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POSTGLACIAL BASIN SEDIMENTATION ON LABRADOR SHELF 

Abstract 

The postglacial marine environment of the Labrador Shelf is influenced by a southeasterly flow 
of Arctic water via the Labrador Current, by winter sea ice, and by the frequent presence of 
icebergs. The Arctic Neogloboquadrina pachyderma is the only planktonic f oraminif er present in the 
Labrador Current . The assemblage of the major benthonic fora minif era in the basins is very similar 
to the Hudson Bay faunas, suggest ing a strong influence of Hudson Bay waters in the Marginal 
Channel of the Labrador Shelf. 

A seri es of piston cores collected in the basin of Cartwright Saddle contain well-preserved 
sedimentary and faunal sequences. The lateral coher ence of these features indicate a low-energy 
depositional environment within the basin and a minimal postdepositional downslope movement of 
sediment. 14 C dates of organic carbon between the ages of 3000 and 21 OOO years B!P. correlate well 
with depth in sediment cores. 

A series of piston cores in the basin of Hawke Saddle indicate a different sedimentary 
environment . Sedimentary and f aunal features do not correlate between the cores and 14 C dates do 
not show a persistent increase in age of deposition in subsurface sediments. Here the sedimentation 
is dominated by episodes of slumping and nondeposition. 

The well-preserved f aunal and sedimentary sequences of the Cartwright Saddle cores indicate 
that prior to 15 OOO years B.P. and in sedim ents as old as 22 OOO years B.P. the benthic environm ent in 
the basins was marginal marine with salinities between 20-25 %a. and temperatures close to freezing. 
The extent of summer ice was similar to modern times, implying that off Hamilton Inlet the 
Laurentide ice sheet did not extend beyond the Marginal Channel during the Late Wisconsinan . 

Reru.me 

L'environnement marin post-glaciaire du plateau continental du Labrador subit l'influence d'un 
ecoulement sud-est des eaux arctiques du au courant du Labrador, au mouvement des glaces marines 
f ormees pendant l'hiver et des icebergs frequents. L'espece arctique Neogloboquadrina pachyderma 
est le seul foraminif ere planctonique present dans le courant du Labrador. Dans les bassins 
l'assemblage des principaux foraminif eres benthoniques est tres semblable a celui de la baie d'Hudson, 
ce qui semble indiquer que les eaux de la baie d'Hudson exercent une profonde influence sur le chenal 
marginal du plateau continenta l du Labrador. 

Une serie d'echantillons preleves a l'aide d'un carottier a piston dans l e bassin de Cartwright 
Saddle contiennent des successions sedim entaires et f auniques bien conservees. L'unif or mite laterale 
de ces successions indique que la sedimentation s'est f aite dans un milieu de f aible energ ie dans le 
bassin, et qu'apres la sedimentation, les sediments se sont peu deplaces par glissement. La datation 
au radiocarbone, indiquant que les sediments ont entr e 3000 et 21 OOO B.P., correspond bien avec la 
profondeur des prelevements de sediment. 

Une serie d'echantillons preleves par carottier a piston dans le bassin de Hawke Saddle indiquent 
un milieu sedimentaire different. Les successions sedimentaires et fauniques ne coincident pas avec 
les carottes, et les dates donnees par le carbone 14 (C 1 4) ne montrent pas d'augmentation d'oge 
continue pour les sediments de subsurfac e. Ice, la sedimentation est dominee par des episodes de 
glissements de terrain et de non deposition. 

Les successions sedimentaires et f auniques bien conservees, r epr esentees par les carottes de 
Cartwright Saddle indiquent que, dans l'interva lle de temps co mpris entre 15 OOO et 22 OOO B.P. avant 
la periode actuelle, le milieu benthonique des bassins etait une mermarg inal e dont la salinite variait 
entre 20 et 25o/oa et dont la temperature eta it proche du point de congelation. L'extension de la glace 
d'ete etait la meme qu'actuellement, ce qui semble indiquer qu'au large de l'inlet Hamilton, la nappe 
glaciaire Laurentide n'avait pas depasse le chenal marginal pendant l e Wisconsin superieur. 

INTRODUCTION 

During the last glaciation, lobes of continental ice 
extended offshore in the region of Nova Scotia and Labrado r 
(King, 1969; Fillon, 1975). The marine environment along the 
glacial margins would have fluctuated in response to the 
dilution of seawater and changes in circulation patterns. The 
prese rvation of fossil evidence for these changes in 
continental shelf sediments is, however, seldom of sufficient 
quality to provide an adequate time-stratigraphic record . As 
a resu lt, the exact age of glacial marine deposits and the 
chronology of glacial retreat on the Labrador and Scotian 
shelves is not well established, although a Wisconsinan age 
has been suggested on the basis of morphological criteria 
(e .g. King, 1969; Grant, 1972; Fillon, 1975; Van der Linden 
et al., 1976 ). 

Occasionally proglacial deposits in small basins at 
depths below the high energy zones of shelf sed imentation 
contain continuous sedimentary records. The combination of 
a good fossil environm ental indicator, if one can be found, 
and 14 C dates from these basins could provide a time
st ratig raphic framework for glacial marine deposits nea rby. 
This report describes textural c haracteristics of sediments 
a nd the distribution of major foraminifera in piston cores 
from two basins and adjacent areas on the Lab rador Shelf. 
Against the background of existing oceanographic and sedi
mentary setting, the sedimentological-micropaleontological 
information is used to describe possible late-glacial to recent 
changes in the marine environment. The chronology of events 
is based on 14 C dates of organic carbon present in the muds. 



Figure 1. Index map also showing 1977 plankton stations. 

Previous Work 

Most investigations dealing with unconsol idated sedi 
ments on Labrador Shelf have depended on surface samples, 
continuous seismic profi les, side-scan sonog rams and bottom 
photographs. The description of sediment cores has been a 
comparatively minor contribution. 

Relying main ly on the interpretation of seismic profiles 
Grant (1966, 1972) outlined the major types of unconsolidated 
sed iment on the Labrador Shelf. McMillan (1973) used piston 
cores from the banks of the Labrador Shelf to determine the 
age of bedrock and concluded that a considerable part of the 
unconsolidated sediments are locally de rived . Slatt and Lew 
(1973) reported on textural and petrographic analysis from 
the same cores and indicated that the sediment is relic t and 
of glac ial origin . According to Van der Linden (1974), 
Hamilton Bank and the basins nearby are covered with a thin 
veneer of muds and sands on top of the poorly sorted glacial 
drift . The mud in the basins may contain up to 16 OOO ppm 
methane (Vilks et al., 1974). 

Filion (1976) maintained that on Hamilton Bank and 
nearby the reworked surface sediments overlie glacial debris 
and Van der Linden et a l. (1976) indicated that the postglacial 
sediment dynamics consist largely of winnowing and local 
redeposition of glac ial deposits. Deonarine and Vilks (1977) 
gave a quantitative account of foraminifera in sediment 
co res . 

Methods 

T;-1is report deals with 21 piston cores and 30 plankton 
tows collected during September-October of 1973 a nd 
Oc tober, 1977. The sampling was ca rr ied out between 
latitudes 55°N and 53°N and longitudes 57° W and 52°W from 

l µ m (micrometre) = l micron 
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Figure 2. Location of stations. 

CSS Dawson, Bedford Institute of Oceanography (Fig. l; 
Table I). The sediments were collected with a 700 kg Alpine 
piston co rer equipped with a 5.5 c m ID core barrel containing 
a plastic liner. Plankton was taken in a series of ver tical 
tows through the upper 200 m of water with a 202 µ m 1 net. 
The collected plankton was preserved in 5% formalin buffered 
with hexamethyJene tetramine. 

Sediment cores were subsampJed at 25 cm intervals, 
eac h subsample consisting of a vertical section 5 cm Jong and 
containing one quarter of the co re by volume (35 cm 3

). The 
relative percentages of sediment grain sizes were determi ned 
at one phi interval using the pipette method for the finer 
fractions . Samples for fo raminife ral analysis we re sieved 
through a 0.063 mm sieve and the fauna collected from the 
frac tion greater than 0.125 mm. 

1 4 C dating of total organic carbon was carr ied ou t by 
Kreuger Enterprises, Inc . , and Geological Survey of Canada, 
Ottawa. 

· Sediments were cored in the deepest areas of 
Cartwright and Hawke Saddles, along the margins of the two 
basins and at three localities on the continental slope. In 
each of the two basins a series of five cores were taken 
within a radius of 8 km (Fig . 2). To resolve var iability caused 
by sampling error, patchiness, etc ., and from fluctuations 
reflecting c hanges in environment, the pattern of sediment 
a nd fo raminiferaJ record that was recognized in all five cores 
of a series was used to describe the postglaciaJ marine 
environment on the Labrador Shelf. Features of the pattern 
recog nized as t ypica l fo r the area were a lso used to in t erpre t 
the sedimenta ry record of single cores taken outside 
the series . 

ENVIRONMENT 

Bottom Topography 

The surface physiography of Canadian Eastern 
continental shelves is dominated by a complex system of 
banks and basins, the result of glacial e rosion and deposition 
(E me ry and Ushupi, 1972; King, l 969; Filion, 1976 ). 
Characteristically, the basins occupy the inner shelf, and 
a long th e coast of Labrador a series of basins form a 
longitudinal depression known as the Labrador Marginal 
Channel (Grant, 1972). Cartwright Saddle is one of the 
deeper basins that extends ac ross the shelf in a saddle-shaped 
depression between the banks. 
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Figure 3. Core stat ions and bottom topography in 
Cartwright Saddle. 

Details of the seafloor in the Hamilton Bank a rea have 
been mapped by Van der Linden et al. (1976). Bathymetric 
features analogous to glaciated landfo rms found e lsewhe re on 
Labrado r mainland indicate that the li mit of subaqueous 
glac ial or proglacial features are well preserved, and a late 
Wisconsinan glaciation was suggested by Filion (1975). 

The postglacial muds in Cartwright Saddle do not 
obliterate the uneven glacial topography (Fig. 3). For 
example, Core 11 was taken close to t he northern tip of a 
local rise in seafloor identified by Van der Linden et a l. (1976) 
as a la rge subaqueous kame. From the 130 m isobath on 
Har rison Bank to the 600 m isobath at the bottom of 
Cartwright Saddle maximum slopes a re in the order of 
2 degrees and between coring sites 11 and 12, the slope is 
0.9 deg rees. 

Topog raphic var iations of th is magnitude do not favou r 
the deposition of sed iments in laterally continuous sequences 
in t he presence of bottom currents or where turbidite 
sedimentation is a dominant process. The lack of flat basin 
floors in depressions suggest lack of sediment ponding. 

Oceanography 

By fa r the most dominant oceanog raphic feature on the 
La brado r Shelf is the Labrador Current. It is a southeasterly 
curre nt of a rctic wat er and is confined to the continental 
she lf and upper slope to a depth of 500 m with the 
exceptiona l depth of 1200 m off Hamilton Inlet (Dunba r, 
195 1). The Lab rador Cur re nt waters are de ri ved by the 
mixing of the West Greenland Cu rrent, pola r waters and the 
waters from Hudson Bay (Fig. 4). The mixing is not complete 
a nd the dominance of the va rious components vari es across 
the shelf (Smith et al., 1937). Local runoff, Hudson Bay 
waters, and waters originating in the Arctic Basin, domi nate 
the inner shelf and the Marginal Channe l. The West 
Greenland waters are more promine nt a long the outer shelf. 
The mix ing is enhanced in the basins between the banks, 
especially in the Hawke Sadd le whe re Ande rsen (1 968) 
reported a small cyclonic gy re . It is evident that the bottom 
topography of the shelf inf lue nces the course of the Labrador 
Cu rrent. 

The waters of the Lab rador Curre nt are characte rized 
by low temperatu res (-l.5 °C - +2 .5°C a nd sa linities 
32.0-34 .5%0) (Dunba r, 1951). Deviations from the typical 

Figure 4. Surface currents in Baffin Bay (after Dunbar, 
1952). Numbers indicate cm/s. 

