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ABSTRACT

changes in the temperature and salinity of the waters
off eastern Gaspé Peninsula following the Late Quaternary
deglaciation are recognized on the basis of benthonic
foraminiferal zones in box, trigger weight and piston cores
from depths of 373 and 109 m in the Laurentian Channel and
Chaleur Trough respectively. The deglacial stage in the
Laurentian Channel was characterized by oscillating low-
(<259 and high- (ca. 3%y salinity bottom water. This was
£ollowed by bottom water with salinity between 34 and 3%,
and then a salinity minimum (30 - 34%q) . The temperature of
the bottom water was <3°C from the deglacial stage up to the
salinity minimum which was followed by increasing
temperature and salinity, resulting in the modern, deep
watermass layer {temperature 4 - 6°C and salinity 34.5 -
34.8%) . 'The planktonic foraminiferal assemblages indicate
corresponding changes in the salinity of the upper part of
the water column after deglaciation. The oscillations in
salinity of the bottom water in the Laurentian Channel are
related to changes in the composition of the water enteriry
the channel from the Atlantic Ocean, except for the low-
salinity intervals during the deglacial stage, which are
related to the meltwater flux from the ice margin.
Radiocarbon ages for foraminifera anc pelecypods indicate
that the deglacial stage began before 14 ka BP and ended
approximately 13.5 ka BP;} the salinity minimum began about

iii



12.1 ka BP in the Laurentian Channel.

Benthonic foraminiferal zones show that the temperature
of the bottom water in Chaleur Trough has remained close to
0°C since deglaciation. However, the salinity of the bottom
water has increased from between 28 and 30% during the
deglacial stage to about 3% at present. Radiocarbon ages
for pelecypod valves indicat2 that Chaleur Trough was
deglaciated by 12.4 ka BP and that the increase in salinity
of the bottom water occurrad approximately 5.9 ka B2. Low
csediment accumulation rates and seismic evidence suggests
that an unconformity may be present in Chaleur Trough which
appears to be related to the lowering of sea level in

Chaleur Bay between 10 and 8 ka BP.
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INTRODUCTION

The Gulf of St. Lawrence covers approximately
250,000 km? and is connected tu the Atlantic Ocean through
cabot Strait and the Strait of Belle Isle (Fig. 1). Our
understanding of the deglacial and post-glacial history of
the Gulf of St. Lawrence is based on the distribution and
age of glacial and post-glacial deposits around the Gulf
(Dyke and Prest, 1987). Previous studies of foraminifera in
cores from the Gulf of St. Lawrence have recognized changes
in paleoceanographic conditions after ¢he Late Quaternary
deglaciation (Bartlett and Molinsky, 1972; Schafer, 19277).
However, these studies do not include adequate chronological
data which are required to establish the timing of events in
submarine areas and rfor correlatisn with deposits around the
Gulf.

Seismic surveys in the Gulf of St. Lawrence show that
glacial deposits rest unconformably on bedrock and are
overlain by glaciomarine and post-glacial sediments
(Syvitski and Praeg, 1989; Vilks et al., 1990; Josenhans et
al., 1990). Cores were collected during the seismic surveys
and subsequent oceanographic cruises to document the late
glacial and post-glacial paleoceanography of the Gulf of St.
tawrence. The benthonic foraminireral zonation of cores
collected at two sites off eastern Gasp& Peninsula is

described in this paper. The cores penetrated glaciomarine
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and post-glacial sediments. Accordingly, the foraminiferal
zones are used to interpret paleoceanographic conditions
following deglaciation at the core sites. Eleven
radiocarbon ages for biogenic carbonate from the cores are
also presented herein; they provide time control for the

foraminiferal zones.
8TUDY AREA
ograph

The submarine tcpography of the Gulf of St. Lawrence is
characterized by three deep channels bordered by shelves of
varying width (Loring and Nota, 1973). The Laurentian
Cchannel is the longest and deepest channel with a maximum
water depth of about 535 m (Fig. 1). The maximum water
depths in the shallower Anticosti and Fsquiman channels are
about 285 and 335 m respectively. The Magdalen Shelf is the
largest shelf in the Gulf and is incised by small valleys or

troughs, which range in depth from Z0 to 200 m.

Oceanography

Three watermass layers are recognized in the Gulf of
st. Lawrence (Forrester, 1964; Rodrigues and Hooper, 1982a;
Dickie and Trites, 1983). The surface layer is from 0 to
60 m in depth, with a temperature range of <0 to >12°C and

salinity <33%e The intermediate layer, temperature <0 to



4
1°C and salinity 31 to 33%, lies between 60 and 125 m. The
deep layer, temperature 4 to 6°C and salinity 34 to 34.%,
is from 200 to 535 m in depth. <Yemperature and salinity
range from 1 to 4°C and 33 to 34%, repectively, in the
transitional zone, which is present between the intermediate
and deep layers.

The deep layer is formed at the edge of the continental
shelf off southern Newfoundland and consists of a mixture of
either Labrador and Slope Waters (Lauzier and Trites, 1958)
or Labrador and Western North Atlantic Waters (Bugden,
1991). Changes in the temperature of the deep layer of up
to 2°C have been reported over the past several decades.
Lauzier and Trites (1958) concluded that the deep layer
consists of relatively constant proportions of Labrador and
Slope Waters and that variations in the temperature of the
deep layer are related to fluctuations in the temperature of
the Labrador component. However, Gatien (1976) dicputed the

existence of Slope Water sensu Lauzier and Trites (op.

cit.). Bugden (1991) reported that the proportion of
Western North Atlantic Water in the deep layer varied from
65 to 80% and that this range can produce the observed
temperature fluctuation.

