

deposition of fine-grained sediment. The, viscous sublayer ia a viscosity­

~. dominated f10w region, immediately adja~ent to the boundary of the flow. 

The viscous sub1ayer is nat entirely 1ami~~~ but displays instabi1ity 
D 

invo1ving periodic turbulence. The sublayer has a structure of high- and 

low-velocity streaks which ha~e been detected by dyeoinjection, a hydrogen 

bubble techni9ue and high-speed motion picture photography (Kline et al., 
1 

1967; Corino.and Brodkey, 1969; Grass, 19l1; Kim et al., 1971; Offen and 

Kline, 1974,1975). Periodic high ve10city eddies or f1uid inrushes trigger 

the instabi1ity of the sub1ayer and interac~ with streaks of lo~-velocity, 

+esu1ting in ejection of low-momentum f1uid from the sub1ayer toward the 

main f10w away from the boundary. The periadic f1uid inrush and ejection 

events, which ar~ known as 11bursts" a1so accur in marine boundary layers 

(Gordon, 1974; Heathershaw, 1974). It May be assumed that fine-grained 

suspended particles in the vlscous sub1ayer of dilute ~urpidity currents are 

concentrated in the law-velocity streaks. 
. 

The thickness of the vis cous sub1ayer ô is expressed as 

(7) 

where v ia kinematic viscosity, T ls shear stress at the bed, p is f1uld , 0 

density. McCàve and Swift (1976) assume that the rate of deposition (Rd) 

from the sublayer ia given by the difference between the net ejection rate 
< 

(E) and the sett1ing input per unit of time to it (S): 

R = S - E d 
(S) 

The sett11ng flux input CS) ia given by Cb w under depositional condition 

and the eject(on f'lux (E) may be expressed as Cb W (ToIT 1) (McCave and 

Swift, 1976), where Cb ia particle concentration just outside of the 

" , 
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sub1ayer, Iw is sett1ing ve10city and i~ is 1imiting shear stress above which 

no deposition takes place. The re1ationship (8) th en becomes 

(9)' 

The term (1 - T~/T~) Is the probability (p) of a particle settling' ta the 

. ' 
bed which is also affected by factors such as bioturbation and bed ro~ghness. 

Einstein and Krone (1962) and Krone (1962, 1976) express an empirÏCal 

formula for the 'rate of part~cle sett1ing (and thus concentration of par-

tic les in suspension): 

= - (10) 

\, 

where Ct is mean concentration at time t, Co iB i~itia1 concentration with 

flow depth (D). McCave and Swift (1976) pointed out that equations (9) and 

(10) are similar ta each other. Equation (10) iB iden~ical to (11), 

ln C - ln C "" .!! (1 - i li 0) t. (11) 
o 't Do", 

The 1e!t side of equa'tion (11) g~ves the amount (or concentration) of par-, 
~ 

ticles that have settled after time t. The logarithmic decrease of conce~-

tration in suspension with t~e is also shawn by Krone (1976, Figures 3 and 
, , 

4) for diluted Buspended sediments at varying mean flow ve1ocities. Using 

White's (1970) data McCave and Swift (1976, p. 543, Figure 1) show the 

variation of\1imiting shear stress (Ti) with settling velocity (w). Par-

ticles of higher settling velocity may be deposited st higher bed shear 
, 1 

stress (T). A1though this relationship was Initially derived for non­
a 

cohe~lve fine particles it may be applicab~e to fine ~ohesive pârticles 

(McCsve and Swift, 1976)/. The term (1 - Toh9.,) will th en vary with w. From 

equation (11), therefore, the sett1ing of fine-grained particles from a 

viscous sublayer may be stated in terms of the settling ve10city (w) . 
• 

'\ 
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Kuenen/f1966) produced thin parallel laminations in a circular flume 

and .U~.d that the laminations were formed from uniform fl .. by a 
/ 

_:~ïng procesB which he called a "kind-seeks-kind" mechlmism. Current 

pulsation was not envisaged ta play a role because pulses were tao numerous 
1 

tb matc~ the relativeiy 'small number of laminae in each depositio~al unit. 

Based on a' nwnber of studies of thin paralle! laminated turbidite muds 

Piper (1972, 1973. in press) suggested that; a) the laminations reflect 

" ve~ocity fluctuations of the turbidity currents; and b) the mode of trans-

port ls different for the ailts and for the clays; fine's1~t ia carried aa 

bed load at higher velocities and depoBited when the V~~~ity decreases, 

." 
the cHey i8 carried in suspension and depoaited when vèlocity decreases 

...r. ..... 

even further. For thinly laminated turbidites from the Nova,Scotian outer 

continental margin Stow (1977) suggested a mechanism of depositional,shear 

Borting through the viscous sublayer: Bilt' grains settle through the 

viscous sublayer. while increased shear in the 'boundary layer causes flocs 

to break up; as mud c~centration~ builds up on the top of the boundar, 

layer, reflocculation oc~urs and at some critical concentration floc aggre­

gates overcome shear break-up and deposit rapidly through the laminar sub-

layer 8S a mud blanket. In this model current pulsatioucwas not envisaged 

as necessary to.produce the segregation of silt and clay particles. 
1 

The occurrence of micro~ripple cross-laminations in the NAMOC spill-

over sediments sugg~sts that the coaree silt ta very fine sand at the base 

of some laminated layers ls dominan~ly deposited from bed load transp?rt 

(cf. Figure 14). However, sorne of this materlal may have been carried in 

• 
suspension as suggested by the preservation of stoss-side laminae (Plates 

4 and 5) indicative of a r~latively high ratio of faU-out •• At ·,the trans­

ition fram the ripple laminated division to the parallel laminated division 

- • - --~+<--~'- __ -',;..~---'-'-~-""'''''''''' '_""~ -~~- .. ~,~ -'"' .. .........,. __ ... _.~ ___ 9.,_,,,_._ ........ "" ..... ~""m ... __ ~I:II!'.. , 

"-' '-~_L •• ____ ~~ -....i->_~.J_"'"'--"'-'L 

" ' 



o 

96 

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 Ba~nold, 1962). lt 
~, 

T-

is, therefore, suggested here that essentially aIl materia1 deposited in 

the parallel 1aminated division was transported ~n sùspension. 

In the 1ight of recent observations of burst!ng phenomena in the 

viscous sublayer of experimental f10ws and of natura1 marine boundary 

layers, a suggestion ia here put forward for the mechanics of formation.of . . 

thin paralle1 nl~inations frçm dilute turb.idity currents. 
- 1 

The simi1arity of equations (9) and (11) indicates that fine-grained 

particles in 'turbulent suspension of dilute turbiaity c~rrents settle via 

the viseous sublayer. lt ta also apparent fram equation (11) that the 
~ 

settling ve1ocity, i.e. the difference between granular silty and f1oecu-

1ated elayey part~e1es assumes an important raIe for the segregation during 

deposition. The segregation 1s envisaged to occur via the viscous sub1ayer 

enhanced by a series of "bursts":' during the sweep (or. strong velocity , 

pulse) incorporation of granu1ar partic1es into the sub1ayer may be acce1e­

rated, whereas finer-grained elayey particles are!ejected from the sub1ayer 

toward the main flow. During or just after a period of a sweep granu1ar 

partieles in the sublayer most likely sett1e first to the bed at relatively 
Q 

, 
high bed shear strëss. "The overall concentration of granu~ar partic1es in 

the suspension and the viscous sublayer are, therefore, deplefed first 

logaritbmically ~ith time (cf. Krone, 1976, Figures 3 and 4). 

In the meant~me, flocs of clayey particles.are progressively enriched 

in the low-velocity streaks of the'viscouB sublayer. Bettling of-flqcB 

fram the low-velocity streaks will occur when aggregates reach suff1eient 

specifie weight (equivalent to that of individual silt particles) and floc 
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bonding overcomes critical shear stress (Tc). This process !W,il1 ge accelerated 

as turbidity currents decay with time because current velocity as weIl as 

both critical and bed shear stress decrease. 
.' 

There are, of course, some flocs in granular laminae and, granular materials 
1 

in flocculated laminae. As Stow (1977) suggested, the discrete boundary between 
, 1 

the gr~nular and flocculated laminae can only be formed by rapid settling of " 

flocs. This may be related to the i~stability of low-velocity streaks or other 

factors suchas rate of ve10city decrease. and ~f sh~ar stress in the viscous sublayer. 

- , 
Frequencies of ve10city fluctuatipns observed in small-scale turbidity 

currents (Shepard ~ a1.,1975, 1977; Normark and Dickson, 1976; Lambert et 'al., 

1976) are in the same arder of magnitude to those of "bursts" observed in 

marine boundary layers (Gordon, 1974; Heathe'rshaw, 1974). In fact, it Is 

most like1y that individua1 laminae resu1t from a number of bursts. 

Upward logarithmic variation in alternating laminae thickness of granu- , 
. 

1ar and flocculated partic1es may be related to the bursting phenomena in the 

viscoua su~layer. It la, however, beyond, the scope of this study to further 

speculate on the relatlonship. An exp1anation must be approached from care-
I~ 

fuI experiments. 

Levee Turbidites vs. Contourltes 

For the past decade there has been discussion concerning the relative 

importance of turbidity currenta and deep oeeanic' bot tom currents in trans-

porting fine-grained deep-sea sediments. It started with the finding of 

bottom current activity off the southeastern Grèenland Continental Rise 

(Heezen and Hollister, 1963). The stud~ of contour-followiùg geostrophic 

bottom currents on the continental rise of the western North Atlantic was 

initlated by Heezen et al. (1966). 
\ 

These etudies suggested that fine sand 



1 
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and finér-gralned sediments alorig the continental rise (and the margins 
./ 

1 

of the deep-ocean basins in general) are ma1nly transported by contout-
, , 

following bott01ll currenU "(therefpre named "contourites" e.g. Hol11ster 

and Heez~n,~ 19725, which previoùsly had been taken f~r 'granted by most 

workera as being turbidites. 

On PDR records ( sedimentary ridges composed 0l contourites are char­

~cterized by a wavy and hyperbolic surface morphology; on seismic ref1ection 

profiles sedimentary ridgès are transparent and distinguished. from intern-

a11y 1ayered turbidite sequences '(i.e. Davies and Laughton, 1972; Bouma 

and Hol1ister. 1~73). On bottom photographs the surface of ridges revea1s 

\ 
current lineations, ripples and other features that are· indicative of 

bottom currents (Heezen and Hollister, 1971). 