Lab ra dor Cu rrent TS "envelope" are common, especially in 
the nearshore zone (Nutt, 1953 ) where the deviations are 
norm a lly more pronounced in terms of wa rmer t emperature. 
A typical summer profile off Hamilton Inlet has a surface 
t emperature up to 6°C, a core of co ld water (Jess than 0°C) 
between 50 a nd 150 m and water warmer than 0°C below 
these depths (Andersen, 1968 ). The salinit ies range from 
30 %0 at surface to 34 %0 at bottom, with a halocline at 
approx imately 40 m. The deeper basins in the marginal 
chan nel may trap the warmer and more saline water, over 
2°C in the vic inity of Ham il ton Inlet (Kolimayer, 1965) and 
over 3°C in Hawke Saddle (Andersen, 1968). 

The Labrador Cur rent is responsible fo r the transport of 
ice along the coast of the western North Atlantic as far south 
as 45°N latitude (Dinsmore, 1972). By December the Arctic 
ice has normally reached the Strait of Belle Isle and in March 
close pack ice covers the whole shelf as fa r south as the 
northern Grand Banks. Westerly winds drive the pack in to the 
warmer offshore wat e rs cleaning the Stra it of Belle Isle by 
the end of May and the northern Labrador Shelf by end of 
July (Dinsmore, 1972). 

In addit ion to the extensive annual sea ice, t he 
environm ent of the Labrador Shelf is modified by the 
presence of icebergs. The coast of West Greenland is a major 
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source and approximately 1000 bergs per year reach the 
region offshore Belle Isle via Labrador Current (Dinsmore, 
1972). The larger icebergs freque ntl y touch the bottom 
(Van der Linden et al., 1976). 

Information on current velocities on the Labrador 
Continental Shelf is not available and water mass movements 
have been deduced from geostrophic calculations. Surface 
cur rents on the Labrador Shelf are southeasterly and in the 
order of 20 cm/s off Hami lton Inlet (Dunbar, 1951). Along 
the continental ma rgin, the calcul ated velocity was 18 cm/s 
above the 1500 decibar reference JeveJ du ring J 968 (Andersen 
and Moynihan, J 968). Between 1948 and J 968, the mean 
volume transport of the Labrador Current in summer was 
5 .5 x 10 6 m 3 /s measured along the section between Labrador 
Shelf and Cape Farewell, Greenland (Dinsmore and Moynihan, 
1969). The variability of the annua l values is considerable 
(standard deviation of the mean is l.74) and reflects the 
multiplicity of the sou rce. The southeaster ly flowing water 
on the Labrador Shelf contains contributions from the Arctic 
Ocean, Hudson Bay and the Atlantic and the variations in the 
climate and metero1ogica1 condit ions in each of these distant 
a reas may inf lue nce the transported volumes. 

In addition to the f luctuations in water mass transport, 
variability in local cur rent ve locities is influenced by the 
bottom topography as a result of shoaling and diversion of 
flow between the banks. These currents are difficult to 
predict and reliable information can only be obtained from 
moored current meters . 

Sediments in General 

Unconsolidated Quaternary deposits of the Labrador 
Shelf are thickest in basins (over 300 m) but vary from a few 
metres to 100 m on the banks (Grant, 1972; Van der Linden 
et al., 1976). The sediment in Cartwright Saddle is approxi
mate ly 200 m thick, according to a ref lection profile (ViJks 
et al., 1974). The internal reflectors within the unconsoli
dated un it indicate the presence of coarser sediments that 
a re below the reach of piston cores and were not sampled. 

SurficiaJ sediments in the region of Hamilton Bank have 
been described by Van de r Linden et al. (1976). Sand 
dominates both Harrison and Hamilton banks. The outer edge 
of Hamilton Bank is cove red by gravelly sand and the 
remainder by si lty sand or sandy silt . Gravel or gravelly sand 
most commonly covers the sil ls between the banks and 
between the inner shelf and Hamilton Bank. Clayey si lt is 
found in the basinal parts of Hawke Saddle and silty clay in 
Cartwright Saddle. The sed iment distribution pattern 
suggests that in the process of postgJaciaJ redistribution, the 
fine sediments accumulated in the basins and the coarser 
material remained on banks and sills, a conclusion also 
reached by Van der Linden (1974) and Fi1Jon (1976). 

The typical frequency distribution curves of sediments 
on the Labrador Shelf a re poJymodaJ. Tables 2, 3, 4, and 5 
indicate the phi intervals a t which modes occur throughout 
the cores, showing both the primary and secondary modes. 
The basin sediments also contain large percentages of c lays 
f iner than 10 phi and because the analysis does not differ
entiate sediment at this size range, the l 0 phi modes are not 
shown in the tables. 

The polymodal nature of sediments strongly suggest the 
influence of several transport mechanisms (e.g. Smith and 
Hopkins, 1972) and multiple source. With very JittJe new 
sediment being added to the shelf, recent processes modify 
the distribution characteristics of glacial deposits . Thus, 
because of the low rates of sediment supply, rugged seafJoor 
topography has been maintained allowing exposure of old 
sediment. As a result, the frequency distribution of sedimen t 
sizes contains evidence of both historical and present-day 
sedimenta ry environment. 

Sediment in Basins 

The basin piston cores collected mostly silts and clays 
with a few pebbles (Fig. 5 and 6). Severa! layers of distinct 
textural characteristics are recognized in all Cartwright 
Saddle cores; however, the surface metre of sediment is 
low in coarse silts (5 phi) and is barren of Elphidium cJavatum 
(a nearshore species to be discussed later). Below the surface 
a sequence of sandy (4 phi) and silty (5 phi) sediments is 
present in all five cores (Fig. 5) . The upper sandy unit (1) is 
missing from core l 0, but is present in all the other cores 
between 1-2 m below surface. The lower sandy unit (2) 
occurs in core JO at 2-3 m level, at 4-5 m in cores 11 and 12, 
at the bottom of core 13 and between 8-9 m in core 37 . The 
bottom of unit 2 coincides with an increase of the nearshore 
foraminifera E. cJavatum to relative percent of more than 30 
(Fig. 5 ). This level of the co res is considered to represent a 
major environmental change associated with the degJaciat ion 
of the shelf (Vilks and Mudie, 1978) and is defined as the 
Wisconsinan and Holocene contact. The genera! dominance of 
fine grain size modes in cores taken in Cartwright Saddle 
suggest a low energy depositional environment with sediments 
arriving from suspension . According to Table 2, most 
principal modes a re in si lt and c lay fractions, with a 
secondary mode in either a coarser or finer size interva ls . 
Disregarding the fine clay fractions, Holocene sediments are 
dominated by principal modes in coarse silts (5 phi) and 
Wisconsinan sediments by fine silts (Table 6). The table also 
shows that on the average, 15 per cent of core intervals 
representing Holocene sediments conta ined principal modes in 
sand fraction, while during Wisconsinan sedimentation sand 
was not sufficiently dominant to produce a principal mode in 
the distribution cu rve. 

Despite the relatively uneven seafloor, the cores show 
that in Cartwright Saddle laterally continuous sedimentary 
sequences, extending for at least l 0 km, were prese rved. The 
five cores taken fr om Hawke Saddle (Fig . 6) do not show a 
similar lateral continuity with respect to sediment and fauna! 
characteristics. In comparison to Cartwright Saddle, the 
sediments contain more gravel, but Jess sand. The extreme 
fluctuations of E. cJavatum suggest sediment redeposition . 

A high resolution reflection profile through Hawke 
Saddle (R. Fillon, pers. comm., 1978) shows a relatively thin 
( l 0 m) cover of stratified sediment on top of unstratified 
deposits probably of glacial origin. The seismic Jine also 
indicates that the slope to the north of the coring site is 
incised with steep-sided gulleys not shown in Figure 7. 
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Except for co re 76, the Hawke Saddle sediment distri
bution patterns a re bimodal within the silt s ize fractions. 
Core 76 contai ns up to 4 modes per interva l, with most of the 
secondary peaks occu rring in th e gravel size ra nge (Table 3). 
The occu rre nce of ab undant Pa leogene -Miocene fossil 
foraminifera mixed with recent fau nas suggest the presence 
of rock outcrop nearby . The po1ymoda1 charac ter of the 
sed iments and the excellent condition of the fossils indicate 
multiple source and a short distance of sediment transport, 
mos t likely downsJope, with very l ittle winnowing. 

The summary of princi pal mode distribution (Tables 6 
and 7) shows that Holocene sediments are dom inated by 5 phi 
frac tion and the Wisconsi nan sedimen t s by 8 phi fraction. In 
both Cartwrigh t and Hawke basins the coa rse silt s produce 
most princ ipa l modes in Holocene sed imen ts and fin e si l t s in 
Wisconsinan sedi-nents. 

The modal analysis of sediments support s th e ;node] of 
sed iment redis tributio:1 from banks to basins. The sedi'Tlent 
distributio;i cur ve of t he gla cial drift on Ha11 ilto:1 Bank 
contains a seconda ry 5 phi grai n size mode (FiJJo;i et al. , 
1978) and therefore is a sou rce for th e Holocene sediments in 
Cartwright Sadd le . Th·e fin er sa nds of the Groswater Un it 
th at covers th e centra l Ha11i lton Bank (Van der Lin::Jen e t al., 
1976) is c haracterized by a pri11ary mode in the 4 phi size 
nnge. As a result of secondary reworking of the Hamil ton 
Bank sands, the Groswater sediments cou ld be the source for 
the sandy beds l and 2 in Cartwright Saddle . 

Shelf Sediments 

Single cores taken a t various localities a long the margin 
of the Cartwright Saddle basin va ry in sediment character
istics, depending on depth and proximity to a topographi c 
high. Sediments in waters deeper than 450 m (cores 36, 56 , 
57, Fig . 2 and 8) show features that can be co rre lated with 
t he Ca rtwright Saddle cores of Figure 5. In core 36, sandy 
unit l and the top of sandy unit 2 can be recog nized. The 
upper half of core 36 contains mainly unimodaJ (5 phi) 
deposits and in the lowe r half the distribution of princi pal 
modes is typical of Holocene sedi ments with a low fine si lt 
(8 phi) contribution (Tables 4, 5 a nd 8). 

Most of core 56 is low in both 5 phi sedim ents 
and E. clavatum and therefore co rre lates with the sediments 
above sandy unit l of the "se ries" cores. The sandy units are 
missing from core 57 and the sedime nts a re low in the coarse 
silt fraction (5 phi). However , the E. clavatum profil e is 
sim ila r to th e "series" cores below the sandy units. Core 57 
was taken 20 km from the "series" cores and may be beyond 
the lateral extent of the sandy beds. 

Core 55 penetrated a sequence of gravels and muds on a 
steep slope towards Harrison Bank at a water deoth of 439 m. 
The surface gravel is 0.5 m thick, below which the re is 0.5 m 
of sand that grades to silty sand and silty clay at a leve l of 
1.8 m. Most of the gravelly sediment below 2 m also conta ins 
large pe rcentages of fine clay. The sediment s ize distribution 
is basica l ly po1 ymoda1 with -2 phi prima ry modes dominating 
the gravel. The high -2 phi peak is probabl y due to the 
removal of silt by cu rrents a long th e rise of Harri son Bank. 

Three sediment cores were taken a t a wate r depth of 
c lose to 300 m in gravelly sediment (cores 34, 35, and 58, 
Fig . 2 and 8). Sediments be low 2 m in cores 34 and 35 a re 
suspect in being sucked in during coring and the size 
distribution in Figu re 8 may be incorrect. Core 58 conta ins 
well sorted sand under a surface layer of grave l. 

Contine ntal slope co res (28, 107, 108 and 109, Fig. 2 
and 8) are rich in pe bbles and as a ru le, clays and silts a re 
more dominant below t he sands and grave ls at t he surface. A 
thi ck sequence of well sorted sand is present in t he upper 
s lope core 28 be low 500 cm of sediment. The deeper cores 
t aken below l OOO m show frequent al terat ions of texture 
a nd co lou r. 

a:: 
w 

FORAMJNIFERA 

Planktonic Foraminif era in the Water Column 

The Labrador Curre nt is dominated by th e Arc ti c 
pJanktonic for ami nife ra Neogloboqudrina pachyderma 
(Tables 9 and l 0). Few specimens of Globigerina buJJoides, 
Globogerinita uvula and G. guingue loba were found mainly 
along the con tinen tal slope, in Hawke Sadd le a nd a t 
station 11 3 in Hopeda le Saddle (Fig. 1). DextraJ ly coiled 
N. pachyderma occur on th e average of 3.4% in Labrador 
Shelf water and 13. 4% a long the continental slope. The 
higher dextra J percentages and the presence of the 
Globigerina species indicate a sli ght influence of lower 
latitude waters in the offshore Labrador Cu rrent. 