Tremblay and Lauzier (1940) reported that the cold
water of the intermediate layer originated in the Greenland
and Labrador seas and entered the Gulf through Cakot Strait.

Lauzier and Bailey (1957) and Lauzier (1957) concluded that



a portion of the cold layer was formed in situ. Banks

(1966) pointed out that 1 situ winter cooling is the

dominant mechanism which produces the cold intermediate
layer. The external component amounts to only 14% and is a

result of inflow through the Strait of Belle Isle.

PREVIOUS WORK

Foraminifera

Some studies of foraminifera in the Gulf of St.
Lawrence have dealt with the distribution of species in
surface sediments and the relationship between species
distribution and environmental factors (Vilks, 1968; Schafer
and Cole, 1978; Rodrigues, 1980). The other studies
describe paleoceanographic condiﬁions following the Late
Quaternary deglaciation on the basis of foraminiferal
assenblages from piston cores.

Bartlett and Molinsky (1972) discussed the Holocene
paleoceanography of the Gulf of St. Lawrence on the basis of
foraminiferal assemblages in cores collected from the
shelves and the channels. They concluded that the Helocene
history of the area is one of transition from a rapidly
fluctuating brackish-water environment, to one similar to
the present environment. The planktonic foraminiferal
assemblages indicate cold surface waters except for three
levels in a core from the Laurentian Channel, which contain

species indicative of warm Gulf Stream Water.



Rashid et al. (1975) presented lists of foraminiferal
species in two cores from depths of 78 and 127 m in Chaleur
Trough. The assemblages jndicate that the salinity of the
bottom water was <33% at both core sites. Schafer (1977)
discussed changes in sea level based on foraminiferal
assemblages in two cores from depths of about 51 and 78 m in
Chaleur Bay. He compared assemblages from the cores to
those from surface samples collected in the bay and
concluded that water depths were shallower between 10 and
8 ka BP, because the glacial rebound was rapid relative to
the eustatic sea-level rise. This period of shallower
water, i.e. lower sea level, is associated with intervals
characterized by high numbers of Eggerella advena in the
cores.

Ceman (1990) compared foraminiferal assemblages from a
box core, trigger weight core and upper part of a piston
core collected in Esquiman Channel. He concluded that
temperature and salinity ranged from 0 to 6°C and 30 to
34 . 8%o respectively, during deposition of the sediments in
the cores. Ceman (op. c¢it.) pointed out that about 1 m of
the upper part of the section was not recovered by the
piston core.

Rodrigues and Vilks (1991) divided the late Quaternary
marine submergence of the Gulf of St. Lawrence and St.
Lawrence Estuary (Goldthwait Sea), into five phases on the

basis of benthonic foraminiferal assemblages in cores



collected from water depths of >250 m in the Laurentian,
Anticosti and Esquiman channels. The oldest phase,
Goldthwait Sea I, is related to glaciomarine conditions
during deglaciation of the Gulf and was followed by marine
conditions during Goldthwait Sea II to V phases. Bottom-
water salinity was highest during Goldthwait Sea II and V
and lowest during Goldthwait Sea I and IV. They concluded
that the oscillation in salinity is related to variations in
the proportion of Atlantic Slope Water entering the Gulf

(cf. Rodrigues and Vilks, 1990).

Seismostratigraphy

Five seismic units are recognized for the Quaternary
sequence in the Gulf of St. Lawrence (Syvitski and Praeg,
1989; Vilks et al., 1990; Josenhans et al., 1990). Unit I
unconformably overlies Paleozoic sedimentary rocks and is
acoustically unstratified and unstructured. Unit II is
acoustically strongly stratified and unit III is moderately
stratified. Unit IV is present in Chaleur Bay and in the
St. Lawrence Estuary (Syvitski and Praeg, 1989). The
acoustic signature of this unit ranges from strongly to
weakly stratified. Unit V is present in the upper part of
the sequence and is generally acoustically transparent.
Unit I has been interpreted as till or ice contact
sediments. Units II and III were deposited in a

glaciomarine environment, whereas unit IV is related to



fluvial discharge from a nearby, rapidly ablating, ice
sheet. Unit V has been interpreted as post-glacial

sediments.
MATERIALE AND METHODS

Cores collected at two sites during Cruise 90031 of the
CcSS Hudson are used in this study. The core sites were
selected to sample specific acoustic units identified on
seismic profiles obtained from the Huntec Deep Tow Systen
(DTS). A box core (BC) and piston core (PC) with
accompanying trigger weight core (TWC) were collected at
each site. The core sites are located in the Laurentian
Channel, between Gaspé Peninsula and Anticosti Island, and
in Chaleur Trough, east of Gaspé& Peninsula (sites 1 and 2,
respectively, Fig. 2 and Table 1).

Sediment colour, texture and other features were
described on the basis of visual examination of the working
halves of the freshly split cores. A videoscanner x-
radiograph system developed at the Bedford Institute of
Oceanography was also used to identify textural features,
which are not normally observed during visual inspection.

The box cores were sampled at 1 to 10 cm intervals and
the other cores were sampled at 5 to 20 cm intervals.
Samples consisting of 5 cm’ of sediment were washed by hand
in running water through a 63 um mesh sieve to remove the

silt and clay fractions. After most of the silt and clay
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11
were washed out the residue was cleaned ultrasonically,
dried and sievel using 850, 425, 250, 180, 150 and 75 pm
sieves. Foraminiferal tests were picked from each sieve
fraction and mounted on 60-grid micropaleontological slides.
For samples containing large amounts of sand, foraminiferal
tests were concentrated by floatation, using a mixture of
tetrabromoethane and acetone, density 1.9 gscm™3, The sinks
were scanned and the tests which did not float were picked
out. The planktonic and most of the benthonic foraminifers
were identified to specific level. References used for
specific identification are listed in Appendix I.