In general, ocean bottom currents and turbldity currents opera te in 

different parts of ocean basins in transporting deep-sea sediments: bot tom 

currents tJn~ to d~inate 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 bott01ll to keep fine~grained materia1 

in suspension, causing nepheloid 1ayers (Ewing et al., 1971; Eit;treim et al.. 

1976). Nêphe1Qid layers a~e aIs a caused by slow-moving, 1ow-èoncentration 

turbidity currents in the vicinity of submarine canyons (Beer and Gors1ine, 

1~71; Baker, 1976). 

A number of criteria have been proposed to distinguish contourites from 

~ turbidltes of sand- an~ silt-sized materials (Bouma, 1972bi Hollister and 

Heezen, 1972';. Bouma and Hollister, 1973). A1so, criteria for the distinction 

of f1ne-gralned. parallel laminated turbidites fram contour1tes have been 

.~-. -- ~ - -- ---,~ 7:=~YS:ît 1::-\~~.,:.~ ::;~;;:-:-.:.--",.-.- :--.-.-,-_.-..._ ... - "'..-...... -~-.-_~ -.,,- ------:--- -- -
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proposed by Piper' (1972, 1973, in press). Piper an1 Brisco (19"5) 

observed the lenticu1ar and discontinuQus nature of laminations of pro-
J' , 

bable contour1te- o~igin on the continental rise off ,Antarctica (DSDP site 

268). In contrast to some of the criteria proposed by Boums and Ho11ieter 
c,""" 

(1973) for the identification of con~ourite8 Piper and Brisco pointed out 

that he~vy mineraI placers were absent in tneir examples; that gra~n 

orientation was 1acking; and that Idw matrlx'content was not characteristic. 

Stow (1977, in prep.) used various lines of evidence to distinguish betwee~ 
o 

turbidites and interbedded contourites on the continental margin off Nova 

Scotia. H'e indicated that abundant parallel laminae are more indicative for 

turbidites than for contourites. For coarser layers this was aleo 8uggested ~. 

by Fritz and Pilkey (1975). 

In ~he following paragraphs further distinctive criteria for the dlffer-

entiation of turbldites and contourites are derived from a compariaon of the 

NAMOC apill-aver facies and the contourites of Eir~k Ridge. ; 

On X-radiographs the most obvious difference between the levee turbidites 

and the contaurites ia the intensity af bioturbation: more than 95 percent 

of the turbidltes retain their prtmary sedimentary structures, whereas more 

than 98 percent of the contourites a~e biaturbated and mottled. The mottled 

~ocontourites are, in fact., ao similar ta~normal (hemi-)pelagic lutites in 

sedimentary structures and texture that they may be referred ta as ttreworked". 

pelagie lutites with some terrigenous material.-· Although it' may be possible 

,that the ana1yzed core samples are not entirely representative of the 

typical depoaits on Eirik Ridge, less than 1 percent of the contourites 

sh~s more or less undisturbed parallel laminations (Plate 17). 

Apart'from the abundance of paralle! laminae in the turbidites, a1ao 
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the characteristics of the laminations in the levée turbidites are " 

different ft;'om those of the contourites. The laminae in contouri,tes 

consiat of simple alternations of coarser-grained and finer-grained laminae, 

both of which are largely composed of biogenic debris and some terrigenous 

materials (plate 17). No systematic upward thickness variations of the 
. .", 

laminae were observed. Both the laminated turbidites and the contourites 

are poorly sorte~ (Appendix 5). 

Whereas primary sedimentary structures in contourites are seldam 

preserved due to bioturbation during slow-settling of '~elagic particles, 

bioturQational disturbance of primarY,structures in the turbidites is 

insignificant because of rapid deposition. Bioturbation in the contourites 

is probably enhanced by the bottom currents that supply oxygèn for the 

burrow~ng benthonic animaIs. 

, Source of Sediment 

The source of the NAMOC sediment can be traced using the, position of 

the channel head and tribu taries " the compo'si tion of channel g'ravels, p.nd 

heavy mineraI assemblages. 

North of 600 30'N the NAMOC becomes morpho!ogically indistinct. The 

confluence of two branches of the upper channel, however, trends northwest 

t~ward the shelf area off Hudson Strait with one other i~distinct tributary 

trending north toward Cumberland Sound (Figures land 3). 

o 
In the middle channel segment near 56 N the çhannel ia joined by a 

1 • 
major tributary - the Imarsstlak Mid-Ocean 'Channel~ which originates in the 

West Reykjanes Basin on the southeast side of Greenland. Another east~rn 
o 

tributary near 57 N heads for the sou1;:estern Greenland s-lope. 
') . 

Pebble composition of the_gravei la (Appendix 6) Is indicative 

"' \ 

\ 
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'of a b~ian source fot the sediment. The prevalence of Paleozoic 

:ar~onatei ~n channel gravel. may be related to abundant carbonate, 

detritus found on the northeastern Canadian shelves and slopes (Grant,' 
o 

, 
, 1965; '1971; Krank, 1964; Marlowe, 1968; McMillan, 1973) t but not pn the 

Grëen1andian she1ves or slopes (Grant, 1965; McMi1lan, 1973; Johnson ~ 

al., l~75a, b, c). The ca~bonate pebb1es on the northeastern Canadian 

she1ves have probab1y been derived by ice-rafting via the prevailing , 
Baffi~ and Labrador Currents from the ea~tern Canadian Aretie archipe1ago 

where the Lower Paleozoic carbonate rocks are exposed (Thorstelnsson and 

Tozer, 1970). A recent discovery of Ordovician, carbpnate rocks underlying 
, 1 _ 

the Baffin ahelf by MacLean et a1.(1977) of~ers an a~ditional source for 
, 

the abundant carbonate pebb1es on the shelt. The Ordovician carbonates 

from the shelf ar~ simi1ar to the channel carbonates. On the other hand, 

ù 

carbonate pebbles are absent a10ng the coast of Green1and, although they 

were dredged from the southwestern Green1andian continental slope (Johnson 

et aL" 1975b). 
') 

febbles o( ano~tho$ites with interœediate plagioclase compositio~ , 

(AnZ5- 45 ' ~desine-~ligoc1ase) a1so indicate a Canadlan source because the y 
o 

are n?~ known fram occurrences in Greenland (Wind1ey, 1969). 
'1 

Heavy mineraI aSBembl~ges both from the NAMOC floor and aIder sediments 

of the central Labrador Sea (DSDP site 113) support a Canadian source. 
CI -

The major heavy mineraI assemblages from'fhe NAMOC and.lmarssuak Mid-Ocean 

(~ 

Channel are, are kasica11y identical to each other, except for 'some occurrence 
, 

. of actinQlite1tremolite in the latter (Appendix 7). Also, the relative , ' 

'abundance of hornblend~ and gar~et differs •. The ratio of garnet to horn-

blende for the NAMOC floor is 2:1. ,~bèreaB it i8 1:2 for the Imarssuak 

, , ( 
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" Channel area (DSDP site 113). As nott:d by Johnson ~ al. (1973) and' 

Laughton ~ al. (1972), the Imarssuak Channel rece~ved considerable 

amounts of volcanic sediments _and rewarked sandstones, metamorphic and 

igneous rocks fram Greenland, in which hornblendes are more common than 

garnet along with àctinolite/tremolite. The assemblage and abundances of 

heav'y mineraIs from the NAMOC are in good agreement with those of Slatt 

and Lew (1973) fram the Labrador sheH and s1ope. , 

History of Channel Development 

A~ DSDP sités Ill, 112 a~d 116 in the Labrador Sea and the northern 

North Atlantic a pronounced change in composition frQ~ dominantly pelagie 

to terrigenous sediments, together with a faunal change from warm to co Id 

assemblages and the appearance of ice-rafted debris led Berggren (1972) and 

Laughton et al. (1972) to, place the, pre-glacial/glacial boundary at about 
, > 

f.l< 

3 my B.P., i.e. in Mid-Pliocene time. At DSDP site 113 in the central 

Labrador Basin this bounôary occurs at a subsurface depth of about 550 m 

(Laughton et al., 1972). The 'interpretation of seismic refleet10n profiles 

across the NAMOC (Plate t) suggests that much of the approxima!ely 500 m 

thick'sequence of layered sediments in the central Labrador Sea represents 

terrigenous turbidites aerived fram the NAMOC or tts predeeessors. Where 

penetration ia suffieient on the aeismie profiles, sediments below the 
1 

subsurface depth of 500 mare acoustic,ally transparent.. 'This then Buggests 

that the base of the turbidites 1s also about 3 my old. 

In the NAMOC cores 4 litho-stratigraphie units w~te recognized (p. 67), 

i.e., a) an upper pelagie, b) an upper turbiditic, c) a lower pelagie, and 

d) a lower turbiditie unit.-.::-.,' 
f, ~~ , 

The base of the upper pelagie unit in the NAMOC cores oceurs at ~n 

average depth of 30 cm. Its aie has been extrapolated to be slightly aIder 

\ 
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than '7,100 Y B.P. averaged from three radioearbon dates (i.e. 6,930 ± 200 y 

B.P., 8,630 ± 320 y B.P., and 5,810 ± 240 y B.P., Table 2)/obta1ned from a 

me an depth of 25 cm, i.e. 5 em ab ove the boundary between the upper pelagie 

and the upper turbiditie units. It yield~ an average sedimentation rate'of 

3.5 em/ltPOO y for the upper pelagie unit. An average age of 23,000 y was 

determined for the base of the lower pelagie unit (refer ta Table 2 and 
\ ' 

Figure 25). This unit ia about 40 cm thick in core H74-68, but te~da ta' 
, \ 

thieken in more': southerly cores (H75-24, 2,2, Il, 8, and 4; refer ta Figure 

25). The age for the upper boundary of this unit ia tentative becauae 

radi~carbon dates for its top are not yet available. If,the seJimentation 

rate of 3.5 cm/l,OOO y of the ~pper pelagie unit iB applicable for the 

lower pelagie unit as weIl, its top may be expeeted ta be about 11,000 y 

o~d. The upper turbiditic unit wou1d then have been deposited in a time 

span of only 4,000 y. This would yield an approximate sedimentation ~ate 

of 13 cm/l,OOO y for the upper turbidltie unit which ia 50 cm thick on the 

average (for stratigraphie correlation see Figure 25). In core H74-68, the 

baae of theolow~r pe+agie unit is younger th an in more southerly cores 

(i.e. 17,200 ± '500 eompared with 23,000 y). rherefore, the sedimentation 
" 

rate of the upper turbiditic unit in core H74-68 which ts about 100 em 

thiek ls about 10 cm/l,OOO y. 1The esrimated age 1imit for the upper boun-

dary of the lower pelagie unit and sedimentation rate for the turbidites of 

the upper turbiditic unit are on1y approximate because: a) the lawer 

pelagie unit appears to be time-transgressive from southeast to northwest 

and b) a number af turbidite layera are interea1ated in the lower pelagie 

unit in cores H75-24, 22, 14 and 8, re,spective1y. 