Planktonic foraminifera play a re la ti ve ly minor role in 
the food chain of the oceans and by weight they add little to 
the total biomass . Exclusive of coast a l waters, planktonic 
foraminifera occu r in greater numbers where produc t ion rates 
are higher and in ou r samples higher numbe rs seem to 
cor relate with greater weigh ts of t otal biomass (Fi g. 9). 

The Arc ti c Shelf waters that a re ri ch in N. pachyderma 
a lso conta in a la rge population of the norma lform ecopheno
t ypes of this spec ies (Vilks, 1974 ). NormaJform tests a re 
charact er ized by a constant growth with each add itiona l 
chamber la rger than the previous one. On the Labrado r Shelf 
the corre lat ion between foram ini fe raJ numbers a nd percent 
normal forms is sufficient (Fig. l 0) to be useful in sediment 
core studies . In terms of the total biomass a nd norma lfo rm s, 
Hawke Saddle is richest in both (Ta ble 9) and is most 
producti ve, assum ing a correlation between the stand ing 
stock in the wat e r column and organic productivity. 

Planktonic Foraminifera in Surface Sediments 

T'.le sediments deposited in the Arctic waters contain 
only a fr action of total foraminiferal tests produced in the 
wate r column as a result of dissolution of calcareous mate rial 
before burial. Most norm alform N. pachyde rma a re thin
walled and are more readi ly destroyed in com parison to the 
othe r form s. On the Labrador Shelf the pe rcent of 
normalform tests in the sediment is therefore lowe r than in 
the water co lumn (Table 11 ). 
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By assuming that on ly norm a lforms are being dest royed, 
it is possible to calcu late th e number of t es t s each sedim e nt 
sample should contain for a given normalform percentage in 
the wate r column (Tab le 11). After the co rrecti on, the 
Hawke Saddle sed iment samp les a re still the poorest in 
planktonic fora mini fe ra by several orders of magnitude 
despite the greate r production. 

The tests of planktonic fo ram inife ra become sed ime nt 
pa rt icles and in offshore areas the unconsol idated deposits 
may consis t a lmost entirely of biogenic calcareous material. 
How much of the test material produced is actua ll y preserved 
in the sediment is di ffic ult to estimate mainly because of 
insufficient in format ion on rates of production. However, 
dealing with a single species from high latitudes where 
production is distinctly seasonal and short, one genera t ion per 
yea r may exis t and the summer standing stock may be the 
total annual suppl y to the seaf loor. On this basis the number 
of planktonic tests co llected in plankton tows may be used to 
est imate th e number that wil l be deposited on one c m 2 of sea
floor du ring one year. 

If F is the total number of fora minifera l tes t s deposi t ed 
pe r year per cm 2 a nd Sis the number of tests fou nd in one cm 3 

of sediment, then l /S is the volume of sed iment deposited for 
each test preserved. It fo llows that the ra t e of total 

sedimentation R = f cm/a 1 (Vilks, 1972). On the basis of 

average counts of tests in the water co lumn and the 
estim ated numbers in sediment, R values were ca lcu la ted in 
the three sampling a reas (Table 11). Conside ring the possible 
e rrors, the R va lue for the Cartwright Sadd le is c lose to the 
rate of sed imen tation based on 14 C dates in t wo sed iment 
cores (Fig . 11). Although 14 C da tes a re not avai lable fo r the 
other sa mpling areas for comparison , t he calcu lated rate of 
sedimentation is higher than cou ld be expected in Hawke 
Sa ddle and lower on the cont inental she lf. 

The dev ia t ion of R values from the 14 C rates of sedi 
mentation indicates processes not accounted for in the simple 

F model of R = :S-. Vil ks ( 1972) sugges ted latera l transport of 

tests befo re landing on the seaf loor on the Beaufort Shelf of 
the Canadian Arct ic as an explanation for extremely high or 
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a is the SI abb reviation for years. 

low R values . However, the ma in reasons for dev iations a re 
probably patchiness of plankton and that the high standing 
s tock in Hawke Saddle may not be representative of a Jong 
term ave rage for the area. The lo w R values on the 
cont inental slope may be close to being cor rect in t hat 
sedi men t reworking may be responsible for the re mova l of 
fine fra c tions and t he concentration of foraminiferal t ests in 
the sed im ents . 

Benthonic Foraminif era 

Fauna! reports on 21 cores coll ec ted in the area is given 
by Deona rin e and Vilks ( 1977 ), where 17 5 ben thonic 
foraminifera species were identified . The dis tri bution of 
major species in Cartwright and Hawke sadd les a re discussed 
here. The ra nking species that add up to 70 per cent in each 
sample a re def ined as major (Fig. 12). 

On the basis of species distribution in the top metre of 
the cores, the env iron ment in the two basi ns is simila r t o that 
of Hu dson Bay and the Gulf of St . Lawrence (Table 12). It is 
less simi lar to the Beaufort Shelf in the vicinit y of Mackenzie 
Delta and the Canadian Arctic Arc hipelago and there a re no 
common majo r species with Eme ra ld Basin on Scot ian Shelf. 

The two loca lit ies to which the Labrador Shelf fauna is 
most simi la r a re characteri zed by la rge influx of runoff a nd 
on the basis of salini ty and circulation, can be considered as 
la rge estuaries . However, the two Labrador She lf basins lack 
any obvious present-day estua rine c ir cu la tion, and the 
simila rity of faunas may be due to a combination of the 
Hudson Bay influence extending a long the coast and a 
historica l effect, i.e. the species are re lict from ea rli e r 
periods of estua rine environment associated wi th 
sha llowe r water. 
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Paleodepths defined in t ext. Similarity index defined by Ruddiman et al. ( 1970). 

9 



Possible water depths of earlier times (paleodepths) can 
be estimated by summing the product of mean depth of water 
at which species are commonly found (specific depths) and 
the abundances of these spec ies in sediment cores. Thus the 

s 
paleodepth (PD) at any core interva l is PD = E SDJi where 

i= A 
SD. are the specific depths of species from A to S occurring 
at 

1
frequencies f.. Vilks et al. (1978) calcu lated specific 

depths for a number of species found in surface sediments of 
the Beaufort Shelf by using the following relationship : 

N 
Ln SD = E f ln D ; 

a i=l ai ai 
D = eln SDa where SD 

a a is a 

spec ific depth of species A a nd D a re water depths at 
a. 

I 

s tations where species A is occuring at frequencies fa .. 
These specific depths are used in this report to indi catk 
possible changes in apparent paleodepths in sediment co res 
(Fig. 12). 

The undisturbed cores of Cartwright Saddle show a 
change from a relatively sha llow paleodepth at the bottom to 
deeper waters at the top of the cores. In the Hawk e Saddle 
cores, the calcul ated paleodepths fluctuate without any 
trend. However, the calcu lated depths in both basins a re 
much sha llower than the range of water depths at which the 
co res were ta ken . For examp le, fo raminifera found in 
surface sed iments of the Cartwright Saddle co res a re typical 
of water depths in the orde r of 160 m on the Beaufort Shelf. 
On the Labrador She lf they a re found in waters that ave rage 
530 m in depth. The discrepancy is signifi cant and suggests a 
basic difference in the environmental setting and recent 
history of the two areas. From the historical point of view, it 
is possible that the present Labrador Shelf faunas a re reli ct 
not only of a more estuarine pa leoenvironment, but also of 
shallower paleodepths, in the order of 100 m during the 
Pleistocene (e. g. Ha rdy and Umpleby, 1976). 

POSTGLACIAL SEDIMENTATION AND 
PALEOCEANOGRAPHY 

Core Stratigraphy 

The stratigraphy of sediment in Cartwright Saddle is 
defined by two sandy intervals a nd a fauna! discontinuity. In 
each core below the lowe r sandy layer the fine sediments 
contain less diverse benthonic foraminifera with E. clavatum 
the dominant species. The lateral coherence of the sedi
mentary and fauna] discontinuities indicate that the change 
has a time st ratigraphi c connotat ion and most likely coincides 
with a c hange in the environment. 

The time framework of these changes is estab lished 
by 14 C dates of co res 11 and 12 (Fig. 11; Table 13). 
Sedim ents below 8 m of core 12 gave younger ages, 
suggesting intrusion of su rface sediments during the co ring 
operations . The nine good dates correlate li nearly with depth 
in the cores (r = 0.884, significant at 0.99 probability leve l). 
The ca lcu lated straight line through the points is used to 
estimate the age of sediment in co res 11 and 12 a t any depth 
between the surface and 8 m. 

According to the 14 C dates, the lower contact of sandy 
layer 2 in cores 11 and 12 is 15 OOO years old and the age of 
the lo wer contact of sandy layer l is c lose to 7000 years. The 
age of sediment in the remainder of the co res is determined 
whenever these contacts are recognized . 

The stratigra phy of sediment in Hawke Saddle is not 
defined because of the complex fauna ! and sediment reco rds. 
Down the core, fauna] assemblages f luctuate irregular ly as 
shown by the low similarity indices (percentage over lap 
values of Ruddiman et al., 1970) (Fig. 12). As a resu lt, 
distinct sed iment and fauna] features cou ld not be recognized 
between co res. 

10 

The poor lateral continuity of sediments in Hawke 
Saddle is also reflected in the lack of co rrelation between 14C 
dates and core intervals (F ig. 13). The correlat ion is 
improved by separate lines through points of co res 76 and 77 . 
The bottom of core 7 5 c lose ly agrees with 77 . The dates 
suggest a wide difference in ages 'between the co res with the 
Holocene interval missing on the top of 76. However, 14 C 
strat igraphy based on organic ca rbon should not be conside red 
dependab le without the support of biostratigraphy at least 
within a basin. Good biostratigraphy provides the assurance 
of sequential deposition and minimizes the possibility of 
wrong dates as a result of sediment mixing . 

Sedimentation 

Sediment texture a nd dist ribution of foraminifera in 
cores suggest the presence of several different environments 
of sedimentation within the area of study. The basin of 
Cartwri ght Saddle is cha rac teri zed by a re latively low e ne rgy 
sedimentary environment where resuspended debris from the 
banks is being deposited . The sedimentation has been 
conti nuou s for a t least th e last 20 OOO years at an average 
rate of 36 cm/1000 a . The basin seafloor is reminiscent of 
abyssa l hills whe re continuous seq uences of fine sediments 
blanket the uneven topography. The uneven bottom of the 
basin a nd the well preserved stratigraphy suggest very little 
redeposition in the form of s lumping or turbidity cur rents. 

The basin sedimentation in Hawke Saddle is different 
from that of Cartwright Saddle, despite th e reasonably 
sim il a r bathymetric setting. The lack of lateral cohe ren ce of 
textural and fauna! sequences between c lose ly spaced cores 
and the poor co rre la tion between 1 4 C dates and co re 
intervals indicates a mixing of organic matter of different 
ages. The evidence suggests a highly localized and short 
distance transport along the seaf loor, most likel y downslope 
in the form of slumping. ediment rewo rking by currents and 
suspension redepos it ion would destroy old organic matte r by a 
prolonged exposure to the oxidizing environment in the water 
colum n. The lack of ages younger than l 0 OOO years B.P. 
suggests a minimal deposition from suspension during the 
postgJacial period. 
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in shallower water outside the basins the sediments a re 
basically gravels and grave ll y sand s. The size distribution is 
cha racte ristically polymodal and most like ly due to the 
presence of ice raft ed gravel. As a rule, the gravelly sands 
are overlain by sediment con ta ining more gravel and 
assoc ia t ed with lesser amou nts of mud. The decrease of mud 
suggests higher currents and lowe r sedimen tation rates during 
recent times, assum ing that the rate of ice rafti ng has 
re mained constant since deglaciation. 