Benthonic foraminiferal diversities were computed using

the Shannon-Wiener Information Function,
g
H(S) = -gpi 1n p;

where H(S) is the diversity, S is the number of species, p;
is the proportion of the ith species and 1n is the natural
logarithm. The minimum value of H(S) is 0.00 for S equals
to 1. The maximum value of H(S) for a given value of S
occurs when all S species are equally distributed.

The counts of benthonic and planktonic foraminiferal
species were processed by computer using a spreadsheét and
QTAB which was developed by C.G. Rodrigues to convert the
raw data into pefcent abundances. QTAB also produced tables

listing statistics for the samples and abundances of
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selected species which were used with graphical software
packages to generate profiles for the cores.

Radiocarben ages were obtained for foraminiferal tests
and pelecypod valves from the piston cores. The age
determinations were carried out at IsoTrace Laboratory,
University of Toronto using the Accelerator Mass

Spectrometry (AMS) method.
RESULTS

A total of 111,499 foraminiferal tests were counted and
138 benthonic species and 4 planktonic species were
jdentified in 174 samples from the cores used in this study.
The numbers of foraminiferal tests and species from each
..ore are listed in Table 2. Radiocarbon ages for biogenic

carbonate from the cores are listed in Table 3.

gite 1 {(Laurentian Channel)

Four seismic units overlie bedrock at the core site
(Fig. 3). The piston core (90031019PC) penetrated units II,
III and V. The trigger weight and box cores, 50031019TWC
and 90031017BC respectively, pottomed in the upper part of

unit V. Unit IV is not present at the site.

Core 90031019PC The sediments in the core (Fig. 4)
consist of mud to about 4 m, alternating mud and sandy nud
or muddy sand with minor pebbles between 4 and 7.8 m, and

sandy mud and muddy sand with minor pebbles to the bottom of
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X-radiograph log, sediment type and seismic
units for core 90031019PC.
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the core (11.54 m). The colour of the sediments is gray and
dark gray to a depth of 8 m and from 10.0 to 11.54 m with
gray, reddish gray, reddish brown and brown layers between 8
and 10 m. Five radiocarbon ages were obtained on
foraminiferal tests and pelecypod valves from the lower part
of the core (Table 3 and Fig. 5). The ages range from
12,150 * 90 years BP at about 7.0 m to 14,040 * 240 years BP
at about 10.9 m.

The percent abundances of benthonic and planktonic
foraminifers, the number of tests, and benthonic
foraminiferal diversities for core 90031019PC are listed in
Tables 4 and 5 (in pocket). The benthonic assemblages are
characterized by calcareous species throughout the core.
Agglutinated species are present above 3.1 m, where they
account for <2% of the assemblages.

The piston core is divided into five zones on the basis
of selected henthonic foraminiferal species which are
abundant over relatively short intervals (Fig. 5). These
species have a similar distribution in other cores from the
Laurentian, Anticosti and Esquiman channels (C.G. Rodrigues
and G. Vilks, personal communication, 1992) and are useful
for recognition of regional paleoceanographic patterns. The
oldest zone (no. 1) is characterized by barren samples or
assemblages containing low numbers of foraminiferal tests
and assemblages in which Cassidulina laevigata, C.

reniforme, Elphidium excavatum forma clavata, Oridorsalis
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sp. cf. 0. umbonatus, Pullenia bulloides and P. osloensis
predominate. The boundary between zones 1 and 2 is marked
by a decline in abundance of Ccassidulina laevigata and

Pullenia osloensis and a corresponding rise in abundance of

cibicides lubatulus. A rise in the abundance of Islandiella

helenae accompanied by a decline in the abundance of
Astrononion gallowayi characterize the boundary between
zone 2 and zone 3. The abundance of Islandiella helenae
declines in the middle and upper parts of zone 3. The
second decline in abundance of Islandiella helenae defines
the boundary between zones 3 and 4. The first rise in

abundance of Brizalina subaenariensis from the bottom of the

core defines the boundary between zones 4 and 5.

Planktonic foraminifers are present in each of the
zones defined above (Fig. 6). The planktonic foraminiferal
assemblages are characterized by sinistrally coiled tests of
Neogloboquadrina pachyderma. The other species in the core
~-@ Globigerina bulloides, G. guingueloba and G. uvula.
Globigerina bulloides occurs in the upper part of zone 5, G.
quingueloba is present in zones 1 - 3 and 5, and G. uvula is
present in zones 1 and 4. The number of planktonic
foraminiferal tests is highest in zone 5 (up toa 2,100
tests.10 cm™®) and in the samples characterized by the
Ccassidulina laevigata-dominant assemblage in zone 1 (up to
336 tests.10 cm™®). The number of tests is <100.10 cm™ in

the samples from the other 2zones.
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The number of benthonic foraminiferal tests ranges from
2 to 3,316.10 cm™® in zone 1 except for the two barren
samples in the lower part of the zone (Fig. 6). The number
of tests fluctuates between 530 and 4,718.10 cmn~? from the
base of zone 2 to the middle part of zone 4, decreasing to
between 258 and 1,702.10 cmn™? in the upper part of zone 4 and
in zone 5. The number of benthonic foraminiferal species
per sample is from 1 to 35, excluding the barren samples.
The samples from zone 1 contain up to 22 species and those
from zones 2 through 5 generally contain >14 species.
Benthonic foraminiferal species diversity (H[S]) is between
1.27 and 2.53. The diversity is >2.0 in some samples from
zones 1 and 2, and in most of the samples from the upper

part of zone 4 and in 2zone 5.