Nevertheless, the rates of turbidite sedimentation are comparable witfi 

tbe'average sedimentation rate of 10 cm/l,OOO y for the upper 200 m of the 
, ( 
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1 " , 
Pleistocene turbidites in the Imarssuak Mid-Ocean Channel area determined 

" ... 
by Laughton et al. (1972) at DSDP site 113. Heezen et al. (19~9) assumed 

, , 
an average sedimentation rate aÏ 9 cm/l,OOO y for the NAMOC .1evee sediments. 

),' 

For the lower sequence of Pliocene turbidites at site 113, which ia 350 m 

thick. Laughton !1 al. (1972) estimated a higher sedimentation rate of 

35 cm/l,OOO y. If one furth~r assumes t~at the sedimentation rate of the 
... . 

Pliocene turbidites at DSDP site 113 is similar ta that of aIder NAMOC-

turbidites, then the initiation of turbidity current activlty in the NAMOC 

ls probably related ta the onset of Quaternary glaciation in the Labrador 

Sea about 3 my B.P. 

The termination of large-scsle turbidity currents in the NAMOC occurred 

t 7,100 Y B.P., although smaller ~~rbldity currents that were confined to the 

channel appear to have occurred.as Iate as 4,800 y B.P. (refer to channel 

core No. 6 in Table 2)'. The age of 7,100 Y approximately corr~sponds ta the 

1ast glaeia1/post-~lacial transition in the Labrador Sea. Glacial condi-

tions in the southern Labrador Sea ended slightIy before 8,000 y B.P. based 

on faunal evidence (Ruddiman and Mclntyre, 1973). On the Labrador shelf 

off Hudson Strait the Laurentide Ice Sheet, which reached 8S far as the 

shelf edge during the last glacial maximum (Ives et ~., 1975) had a1so 

retreat~d 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, ligure 3; Sugden, 1977, Figure 7). A warming of ocean water in the 
, 

eastern Aretic region beginning slightly earl1er than 8,000 y B.P" is indi-

cated by faunal evidence and radiometric chronology of deg1aciation 

(Andrews, 1972; Andrews ~ al., 1972). The margin of the Laurentide Iee 

Sheet'in eastern Baffin Is1and and northern Labrador was stable before this 

until 9,000 Y B.P. (Andrews, 1975). Thu8 it-seems likely that the 
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termination of turbidity current activity in the NAMOC resulted fromoevents 

causing thé deg1aciati~n of the Labrador shelf, especially off Hudson , 
Strait. 

No evidence has yet been found concerning triggering meehanisms and 

the precise" timing of turbidity currents in relation to the advanee and 

. . 

retreat of glaciers. Turbidity currents~could have been ~nitiated during 

gla~al advance by sl~p~ng of uns table glacial sediments that were pro-- .' gressively accumulated at the shelf ~dge. It may have also been possible 

that while gl~ciers advanceè turbidity c~rrents were initiated as 'dis charges 

of sediment-1a~en s~g1acial melt water. Although the question of triggering 

mechanism ia beyond the scope of this study, the short period of turbidity 

current activity ~n the NAMOC near the end of the 18st glaciation (corres-

ponding to the upper turbidite unit) suggests that special conditions 

exiated which permitted the 'triggering of turbidity currents ,and these 

conditions ceased shortly after deglaciation progressed farther. If the 

episodes of large-seale tu~b,idity currents that overflowed the channel 

li banks occurred more or less regularly during glacial advance the est1mated 

sedimentation rate of 13 cm/l,OOO y sive's an average reèurrenee time of 

230 years for turbidityocurrents that haVé deposited spi~l-over mud with an 

average thickness of 3 cm. on the other hand, it could be significantly 
«1 'l, 

shorter if turbidity current activity was concentrated toward the end of 

glacial periods. 
l , 

Eariier studies of the NAMOC based on fragmentary channel crossings 

(Sbepard, 1963b; Drake ~ al., 1963; Rvachev, 1'967) have suggested possible 

tectonic control in the formation of the channel. Heezen et al. (1969) and 

Egloff and Johnson (1975) have, however, shown that the channel la a depo-

sitional-erosional featurè formed by sedimentary processés, unrelated to 

" 
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th" direct tectonic control. 

In Plate 1, it can be seen trat a sequence of prtmarily terrigenous 

,sediments derived fram the NAM9C (approximately 500 m thick) overiies the 

buried mid-Labrador Sea ridg~ or partially fills the topographically depressed 
, 

area'. The initiation of turbidity current aetivity postdates the las t' 

event of the ridgé fOrm4tion by mQre than 40 my (e.g. Laughton!! al., 1972). 

Il ' During this Ume pelagie sediments have partially fBled the "rift valley" 

and, the ridge ·flank. The channel' was thereafter formed by turbidity 

currents that fnllowed the maximum depth of the basin. In a sense, 

therefore, the channel has an express.ion of the topography partly created 
, 
" ) 

by mid-Labrador Sea ridge. Nevertheless, the configuration W8S controlled 

Bolely by the sedimentary processes of channelized turbidity currents. 

Paleoce'anography 

, 
. The fol1owing brief discussion of the paleoceanography 18 made based 

on some tentative observations of ice-rafted sediments in p~lagic layers 

trom ~ levee cores. A detailed ~aunal study and its' significance on 

the paleoceanog~aphy will be asseBsed elsewhere by Pillon (in prep.). 
c, 

Sedimentological Effects of Ice Cover 

The ocean's response to climatic fluctuationé has a significant effect 

on the type and amount of pelagie partieles and ice-rafted debris that are 

settting- through ,,,the water colUlJln. Slnce turbidity currents. 1n the. NAMOC 

most likely occu~te~ ,iitermittentlY pelag~C sediments and 

would be expeeted to'oceur between successive turbidites. 

lce-raft~d debris 

If iee-rafted 

debris had been deposited between the 1nfluxes of}turbid1ty eurrents this p , 

materlal,should be detectable in the spi~l-over facies of the NAMOC because 

" 

, , 
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the velocities (or ahear stresses) of turbid overflows are Most probably 

too 10w to winnow away the ice-rafteà particles. The absence of ice-rafted 

debris in the laminated turbidite sequences then suggests the existence of 

an ice covèr whlch limited the influx of icebergs. 

Paleoceanographic information on the western and central parts of the 

Labrador Sea ie lacking in the literature. The western continental shelf 

ls presently influenced by the cold Labrador Current and covered vith sea 

iee for half of the year (Dunbar, 1951). During this time ice persista in 

the central regions of the sea. To the e~st !ce free conditions are main-

tained due to the inflow of warmer North Atlantic water via the Irmi~er 

Current and the East and West Greenland Currents. 

Hclntyre' et al., (1972) and Ruddiman Jmd Hclntyre (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 

eovered with ice (Mclntyre et al., 1976). For the southwestern continental 

margin of Greenland, however, Fillon (in prep.) suggests that for much of 

the Wisconsinan the eastern Labrador Sea was virtua11y free,of long-1ived 

shelf ice and recei~ed a continuous supply of ice-rafted vo1canic 8sh of 

probable Ice1andic or~&in. The counterc1ockwise East and West Green1and 

---­Currents in the eastern Labrador Sea appear to have persistedrooth during 

glacial and interglac1al perio~s. ' On the contrary, Ruddiman snd Hclntyre 

(1977) further emphasized that the warm North Atlantic watet was Dnly abl~ 

to penetrate northwestward into the Labrador Sea during interglacial periods 

during the last 800,000 y. 

The occurrence of a thlck sequence of repetitive turbidlte~, barren of 

ice-rafted debris and lacking pelagie interlayers in m08~ of the levee 

~ ~~~~"fll_-" ~.- "' ..... >~,.., ... """ _</If_ ... ..--- -'" .. ..,.,~ ---- ~.....,~ ~ .... , ......... ~--~ -~~ .~~:::::_:::::.~. -,~ ... :z::;....,,7'"'_-. .l-...... - ..... __ ._-,.O"'_-~_._--"'._~_ .. .,--~ ..... -... -..,... .... - .. _- --~ ........... -
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• 
cores from the central Labrador Sea has important paleoceanographic impli-: 

cations for the northwestern Labrador Sea. ' The complete absence of ice-

rafted debria (including ice-rafted tephra) impli~a that there was either 

a very rapid input of successive turbidites or an aQsence of icebergs over 

the area at the time of deposltlon. The absence of ice-rafted debris 

between successive turbldite layers supports the sea-ice hypothesis for the 

formation of sea-ice may substantially reduce the mobility of icebergs. 

The sea-ice would also markedly lower productivity of planktonic organisms. 

'ThiS a'grees Withl the '~ssumPtion' by Denton et al. (1971). Fil10n (1972) 

and Anderson (1972) that in the high latitudes episodes of glacial maxima 

correspond with a 1ack of ice-;rafted debris in deep-sea sediments 'because 

ice-rafting requires an ice-free ocean surface which in'these latitudes 

will be assoaiated with interglacial or warmer periode •. Fqr the Southern 

Ocean Watkj.ns .!! al. (197~) and Keany et al. (1976) stated that the distri­

bution of ice-rafted debris corresponds to interglacia1 periodsin the high 

latitudes and to glacial periods in the'1ower latitudes. 
, 

'During glacial maxima the northwestern Labrador Sea was probably 

similar to the modern Arctic Ocean, where, as Hunkins ~ al. (1971) suggest. 

the present ice'.conditions (average thickness of 2.5 m~ Swithinbank, 1971) 

have persisted more or le88 ,~nchanged for the lsst 80.000 years. According 

ta Hunkins and Kutschal~ (1961~, turbidites on the Canada Abyssal Plain 

sedimentation ~pela8ic seJtmen-reeurred eveiy 500 years and masked pelagie 

tation rate of 0.2 cm/l.OOO y). 

pelagie ooze due to the ge~eral 

, ( 
there was no Appreciable accumulation of 

\ 
lac~\of prbRary productivity under the 

sea-ice (Mohr and Tibbs, 1963; Meguro/et al., 1967; Dunbar, 1968). 