Paleoceanography 

B10stratigraphy in Cartwright Saddle is based on t he 
decrease of species diversity with depth of sed iment and 
co ncur rent inc rease in domi nance of Elphidium clavatum 
(Williamson). E. clavatum is a high ly variable species with 
a complex synonomy (see fau nal refe rence list). The 
most co mmonly used names a re Elphidium incertum clavatum 
(e.g. Feyling-Hanssen, 1964), E. incertum (e.g. Vilks, 1969), 
E. excavatum forma clavata (e .g. Schafe r and Cole, 1978). 
The spec ies is most abu ndant in nearshore waters and has a 
large temperatu re tolerance (Sen Gupta, 1972; Mu rray , 1973). 
It is one of the ma jo r species in Arc tic waters that are free 
of summer ice for at least severa l months (R . W. Sm ith, 
unpublished report; Lesli e, 1965 ; Vilks et a l., 1978) but is 
not com mon in the Arct ic Arch ipe lago whe re sea ice 
remains during the summer (Vilks, 196 4, 1969, 1976). 
Although E. clavatum is a lso found in warm waters, it is 
norm ally associated with a rctic conditions and when 
abundant, it is a useful indicato r for co ld pa!eo
e nvironments (Fey ling-Hanssen, l 972b). As a nearshore 
species, E. clavatum tole rates relatively la rge salinity ranges 
a nd low amounts of disso lved oxygen (Wefer, 1976 ). 

Elphidium clavatum is ubiquitous in !ate glacial sedi
me nts a long both sides of the North Atlantic . Several small 
basins on the Canadian cont ine nta l shelf contain stratified 
!ate Wisconsinan - ea rly Holocene muds with well preserved 
E. clavatum. In the Emerald Basin of Scotian She lf a low
diversity E. clavatum assemblage is replaced by high diversity 
outer shelf foraminiferal assemblages towards the 
surface of two cores (Vilks and Rashid, 1976 ). A similar 
change was reco rded in one core in the Gulf of Maine 
(Schnitker, 1976) and Grand Manan Basi n a t the e ntra nce 
of Bay of Fundy (Vilks and Rashid, 1977 ). The late 
Wisconsina n sed iments resu lting from th e marine incursion of 
the Champlain Sea, contain large numbers of E. clavatum 
(Wagne r, 1970; Filion, 1974; Cronin, 1976) and ac ross the 
At la nti c, in No rway, the la te glac ia l strata are charact erized 
by the abu nda nce of E. clavatum (Fey ling-Hanssen , 1964; 
Knudsen, 197 1). 

Along the Atla ntic coast of easte rn Canada the change 
from a lo w-diversity E. clavatum assemblage to the diverse 
faunas in th e surface layers took place approx imately 
15 OOO yea rs B.P. on the La brador Shelf and in Gulf of Maine 
and as la te as 8000 years B.P. in Emerald Basin of the Scotian 
Shelf. The faunal evidence suggests that during the late 
Wisconsina n, ma rginal marine conditions existed in some of 
the present day basins of the contine nta l she lf. As a resu lt of 
excessive runoff and limited circulation, bottom salinit ies 
were probably in th e range of 25- 30%. No rm a l marine 
conditions returned to th e Gulf of Ma ine and Emerald Basin 
when the sill depth s to the basins were suff ic ient to a llow the 
e ntrance of offshore slope waters. 

The factors responsible fo r the return of normal marine 
condit ions to the Labrador Shelf basi ns a re complex. The 
sed ime nts in Cartwright Sadd le cores a re suffi cien tl y old to 
inc lude ev ide nce of la t e Wisconsinan fluctuations in sea 
level. The world eus ta ti c minimu m sea level has been 
estimated at approximately -130 m occurring 17 OOO yea rs 
B.P. (e.g. Muller-Beck, 1966; Milliman a nd Emery, 1968 ). 
During the last 6000 years very little eustatic c hange in sea 

level has been reco rded (Walcott, 1972). It is cert ai n that the 
seafJoor on the Labrador Shelf must have readjusted 
isostatica!ly in response to the coastal glaciation. Along the 
coast of Hami lton Inlet the maximum isostati c rebound is in 
the order of 150 m above the present sea level (Andrews, 
1973). It is difficult to extrapolate the isostatic movements 
from land to the Labrador She lf nearby, without knowing 
more about ice ma rgins and chrono logy of ice ablation on the 
shelf. To date no di rect evidence has been presented showing 
Wisconsinan emergence of any of the banks seaward of 
ma rginal channel. Seafloo r morpho logy a nd sediments 
suggest that seas did not transgress Ham il ton Bank 
(Fillon, 1976 ). 

Deeper waters along the continenta l shelf may have 
been one of the factors responsible for the return of normal 
ma rine conditions to Cartwright Saddle 15 OOO yea rs B.P . 
The sea leve l rise at this time was out of phase with t he 
eustatic sea level f luctuations a nd the deeper water may have 
been due to isostati c readjustment of the outer continental 
margin . Change in the dynamics of the Labrador Cur rent a re 
a nother possibili ty . However , the ratio of pla nk tonic to 
benthonic fo raminifera is on ly slightly higher in the surface 
sed iments indicating a slight recent increase in offshore 
influe nce. Globigerina bulloides and the othe r indicators of 
West Greenland Current waters occur in small numbers 
throughout the cores, suggesting that the oceanographic 
se tt ing of surface waters did not cha nge sign ifica nt ly at 
15 OOO years B.P. As a resu lt of global warming towards the 
end of glaciatio n, the fo rm ation of deep wate r in Labrador 
Sea may have changed and consequently, more sali ne slope 
wate rs have been enter ing the deep basins since 
15 OOO years B.P. 

The Extent of Glaciers and Sea Ice 

The sedimentary record in the cores of Cartwright 
Saddle show very little evidence for the presence of 
co ntinuous continental glac iers dur ing the last 20 OOO years. 
Both Wisconsinan and Holocene muds of the basins contain 
comparatively little ice-rafted debris . The in c lusion of 
coarser sediments in the cores along the continental margi n 
indicates that the ablation of f loating sea ice took place at 
t he continental margin or in deep sea to the southeast whe re 
it contacted warmer wate rs. Deposition of sed iments from 
icebergs was bypassed because of the sha llowe r water 
su rrounding the basins. 

The fauna! record in the Cartwright Saddle sed iments 
suggests that the cover of sea ice during the last 20 OOO yea rs 
has been simi lar to the present conditions on the La brador 
She lf, Hudson Bay and Gulf of St . Law rence. Du ri ng the 
winter, the ice was almost cont inuous but the waters were 
free of ice during the summer. At present, the ice begins to 
break up on the Labrador Shelf in ear ly summer and is driven 
to the southeast by winds . Melting takes place either in 
nearshore bays or offsho re, whe re the f loes meet warmer 
cu rre nts. 

The summer open water during t he Late Wisconsinan is 
postulated mainly on the dom inance of Elphidium clavatum 
below the sandy layers of the co res. The foraminiferal 
numbe r is high throughout the cores a nd the sediments in the 
bottom half of each co re conta in methane up to 25 OOO ppm 
of the sediment vo lume (ViJ ks et al., 1974). The organic 
production rates were therefore at least as high as under the 
present seaso na l regime. 

The hypothesis of open seasona l wat er is a lso suppo rted 
by po llen profiles from co re 12 of Cartwright Sadd le (Vilks 
and Mudie, 1978). These indicate the presence of a sedge
tundra envi ronm e nt near the basin as ear ly as 21 OOO years 
B.P. The glacial limit of Late Wisconsinan may have been 
close to the shore, leav ing some of the headlands or is lan ds 
exposed where vegetation could have estab li shed. 
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SUMMARY 

Labrador Current brings Arctic water and ice to the 
Labrador Shelf and maintains subarctic environment at 
comparatively low latitudes. It is being fed by waters from 
several independent sources, which influence the distribution 
of foraminifera . The waters contribu ted by the West 
Greenland Cur rent reflect the presence of several cold
temperate Globigerina species in addition to greater 
percentages of dextral Neogloboquadrina pachyderma. The 
Baffin Bay source (Canada Current) contains close to 100% 
sinistral N. pachyderma and the Hudson Bay component may 
be responsible for the high simi la rit y of the Labrado r Shelf 
benthonic foraminifera with the Hudson Bay assemblages . 

The dynamics of the Labrador Current, the migrating 
ice fields and bergs and to a lesser extent wind -induced 
surface waves influence the textural characteristics of 
surficial sediments. Because of the low rates of sediment 
supply to the continental shelf, a major process is sediment 
redistribution, followed by ice rafting. As a result, the 
deeper basins are dominated by silty clays with a trace of 
ice -rafted debris and the shallower a reas between the banks 
by a mixture of gravelly sands and clays. Lateral coherence 
of sediment features in the Cartwright Saddle indicates low 
energy depositional environment during the last 20 OOO years. 
Absence of lithostratigraphy, biostratigraphy and the 
mixed 14 C dates in Hawke Saddle co res suggests 
sedimentation in episodes of slumping and periods of 
nondeposition . 

The well-preserved sedimentary a nd fau na ] sequences of 
the Cartwright Saddle cores are used to establish a 
paleoceanographic model of the area. Prior to 15 OOO years 
B.P. the benthic environment in the basins was ma rginal 
marine with salinities between 20-25 and temperatures 
close to freezing. The surface ci rculation was similar to that 
of the present time . The exchange of bottom waters may 
have been slower as a result of lesser sill depths, thus lower 
salini ties in the basins. The area was free of summer ice as 
early as 20 OOO years B.P . 
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APPENDIX 

Ta ble l 

Sta tion Location s 

Water Core 
1973 Ti n-e Latitude Long i t ude De pt h Length Plankton (m) 

Stat. Day (Z) (N) (W) (m) (m) Ve r t i ca l Surface 

l 264 2230 55° 55 ' 55° 38 ' 0-200 0-5 
2 264 2346 53° 58 • 5 I 55° 35 • 7 I 0- 200 0-5 
3 265 0130 54° 09.4 ' 55° 37. 7' 0-200 0-5 
4 265 0230 54° 14. 7' 55° 37. 3' 0-200 
5 265 0 326 54° 19 .9 ' 55° 38.2 1 0- 200 
6 265 0429 54° 24. 8 1 55° 39. 8' 0-200 
7 265 05 32 54° 29. 81 55° 37 . 3' 0- 200 
8 265 0645 54° 34. 7' 55° 39 . 4' 0-200 
9 265 075 4 54° 40.0 ' 55° 35 • 0 I 0- 200 

10 265 11 40 54° 36.9' 56° 11. 3' 512 6 .0 
11 265 l 345 54° 36 . 3' 56° 10. l ' 493 8.8 
12 265 l 745 54° 36. 3' 56° 15 .0 I 577 12 .2 
13 265 1905 54° 38.2 1 56° 15 · 2 I 580 9 . 3 
23 266 0704 54° 40' 55° 35 I 0-200 
24 266 0800 54° 45 ' 55° 35 .0 I 0-200 
25 266 09 15 54° 50 ' 55° 35 I 0-200 
26 266 1022 54° 55 ' 55° 35 I 0-200 
27 266 1123 55° 59 . 4 ' 55° 35 • 5 I 0- 200 
28 266 1408 55° 12. 3' 55° 9 • 3 I 71 3 10. 3 
34 268 11 00 55° 12 .0 I 55° 55 ' 282 4.5 
35 268 l 315 54° 55 .2 ' 56° 0 . 3' 310 4.6 
36 268 1520 54° 45.2' 56° 9.6 ' 472 5. 8 
37 268 1635 54° 38. 7' 56° 10 .0' 512 11. 9 
55 2 70 15 35 54° 39. 7' 56° 28. 6 ' 439 4. 8 
56 2 70 1820 54° 2 7.2 I 56 ° 4.6 ' 525 5.3 
57 2 70 19 32 54° 25. 3' 55° 58 . 3' 512 5. 7 
58 2 71 00 33 54° 24.9' 55 ° 44.6 ' 34 7 2 .5 
74 2 72 1447 5 3° 32. 7' 53° 30 .0 I 0-200 
75 2 72 1605 5 3° 07. l' 53° 32. 8 1 560 10 . 3 
76 2 72 l 755 5 3° 07. l' 5 3° 40.0 ' 556 8 .9 
77 2 72 1917 5 3° 05.0' 5 3° 36 .2 I 563 9.6 
78 2 72 2050 5 3° 0 3.0 I 5 3° 40.0' 556 4. l 
79 2 72 2144 5 3° 0 3 • 0 I 5 3° 32 .0 I 5 76 11 . 5 
80 273 0206 5 3° 19 .5 I 52° 45 .9 ' 0- 200 
81 273 0 33 1 5 3° 20.0 ' 5 3° 0 l. 4 I 0- 200 
82 273 050 1 5 3° 20 .2' 53° 15. l' 0- 200 
83 273 0635 5 3° 20.4 ' 5 3° 30 . 4 ' 0- 200 
84 273 08 11 5 3° 20.0 ' 53° 45.0 ' 0- 200 