Core 90031019TWC The trigger weight core consists of
0.99 m of dark gray mud (Fig. 7). The percent abundances of
benthonic and plarktonic foraminifers, the number of tests,
and benthonic foraminiferal diversity for the core is listed
in Table 6 (in pocket). The benthonic assemblages are
characterized by calcareous species. Agglutinated species
are present in most of the samples and are <2% of the
assemblages.

The benthonic foraminiferal assemblages in the trigger
weight core (Fig. 8) are similar to the uppermost assemblage

in the piston core except for the relatively high abundance
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Figure 7. Sediments and seismic unit identified in
cores 90031017BC and 90031019TWC.
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of Eponides pusillus (9 = 15%) in the lower part of the

trigger weight core. The abundance of Bulimina aculeata,
Pullenia osloensis, Cassidulina reniforme, Astrononion

gallowayi and Cihicides lobatulus is >5% in most of the
samples from the trigger weight core and in the uppermost
sample from the piston core. The assemblages from the
trigger weight core are assigned to zone 5.

The planktonic foraminiferal species Globigerina
guingueloba and Neogloboguadrina pachyderma (mainly
sinistrally coiled) are present in each sample from the
trigger weight core. Globigerina bulloides and G. uvula are
present in one sample from the middle part of the core. The
abundance of Neoglobogquadrina pachyderma is >82% and the
number of tests of planktonic foraminifers ranges from 170
to 1,600.10 cn™? in the core. The number of tests of
benthonic foraminifers is generally >1,000.10 cm™} and the
number of species ranges from 26 to 43 (Fig. 9). Benthonic
foraminiferal species diversity (H[S]) is >2.2 with a

maximum value of 2.61 at the top of the core.

Core 90031017BC The box core consists of 0.5 m of dark
gray and grayish brown mud (Fig. 7). The percent abundances
of benthonic and planktonic foraminifers, the number of
tests, and benthonic foraminiferal species diversities for

the core are iisted in Table 7 (in pocket). The benthonic

assemblages are characterized by calcareous species and
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contain <4 agglutinated species, except for the upper two
sanples, which contain 8 agglutinated species each.

The box core is divided into two zones based on the
benthonic foraminiferal assemblages (Fig. 8). Bulimina

aculeata, Pullenia osloensii, Cassidulina eniforme,

Elphidium excavatum forma clavata, Astrononion gallowayi and

Buccella arctica are abundant in the assemblages from the

lower part of the core. These assemblages are comparable to
those from the upper part of the trigger weight core

(Fig. 8) and are assigned to zone 5. In the upper part of
the box core the asundance of cassidulina reniforme
decreases to <5% and that of Eponides pusillus increases to
as high as 24.78%. The Eponjdes pusillus-dominant
assemblages are assigned to zone 6; they are also present at
the top of box cores from Esquiman Channel (Ceman, 1990},
Anticosti and Laurentian channels (C.G. Rodrigues, personal
communication, 1992).

The planktonic foraminiferal assemblages consist mainly
of sinistrally coiled tests of Neogloboquadrina pachyderma.
Globigerina guingqueloba and G. uvula are present in some
samples. The number of tests of planktonic foraminifers
ranges from a maximum of 836.10 cm~? in zone 5 to <50.10 cm™?
in zone 6 (Fig. 9). The number of tests of benthonic
foraminifers ranges from 470 to 1,302.10 cm™? and is
generally lowest in zone 6. The number of benthonic species

per assemblage is >20 in both zones with a maximum of 39 in
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zone 6. Benthonic foraminiferal species diversity (H(S]) is
from 2.44 to 2.76. The abundant benthonic foraminiferal
species and other invertebrate fossils of the zones
recognized in the box, trigger weight and piston cores from

site 1 are listed in Table 8.

Site 2 (Chaleur Trough)

Five seismic units overlie bedrock at the core site
(Fig. 10). The piston core (90031027PC) penetrated units II
to V. The trigger weight and box cores, 90031027TWC and
90031025BC respectively, bottomed in the upper part of

unit V.

Core 90031027PC The sediments in the core (Fig. 11)

consist mainly of mud to about 6.2 m with a sandy interval
between 4.8 and 5.1 m, and sandy mud or muddy sand from
about 6.2 m to the bottom of the core (11.16 m). Pebbles
are abundant between 6.3 and 6.7 m. The sediments are olive
gray to dark gray above 6.5 m and mainly reddish gray below
6.5 m. Six radiocarbon-ages were obtained for pelecypod
valves from the core (Table 3 and Fig. 12). Tie ages range
from 2,520 * 60 years BP at about 2.35 m to 12,230 120
years BP at about 9.7 m.

The percent abundances of benthonic and planktonic
foraminifers, the number of tests, and benthonic
foraminiferal species diversities for core 90031027PC are

listed in Table 9 (in pocket}. The benthonic foraminiferal
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Abundant benthonic foraminiferal species and

occurrence of other fossils in zones from site 1.

Zone

Aburdant benthonic
foraminiferal species

Other invertebrate fossils

; , 1lowayi
Elphidium excavatum glavata
Eponides pusillus
Pullenia osloensis

diatoms rare; radiolaria common:
ostracodes rare; sponge spicules
common: bryozoans xare;
echinoderm elements common;
mollusks! rarxe.

diatoms common; radlolaria
common; ostraccodes common;
sponge spicules common;
bryouzoans rare; echinoderm
elements common; mcliueaksl
commorn .

diatoms rare; radiolaria common:
ostracodes common; Ssponge
spicules common; bxryozoans
absent; echinoderm elemaents

common; mollusks! rare.

diatoms common; radiclaria
absent; ostracodes common;
sponge spicules common;
bryozoans absent; echinoderm

elements common; mollusks! rare.

diatoms common; radiolaria
rare; ostracodes common; 3ponge
spicules rare; bryozoans rare;
echinoderm elements common;
mollusks2 common.