The abs~ce of ice-rafted debri and laek of planktonie foraminifera 

in the thick lower turbidite horiz n along the central axis of the basin 
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suggeats that the northwestern Labrador Sea was a180 covered wlthice 
..,. 

during t~e,t1me prior to about 23,000 y B.P. The sea-iee probably extended 

toward the southeast to the eold front of the Labrador eurrents and 
-

excluded mueh of tbe area from rece1ving lce-rafted debris. 

In ,the area further south (8outh of 5~o 30'N) planktonic foraminifera 

and abundant ice-rafted dèbris present in a number dt, pelagie layera in 

core H75-4' (Figure 26) sUStest that severai ice-free eplsodes prevailed in 

the southern Labrador Sea. 
1 , 
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CHAPTER VII SUMHARt AND CONCLUSION 

, 
The Northwest At~antic Mid-Ocean Channel extends for more than 3,800 km 

from the northwestern Labrador Sea off Hudson Strait ta Sohm Abyssal Plain 

in the northwestern North Atlantic Ocean. For the last 3 my the channel 

has played a dominant ~ole in the resedimentation of glacially, derived 

terrigenous materials into the deep basins of the Labrador Ses and north-"', western North Atlantic. tn 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 

morphology of thf Middle channel segment and its sedimentary facies, and' 

attempts ta lntekpret the sedimentary processes and the bistary of '-

devel~pment of th~\channtl. 
, 

Channel Processes 

, " 

For the fint time, the?~nce of a submarine meanderlng talweg 

and àssociated submarine Pd~bars has been documented in th1s study 

for a' deep-sea channel. The talweg meanders with about the seme wave-
, 

length but with slightly higher amplitude than the channel (wavelength, 

50 km; amplitude, 10 km). The,channel floor ls inclined toward the talweg 

with an angle of 0.2°_1.5° in opposite directions in sucessive meander 

benda. 

Subbottom reflectors on the channel floor ;eveal oblique internaI 

stratification, which appear ta be caused by layers of sandy gravel and 

turb1dites recovered in piston cores fram the channel floor. TheBe deposits 

(channel-fill facies) occur alang the entire length of the channel and are 
)-

enviaased aa form1ng diacrete and discontinuous' depos1ts of submarine 

point bars • 

.. 
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The formation of the meandering talweg and 8ubmarine point bars in 

the deep-sea channel 18 atttibuted to the coœbined effect of the centri-

fugal force and the Coriolis force on channelized turbidity currents. 
F-~ 

~e process of 'ubmarine p~int bar formation would appear to be stmi1ar 

in some respects to those of subaerial river channels. The marked .dif-

ferentiation between coarse-grained and thick bedded channel-fill faciea 

and fine-grained, thin bedded spill-over facies i8 ascribed to spiII-over 

processes analagous to those in certain large subaeri~l meandering 

channels. 

Submarine point bars in the NAMOC appear, however, morphplogical1y 
. , 

less pronounced than those in rivers and the meanders of the channel and 

the talweg show a comparative1y ~ sinuosity. As$ociated with the low 
r . 
", 

slhuosity of the channel ls the apparent stability of the channel position 

which in the past has shifted only·slightly. The 10w sinuosity ls 

probably due to the relative1y weak centrifugaI force of ~urbidlty currents 
/ 

(low meander-curv~ture, average radius = 60-70 km) and partly due ta the , .. 
absence of strohg'currents that undercut the channel banks during, ttmes 

• 
between turbidity currents. Turbidity cur~ents éay.have attained maximum 

veloclties of up to 720 cm/s. 

Spill-over Facies 

The natural levees of the NAMOC that result from overflows of chan-

neltzed turbidity currents over the channel banks accompany the chahnel 

on both sides for its entire length. merging with broad flood plain-like 

areas up to 100 km wide. The spill-over facies marginally interfingers", 

with pelagie and contourite facies. 

1 

---"'-'-~ 

" 
f 
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The spill-over facies consists of thin bedded and fine-grained 

layers of predominantly terrigenous and subordinate pelagie sediments. 

The pelagie sediments are intensel, bioturbated and incl~de abundant 

ice-rafted debr1S., Tie most distinctive featur~ of the splil-over 

facies 18 a monotonou$ repeti'tion of thln paraUel Iaminated units,of 

terrigenous fin~ sand/and mud, w~ich are often aeeompanied by climbing 

micro-ripple cross-laminated units at the base and by homogeneous mud 
;, 

at the ~op. The upper turbidite units occur most frequently on the 

levees of the middle and low~r channel segments where the channel slope 

gradient is less than about 0.002. These are attributed to body over-, 

flows of channelized turbidity currents over the channel banks under 

lower flow regime conditions. 

Overflows from the head of turbidity currenta are believed ta have 

frequently occurred on the levees of the upper and upper middle channel 
1 

segments, where the channel slope gradient is greater than about 0.002. 
! 

The head overfl~ depos1ts' 'are crudely Iaminated and poorly sorted 

turbidite "An-division (T"a")' that consist of about equal proportions 
) 

of sand, silt and clay. 

A layer-by-layer mat ching of a sequence of layers is possible between 

levee cores. H75-24 and' 22, which are 70 km apart (in the downchannel 

direction). The correlation shows laterally persistent layers of the 

spill-over facies. For deep-sea channels it i8 more appropriate to use 

the term "spl11-over facies" to describe th in b,dded, fine-grained tur­

bidites rather than the term f1di~l faQlies" (cf. Nelson ~ al.. 1977; 

Walker. 1917). 

Individ~al units of parallel laminated turbidite mud of the spill-over 

facies display systematic up~ard th1ckness variations of granular silty and 
\. ,. 
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flocculated clayey laminaei the thicknesa of granulat laminae decrease 

logarithmically upward, whereas that of flocculated laminae increase 

logarithmically. The upward logaritbmfc variation of pairs of granular 
, 

and flocculated laminae appears to result largely from a difference in 

settling velocity through the vis cous sublay~r of dilute turbidity 

currents. 

Mineralogieally. the turbidite mud i8 different from pelagie lutite: 

detrital carbonates are more common,in turbldites than in pelagie sedi-

ments; the former are rich in ill~te (70%) whereas the latter are rieh 

in montmorillonite (25-40%). The organic,carbon content of tubidite mud 

(av. 0.8%) i8 00 the average twiee as high as that of the pelàgic sediments. 

The parallel ~amioated turbldite mud of the NAMOC is also distinctIy 

different fram parallel' laminated contourites tram Eirik Sedtmentary 

Ridge in that no systematlc upward variation of laminae thiekness ace urs 

in the latter. Furthermore, the parallel laminated units are quanti­

tatively unimport~nt in contourfces (less than 1%); most Eirik Ridge 

contourltes are Intensely bioturbated and m~ttled. 

Source of Sediment 

The dominant source of sediment for the NAK>C. judging fram the 

prevalence of carbonate pebbies and a high ratio of hor~blende to garnet. 

in the heavy minera! analyses, was ou_the northeastern Canadian continental 
,': \':-

margin. especially in the region off Hudson Strait. This region W8S 

supplled with large volumes of glacially derived terrigenou8 sediments. 

Hl~tory of Channel Development 

The history of the NAHOC la closely related to tpe Quaternary glacia-

tioos. Wlth the onset.of Quaternary glaciation as earlyas 3 my B.P. 

'--. ~-----I 
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(Mid-Pl{ocene) the channel probably developed as the moat important 
i 

transport system for glacially derived materials ,from the outer shelf 

tO\the deep basins of tq! ~abrad~r Sea-a~ northwestern North Atlantic 

Ocean. The SE)urce material1for aubmarine mass flows in the NAHOC"ori-

ginated Îrom the outer continental margin.s off Hudson Strait to which 

glacial debris were carr.ied directly acroas the shelf. The sea level 

was, of course, Iower and probably near the ahelf edge and much of the 
\ , 

north~~ern Labrador ~ea was cover~d with ice. _ Submarine msss flows 

were presumably intermittently trigge~~d probably at-be~inning and end 

of glacial cycles, either by earthquakes or due to the instability of , 

glacial piles which could have been incor~orated with subgl~cial melt 
'. 

watèr flowa. During Late Quaternary period episodes of large~acale 

turbidity 'currents that overflowed channel banks occurred probably as 

,_?~iequent as 230 yea~s. An average sedimentation rate of levee turbidite 

during this time was about 13 cm/lOOO years. 

In response to the retreat of glaciers from the shelf and synchronous 

sea-level rise slightly before 7,100 y B.P. (Pleistocene-Holocene trans-

ition) source materiâls for aubmarine mass flows no longer reached'the 
, " 
- ...... "t, 

sheH edge ~and thereafter submarine mass f Iowa ceased." Sinee then the 

channel be~ame inactive. Fine-grained pelagie materials in the NAMOC 

have been red1stributed by weak to moderate bottom currents, filling 

depressed channel floor sych as the talweg. 