104 2 74 13 15 54° 5 3. 2 I 5 3° 15 .0 I 0-200 
105 2 74 1453 55° 00 ' 5 3° 00 ' 0-200 
107 2 74 1935 54° 53. 3' 52° 29 . 8 1 2,0 12 2.7 0-200 
108 2 74 21 17 54° 45.00 ' 52° 30 .0 I l ,6 37 3.6 0- 200 
109 2 74 2 332 54° 44. 7' 52° 49.9' l ' 189 5 . l 0- 200 
11 0 290 1300 60° 39' .57 61° 21 I , ] 3 0- 200 
11 1 29 3 1445 59° 31' . 5 7 58° 48 ' ,55 0-200 
11 2 294 1445 5 7° 50 I .05 5 7° 58 ' .58 0-200 
11 3 299 1230 56° 2 3' . 3 60° 12 I. 8 
114 30 l 10 15 56° 21' .6 5 7° 06 I .9 0-200 
11 5 302 1645 54 ° 39 I • 2 3 56° 24 I . 44 0- 200 
11 6 302 2145 54° 55 I .0 55° 5 J I · 9 0-200 
l l 7 303 1240 55° l l '. 4 55° 21 I • 0 0-200 
118 30 3 0915 55° 43 ' . 3 54° 20 I • 38 0-200 
11 9 30 4 0030 53° 40 I • 55 51° 5 8 1 

• 89 0- 200 
120 304 0940 5 3° 07 ' .6 53° 22 I . 4 0- 200 
12 1 304 1524 5 3° 41' . 21 54° 29 I • 35 0- 175 

17 



0
0

 
T

ab
le

 2
 

R
e

la
ti

o
ns

hi
p 

o
f 

se
d

im
en

t 
d

is
tr

ib
u

ti
o

n
 m

o
d

es
 a

nd
 p

hi
 i

n
te

rv
al

s 
in

 c
o

re
s 

of
 C

ar
tw

ri
g

h
t 

S
ad

dl
e 

(X
 =

 p
ri

m
ar

y
 m

o
d

e,
 -

=
 s

ec
o

n
d

ar
y

 m
od

es
) 

C
or

e 
10

 
C

or
e 

12
 

C
o

re
 

In
te

rv
a

l 
S

e
d

ir
re

n
t 

S
iz

e
 

0 
C

o
re

 
In

te
rv

a
l 

S
e

d
ir

re
n

t 
S

iz
e

 
0 

(c
m

) 
-5

 
4 

3 
2 

I 
0 

+
I 

2 
3 

4 
5 

6 
7 

8 
N

o
te

s
 

(c
m

) 
-5

 
4 

3 
2 

I 
0 

+I
 

2 
3 

4 
5 

6 
7 

8 
N

o
te

s
 

0
-5

 
-

x 
A

 1
 I 

co
 r

e
 

o 
I 

i v
e 

g
re

e
n

 
0

-5
 

-
-

x 
D

ia
to

m
s 

0
-4

0
0

 
cm

 
25

-
30

 
x 

-
2

5
-

30
 

-
x 

5
0

-5
5

 
-

x 
A

bu
nd

an
t 

d
ia

to
m

s 
0

-1
00

 
cm

 
5

0
-5

5
 

x 
-

75
-8

0 
x 

75
-8

0 
x 

-
10

0
-1

0
5

 
-

x 
10

0
-1

0
5

 
x 

12
5

-
13

0 
-

x 
12

5-
13

0 
x 

-
15

0
-1

5
5

 
-

x 
O

st
ra

co
d

s 
fr

om
 

IO
D

-5
00

 
cm

 
15

0
-

15
5 

x 
17

5-
18

0 
x 

-
17

5-
18

0 
x 

20
0

-2
05

 
x 

-
2

0
0

-2
0

5
 

x 
2

2
5

-2
3

0
 

x 
-

22
5

-2
30

 
-

x 
2

5
0

-2
5

5
 

x 
-

25
0

-2
55

 
-

x 
2 

75
-2

80
 

x 
-

2
7

5
-2

8
0

 
x 

-
30

0-
30

5 
x 

-
30

 I
 -

30
6 

x 
-

32
5-

33
0 

x 
-

32
6

-
33

1 
x 

-
35

0-
35

5 
x 

35
 I

 -
35

6 
x 

37
5-

38
0 

x 
37

6-
38

1 
x 

-
40

0-
40

5 
x 

39
9

-4
04

 
x 

-
42

5-
43

0 
-

x 
42

5-
43

0 
x 

45
0-

45
5 

x 
-

45
0-

45
5 

x 
4 7

5
-4

80
 

x 
47

5-
48

0 
x 

50
0-

50
5 

x 
50

1
-5

06
 

x 
52

5
-5

 3
0 

x 
5

2
5

-5
 3

0 
x 

55
0

-5
55

 
x 

-
5

5
0

-5
5

5
 

-
x 

5 
75

-5
80

 
-

x 
57

5
-5

8o
 

x 
6

0
0

-6
0

5
 

x 
60

 J
 -6

0
6

 
x 

C
or

e 
11

 
62

5
-6

30
 

x 
65

0-
65

5 
x 

5
-1

0 
x 

/\
11

 
co

re
 

o
li

v
e

 
g

re
e

n
 

6 
75

-6
8o

 
x 

2
5

-
30

 
x 

70
0

-
70

5 
x 

50
-5

5 
x 

-
Ab

un
d

an
t 

d
ia

to
m

s 
0

-3
0

0
 

cm
 

72
5-

73
0 

-
-

x 
75

-8
0 

-
x 

74
5

-
75

0 
-

x 
10

0-
10

5 
-

x 
R

a
d

io
la

ri
a

n
s,

 
w

or
m

 
tu

b
es

 
77

5-
78

0 
x 

12
0-

12
5 

x 
80

0-
80

5 
x 

14
5

-
15

0 
x 

0
-5

 
cm

 
82

5
-8

30
 

x 
l7

5
-1

8
o

 
x 

85
0-

85
5 

-
x 

2
0

0
-2

0
5

 
x 

-
87

5-
88

0 
-

x 
22

5
-2

30
 

x 
90

0
-9

05
 

x 
2

5
0

-2
5

5
 

x 
92

5
-9

 3
0 

x 
2

7
5

-2
8

0
 

-
x 

9
5

0
-9

5
5

 
x 

30
0-

30
5 

-
x 

97
5

-9
80

 
x 

32
5-

33
0 

-
x 

J,
0

0
0

-1
,0

0
5

 
x 

35
0-

35
5 

x 
-

1
,0

2
5

-
1

,0
30

 
x 

37
5-

38
0 

x 
-

I ,
0

5
0

-1
 ,

05
5 

x 
40

0-
40

5 
x 

I ,
07

5-
1 

,0
80

 
x 

42
0-

42
5 

x 
-

I,
 I

O
O

-J
, 

10
5 

x 
45

0-
45

5 
x 

-
1

,1
2

5
-1

,1
3

0
 

x 
47

5-
48

0 
x 

I,
 1

5
0

-1
, 

15
5 

x 
5

0
0

-5
0

5
 

x 
-

1,
 1

80
-1

, 1
85

 
x 

5
2

5
-5

3
0

 
x 

I ,
20

0-
1 

,2
05

 
x 

55
0-

55
5 

-
x 

1
,2

1
1

-1
,2

2
0

 
-

x 
5

70
-5

75
 

x 
6

0
0

-6
0

5
 

x 
6

2
0

-6
2

5
 

x 
-

65
0

-6
55

 
-

-
x 

. 
6 

75
-6

8o
 

x 
70

0-
70

5 
-

x 
72

0-
72

5 
x 

75
0-

75
5 

x 
-

77
5-

78
0 

x 
-

80
0-

80
5 

x 
-

82
0-

82
5 

x 
-

85
0-

85
5 

x 
87

5-
88

o 
-

x 



T
a

b
le

 2
 (

co
n

t.
) 

C
or

e 
13

 
C

or
e 

37
 

C
o

re
 

In
te

rv
a

l 
S

e
d

ir
re

n
t 

S
iz

e
 

0 
C

o
re

 
In

te
rv

a
l 

S
e 

d
i 

m
en

 t
 

S
 i 

ze
 

0 
(c

m
) 

-5
 

i, 
3 

2 
I 

0 
+I

 
2 

3 
i, 

5 
6 

7 
8 

N
o

te
s

 
(c

m
) 

-5
 

i, 
3 

2 
I 

0 
+I

 
2 

3 
i, 

5 
6 

7 
8 

N
o

te
s

 

0
-5

 
-

-
x 

A
l 

1 
c

o
re

 
o

l 
i v

e
-g

ra
y

 
0

-5
 

x 
A

ll
 

co
re

 
li

g
h

t 
o

l
iv

e
-g

ra
y

 
25

-
30

 
-

x 
25

-
30

 
-

x 
50

-5
5 

-
x 

50
-5

5 
x 

-
A

b
u

n
d

a
n

t 
d

i a
to

m
s

 
0

-1
0

0
 

cm
 

75
-8

0 
x 

-
75

-
80

 
-

x 
10

0-
10

5 
x 

-
0-

50
0 

cm
 

ab
un

d
an

t 
d

ia
to

m
s 

10
0-

10
5 

x 
12

5
-

13
0 

x 
12

5-
13

0 
x 

15
0-

15
5 

x 
15

0-
15

5 
x 

17
5

-
18

0 
x 

-
17

5-
18

0 
x 

20
0-

20
5 

x 
20

0-
20

5 
x 

22
5

-2
30

 
x 

22
5-

23
0 

x 
25

0-
25

5 
x 

25
0-

25
5 

x 
27

5
-2

80
 

-
x 

2 
75

-2
80

 
x 

30
0

-
30

5 
x 

S
he

 1
1 

fr
ag

m
en

ts
 

30
0-

30
5 

x 
32

5
-

33
0 

x 
32

5
-

33
0 

x 
35

0-
35

5 
-

x 
35

0-
35

5 
x 

-
37

5
-3

80
 

-
x 

37
5

-
38

0 
x 

-
i.0

0
-i

.0
5 

-
x 

40
0

-l
i0

5 
x 

i,2
5

-4
30

 
-

x 
i,

25
-i

,3
0 

-
x 

W
or

m
 

tu
b

es
 

i,5
0

-i
.5

5 
x 

i,
50

-i
,5

5 
x 

S
he

 1
1 

s 
i,7

5
-i

.8
0 

x 
i, 

75
-l

i8
0 

-
x 

50
0

-5
05

 
-

x 
50

0
-5

05
 

-
x 

A
b

u
n

d
a

n
t 

d
ia

to
m

s
 

5
2

5
-5

 3
0 

x 
-

52
5

-5
 3

0 
-

x 
55

0
-5

55
 

-
x 

55
0

-5
55

 
-

x 
5 

75
-5

80
 

x 
-

57
5

-5
80

 
-

x 
60

0-
60

5 
x 

60
0

-6
05

 
x 

-
62

5
-6

30
 

x 
62

5-
63

0 
x 

65
0

-6
55

 
-

x 
61

i9
-6

51
i 

x 
La

rg
e 

sh
e

ll
 

67
5-

68
0 

x 
-

6 
75

-6
80

 
x 

70
0-

70
5 

x 
70

0
-

70
5 

x 
72

5
-

73
0 

-
-

x 
72

5
-

73
0 

-
x 

7l
i8

-7
5 

3 
x 

-
S

he
 1

1 
fr

ag
m

en
ts

 
75

0
-

75
5 

x 
-

77
5

-7
80

 
x 

77
5

-
78

0 
-

x 
80

0-
80

5 
x 

-
80

0
-8

05
 

x 
-

82
5

-8
30

 
x 

-
82

5
-

83
0 

x 
-

85
0

-8
55

 
x 

-
85

0-
85

5 
x 

87
5

-8
8o

 
x 

87
5

-8
80

 
x 

-
90

0-
90

5 
x 

-
90

0-
90

5 
x 

92
5-

9 
30

 
x 

92
5-

93
0 

x 
-

95
0

-9
55

 
-

x 
97

5-
98

0 
x 

I 
,O

OO
-I

 ,
00

5 
x 

1,
02

5
-

1 
,0

30
 

x 
1

,0
5

0
-

1,
0

5
5

 
x 

I 
,0

7
5

-1
,0

8
0

 
x 

1,
1

0
0

-1
,

10
5 

x 
-

I ,
 1

25
-

I ,
 I

 3
0 

x 
1

,1
5

0
-1

,1
55

 
x 

I 
, I

 7
7-

1 
, l

 8
5 

-
x 

'° 



N
 

0 

C
o

re
 

In
te

rv
a

l 
(c

m
) 