- Lduli 7
Elphidium excavatum clavata
Oridorsalis cf. . umbonatus
Bullenia bulloides
Pullepnia osloensis

diaroms rare; radlolaria rare:
ostracodes rare; sponge spicules
absent; bryozoans absent;
echinoderm elements rare;
mollusks absent,

1 pelecypods only.
2 Includes pelecypods, gastropods and pteropods,
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Stems
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X-radiograph log, sediment type and seismic
units for core 90031027PC.
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assemblages are dominated by calcareous species.
Agglutinated species are present in two samples, one at the
top and the other in the lower part of the core, where they
represent <1.5% of the assenblages.

The piston core is divided into three zones on the
basis of selected benthonic foraminiferal species (Fig. 12).

Cassidulina reniforme and Elphidium excavatum forma clavata

are the abundant species in the oldest zone (A). The

abundance of Cassidulina reniforme decreases and that of

Elphidium excavatum forma c¢lavata increases from the base to

the top of zone A. The boundary between zones A and B is
defined by a decline in the abundance of Cassidulina
reniforme and a concomitant rise in the abundance of

Tslandiella helenae. Elphidium excavatum forma clavata and

Islandiella helenae are the abundant species in zone B. A
decline in the abundance of Elphidium excavatum forma
clavata and a rise in the abundance of Pseudoparrella
takayanagii mark the bouridary between zones B and C. The
abundant species in zonc¢ C are Elphidium excavatum forma
clavata, Islandiella helenae, Pseudoparrella takayanagii and

Buccella arctica.

The only planktonic foraminiferal species present in
the core is Neoglobogquadrina pachyderma (sinistrally
coiled). The species occurs in low numbers (<10
tests.10 cm-?) in six of the fifty-eight samples (Fig. 13).

The number of benthonic foraminiferal tests increases from
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228.10 cm-? at the bottom of zone A to as high as

10,646.10 cm~? in the upper part of the zone and is generally
<1,750+10 cm~® in zones B and C.

The number of benthonic foraminiferal species per
assemblage ranges from 5 to 30 in zone A, decreasing to as
low as 3 per assemblage in zone B and increasing to a
maximum of 17 per assemblage in zone C. Benthonic
foraminiferal species diversity (H[S]) ranges from 0.59 to
1.53 in zone A, 0.5% to 1.77 in zone B, and 1.10 to 1.91 in

zone C.

Core 90031027THC The trigger weight core consists of
1.08 m of dark and olive gray mud (Fig. 14). The percent
abundances of benthonic foraminiferal species and number of
species for the core is listed in Table 10 {in pocket).
Tests of planktonic foraminifers and agglutinated benthonic
foraminifers were not observed in the samples from the core.

The benthonic assemblages from the core contain <100
tests.10 cm~® except for one sample from the upper part of
the core. However, the proportions of the abundant species
in the trigger weight core are similar to those of the
abundant species in the upp2r part of the piston core
(Fig. 15). The assemblages from the trigger weight core are
assigned to zone C. The nunber of benthonic species per
assemblage ranges from 4 to 9 and benthonic foraminiferal

species diversity (H[S]) for onz sample containing >100
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Figure 14. Sediments and seismic unit identified in
cores 90031025BC and 90031027TWC.
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tests.10 cm™? of sediment is 2.01 (Fig. 16).

Core_90031025BC The box core consists of 0.5 m of
brown and black mud (Fig. 14). The pe.cent abundances of
benthonic foraminifers and number of tests Ior the core are
listed in Table 11 (in pocket). Tests of planiktonic
foraminifers were not observed in the samples from the core.

The benthonic foraminiferal assemblages from the core
contain <100 tests.10 cm™® of sediment, except for two
samples from the upper part of the core, which contain 182
and 186 tests«10 cm™?. The proportions of the abundant
species in the samples from the box core are similar to
those from the trigger weight core (Fig. 15). The samples
from the box core are assigned to zone C. The number of
species (calcareous and agglutinated) per assemblage ranges
from 4 to 9 (Fig. 16). One or two agglutinated species are
present in three of the six samples from the box core.
Benthonic foraminiferal species diversity (H[S]) for the two
samples containing >100 tests,10 cm™ are 1.67 and 1.78. The
abundant benthonic foraminiferal species and other
invertebrate fossils of the zones recognized in the box,
trigger weight and piston cores from site 2 are listed in

Table 12.
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Table 12. Abundant benthonic foraminiferal species and
occurrence of other fossils in zones from site 2.

Abundant bentheonic
Zone foraminiferal species

Other invertebrate fossils

Buccella arctica
TRY £

C Elphidium excavatuym zlavata
Islandiella helenas
Pseudoparvella takayanagii

diatoms common; radiolaria
absent; ostracodes rare; sponge
spicules rare; bryozoans absent;
echinoderm elements rare;
pelecypods rare.

Cassidulina renlforme
Elpbidium excavatum glavata
B Islandiella helenae

diatoms rare; radiolaria absent;
ostracodes rare; sponge spicules
rare; bryozoans rare; echinoderm
elements rare; pelecypods rare.

Cassidulina reniforme
Elphidium excavatum clavata

diatoms common; radiolaria
absent; ostracodes common;
sponge spicules rare; bryozoans
rare; echinoderm elements
common; pelecypods common.