""'J 
Suggestions for Further Resea~ch 

The results of the present 
l, 

le ad to the following sugg~s~ion8 

for further research; 

a) A study of vertical and lateral ,aeies changes within Bubmarine point 
1 

\ 

\ 
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bars; this requires systematic transverse'sampling acr088 a numbet of 

submarlne point bars uslng a deep-sea vibra eorer and precise control 

of core locations. Deep-sea Side Scan Sonar (GLORIA-system) may be 

" employed for a detailed study of the morphology of submarlne point 

bars. 

b) A study of lateral facies variations of the spill-over facies 

'number of systematic transverse core samples across the levees 

flood plain-like a'reas. 

c) A more accurate estimation of the sedimentation rate of the·loWer 

turbidltic unit and a detailed faunai study of a core (H75-4) and 

otp'er northerly cores for precise tiDiing of submarine mass flows 

with respect ta the glaciai/interglaciai events, and paleoceano-

graphie and pal~oclimatic changes in the Labrador Sea. 

d) An experimentai study of channelized turbidity currents for the. mode 

of talweg and pOint-bar formation. ' 

e) An experimental study of flne-gra!ned turbidity currents concerning 
!;~ 

the formation of thinly parallel lamlnated turb!d1te mudj and for the 

. reChaniCS-Of t~e logarithmic variations in 

iand flo~culated laminae." 
'---= -' 
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Plate 1 
v 

• 
Sei .. 1c reflectlon profile. acroas the NAMOC sHowiftg location of 
the channel aboye O~ in the vicinity of the mid-Labrador Sea 
ridle of the central Labrador S~a (for positiODs see Filure 3). 
Vertical scale: two way travel ,time 1n seconds; in the upper 
aedimentary colUIID l second corresponds ta approximately 1,100 m 
sediaent thicknesa. Deposition of the upper, layered approximately 
500 m thick sequence of sediment appears ta have been dominated by 
channel processes. Northeasterly shift of the channel of about 
10 ka with time ia indicated on profile 9: the channel floor appears ~ 
at one time about three times wider (i.e. between 6th and 8th ver- 'rr 
tical lin88 from left near 4.8 sec horizon) than at present;'minor 
tributary channels' appear ta have exiated ite.r 2nd and 5th ver- , 
tica1 line8 from 1eft at 5 sec horizon. Northeasterly sh1ft of 
the channel of approximately 1 km~ 1.5 km or 2.5 km 18 also indicated 
on profiles l~, NNE-SSW and IIC, respectively. AlI profiles indi­
cat~ depositional-erosional origin of the channel. Note artifieial 
nature of the sediaent draping the levee cresta and channel walls 
on profiles 13 and NNt-SSW, respectively; fau1t-like feature ne~r 
7th vertical line 'fram 1eft on profile 13 appears ta be related ta 
the troulh in the baseœent ridge. (Profiles 9, 13. 15 and NNE-SSW 
by M/V Minna; courtesy Dr. S.P. Srivastava. Bedford Institute of 
Oceanography, Dartmouth, N.S.;~rofile8 lIA, lIB and Ile by USNS W 
Lyncb; courteay Dr. J. El1off, Naval Oceanographie Researah and 
Developaent Activity of tbe U.S. Navy, Bay St. Louis, Miss.) • 
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Plate 2 
, 

Grave1s of channei-fiii facies: 

A. Core H75-25, core depth 111-137 ca. two opposite core halves, -
shoving a sandy gravel layer vith maximua pebble aize of 2 cm, 
the core is from the midd1e channel segment approxiaately 450 
ka avay from the channel head region; water deptb, 3,646 • 
(corrected). 

B. Core H75-25, core depth 152-117 cm; two opposite core halves. 
Kuim .. pebble she is about 3 cm •• 

c. Core V17-l96 from channel head region; vater depth, 2,818 • 
(correcte6); maximum recovered pebble size at base of 9 • thick 
8and and gravel layer is about 6 cm. 

1 

D. .Core V23-2l approxt.8tely 1,600 km away from the possible source 
'off Hudson Striit; vater depth, 4.232 m (corrected); maxiaua 
pebble aize ia about 6 ca. 

The aajority of gravel component8 examined consists of carbonates 
(50%), granite and granite 8neisses (31%) and 8andltones (7%). 
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Plate 3 

Radiographe o~.nDel-fill aedt.8nt8; core B15-25; natural 
scale (bar :.1 ca). 

A. Core depth 5-29 CIl; inteuaely biot~rbated pelagie lutite (P)' 
vith SODe ice-rafted debria. Note a large eillpticai burrow 
in the lover third of photo. , 

B. Core depth 34-58 ca displaying a vertical sequence of ~urbldite 
structure division.: poorly 80rted coarae-grained A-division 
folloved by cr~s8-1 .. inated C-division; 'the thln E-dividion at 

,~the top 18 intensGlly bioturbated. 

C. Core depth '"62-86 ca; graded A-division (Tai total tbickneaa, 
20 CIl) folloved by parallel laainated {Td) and hoaoleneoua aud 
(Te); botb Td and Te divisionS are intenaely bioturbated; 
(the 'upper portion,w.s aligbtly disturbed durina coring opera­
tion) • 
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Plate 4 

Radiolrapns of typical aedtaent8 of tbe apl11-aver faciea; 
natural acale (bar ~ 1 ca). 

A. 

B. 

Core B75-22, .riaht levee, core depth 240-264 ca; individual 
l .. inated unita reaulted fra. overflow of linale turbidity 

-currenta; the dark lBainae conaiat of deuser allty granular 
uterial. and the liaht l_i_e are le •• dene, flocculated 
claY-li.ed .. teriell; cltablng aicro ripple cro88,laainated 
Bilt and véry fine sand at 245.5 to 247 ca and 260 to 261"ca. 
"Faulta" nUf 245 and 255-26«(c. due 'to diaturbance durina 
• .-ple preparation for !-radlography. ' 

Core B75-4, right levee, core depth 408-432 al. MonotODOU8 
aequence of about IS un1,ta of thinly lsatnated leve. spill-
over turbldltea. GO' 
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Plate 5 

Radiographs'of typlcal.sediœents of the spil1-over facies; 
~tural acal~ (bar = 1 cm). 

Â. Core H75-8, rlght levee, core depth 295-319 cm; 

B. Core H75-4, rlght levee, core depth 435-458 cm. 

Konotonous sequence of about 12 (in Â) and 15 (1n B) un~t8, 
respectlvely, of thinly laminated 'spill-over turbidltes (stailar 
to Plate 4); note micro ripple cro8s-laminated silt'and very fine' 
sand at 300 CIl in (A). Maxiaum thicknes8 of 'indivldual laainated 
units 18 about 9 cœ. 
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Plate 6 

Radioaraphs of spUI-ovar sands on' the natural lev •• s; natura1 . 
acale (bar = 1 aa)l. 

A. Core H75-13, 1eft levee, core depth 463-487 ca; grave1ly, 
oQliquely .~f.tifled •• nd lay~r at the base whoaé foreete are 
accentuated by train. of beavy aineral concentratona grades 
upward mto _di_ sand (A-division); it 18 4fo11ovéd by 
cliabing ripp1e eros.-l .. inated (Tc) and upper paral1el 1.-10-
ated division (Td), respectively; upper paralle1 lsainae dll­
turbed by bioturbatioo; abundant coarse-grained ice-rafte4 
debria in tbe upper portion in tbe pelagie layer; bottoa 3 ca 

B. 

'disturbed by flov-in. 

Core H75-20, 1eft levee, core deptb 414-438 cm; para1lel atra­
tification of .. diua to fine .pi1l-Ç,Ver aand -on the lef.t levee 
tepreeentlng an inca.plete Bouaa-aeque~. of structure. (i.e. 
Tb directly fol1oved by Td and Te)' 

\ ... 
. '" 

C. 
c. 

COfe 875-11, right levee, core deptb ~32-256 ca; erudely laain-

, 1 

atee! b .. al turbidlte divieion (Tlla"); cœpoaed of about equel 
llixture of land, silt and' claYi' thia d~liaion is ioterpreted 
al bead spil1-over depoait of a turbidifY current (for discuse­
ion .ee taxt); botta.mo8t 4 ca: bioturbated pelagie ooze vith 
ice-rafted debr1a: ' 
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Plate 7 

ladiolrapbs of typical ex .. plea df pelalie sediments; natural 
seale (bar = 1 ca). 

A. Core H74-66, channel floor, cor~ depth 414-438 ca. 

B. Core H75-13, left levee, core depth 361-385 ca. 

C. Core H75-4, rigbt levee. pelagie layer at core depth 48S~489 
c. lnt..ealated. be~een tbinly laainated spill-over turbiditea. 

Pelagie sedt.ents are intena.ly bioturbated and aottled (for elaasi-
fication,of the typ .. of bioturbatlon see Plates 
abundut ice-rafted debria in B and C; very thin 
.. nta in A are probably pyritized ?vora tubes or 
funs!. Dovaward aixing of pelagie aecU.ent into 
turbidlt~a by burroving orsani ... in C. 
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r~te. 8 ta 11 111u8trate"varlou8 types of bur~ow.~~ural Icale 
(bar = 1 ca); P = pelagie ooze, T = turbldlte. ~ 

.., 
A. 

B. 

COre B75-8, right levee, core depth,197-221 ca. 
<a) ~e l, tubular burrow. .. de by polychaetes, 1cruetaceans 
or 1pelecypode. 
(b) Type 4, aaalir'dendritic bur~0W8 .. de by polychaetea. 
(c) Type 3, ovai to çircular burrovI, dwell~ng and feeding 
tracee of polycba~~~, 7holotburians or t.o11uac8. 
(d) T,ype 5, aottled and coapletely reworked. 

Core B75-61, upper channel tributary, core deptb 292-316 ca; 
three aubhorlzontal burrOV8 (type 2) wlth".en18cua-.~aped 
internai structure (Zoophycoa). The concave aide of the 
.eni8cua-lhaped structuree points in the ... e dlfectlon in 
dl three horizontal burrOVl. Note1:hat only the burrov8 
conta in coarser ice-rafted aaterial brought down fra. a layer 
approxiaetely 17 ~ higher in the core. 
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Plate 9 

A. Core H75-8, dght levee, core depth 176-200 CIl. 

(a> Large oval to circular burrowi (type '3) pre4aainate 
in th~ aiddle part of photo in pela&ic aedtaent (P) and in 
turbidites CT); pelagie sediment in top portion mottledi . , t 
note abundant ice-rafted debria in the pelagie aedt.ent 1 
and in the material f111ing the larie burrows <a> in turbidi~e. 

B. Core H75-7, left levee, ~ore depth 45-69 cm. NtJIlerOU8 neddle­
ahaped (type 4) and a fev aval to cireular burrows (a). 
Original 'lamination betveen 48 and 57 CIl 1a aiguificantly 
diaturbed by theee burrow8. Note ice-rafted,aaterial in 
pelagie layer CP). 
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Plate 10 
... 

A. Core 875-8, riaht leve •• core deptb 237-261 ca. 1 

(a) Tubular burrow (type 1). 

B. 

(b> oval or eircular.burrowa (typ. 3). 
Type 1 burrowa elu.ter 1n tbe pelaaic layera at 251 ca aad 

> betve8ll 256 aud 259 ca and iu tbe upper 7 ca of tbe paralle! 
laainated turb1d~té -4. 

Core 875-7, riabt leve •• core daptb 153-171 CIl'. 