0
-5

 
25

-3
0 

50
-5

5 
75

-8
0 

10
0-

10
5 

12
5

-1
30

 
15

0
-1

55
 

17
5-

18
0 

20
0-

20
5 

22
5-

23
0 

25
0

-2
55

 
2 

75
-2

80
 

30
0-

30
5 

32
5-

33
0 

35
0-

35
5 

37
5-

38
0 

40
0-

40
5 

42
5-

43
0 

45
0

-4
55

 
4 

75
-4

80
 

50
0-

50
5 

52
5

- 4
30

 
55

0-
55

5 
57

5
-5

80
 

60
0-

60
5 

62
5-

63
0 

65
0-

55
5 

67
5-

68
0 

70
0-

70
5 

72
5

-
73

0 
75

0-
75

5 
77

5-
78

0 
80

0-
80

5 
82

5-
83

0 
85

0-
85

5 
87

5-
88

0 
90

0-
90

5 
92

5
-9

 3
0 

95
0-

95
5 

97
5-

98
0 

1
,0

0
0

-1
,0

0
5

 
I ,

02
5

-1
,0

30
 

0
-5

 
2

5
-

30
 

50
-5

5 
75

-8
0 

10
0-

1 0
5 

I 3
0-

I 3
5 

15
5-

16
0 

17
5-

18
0 

20
0-

20
5 

22
5-

23
0 

25
0-

25
5 

2 
76

-2
81

 
30

0-
30

5 
32

5-
33

0 
35

0-
35

5 
37

5-
38

0 
40

0
-4

05
 

42
5-

43
0 

45
0-

45
5 

-5
 

4 
3 

2 

-

-

- -

-
-

-

- - - -

T
ab

le
 3

 

R
el

at
io

n
sh

ip
 o

f 
se

d
im

e
nt

 d
is

tr
ib

u
ti

o
n 

m
od

es
 a

nd
 p

hi
 i

n
te

rv
al

s 
in

 c
o

re
s 

of
 H

aw
k

e 
S

ad
d

le
 

C
or

e 
75

 
C

or
e 

76
 

(c
on

t.
) 

Se
 d

i r
re

nt
 

S
iz

e 
0 

C
o

re
 

In
te

rv
a

l 
Se

 d
i m

en
 t 

S 
i z

e 
0 

1 
0 

+I
 

2 
3 

4 
5 

6 
7 

8 
N

o
te

s
 

(c
m

) 
-5

 
4 

3 
2 

I 
0 

+
I 

2 
3 

4 
5 

6 
7 

8 
N

o
te

s
 

x 
-

A
ll

 
co

re
 

o
li

v
e

-
g

ra
y

 
47

5-
48

0 
x 

-
x 

-
50

0-
50

5 
x 

-
x 

0
-3

0
0

 
cm

 
di

 a
to

m
s 

52
5

-5
30

 
-

x 
-

x 
55

0-
55

5 
x 

-

x 
57

5-
58

0 
x 

-
x 

60
0-

60
5 

-
x 

x 
62

5-
63

0 
x 

-
x 

65
0

-6
55

 
-

x 
-

x 
6 

76
-6

8
1 

x 
-

x 
70

0
-

70
5 

-
x 

-
x 

7
2

5
-n

o
 

-
x 

-
x 

75
0-

75
5 

-
x 

-
x 

77
6-

78
1 

-
x 

-

x 
-

80
0-

80
5 

-
x 

-
x 

-
b

ra
ck

en
 

te
st

s,
 

d
ia

to
m

s 
82

5-
83

0 
x 

-
x 

85
0

-8
55

 
-

x 
-

x 
40

0
-7

5
0 

cm
 

di
 a

to
m

s 
88

0-
88

5 
-

x 
x 

-
C

or
e 

77
 

x 
x 

0
-5

 
x 

-
A

ll
 

co
re

 
o

li
ve

 
g

ra
y

 
x 

25
-3

0 
x 

-
x 

50
-5

5 
x 

x 
75

-8
0 

x 
x 

I0
0-

10
5 

x 
x 

12
5-

1 3
0 

x 
-

-
x 

15
0-

15
5 

x 
-

x 
17

5-
18

0 
x 

x 
20

0-
20

5 
x 

x 
22

5-
23

0 
x 

x 
25

0
-2

55
 

x 
x 

2 
75

-2
80

 
-

x 
x 

30
0-

30
5 

x 
x 

32
5-

33
0 

x 
x 

35
0-

35
5 

x 
x 

-
d

i a
to

m
s 

37
5-

38
0 

x 
x 

sh
e 

11
 

40
0-

40
5 

x 
D

ia
to

m
s

, 
p

y
ri

te
 

x 
42

5
-4

30
 

x 
x 

45
0-

45
5 

-
x 

x 
47

5-
48

0 
x 

x 
50

0-
50

5 
x 

x 
-

52
5-

53
0 

x 
-

x 
55

0-
55

5 
x 

C
or

e 
76

 
5 

75
-5

80
 

x 
60

0-
60

5 
x 

-
-

x 
L

ig
h

t 
g

ra
y

 
0-

28
0 

cm
 

62
5-

63
0 

x 
-

x 
d

ar
k

 
g

ra
y

 
28

0
-6

50
 

cm
 

65
0-

65
5 

x 
x 

67
5-

68
0 

. 
x 

-
x 

70
0-

70
5 

x 
x 

-
72

5
-7

3
0 

x 
x 

-
75

0-
75

5 
x 

-
-

x 
77

5-
78

0 
x 

x 
80

0-
80

5 
x 

x 
82

5-
83

0 
x 

-
x 

85
0-

85
5 

x 
-

-
x 

87
5

-8
80

 
x 

-
x 

-
A

b
u

n
d

a
n

t 
T

e
r
t

ia
ry

 
90

0-
90

5 
x 

x 
fo

ss
 i 

Is
 

fr
om

 
30

0 
cm

 
to

 
92

5-
9 

30
 

x 
-

x 
b

o
tt

o
m

 o
f 

co
re

 
95

0-
95

5 
x 

-
x 

-
97

0-
97

5 
x 

x 
-

-
x 

-
x 

-
x 



T
a

b
le

 3
 (

co
n

t.
) 

C
or

e 
78

 
C

or
e 

79
 

C
o

re
 

In
te

rv
a

l 
S

e
d

ir
re

n
t 

S
iz

e
 
~ 

C
o

re
 

In
te

rv
a

l 
S

ed
ir

re
n

t 
S

iz
e

 
0 

(c
m

) 
-5

 
4 

3 
2 

I 
0 

+I
 

2 
3 

4 
5 

6 
7 

8 
N

o
te

s
 

{c
m

) 
-5

 
4 

3 
2 

I 
0 

+I
 

2 
3 

4 
5 

6 
7 

8 
N

o
te

s
 

0
-5

 
x 

0
-1

10
 

cm
 

d
ar

k
 

g
ra

y
 

0
-5

 
x 

25
-

30
 

x 
-

25
-

30
 

-
x 

50
-5

5 
x 

11
0-

31
8 

O
li

v
e 

g
ra

y
, 

d
ar

k
 

5
0

-5
5

 
x 

-
75

-8
0 

x 
g

ra
y

 
be

lo
w

 
75

-8
0 

x 
10

0
-

10
5 

x 
10

0-
10

5 
x 

12
5-

13
0 

x 
12

5
-

13
0 

x 
15

0-
15

5 
-

x 
D

ia
to

m
s 

p
re

s
e

n
t 

in
 

a
l 

1 
c

o
re

 
15

0-
15

5 
x 

17
5

-
18

0 
-

x 
17

5-
18

0 
x 

20
0-

20
5 

NO
 

M
OD

E 
20

0-
20

5 
x 

22
5

-2
30

 
x 

22
5-

23
0 

x 
25

0
-2

55
 

x 
25

0-
25

5 
x 

27
5

-2
80

 
x 

2 
70

-2
 75

 
x 

30
0-

30
5 

x 
-

30
0-

30
5 

x 
32

5-
33

0 
-

x 
32

5-
33

0 
x 

35
0-

35
5 

x 
35

0-
35

5 
x 

Py
r

it
iz

ed
 w

or
m

 
tu

b
es

 
37

5
-

38
0 

x 
37

5-
38

0 
x 

S
p

o
n

g
e 

sp
ic

u
le

s
 

40
0

-4
05

 
x 

40
0-

40
5 

x 
42

5-
43

0 
x 

45
0-

45
5 

x 
47

5-
48

0 
-

x 
50

0
-5

05
 

x 
-

5
2

5
-5

3
0

 
x 

55
0-

55
5 

x 
5

7
5

-5
8

0
 

x 
60

0-
60

5 
x 

6
2

5
-6

3
0

 
x 

65
0-

65
5 

x 
F

ec
al

 
p

e
ll

e
ts

 
6

7
5

-6
8

0
 

-
x 

70
0-

70
5 

x 
72

5-
73

0 
x 

75
0-

75
5 

x 
77

5-
78

0 
x 

80
0-

80
5 

x 
82

5-
83

0 
x 

85
0-

85
5 

x 
8

7
5

-8
8

0
 

x 
90

0-
90

5 
x 

9
2

5
-9

 3
0 

x 
95

0-
95

5 
x 

97
5-

98
0 

x 
I ,

O
O

O
-

I 
,0

05
 

x 
1

,0
2

5
-

1 
,0

30
 

x 
I 

,0
50

-1
 ,

0
5

5
 

x 
I 

,0
75

-1
 ,

08
0 

x 
I,

 1
0

0
-1

, 
10

5 
x 

I,
 1

2
5

-1
, 

13
0 

x 
1,

14
2-

1,
1

4
7

 
x 

N
 



N
 

N
 C

o
re

 
I n

te
 r

v
a

 l 
(c

m
) 

0
-5

 
2S

-3
0 

SO
-S

S 
7S

-8
0 

10
0

-
IO

S 
12

S
-1

30
 

lS
O

-l
S

S
 

17
S

-1
80

 
2

0
0

-2
0

S
 

2
2

S
-2

3
0

 
2S

0-
2S

S
 

2
7

S
-2

8
o

 
30

0-
30

S
 

32
S

-3
30

 
3S

0
-3

SS
 

3
7

3
-3

7
8

 
40

0-
40

S
 

42
S

-4
30

 
4S

0-
4S

S
 

o
-s

 
2

S
-

30
 

so
-s

s 
7S

-8
0 

10
0

-I
OS

 
12

S
-

13
0 

IS
O

-I
S

S
 

17
S

-1
80

 
20

0
-2

0S
 

22
S

-2
30

 
2

so
-2

ss
 

2 
7S

-2
80

 
30

0
-

30
S 

3
2

s-
3

3
0

 
3S

O
-

3S
S 

37
S

-
38

0 
40

0-
40

S
 

42
S

-4
30

 
4S

0-
4S

S
 

-s
 

4 
3 

2 

-
- - x x 

x x x x 
x - -

-
- - - - - - - - -

- -
- -

- - -
-

C
or

e 
34

 
D

ep
th

 
28

2 
m

 
S

ed
im

en
t 

S
iz

e 
0 

1 
0 

+
l 

2 
3 

4 x 

x - - - - -
-

-
-

x - x x x x x x x 

Co
re

 
3S

 
De

p
th

 
31

0 
m

 

-

x x x x - x x x x x 
-

x x 
- x x x 

T
ab

le
 4

 

R
el

at
io

n
sh

ip
 o

f 
se

d
im

en
t 

d
is

tr
ib

u
ti

o
n

 m
o

d
es

 a
nd

 p
hi

 i
n

te
rv

al
s 

in
 c

o
re

s 
fr

o
m

 b
as

in
 m

a
rg

in
s.