40

PALEOCEANOGRAPHY

The paleoceanwgraphic interpretation of the benthonic
foraminiferal zones in the cores is based on modern
distribution data for the abundant species of the zones and
on the interpretation of similar foraminiferal assemblages
from cores along the eastern Canadian continental margin.
The modern distribution data for most of the abundant
species in the cores are summarized in Table 13 and are
based only on references, which include illustrations of the

species.

gite 1 (Laurentian Channel)

sone 1 This zone is characterized by barren samples or
samples with low numbers of penthonic foraminiferal tests

and assemblages, in which Cassidulina laevigata, C.

reniforme, Elphidium excavatum forma clavata, Oridorsalis

sp. c¢f. Q0. umbonatus, Pullenia bulloides and P. osloensis

are abundant (Fig. 5). Two of the abundant species,
Ccassidulina laevigata and Pullenia bulloides, live in
relatively cold (-1 to 3°C) and saline (34.7 to 35.1%)
bottom-water (Table 13). cassidulina laevigata is
associated with the Atlantic layer in the Arctic Ocean
(Lagoe, 1977). Vilks et al. (1989) reported cassidulina
laevigata-dominant assemblages in cores from Hudson Strait
and concluded that the assemblages are related to the

presence of saline offshore water in Hudson Strait. Thus,



Table 13. Modern distribution data for ¢
foraminiferal species at sites

Temperature Salinity Depth Abundance
Species °cy {%o) {m) %
Bulimina aculeata 4.0 to 4.9 34.0 - 34.8 197 ~ 365 124.5
d'Orbligny 5 to 12 J4.5 150 - 220 -
Brizallna subaepariensia 4.1 to 4.8 34.5 - 34.9 3%0 - 520 18,3
{Cushman) 5 to 12 34.5 150 - 220 -
Casajdulina lagvigaka 0 to 3 34.9 - 35.1 350 - 900 10 ~ 30
d'Orbigny -1.0 34.9 1200 - 1600 50 - 70
Casalduling reniforme -0.5 28.0 100 - 200 5 - 30
Wervang ~1 to 2 ~331 - 34 70 - 370 § - 25
Cibicides lobatulus -0.9 to 3.6 3z - 34 45 -~ 145 23.8 - 56.
{Walker and Jacob} -2.0 to 2.0 30.7 - 33.5 55 - 128 146.8
-1.5 to 2.0 ~33 - 34 100 - 370 <10
Elphidium excavatum (Terquem) 1 to 2 30 - 32 <75 >40
forma glavara (Cushman) -1.5 to 2.0 ~33 - 34 100 - 370 5 - 40
4.1 to 4.9 34.5 - 24.9 3715 - 520 12.8 - 22,
-2 to 12+ s32 <50 6 - 20
Hayneaina arhicularia -1.6 to 3.0 26.0 - 32.8 35 - 101 3 - 23
[Brady)
Ialandiella helepae -1.8 to -1.0 30.4 - 33.3 51 - 210 3 - 18
Feyling-Hanssen and Bu:zas -2.0 to 2.3 31.4 - 33.6 73 - 142 142.5
-1.5 to 2.0 ~33 - 34 100 - 370 5 = 50
Ialandiella norerosai ~1.6 to =1.0 30.9 - 33.1 51 - 198 2 - 17
{Cushman)
Paeudoparrella rakayanagil -1.8 to 0.5 32.4 - 33.4 93 - 230 6 - 18
{Isawa)
bulloides -0,2 to 0.8 34.7 - 34.7 2500 - 4600 1 - 17
d'Ocbigny -1 to 0 34.9 700 - 1200 4-8
2.39 34.8 ~2700 < 8.3
Pullenia paloenais 4.1 to 4.9 34.5 - 34.9 375 - 520 8.8 - 13,
Feyling-Hanssen -0.2 to 1.2 34.7 - 34.7 2500 - 4600 1-8
laverage abundance 4éidentified as Elphidium clavatum
2identiZled as hoilvina aubaepariensia Sidentified as groteiphidium orbiculars

didentified as Cassidulina teretis €identified as Casajdulina noxcrossi



n data for characteristic benthonic
ies at sites 1 and 2.

ipth Abundance

[m) (%) Location Roference

~ 365 124.5 Gulf of St. Lawrcuce Rodrlgues and Hooper {19B2a)
- 220 - Seotian Shelf Williamson gt al. (1989

- 520 18,3 Gulf of St. Lawrence ZRodrligues and Hooper (19B2a)
- 220 - Scotlui Shelf Williamson et al. (1984%)

- 900 10 ~ 30 hrctic Ocean 3tagoe (1971)

- 1600 50 - 70 Norwegian Slope Sejrup et al. (1981)

- 200 5 - 30 Lake Malville vilks et al. (1992}

- 370 5 « 25 Latrador Shelf Vilks ot al. {1982}

- 105 23.8 - 56.3 Grand Banks Sen Gupka (1971)

- 128 146.8 Gulf of St. Lawrence Rodrigues and Hooper (1982a)
- 370 <10 Labrador Shelf Vilky gt al. (1987}

€75 >40 Beaufort Shelf fvillks et al. (1979)

- 370 5 - 40 Labrador Shelt Vilky et al. (1982}

- 520 12.8 - 22.7 Gulf of S5t. Lawrence ‘Rodrigues and Hooper (1382a)
350 6 - 20 Gulf of 5t. Lawrence SRodrigues and llooper (1982b)
- 101 3 - 23 Hudson Bay SLeslie (196%)

- 230 3 - 18 Hudson Bay Jrealie (1965

- 142 142.5 Gulf of 5t. Lawrence Rodrigues and Hooper (1982a)
- 3710 5 - 50 Labrador Shelf Vilks et al. (1982)