<a> Bifureatina tubular burrowe (type 1) iu tbe lover part 
of turbiditic audj Ù 

(b) needle-abaped burrova (type 4) penetratina d.epu iuto 
turbid1te.; 
(c) o.al-Ibaped burràv. (type 3) concentr.tad in the pelaaic 
lutite and the part of the turbid1te. 
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Plate 11 
,1 & ' " 

Core 815-24, risht leve.; core dépth 17~203 ca. 
(a) Stra1sht tubular burrova' (type 1) p8netrating deep iato 
the parallel 1aainated turbidlte aud; aGae long atreaka are 
artificial. Note c:U.IIbing aicro ripple cro88-1 .. 1nate4 unit .. 
(Tc) betweèn 186 aad 187 ca. 
(b) Subborlaontal Zoohyco. (type 2 burrowa). 

Core~875-7. left l~ee. core depth 74-98 ca. 
(a) Minute oneecll~.h.pecl burrovs (type 4) deat,roy the ort.aioal 
paraliei làa1naè of turbldite abaDat beyond rec:osn1tlon. 
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Plate 12A, B, C, D 

.. .'. , Bottom phatographs of the NAMOC ~loo~, 56 OO.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 ~istence of low to moderate bottom currents. 
Abundant animal tracks and traile (d).and their fecal/castlngs(e) 
as well alJ animal-s- such " aa-- polychaetes (Pectinaria sp.) • (f) 1 

holothur.ians (Psolid ·sp.) (g),' sea, anemones Où, and' cTustacean (i) 
dom~ante the floor. Area covered by photograph i& approximately 
lXl~5 m2; focal distance of 70 ,cm and camera angles of 3~ and 51 
were' used (Edgerton\deep-sea camera; mOdel, 205; I1ght m6de1, 206 
manufactured by\Edgerton Bermeshausen, ~nd Grier Inc. and supp1ied-
by Mr. N.E. Fen~.rty of Bedford Institute of Oceanography). . , 
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Plate HA, B 

".' ., Bottom photographs of the NAMOC channel w~11 at Sv 57 N,.50 21 W; 
. station' H75-26; water depth 3.588 111' (corrected)'. ,1 Existenc.e of 
very weak bottom currents 18 indicated by sedimen! grooves; note 
abundant burrow8 (a), fecal castings (b) and animaIs such as 
polychaetes (c), holothurians Cd); alsQ#scjttered ice-rafted de­
bria Ce). Area covered by photograph approximately lXl m2• 
Cloudy dust in the upper leit corner of bottom picture i8 due to 
trigger weight. Camera settings same as for Plate 12. 
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Plates 14 to 16 are ..t'adiographs of contourites fram Eirik Ridge';, ' 
a1l natural scale (bar - 1 cm). Se1ected and arransel to d~on­
strate the etate,of preservation of original sedimentary struc­
tures: Plate 14, slightly to moderately biotQrbated; Plate 15., 
very strongly bioturbstedj Plate 16, complete1y bioturbatéd and 
mottled. For core loc.tions sée Figure 10. 

Plate 14 

~lightly to moderately bioturbated contourites (~egree of bio­
turbation, 1-5%) showing relatively wel~preservèd prtmary sedi­
mentary structures (laminations), particularly in the topmost 
5 cm in A and lower balf of Band IC, . 

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. 

Note tbe lack of distinct parallel laminations with systematic 
1 

up~ard thickness variations which are cbaracteristic for tbe 
--laminated spill-over turbidites (cf. Plates 4 and 5); oblique ~ 

fault-like features due to artificia1 disturbance. 
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P1at'e' 15 • 
Very ,8trons1y bioturbated con-tourites frem Eirik Ridge (degree 
of bioturbation,' 90-99%).. .. 

-A. Core H75-28, core' ,depth 175-199 cm. 
, 1 

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 por1on of,each section; 
{the rest is intensely disturbed,and mott1ed~ 
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Plate 16 

Complete1y b10turbated and mottled (degree of b1oturbatioJ, 100%). 

A. 

B. 

C. 

Core 815-28. core depth 85-109 cm.' 

Core 815-30. core depth 440-464 cm: 

Core 875-30, core depth 469-493 cm. 

No pr~ry current-made sedtmentary structures are preserved; u 

whethe-r. they existed or not is uncertain. The degree of sediment 
mixing éJ'J~ to b'ictcurbat'ion i8 ev1~ent at the· sand/lutite boundary 
in the middle of"column B, where diffuse burrow1ng structures fil1-
ed with pelagie lut1te are visible in _the top of the silt layer. 
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P1ete,17 
~ fi "\ • 

Ph~tomicrogr~hs of slightly to moder~tely,b1oturb~ted E1rik 
Ridge contourltes (degree of b1o$urbation, SI). ' \ 

A. Core ~~-30, core depth 138-139 cm. 

B. Core H75-29, core depth 17'8-180 cm; 

-Co Core H75-~9, core depth 118-179'cm. 

D. Core H75-29, core depth 179-180 &~. 

Note sharp boundary between coa~se-g;ained bând of ~i~geni~ de~rlS 
and over1ying f~ne-8rained sediment in B. Imbric.tion or preferred 
orientation of biogedic debris i8 not evident. Note the lack of 
systematiç vari~at;ion8 in 'l,amiùae thi~kÙes8 in A. C: EnIng_ent 
of the fine-grained sediment in B; fine~grained biogenic debris 
are rand~ly oriented. 'D: Enlargement of the coarse-grained sedi­
ment in B; note large foraminifera, abuodant'diatomB (a) and 4180' 
terrigenou8 particles.( _ ' 
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Pl~tes 18 to 2~ shaw A continuous layer-by-layer correla~lon of 
two adjacent right levee cores. Core H75~22 (B) is located'70 km 
downchannel fram H75-24 (A). Length of individua! section ie 
29 cm; bar = 1 cm. P .g,.pelagic ooze; Tlta"t Tb. Té and Té are 

~ur~idite structure divisions of cr~ely laminated sand-silt-clay, 
lower parallel laminated sand,.climbing ripple miero-~ro88-
laMinated eilt, paral1el laminat~d mud and homogeneous mUd,'r~8-

.pectively. 0 <. 

A. 

, B. 

" . . 

Core d,~P~67 .... 
Core depth 63-92 cm. 

Plate 18 

The one ta one match of i~dividual layers in the two columns 
;ls self-evident; for detailed ~nalY9i9 of B see Figure 28. 
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Plate 19 

Cortelation of cores H75-24 CA) and H75-22 (B). (Cont'd) 

A. Core ,depth 67-96 cm" 

B. Core depth 92-121 cm. 
, 

Parallel laminated turbidite mud bioturbateaby oval and needle­
shaped burrows in the uppermost 5 cm overlies completely bio- ' 
turbat~d and mottled pelaQic sediments (P) with abundant ice­
rafted components; parallel/laminations 1p the turbidite mud (Td) 
in the bottom 5 cm are almost completely destroyed by the oval, 
tubular "and ne~dle-shaped burrows. . 
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Plate 20 

. Correlation of cores 'ij75-24, (A) and H75-22 (D). (Cont 'd) 

A. Core depth 129-158' cm. / . 

D. Core depth(150-I79'em. 

In the top 10 'cm four crudely 1aminated "A"-div;J.sions (Tllalt) 
'match one another perfectly; a1so the parailel laminated(mud 
~its (laminations partly destroyed by the bioturbation) .. 
in the middle of the sectio~atch; a1so the types of burrows 
correlate from core to core as °w~lL -.' ~. :' 
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Appendix 2, Morpdblosy of the NAMOC 

D1rf_ 10 
~ 1It1t11t , .. ) 

'R-I.) •• 

..Z 
ZO.5 
11 

zt 
zt 
13.5 

zt 
Il.' 
n.2 
91.5 

n.t 
".0 
".0 
n.t 
•. a 
M.l 
n.z 
13.1 

••• 
Il 

" • • • • 
51 
21 

• 
11 

n 
4Z 
n 
n.z 

-n_
1II 

cw,) er.s:"'IIz) 

1.1 

'.1 
J.7 

(,.Z) 
•• 5 
J.t 
J.l 

07.1) 
l.I 

••• ••• 
Z.l 
J.I 

l.' 
1 .• 
1 •• 
l.5 

Z.l 
Z.Z 
1.5 
a.i 
t.' / 
S •• 

'.5 
('.') 
Z.t 
1.0 
J.7 

1.' 
1.' 
• •• 
'.1 J., 

11.' 
ZO.O 

1 '.5 
(lU) 

7.7 
IL' 
11.0 

(17.0' 

".Z 
l6.J 
10.1 

I.' 
I.l 

lO.O 

••• 
1.1 

lIJ..l 

'.0 
11.0 
11.7 
ll.0 

1.' 
14 •• 

".Z , •.. , 
Il.' 
".1 
14.1 
U •• 

11.1 ;; 

$1_ """. lIf IIIn. , ....... , 
R Lo 

J.O 

Z.O 
1.5 

-Z.O 

'.0 
1.5 
1.0 

J.O 

'.0 
5.5 

t.S 
'.0 
J.5 
J.I 

11.5 
> 14.0 

'.0 
J.II 
Z.II 
Z.O 

7.' 
Z •• 
1.0 

10.0 

t.' .... 
1.1 

'.0 
J.' 
r.o 
1.1 

1.' 

1.5 

Z.O 
1.5 
l:O 
Z.O 

1.0 
1.5 
l.5 

'.0 
\ 5.0 . t.' 

S.5 
1 .• 
S.O 
5.5 

IS.O 

'.0 
Z.' 
2.0 
2 •• 

J.' 
Z.O , .. 
0.7 

'.J 
'.0 
t.5 
1.0 -

••• 
1.2 

'.0 
J.O 

Il. Il. U: '-S.S ........ lII'f IIt_. U.S ••• S. l.IoIcIo , ): .It .... .--, _1 .. 
I,L: IItIIt. Laft 1_. -..ct1 .. 1, 

.: lai .......... lIf ....... -...el 

~: ~""'IIf" ..... '--\. 