 

C
o

re
 

36
 

D
ep

th
 

4 
72

 
m

 
C

or
e 

In
te

rv
a

l 
S

ed
im

en
t 

S
iz

e 
0 

s 
6 

7 
8 

N
o

te
s

 
(c

m
) 

-s
 

4 
3 

2 
1 

0 
+

I 
2 

3 
4 

s 
6 

7 
8 

N
o

te
s

 

A
ll

 
co

re
 

o
l

iv
e 

g
ra

y 
0

-S
 

-
x 

A
ll

 
co

re
 

o
l

iv
e 

gr
ay

. 
x 

-
2S

-
30

 
x 

-
A

bu
nd

an
t 

d
ia

to
m

es
 

2
-2

SO
 

cm
. 

so
-s

s 
x 

O
st

ra
co

d
s 

p
re

se
n

t 
th

ro
u

gh
ou

t 
-

7S
-8

0 
x 

c
o

re
. 

-
10

0-
IO

S
 

x 
la

rg
e
 

p
eb

b
le

 
12

S
-1

3
0

 
x 

IS
O

-I
SS

 
x 

17
S

-1
80

 
x 

-
20

0
-2

0S
 

x 
2

2
S

-2
3

0
 

x 
2S

0
-2

SS
 

-
x 

x 
2

7
S

-2
8

o
 

-
x 

-
30

0-
30

S
 

x 
-

32
S

-
33

0 
-

x 
-

3S
O

-3
SS

 
x 

37
S

-
38

0 
x 

-
40

0-
40

S
 

x 
-

-
42

S
-4

30
 

x 
sh

e 
11

 s
 

4S
0-

4S
O

 
-

x 
4 

7S
-4

8o
 

x 
-

SO
O

-S
O

S 
-

x 
S

2S
-S

30
 

x 
-

p
eb

b
le

 
x 

-
O

li
ve

 
g

ra
y

 
0

-4
S

 
cm

 
ss

o
-s

ss
 

x 
x 

S
7S

-S
80

 
x 

D
ar

k 
g

ra
y

is
h

 
br

ow
n 

4S
-4

SO
 

cm
 

x 
-

C
or

e 
SS

 
D

ep
th

 
43

9 
m

 

pe
bb

l e
, 

SO
 

mm
 

d
ia

m
. 

(a
n

o
rt

h
o

s
it

e)
 

o
-s

 
x 

-
-

A
l 

1 
co

re
 

o
li

ve
 

g
ra

y
 

-
pe

bb
le

, 
SO

 
mm

 
d

ia
m

. 
(g

n
e

is
s)

 
2S

-3
0 

x 
-

-
pe

bb
le

s 
ig

n
eo

u
s,

 
fe

w
 

ca
rb

o
n

a
te

s 
x 

so
-s

s 
x 

-
-

-
7S

-8
0 

-
-

x 
-

10
0-

IO
S

 
x 

-
-

12
S

-1
30

 
x 

-
IS

O
-I

S
S

 
x 

17
S

-1
80

 
-

x 
-

2
0

0
-2

0
S

 
x 

-
-

2
2

S
-2

3
0

 
x 

-
x 

-
2S

0-
2S

S
 

-
-

x 
-

-
27

S
-2

80
 

x 
-

30
0-

30
S 

-
x 

32
S

-3
30

 
x 

-
3S

0-
3S

S
 

-
-

x 
37

S
-3

80
 

-
-

x 
40

0-
40

S
 

-
x 

-
42

S
-4

30
 

x 
4S

0-
4S

S
 

-
-

x 
S

ea
 

u
rc

h
in

 
sp

in
es

 
4 

7S
-

48
0 

-
-

x 
-

G
as

tr
o

p
o

d
 

sh
e 

I 
I 

(e
ro

d
ed

) 



T
a

b
le

 4
 (

co
n

t.
) 

l'
0

 
w

 C
o

re
 

In
 t

e
 r

va
 I 

(c
m

) 

0
-5

 
2

5
-3

0
 

5
0

-5
5

 
75

-8
0 

1 0
0

-1
0

5
 

12
5-

13
0 

15
0

-
15

5 
17

5-
18

o 
20

0-
20

5 
22

5-
2 

30
 

25
0-

25
5 

2 
75

-2
80

 
30

0-
30

5 
32

5-
33

0 
35

0
-

35
5 

37
5-

38
0 

40
0-

40
5 

42
5-

43
0 

45
0-

45
5 

4 
75

-4
80

 
50

0-
50

5 
52

3
-5

28
 

0
-5

 
2

5
-3

0
 

5
0

-5
5

 
75

-8
0 

10
0-

10
5 

12
5-

13
0 

15
0-

15
5 

17
5-

IS
O

 
20

0-
20

5 
22

5
-2

30
 

25
0-

25
5 

27
5-

28
0 

30
0

-
30

5 
32

5-
33

0 
35

0
-

35
5 

37
5

-
38

0 
40

0
-4

05
 

42
5-

43
0 

45
0-

45
5 

4 
75

-4
80

 
5

0
0

-5
0

5
 

52
5-

53
0 

5
5

0
-5

5
5

 
56

 7
-5

 72
 

-5
 

4 
3 

2 - -

C
or

e 
56

 
D

ep
th

 
52

5 
m

 
S

e 
d

i 
rr

en
 t

 
S

i 
ze

 
0 

1 
0 

+1
 

2 
3 

4 
5 

6 
7 

-
x x x x x x x 

-

x 

x 
x 

-
x 

x 
x x x 

x 
x 

C
or

e 
5 

7 
De

p
th

 
5

12
 

m
 

NO
 

HO
OE

 
x 

-

x 
- - -

x 

- - -

x 
-

x 
-

x 

C
or

e 
58

 
D

ep
th

 
34

7 
m

 
C

o
re

 
In

te
rv

a
l 

S
e

d
ir

re
n

t 
S

iz
e

 
0 

8 
N

o
te

s 
(c

m
) 

-5
 

4 
3 

2 
1 

0 
+1

 
2 

3 
4 

5 
6 

7 
8 

N
o

te
s

 

A
ll

 
co

re
 

o
li

v
e 

g
ra

y
, 

0
-5

 
x 

-
-

0
-1

5
 

o
li

v
e
 

g
ra

y
 

a
b

u
n

d
a

n
t 

d
i 

a
to

m
s 

2
5

-3
0

 
-

x 
-

-
5

0
-5

5
 

-
x 

15
0

-2
54

 
d

ar
k

 
g

ra
yi

 s
h 

br
ow

n 
75

-8
0 

x 
-

-
-

10
0-

10
5 

-
x 

12
5-

13
0 

-
-

x 
x 

15
0-

1
55

 
x 

-
17

5-
18

0 
-

x 
-

-
x 

20
0-

20
5 

-
x 

x 
2

2
5

-2
 3

0 
-

x 
-

24
9-

25
4 

-
x 

x - x 

A
ll

 
c

o
re

 
g

ra
y

 
g

re
e

n
 

an
d 

x 
a

n
d

 
e

x
te

n
s

iv
e

 
p

y
ri

 t
 i

 z
a

t 
io

n
. 

x 
A

b
u

n
d

an
t 

d
i 

at
om

s 
x 

0
-2

00
 

cm
 

x x x x x 
I a

 r
g

e
 

p
eb

b
 I 

e
, 

I 
i r

re
s 

to
n

e
 

x 
40

 
mm

 
(d

i a
m

) 
x x x x x x x 

cl
ay

 
p

eb
b

le
s 

x 



N
 .,. 

C
o

re
 

In
te

rv
a

l 
(c

m
) 

0
-5

 
2

5
-

30
 

50
-5

5 
7

5
-8

0
 

10
0-

10
5 

12
5

-1
3

0
 

15
0-

15
5 

17
5

-1
8

0
 

2
0

0
-2

0
5

 
2

2
5

-2
3

0
 

2
5

0
-2

5
5

 
2 

75
-2

80
 

30
0-

30
5 

32
5-

33
0 

35
0-

35
5 

37
5-

38
o 

40
D

-4
05

 
4

2
5

-4
3

0
 

4
5

0
-4

5
5

 
4

7
5

-4
8

o
 

5
0

0
-5

0
5

 
5

2
5

-5
 3

0 
5

5
0

-5
5

5
 

5
7

5
-5

8
o

 
6

0
0

-6
0

5
 

6
2

5
-6

3
0

 
6

5
0

-6
5

5
 

6
7

5
-6

8
o

 
70

0-
70

5 
72

5-
73

0 
75

0-
75

5 
77

5-
78

0 
8

0
0

-8
0

5
 

8
2

5
-8

3
0

 
8

5
0

-8
5

5
 

8
7

5
-8

8
0

 
90

0
-9

05
 

9
2

5
-9

 3
0 

9
5

0
-9

5
5

 
9

7
5

-9
8

0
 

I ,
O

O
O

-
I 

,0
05

 
I 

,0
2

5
-1

,0
3

0
 

-5
 

4 
3 

2 - - - - - - - -
-

-C
o

re
 

28
 

D
ep

th
 

7
13

 m
 

S
ed

ii
re

n
t 

S
iz

e 
0 

1 
0 

+1
 

2 
3 

4 
5 

6 
7 

8 

x 
-

x 
x 

-
x 

-
x 

-
x 

-
-

x 
-

-
x 

-
-

x 
x 

-
x 

x 
x 

-
x x x 

x x x x x x x 
x 

-
x x 

-
x 

-
-

x 
-

x 
-

x 
-

x 
-

x x x x x 
-

-
x x x x x x 

-

T
ab

le
 5

 

R
el

at
io

n
sh

ip
 o

f 
se

d
im

en
t 

d
is

tr
ib

u
ti

o
n

 m
o

d
es

 a
nd

 p
hi

 i
n

te
rv

a
ls

 
in

 c
o

re
s 

fr
o

m
 c

o
n

ti
n

e
nt

al
 m

ar
g

in
 a

nd
 s

lo
p

e
. 