- 198 2 -17 Hudson Bay ELaslie (1965)

- 230 6 ~ 18 Rudson Bay TLeslie (1965)

- 4600 1 -17 Indian Ccean Corlias (1979)

- 1200 4 -8 Norweglan Slope Sejrup et al. {1981)

2700 S 8.2 Labrador Slope Schafer and Cole (1982)

- 520 8.8 - 13.9

Gulf of St. Lawrence

Rodrigues and Hoope: {(19B2a)

- 4600 1-8 Indian Ocean Corlisa {1979)
&m clavatum Tidentified as Eplatominella takavanggil
tidiuvm orbiculare tidenciried as Mplonia sp.
ulina porcroasd

1y
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the Cassidulina laevigata assemblayes of zone 1 indicate
that offshore water, temperature -1 to 3°C and salinity 34.7
to 35.1%, was present in the deep part of the Laurentian
channel. The barren samples and samples containing low
numbers of foraminiferal tests indicate low-salinity
conditions (<25%), which are related to meltwater flux from
the ice margin. ‘The meltwater flux was relatively low
during the intervals characterized by the Cassidulina
laevigata assemblages.

Large numbers of th= planktonic foraminifer
Neogloboguadrina pachyderma (mainly sinistrally coiled)
accompany the Cassidulina lagvigata assemblages (Fig. 6).
Sinistrally coiled tests of the planktonic species live in
the upper part of the water column where temperatures are
<8°C (Loubere, 1981; Reynolds and Thunell, 1986; Sautter
Reynolds and Thunell, 1989) and salinities range from 33 to
3&%o (Bé& and Hutson, 1977; Sautter Reynolds and Thunell,
1989). Thus, the temperature and salinity of the upper part
of the water column was <8°C and 33 to 34%c, respectively,
during the intervals characterized by the Cassidulina
laevjgata assemblages. The absence of planktonic
foraminifers in the intervals characterized by barren
samples and low numiers of benthonic foraminiferal tests
support the conclusion that these intervals indicate

relatively low-salinity conditions.

gone 2 Astrononion gallowayi, Cassidulina reniforme,
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Cibicides lobatulus and Elphidium excavatum forma clavata

are the abundant species of this zone. These species live
in bottom waters with wide temperature and salinity ranges
(Table 13). The decrease in the abundance of Cassidulina
laevigata in the lower part of the zone and the absence of
the species in the upper part of the zone indicate lower
salinity bottom-water by comparison with that for the
cassidulina laevigata assemblages of zone 1.

There is a rise in the abundance of Islandiella helenae
in the middle part of zone 2 (Fig. 5). This species is most
abundant in cold bottom water with salinity between 30 and
34%o (Table 13). Thus, the salinity of the bottom water was
lower (30 and 34%) during the Islandiella helenae peak and
higher (34 to 34.7%) above and below the pezk. The absence
of bernthonic foraminiferal species, which are restricted to
warm bottom-water, suggests that the temperature of the
bottom water was comparable to that of zone 1, i.e. <3°C.
The presence of low numbers of Neogloboguadrina pachyderma
in zone 2 (Fig. 6) indicates that the salinity of the upper

part of the water column was <3 o

Zone 3 The abundant benthonic foraminiferal species of

this zone are Cassidulina reniforme, Elphidium excavatum
forma clavata and Islandiella helenae. The latter species

is most abundant in bottom water with temperature <2.3°C and
salinity between 30 and 34%0 (Table 13). Vilks et al. (1989)

pointed out that Islandiella helenae is associated with the
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cold waters on the Labrador Shelf, where the salinity is
32.5 to 33.% Vilks et al. (1987) described Islandiella
helenae~dominant assemblages in cores from Lake Melville and
they concluded that the assemblages indicate bottom-water
salinity between 30 and 34%. Thus, the temperature of the
bottom water was <z.3°C and salinity was between 30 and 34%w
in zone 3. Neogqloboquadrina pachyderma is rare in zone 3
(Fig. 6). This indicates that the salinity of the upper
part of the water column was <33% and probably less than in
zone 2.

There is a decline in the abundance of Islandiella
helenae in the middle of zone 3; it is associated with a
rise in tne abundance of Islandiells norcrossi and
relatively high abundances of Cassidulina reniforme and
Elphidjum excavatum forma ¢lavata (Fig. 5). These species
live in bottom waters with wide temperature and salinity
ranges. Thus, the decline in abundance of Islandiella
helenae may be related to an increase or decrease in

temperature and/or salinity.

wone 4 The benthonic foraminiferal assemblages in this
zone are similar to those of zone 2 (Table 8). Pullenia
osloensis is abundant in the upper part of zone 4 and is
present in low numbers in zone 2. This species is an
indicator species of the modern, deep watermass layer in the
Gulf of St. Lawrence (Rodrigues and Hooper, 1982a). The

absence or low numbers of other indicator species of the
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deep watermass layer, e.g. Brizalina subaenariensis and

Bulimina aculeata, suggests that the temperature and
salinity of the bottom water was <4°C and <34. %o,
respectively. Thus, the temperature of the bottom water was

between 2.3 and 4°C with salinity between 34 and 34.%%a

Neoglobogquadrina pachyderma occurs more frequently in
zone 4 than in zone 3 (Fig. 6). Thus, the salinity of the
upper part of the water column was higher than in zone 3.
However, the low numbers of planktonic foraminiferal tests
in the samples from zone 4 suggest that the salinity of the

upper part of the water column remained <33%e.