$1_ .... ,. 
1Ifu­

CIl1 •• ' 
1 ~ l 

10 

ZO 
11 
1. 
1. 
II 

Il 

• 
10 

1 

1 

" 

14 
t 

12 
10 
10 

13 
Z 

lII~jI,) .. 
2.1 
O., 
Z.I 
1.1 
1.t 
0.7 
7.2 
1.. 
1,2 
1.0 
0.1 ' 

1.' 
0.5 
o., 

1 

1.0 
0.1 

D.' 
1.1 
1.3 
0.1 
1.0 

l.l 
1.0 
0.5 

1.1 
1.4 
O.t 
1.1 

1.1 

O.t ..... 
r 

r.,­
lIoPtII .. ) 

• 

7.3 

'.Z 
1.7 

b.' 
Z.7 

J.' 
II.' 
'.1 
'.Z 
•• Z 

'.Z 
'.Z 

11.0 
0.5 

t 
? 

1.1A 
t.Z 
J.7 

13.0 
t.5 
1.5 

'.1 
t.1 

t.2 

••• o •• 
O •• 

••• 
7.1 

1 ••• 
1.1 
t 

$1 __ 1 .. 

0-1 n_ , ....... , 
0.4,... 

O •• 
O.J 
0.1 
0.5 
O •• 

0.1 
0.5 
O., 
1.0 
1.2 
1.0 
t.O 
0.5 , 
Z.O 
o., 
Z.O 
0.2 
O.Z 
0.5 

O •• 
O.S 

l.~ 

'.5 
O •• 
O •• 

0.5 

0.4 

0.1 .... 
t 

~, 

.. 
cr.s.,. 
~ 

( ....... , 
Il 
Il 

• ZOl 

to 
Il 
Il 

'" 111 
il 

Ml 
il 
il 

MI .. 
MS 

Il 
• .,.J 

ZlO 
65 

Zl7 
MS 

ZSZ 

il 
245 
ZiG 

ZiG 

I!II 
m, 
I!II 
41 

?Me 

• 
ZZ3 

• 

\ 
~ 

1-' 
\JI 
W 

., 

l n'N'", _ J » 



•• JIJ'~,int~~ .... n'_'b._ ... _t* .. __ , ___ .t.,.*! J ... r ..... _. _._ .... _ .... _,. __ ._ .... ,, _______ , _d ......... "1 ..... _1 ...... ____ ......... __ ' •• 11.0' __ 

154 

u Appendix 3. List of Cores 

1 1 

Station Dite Water Oepth Loutlon Latitude Longitude Co ... L,ngth Gf 
110. Collected ., Corrected L.ngth T.W. Core 

(CIl) "(CIII~ 

H75- 1 Aug. 26, 1975 4047 LL 52°09.3'N 46°22."tW 91 
H75- 2 Sept.f2, 1975 3919 C~ 54°23.S'H " 4s017,3'W 23 

H75- 4 SePt. 2, 1975 3783 RL 54°30.4'H 4S'29.0'W S58 59 
H7s- 5 Sept. 2, 1975 3918 CF 54°31.7 'H 48°24.8'W 26 
H75- 6 Sept. 2, 1975 3929 CF 54°31.8'N 48°25.6'W 75 53 
H75- 7 Sept. 2, 1975 3811 LL 54°32.6'N 48°20.2'W 836 17 

H75- 8 Sept. 3, 1975 3756 RL 54°48.7'N ~0~.3'W 355 . H75- 9 Sept. 3, 1975, 3883 CF 54°51.2'N 48°31. 7 'w 300 12 . ' 

~ H75-10 Sept. 3, 1975 3861 L~ 54°50.5'N 48°26.0'" 406, S 
~, 

q, 

1 
po H75-11 Sept. 3. 1975 3696 RL 55·24.0'N 48°59.7'" 575 12 

H7S-13 Sept. 3, 1975 3861 LL 5S·25.7'N 48°49.6'" 708 68 

H7S-14 Sept. 4, 1975 3850 RL 56°07.1'N 49°39.6'" 135 
H75-15 Sept. 4, 1975 3764 CF .56°07.8'N 49°30,~ 54 
H7S-16 Sept. 4. 1975 3732 ICf • 56·0S.5'N 49"14~ 11 217 
H7S-17 Sept. 4, 1975 3699 tCl 56°07.5'N 49·16.8'V 365 

k 
H75-18 Sept. 4, 1975 3771 CF 56·'18.2'N 49°31.7'11 , ... ra station 

t 
, 

H75-20 Sept. S, 1975 3635 LL 56°59.1 'N 50°16.1 'V i\" H75-2J "Sept. S, 1975 3718 CF 56°S7.6'N 50°21'.4 'V 
"H75-22 Sept. S, 1975 3553 LL 56°S7.4!N 500 27.6'V 290 70 

f, 1175-23 Sept. S, 1975 3579 RL 56°S3.2'N 5004O.4'V • 276 70 

H75-24 SePt. 5, 1975 3507 RL 57"27.0'N 51°05.4 'V 815 57 
f H15-25 Sep~. 5" 1915 3646 CF 57°30.6'N 500S7.2'V 226 

1 

H15-26 Sept. S, 1975 3588 CV 56"s1.0'N !iO'21.0'V tuera station 
H75-27 Sept. 6, 1975 3575 LL 57'31.2'N 500S3.6'V 478 

" H74-6s Oct. 19", 1974 3120 II 59°58.7'14 56°15.3'V 158 
H74-66 Oct. 19, 1974 3235 CF 60000.1'N 55"49.5'" 499 ~ 

H74-68 Oct. 20. 1974 3387 RL 59"32.9'N 54"29.9'V 850 -(. 

H14-17 Oct. 28, 1974 3983 RL 53"52.0'N :J:09 ;2'V grab slllllle '0 

~ H74-18 Oct. 28. 1974 3952 RL 53°52.9',N OS.7'V grab s...,le 

V17-196 Sept. 6. 1961 2818 CF 60·44 'N 51·50 'V 1034 25 
V17-191 AuO. 31, 1961 3762 CF. 55"1~ 'N 48"50 'V 16 
V16-228 AuO. 27, 1960 3407 RL 58"21 'N 52·18 'V 1170 

, 
V23-21 AuO. 17, 196(Î 4232 CF 52·06 'N 45"27 'V 100 
V23-20 AuO. 17. 1966 '4127 ' LL 51"24 'N 44°36 'V 930 39 
Alao;l1 1952 ' 5180 CF 39"07 'N 42"11 'V 370 

H75-55 Sept. 11,' 1975 /' 2440 QI 61·30.3'N 58°38.6'V 724 
, 

" -
H75-56 Sept. 11, 1975 2464 ~F 61·26.9'N 58"33.4 'V 386 
H7S-59 Sept. 12o 1975 1427 CF 62°39.9'H 59·29.8'V 710,,- t' 
H75-60 Sept. 12, 1975 1145 LL 62"4O.6'N 59'22.4 'V 700 
H75-61 Sept. 12, 1975 1473 CF 62"lS.7'N ' 59"36."V 819 
H75-62 Sept. 13, 1975 1520 , CF 62·23.7'H 59·,8."" 798 

H75-28 ~Pt. 7, 1975 3093 ER 57"36.6'N 4S"05."V 627 '. 

H75-29 pt. 7, 1975 2395 ER 58"'00.2'N 4S"00.4'V 912 
H15-3O Sept. 7, 1975 2230 ER 58·n,9'H 45"4O.3'V ,900 

Key: H - C.S.S. Hudson CF - Channel floor LL - L.ft '.v .. 
V - R!V v_ Ol - Channel win ICF - IMnsuak Channel Floer 
A - R/V Atlantfs RL - Rfght levet ICL - I .. nsualt Chlnnel levee 

C T.W.- Trfggèr Wefght ER - Efrik Rfdge 
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APpendi~ 4. (ContÎd) 
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" 0 

J. CIIMIII'-fl11 FlIC'. 
H7 .. a '00-110 

140-'10 
, ... ttG 

WIJon ... .. 

Il. "111 ...... FIC'~ 
A. IItIIt ,_ 

1111-1% .... 711 
lt-73 

n."" 
, , 71-71.' 

1I ... n.1 

1171-1% .. 270 
m-zn 
m·m 
Z7l-m 

lC7WI 711.1-711.' 

m." •. ' 
711-111 
m·m 
711-,. 

117 ........... 
.... 100_ 
... 104 
104-101 

'" 101-101 
," LIft ,_ 

.1171-13 47'-4n 

t 477-410 

'\ 410-41\ 
, 4IloW 

Jl7l.lO 't 42'-427 
4Z7-m 

" { 
'. ru. ,-,,,Ie FIICI. \ 

H'.... 14$-146 

H74·.. 44$-446 
460-461 
4IO-d1 

H7$-4 1I$-l2Z 

H7 •• &5 

H7 •• 11 

211·216 

20-21 

0-10 

0-10 

"71-30 ,.,U 
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Appeodix 5. Grain Size P8.rameters' 

fllClullve Gnpllfc 
.... ....1111...... Stilld. Div Sk_a lurtotll MIll. SIn 

(TMldlw) (t) (U (-.1.4 (Sk.l (Kt) (t' 

Div"'" 

D 
D 
D 
C 

D 
D 
C 
C , 
D 
C 
C 

"A­
"A-

D 
C 

• 
A 

• 
J 

F 

F 
F 

F· 

F 

< -1.3 -1.2' '2.0 
-2.2 -1.31 z.s. 
-Z.' -1.17 '3021 

-Z.2 

'.e '.5f' 
1.1 '.40 

7.0 '7." 
'.5 5." 
6.5 6.70 

t.Z 
'.Z . 1.30 
7.1 7.77 

5.4 5.46 

7.6 '.43, 
7.1 7.t7 

5.3 0 '.03 

4.' 5.33 
'.5 4.10 

9.0 

4.7 4.17 
4.7 4.'7 
7.' I.n 
7.3 

5.2 5.9 
".9 '.N 
4.4 4.60 
0.8 1.60 

1.0 1.11Q 
1.0 

7.7 8.23 • 
ct 

10.3 10.1 
7.9 

7.6 8.13 

5.7 5.63 
7.Z 6.83 

1.71 
1.90 

2.75 
0.99 

3.27 

1.99 
2.20 
0.99 

2,91 

2.77 
Z.M 
2.16 
l.t7 

1.37 
1.29 
4.53 

2.la 
1.10, 
1.55 

~.7' 
2.12 

3.05 

2.52 

2.83 

2.73 

.3 •. ~ 

·1.06 
·0.13 
044.52 
o44.2e 
.a.11 

44.ot 
044.38 
044.30 

044.43 
.a.a 
.a.64 
.a. 55 
flUA 

.a.J7 

.a.4S 
-0.08 

.a. 27 

·0.10 

.a. 29 

-0.04 

-O.ZO 

F 

F 

F 

7.2 7.1 3.85 +0.03 

sporadlc 
bloturi!. 

v. strengly 
blot ..... 