C
or

e 
10

7 
O

ep
th

 
2

,0
12

 
m

 
C

o
re

 
In

te
rv

a
l 

Se
 d

i 
ir

en
 t 

Si
 z

e 
0 

N
o

te
s 

(c
m

) 
-5

 
4 

3 
2 

1 
0 

+
I 

2 
3 

4 
5 

G
ra

y 
g

re
en

 
0

-4
8

0
 

cm
 

0
-5

 
NO

 
SA

M
PL

E 
d

ia
to

m
s,

 
o

st
ra

c
o

d
s 

0
-4

5
0

 
2

5
-3

0
 

-
-

5
0

-5
5

 
x 

7
5

-8
0

 
x 

10
0

-1
0

5
 

-
x 

12
5

-1
3

0
 

-
x 

g
ra

y
 

sa
n

d
y

 
ba

nd
 

15
0

-1
5

5
 

-
-

x 
br

ow
n 

b
an

d
 

17
5-

18
0 

-
x 

g
ra

y 
b

an
d

 
20

0
·2

05
 

-
x 

2
2

5
-2

3
0

 
2

6
5

-2
 7

0 
-

C
or

e 
I 0

8 
D

ep
th

 
I 

,6
 3

7 
m

 

o
c5

 
-

x 
2

5
-3

0
 

la
rg

e
 

pe
bb

le
 

40
 

mm
 

di
am

. 
g

ra
n

it
e
 

5
0

-5
5

 
-

75
-8

0 
x 

10
0-

10
5 

-
x 

12
5-

13
0 

-
x 

d
a

rk
 

g
re

e
n

 
to

 
b

o
tt

o
m

 
o

f 
co

re
 

15
0-

15
5 

-
-

x 
17

5-
18

0 
-

x 
20

0
-2

05
 

-
x 

2
2

5
-2

3
0

 
-

-
x 

25
0

-2
55

 
-

x 
2

7
5

-2
8

0
 

-
x 

3
0

0
-3

0
5

 
-

3
2

5
-3

3
0

 
35

0
-3

55
 

C
or

e 
I 0

9 
D

ep
th

 
1,

 1
89

 
m

 

0
-5

 
x 

2
5

-3
0

 
-

5
0

-5
5

 
x 

-
-

7
5

-8
0

 
x 

10
0-

10
5 

12
5-

13
0 

-
15

0-
15

5 
-

x 
17

5-
18

0 
x 

-
2

0
0

-2
0

5
 

x 
-

2
2

5
-2

3
0

 
x 

2
5

0
-2

5
5

 
2

7
5

-2
8

0
 

-
3

0
0

-3
0

5
 

3
2

5
-3

3
0

 
-

-
3

5
0

-3
5

5
 

3
7

5
-3

8
0

 
-

40
D

-4
05

 
4

2
5

-4
3

0
 

-
4

5
0

-4
5

5
 

-
47

5-
48

0 
-

5
0

0
-5

0
5

 
-

6 
7 

8 
N

o
te

s 

0
-3

7
 

Ii
 g

h
t 

o
li

v
e 

g
ra

y
 

x 
o

st
ra

co
d

s 
3

7
-5

7
 

d
ar

k
 

o
li

v
e
 

g
ra

y
 

-
5

7
 

b
o

tt
o

m
 

li
g

h
t 

o
li

v
e
 

g
ra

y
 

- x 
-

x 

A
l

l 
co

re
 

o
li

ve
 

gr
ay

 
-

x 
x -

-
Ii

 g
h

t 
o

l
iv

e 
g

ra
y

 
ba

nd
 

x 
x x 

A
ll

 
co

re
 

br
ow

n 
w

it
h

 
li

g
h

t 
x 

an
d 

d
ar

k
 

b
an

d
in

g 
-

x x 
-

-
- x 

x x 
x 

3
5

0
-5

0
0

 
se

m
i 

co
n

so
li

d
a
te

d
 

x 
c 

I a
y

 
fr

ag
m

en
t 

x 
-

x 
x 

x 

x 



Table 6 

Per cent of Cartwright Saddle core inter val s containing primary sediment distribution 
modes in si ze classes from phi = - 5 to +8. 

Sedi rrent Size 0 
Core -5 4 3 2 1 0 + l 2 3 4 5 6 7 

10 20 33 7 

Holocene 11 10 55 10 

Se di rren ts 12 19 57 5 

13 3 3 21 29 3 8 

37 3 47 26 

Ave rage % l l 15 44 l 28 

Wi sconsin 10 30 10 20 

11 44 19 

Se di rrents 12 3 28 

13 No Wisconsin 

37 20 30 

Ave rage % 25 8 24 

Ta ble 7 

Per cent of Hawke Saddle core inte rvals conta ining prima ry sedi me nt distribut ion 
modes in size classes fr om phi = - 5 t o +8. 

Sed i rrent Si ze 0 
Core -5 4 3 2 1 0 +l 2 3 4 5 6 7 

75 33 6 44 

76 4 82 4 7 

Ho l ocene 77 42 21 26 

Sedi rrents 78 57 14 

79 11 6 61 

Average % l 45 10 28 

75 42 33 

76 63 

Wisconsin 77 33 14 24 

Sediments 78 11 22 33 

79 3 48 

Ave rage % 30 8 28 
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40 

25 

19 

34 

24 

28 

40 
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Marginal 
Bas in 

Average % 

Shelf 

Average % 

Slope 

Average % 

Table 8 

Pe r cent core intervals conta ining prima ry sediment distribution 
modes in cores outside the basi ns 

Se di rrent Size 0 
Core -s 4 3 2 1 0 +1 2 3 4 5 6 7 

36 4 63 8 4 
55 5 14 52 5 5 
56 14 64 
57 4 22 

1 1 1 1 29 7 24 

34 21 16 47 5 5 5 
35 16 58 26 
58 18 9 64 9 

6 7 5 3 5 56 2 1 3 2 

28 2 62 33 
107 30 10 30 20 
108 7 20 40 13 13 
109 5 5 5 5 14 19 33 

1 1 11 24 29 1 3 12 

Table 9 

Dep th 
8 (m) 

21 H 472 
19 H 439 
23 R 525 
74 w 512 

34 

282 
310 
347 

2 713 
10 2' 112 

7 1 ,637 
10 1'189 

7 

Planktonic for am inifera in the wa ter column, fa ll, 1973, Sam ples 1-27 - Cart wright Saddle, 
74-84 - Hawke Sadd le and 104-109 - Continent a l Slope. N = percent norma lform 

N. pachyderma, X = less than 1 per cent of total planktonic for a minife ra 

Neogloboquadrina Globigerina Globigerina Tota l s/m3 of wa ter 
pachyderma bulloides quinqueloba Dry Biomass 

Sample Numb e r % Dext ral No. % No. % Foramini fera (mg.) 

1 314 4 3.4 21. 8 
2 2 ,880 3 44.0 32. 7 
3 864 1 16. 1 21. 6 
4 500 2 11. 1 34.8 
5 446 4 7.3 13. l 
6 1 ,506 3 2 7. 3 14. 3 
7 626 4 2 x 14. 0 22.9 
8 1,270 2 4 x 29.7 4.5 
9 262 3 3. 7 13. 9 

23 2 ,00 8 2 4 x 4 x 2 3. 3 58. 4 
24 706 3 6.9 6.6 
25 510 2 10.5 13.4 
26 1 ,258 2 20.8 17 .6 
27 990 3 12 .6 37.8 

Means 2.7 16.48 22.4 

74 916 3 8 x 22.2 69.7 
79 2 ,0 72 4 8 x 120 5 41. 4 91. 3 
80 2,600 2 8 x 24 1 95.0 61. 7 
81 4' 160 2 8 x 89.3 29.6 
82 1'16 8 3 4 x 19. 2 20.9 
83 8 ,016 3 16 x 146.0 224.5 
84 1 ,596 2 20.0 2 3. 0 

Means 2.7 61. 87 74.4 

104 2,992 3 2 12 8 4 51. 1 18 .5 
105 60 0 42 41 0.7 21. 3 
107 11 6 17 4 3 4 3 1. 7 21. 4 
108 74 8 10 11 2 2 1. 2 11. 8 
109 256 5 12 4 12 4 3.4 12. 2 

Means 6.6 3.6 11 11 .62 17.0 

N 

28 
63 
66 
55 
61 
73 
64 
66 
61 
68 
69 
68 
74 
65 

63 

86 
78 
83 
77 
68 
95 
87 

8 1 

94 
75 
60 
71 
53 

71 



Table JO 

Planktonic foraminifera in the water column, fall, 1977, S = Continental Slope samples 

Neogloboquadr ina Tota l s/m3 of water 
pachyderma Globigerina Globigerina Globigerinita Dry Bi omass 

Sample Number % Dext ra l bulloides quinqueloba uvula Foramin i fe ra (mg . ) N 

110 337 4 7.3 11. 8 85 

s 111 l '396 11 x l. l 65.2 14. 4 93 

s 112 273 21 x 3 . 6 11. 7 5.8 97 

11 3 41 17 4.7 l. 5 19 .2 85 

s 114 164 21 7.8 6.8 5.7 5.4 95 

11 5 149 5 x 4.6 15. 4 89 

116 67 4 2.3 9.8 85 

11 7 28 0 l. 8 26.7 93 

s 118 14 29 7 0.3 3.0 93 

s 119 173 19 x 6.8 8.7 5.8 12 .5 63 

120 214 6 x 3.9 12. l 90 

121 264 3 x x x 12. l 50.9 96 

Means 11. 7 l 0. 2 15 .6 89 

Table 11 

Comparison of Neogloboquadrina pac hyde rma in sediment and water column 

% Normalform 

Core Plankton Test/m 3 Tests per 35 cm 3 sed . 
Tops Tows Water Counted Estimated R(cm/1000 yrs.) 

Cartwright Saddle 35 63 16 264 464 24 .1 

Hawke Saddle 33 81 62 17 250 173.6 

Continental Slope 34 71 12 33 403 76 021 0.1 

Note: The calculated number per sediment sample is derived by assuming that only norm a lform a re destroyed in the 
N 

sediment, thus N = K _.!:!.. where N and N s s K s w are normalforms in sediment and water, respec tively and K a re 
w 

other than normalforms . R is defined in text . 
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Tab le 12 

Co mpa rison of t he occurre nce of ma jor spec ies on La brador She lf basins 
with Canadian Arc tic a nd east e rn she lf 

II) 

'+-< .... (]) 

>- 0 Q) (]) '+-< u 

"' 
tl() 55 E ~ 0 c E co E c "' E E ~ E +"' 

"' Q) :8 c --4 
tl() >- .... 
.... "' ~ 

Major Spec ies in C o ~ .~.~~ "' "' "' "' co >- °' 0 "'~ 
0 "' 0 "' L.. C · - N :2 ~ -o '.:':: 'S ....... 0 

Cartwright & Hawke 
II) N 

c u -5 i Q) · - +-' I '+-< .J "' <tl v ~ "0 I E II) o o >- C I "3 • I 

Saddles (493-580 m ) :J '° <tl i... L... --4 "'u .::t- .._; "' :J .::t- l? +"' .::t- (]) ..c: '° l: N U <C<C N u.J CO Vl N Vl co 1.1. '° VlN co Vl -

Islandiella islandica x x x x 
I. teretis x x x x x 
I. norc rossi x x 
Elphidium clavatum x x x x 
Nononellina labradorica x x x 
Buccella frigida x x x 
Cibic ides lobatulus x x x 
Virgulina fusiformis x x 
Astrononion gallowayi x x x x 
Melonis zaandamae x x 
Nonionella auriculata x 
Cribrostomoides jeffreysi x x x 
Globobulimina auriculata x x 
Elphidium subarticum x x 
Cribrostomoides crassimargo x x x 
Adercotryma glomeratum x x 

Pe rce nt common occurre nces 
· wi t h Labrador She lf basins 78 22 0 39 67 44 

Ta ble 13 
1 4 C dates of sedi me nt core s taken fro m Cartw right and Hawke Saddles 

Inte rva l Age La bo rato r y 
Co re (c m) C-14 Ye ar s BP Numb e r La borato r y 

11 65 - 100 3,370 ± 160 GX - 4942 Ge oc h ron 
300 - 335 12,055 ± 405 GX - 52 35 Ge och ron 
465 - 475 11'700 ± 490 GSC - 2560 Ge ol og ica l Survey 
500 - 5 35 13, 140 ± 440 GX - 5074 Ge ochro n 
700 - 735 21 ,050 ± l ,050 GX - 49 44 Geoch r o n 

12 50 - 85 3 , 320 ± 165 GX - 49 35 Geochro n 
300 - 335 11 ,495 ± 455 GX - 5236 Geoch r o n 
490 - 500 13, 300 ± 770 GSC - 2565 Geo l ogical Survey 
615 - 650 19,660 ± 710 GX - 5075 Geochro n 

.c Soo - 835 11 ,695 ± 415 GX - 52 37 Geochro n 
;le l , 00 1 - l ,036 12,520 ± 540 GX - 4945 Geochro n 

75 100 - 135 13 ,0 35 ± 490 GX - 52 38 Geoch r o n 
350 - 385 12 '710 ± 300 GX - 5 390 Ge ochron 
600 - 6 35 16,250 ± 540 GX - 52 39 Geochron 

76 102 - 137 19,440 ± 560 GX - 5391 Geoch r o n 
225 - 260 20,940 ± 660 GX - 5392 Geochron 

500 - 5 35 28,010 
+ l ,640 
- l '360 

GX - 539 3 Geoch r o n 

77 l 00 - 135 6 ,440 ± 195 GX 5394 Geoch r o n 
2 75 - 310 10 ,980 ± 350 GX 5 395 Geoch ron 
600 - 635 16,310 ± 430 GX 5 396 Geoch ron 

.c Da t es not r e liable be cause of mi xe d se di me nt s . 

28 


	pa_78-28_c
	pa_78-28_t