IIII'ltle4 

. 
a.' 

. 6.5 

a.o 

6.0 

a.43 

6.27 .. 

7.a 

1.29 

2.85 

2.85 .. 

·0.49 

·U. 

o.sl 

0.77 
0.77 
O ... 

O •• 

0.7 
1.0 
1.15 

O." 

0.12 
0.12 
1.71 

2.14 

3." 
2.08 
2.01 

01•12 

1.99 

2.05 
, 3.64 

0.73 

Z.ZO 

O.tG 

0.81 

0.84 

0.51 
0.70 

0.96 

0.110 

0.72 

1.01 

-4 
-4 
-4 

·z 

1.Zl 
1.21 
1.5 
1.0 

-1.Z4 

3.74 
2.74 
2.41 
2.47 

2.41 

1.74 
1.U 

, 1.74 

-0.24 

1.5 
1.U 
1.13 

.'.0 
,-1.24 

1.23 

1.'14 
'1.5 / 
1.5 

·4 
·4 

·1124 

1.0 

0.0 

'" Grave'. S- Sud. SI· SHl, ,. Cll1 

• s 51 t 
(1) 

53.75 41.11 ";0 I.ZO 
lUt 37.60 1.17 1.31 
52." 21 •• , 4.73 l." 

".08 Ut 0.15 0.08 

0.07 311.2 82.' 
0.08 44.0 Il.0 

0.5 a.7 JI.' 
U 19.. 6.10 

0.25 21.51 43034 3'.0 

0.001 33.0 ".10 

0.006 ".7 ".60 
O.OZ ,1.1 •• ta 
o.. .4.6 5.40 

0.011 lUI 44. ZZ 
0.75 5U ••• 17 
3.10 7UZ 17 •• 

13.a 73.n 12.10 
zo.a .... 3 '0.03 

0.09 31.8' 82.'3 
I.n 14.13 7.15 

17.01 76.10 1.45 
21.&1 3&.6' 41.74 

0.30 23.10 34.19 41.31 - / 

. 1 }.7~ 7 ... , 1&.47 
5." •• n 5 •• 

11.28 76." 7.11 1.,. •. 01 11.64 2.33 

81.41 13.34 5.11 
•• 95 2.47 8.41 

4.71 5o.z9 fS.OO 

0.37 ZO.59 79.40 
1.15 50.02 41.12 

0.21 ".H ".04 

0.14 33.04 JI.. 33.n 
ut 24.47 lU3 ~.11 

0 • .21 1G.21 46.17 33.29 

1 
/ 

Ml 34.4' 6$.07-

~ l7.OZ 4U3 30." 

7.U 44.76 41.11 

~ 2.41 10.11 31.33 

1.07 61.'0 Z7.~ 

4F 

, 0 

, ' 
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... Appendix. 6 . Lithology o~ Channel-fill pebbles 

(in percent) , 
1 1 

1 . 
Core Core Carbonate. Granite Sand- Amphibo- Gabbro Basalt Anorthosite Others Total 
. No. Depth Gneiss storie lite No. 

(cm) 

V17-196 \ 500-600 54.3 43.3 1.0 b.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 
.(1.4 ) 

H75-25 140":150 46.5 44.8 1.2 1.2" 1.7 - 2.3 l.Z Sil1 imanite- 172 
schist (0.6) ...... 

C\ . ...... 
H75-25 180-190 49.5 32.0 7.0 2.0 ,3.0 4.5 0.5 Sillimani te- 200 

s ch i st (l: 5 ) 

H7S'!21 150-16(}- 47.9 22.9' 20.8 2.1 4.2 2. l 48 

H75-21 210-225 52.4 31.7 8.5 3.7 ·1.2 2.4 82 

H75-14 53-57- 23.0 20.5 46.2 2.6 5.1 2.6 39 -

H15-13 _ 480-483 40 60 ' -' 5 -

V2,3-21 60-65 48.8 40.8 4.8 1.6 1.6 1.6 lronstone '125 
(0.8) 

:"1 
" 10~ .:--

46.3 . 36.4 10.6 . 1.7 2.1 .1.9 0.5 

~ { 
III ... 

\ " 
-1 

: ::'~ 

, 
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Appendix B. Abanda~ce of Ice-rafted Tephra and 
'" Ice-rafted Debris (IRD) t, 

~ 

~ 
" 

~< Core No. Core 'Depth - , Tephra IRD ~. 
(cm) grains/g, > 631.1 gra i ns/g, total samp1e 

~', 
S 
.f, 
li 'H75-61 9-'2 8,611 

18-20 2-1,106 
49-52 " 6,466 
89-92 - 15,937 

~ .,/ 

), 119 .. 122 18,540 
t 159-162 4,592 

H74-68 33-'34 ... la 6,244 
142-"43 4 , ,782 

;. 145-146 4 911 
148-149 3 ,5,565 

t 151-152 4 147 

t 155-'56 1 950 

~ H75-25 3-6 18,408 , 
t 

17-20 

H75-24 9-l2'~' 30,502 !' 

1 14-17 6 7,063 
< 

59-62 11 8,238 
64-67 8 6,818 

J 
79-82 4 2,524 
84-87 7 10,208 
99-102 5 9,125 

\ , 39-142 7 17,982 
144-147 25 1,222 
149-152 6 2,867 
154-157 5 606 

1 

H75-22 14-17 8,2~8 
.1 

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 
17-20 1. 2 .. 603 

1· 
r 

,/' 

.,-
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~ Appendix 8 (Cont Id) 
\, 

[{ ~ 
\, 
Ir Core No. Core Depth Tephra'\ IRD ~ ' ... ~\ 
f (cm) gra i ns/g, > 63~ g~a,i ns/g, total samp1e 
~.Jl ~ i \ le' 

l6-'1~ 
, 1 

-\1 H75-13 ,33,244 • 
~ 7-270 11,3'37 

~ 0-313 ""; 731 
f 320-323 , 4,180 ~ 

1 
337-340 4,149. 
350-353 491 , 376-3.19 . 563 
390-393 F'- . 435 
402-405 60 315 

i 449-452 7,045 

, H7&-1l ~75-178 19 5,327 ,~ 
'1 

, 184-187r 12 2,013 
If 274-277' 44 504 
l, 

10-13j l H75-8 ' 813 
~ .;; 22-'25 1,006 
f 223-226 2 269 
, 242-245 
~ 
~ 

8,164- ~ f H75-4 10-13 
44-47 3 1,205 /' 

~ 

t~ 67-70 2,182 
86-89 1 12,986 , 

f 94-97 18,002 
,f" 107-110 9,663 
t 115-122 96 
f 211-216 - 175 " 

. f 
' . 545-558 81 . ~ 
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( " 'Appéndlx 9 ,,;" Ot:gaôic Carbon and Carbonate Contents 

/' 
1 

Core ~o. Core Depth 'Organic Carbonate <Total 
f (cm) Carbon Carbon 

0 (%) (%) (%) 
~ H74-66 50-51 0.61 3.17 , .3.78· 

98-100 0.67 2.76 3.43 
191-192 0.68 2.47 3.15 
301.-302 0.51 2.01 ' 2.52 
441-442 0.56 0.73 1.29 
450-451 0.30 0.43 0.73 

l 455-456 01-55 1.97 2.52 
" t 490-492 0.85 3.20 4.0S 
~" '1 
~ H74-'68 38-39 0.57 2.7.3 3.30 
t 141-142 0.19 1.14 '1.33 

~ 171-172 0.23 l.S9 1.82 
21 Q,.-21 1 . 0.97 3.97 4.94 

\ ' 
4M-48S' 1.05 3.12 4.17 
620-621 1.00 4.00 5.10 
801-B02 0.79 3.41 4.20' 

.. H}5-62 10-12· 0.39 1.12\ 1.51 '( 195-197 0.36 2.10) 2.46 
410-412 0.S4 0.69 1.23 
690-692 0.73,,---- 4.69/' 5.42 

- tt 

e 760-762 0.38 , 0.93 1.31 

1 ~ H75-24 0-4 0.42 4.05 4.47 .. 
80-82 ~ 0.35 0.85 1.20 , 

1 

156-158 0.30 1.57 1.87 
350-352 0.89 2.B 3.02 ... ,1550-552 . 0.83 4.35 S.18 
7S0-75~ 0.92 4.74· 5.66 

H75-22 '68-70 0.48' 3.66 4.14 , 195-197 0.69 3194 4.63 l 
233-235 0.88 4.1B 5.06 ' 
283-285 0.96 4.31 Sor r 

H75-13 10-12 0.49 4.41 4. 0 
~ 50 ... 52 0.65 2.93 3.5S 

t 200-202 '0.88 2.66 3.54 
t 

1 26~262 0.43 1.59 ' 2.02 
f, 33 . 332 0.29 , 1.27 1.56 ~ -
J 430-432 0:50 1.77 2.27 

( 
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. 
~ , 
i· Core No. Core Depth Organic Carbonate Total ~i ~ 

( (cm) , Carbon Carbon , f! ~, (%) (%) (%) 
" 

" H75...4 . 5-7 '0.19 2.82 3.01 , 
\ 100-102 0.33 2.66 2.99 i' 

'. 250-252 0.93 3.,09 4.02 
~: 470-472 0.92 2.16 3.08 

H75-25 5-10 0.34 3:03 3".37 
30-32 0.38 2.72 3.10 
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Appendix 10. Method to Impregnate Mud for 
. Thin Section Preparation 

Replace water with acetone in vapor tight container. 

a. 75% chloroform, 25% aceton~ f2r 1 dayi 
b. 50% Il , 50% Il 1 Il i 
c. 25% Il , ~5% Il 'II l Il i 
d. 0 ", 1 00% Il Il 2 d~s. 

Decant fl uid. 

. , 

II. Replace aFetone with epoxy in vapor tight conta1her. 
l , 

100 parts ~aldite resin (No. 6010) 
28 " har.dener (No. 972)' for 3 days, 
47 " acetone 

III. ' Cure specimen. 

Remove Cover of contai~er to allow evaporation of acetone for 3 days. 

Place in oven at 30-40°C for l day. 
Pl ace ; n oven at 600'C for 1 day. 
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