Zones 5 and 6 Most of the abundant species of these
zones, Brizalina subaenariensis, Bulimina aculeata, B.

exilis, Eponides pusillus, Oridorsalis sp. cf. Q. umbonatus

and Pullenia osloensis, are indicator species of the modern,
deep watermass layer in the Gulf of St. Lawrence (Rodrigues
and Hooper, 1982a). Thus, the temperature and salinity of
the bottom water ranged from 4 to 6°C and 34.5 to 34.8%,
respectively, in zones 5 and 6.

Planktonic foraminiferal tests, mainly sinistrally
coiled Neogloboquadrina pachyderma, are abandant in the
upper part of zone 5 (Fig. 6) and in the lower part of
zone 6 (Fig. 9). Thus, the salinity of the upper part of
the water column was as high as 33 to 34% in zones 5 and 6.

In summary, the temperature of the bottom water was

€3°C from zone 1 to zone 3 and was as high as 4 to 6°C in
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zones 5 and 6. The salinity of the bottom water varied from
<2%%0 to between 34.7 and 35.% in zone 1, decreasing to as
low as 30 to 34% in zone 3, and increasing to between 34.5
and 34.%% in zones 5 and 6. The inferred temperature and
salinity of the bottom water at site 1 following the Late
Quaternary deglaciation are shown in Figure 17. The
salinity of the upper part of the water column was as high
as 33 to 3% in zones 1, 5 and 6 and lower in the other

zones.
Bite a r h

gone A The abundant benthonic foraminiferél species of
this zone are Cassidulipa reniforme and Elphidium excavatum
forma clavata (Fig. 12). Similar assemblages were reported
from glaciomarine sediments overlying till in the lower part
of cores from Notre Dame Channel, off eastern Newfoundland
(Scott et al., 1984) and off Baffin Island (Osterman and
Nelson, 1989). The benthonic foraminiferal assemblages from
zone A are indicative of a glaciomarine environment with

temperature close to 0°C and salinity between 21 and 3o

gonea B Cassidulina reniforme, Elphidium excavatum
forma glavata and Islandijella helenae are the abundant
species of this zone. The high abundance of Islandiella
helenae indiates that the salinity of the bottom water was

higher (30 to 34%) in zone B in comparison to zone A. The
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temperature of the bottom water remained close to 0°C in

zone B.

gone € This zone is characterized by Buccella arctica,
Elphidium excavatum forma clavata, Tslandjiella helenae and
Pseudoparrelia takayvanagii. Modern distribution data for
Buccella arctica and Pseudoparrella takayanagii are scarce.
Buccella arctica is present in low numbers at depths
corresponding to the cold intermediate layer and the saline
deep layer in the Gulf of St. Lawrence (Rodrigues and
Hooper, 1982a). Leslie (1965) reported that Pseudcparrella
takavanagii (= Epistominella takayanagii) is most abundant
in bottom waters with temperatures close to 0°C and
salinities of 32.4 to 33.4%¢ in Hudson Bay. These values
overlap with those for Islandiella helenae. Thus, the
temperature of the bottom water was close tc 0°C and
salinity was between 32 and 34% in zone C.

There is a decrease in the number of benthonic
tests.10 cn™® from the base to the top of zone C in the
piston core (Fig. 13). Most of the samples from zcne C in
the trigger weight and box cores contain low numbers of
benthonic foraminiferal tests (Figs. 15 and 16). The caus:
of the lower humbers of tests in the upper part of zone C is
not known. An increase in sedimentation rate and/or factors
other than temperature and salinity may explain the decline

in the number of benthonic foraminiferal tests in the upper
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part of the zone. The inferred temperature and salinity of
the bottom water at site 2 are shown in Figure 18. The
salinity of the bottom water in the shallow Chaleur Trough
has been lower than in the deep Laurentian Channel {cf.
Figs. 17 and 18).

Planktonic foraminiferal tests are rare in the sanmples
from the piston core and are absent in the samples from the
trigger weight and box cores. This indicates that the
salinity of the upper parc of the water column was lower
than 28 to 34%e, i.e. the inferred salinity range of the

botton waters for zones A to C.
LATE GLACIAL AND POST~GLACIAL HISTORY

The palecceanographic interpretation of the faunal
zones presented above and the radiocarbon ages for the zones
(Fig. 19) provide new information on deglaciation and post-
glacial events off eastern Gaspé Peninsula. They can also
be used to correlate events in the Laurentian Channel and
Chaleur Trough with those recognized on Anticosti Island and

on Gaspé Peninsula.

g8ite 1 (Laurentian Channel)

The rapid retreat of the ice front was produced by the
development of a calving bay along the Laurentian Channel
(Thomas, 1977). The oldest age for zone 1 (Fig. 19) shows

that site 1 was deglaciated by 14,040 240 years BP. The
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radiocarbon ages for marine fossils, which are related to
the Late Quaternary deglaciation of the north coast of Gaspé
Peninsula and the south coast of Anticosti Island (Fig. 20
and Table 14) are within the range of radiocarbon ages for
the upper part of zone 1 and the lower part of zone 2
(Fig. 19). Thus, those areas were deglaciated later than
site 1.

The influence of the cold, saline, offshore water
associated with the intervals of higher salinity in zona 1
(Fig. 17) ended about 13,540 % 190 years BP and the change
to the low-salinity zone 3 began about 12,150 * S0 years BP
(Fig. 19). Additional radiocarbon ages are required to
determine the age of the end of the low-salinity zone 3 and
the establishment of the modern, deep watermass layer
{zone 4 - zone 5 boundary).

Rodrigues and Vilks (1990, 1991) concluded that the
changes in the salinity of the bottom water in the deep part
of the Gulf of St. Lawrence following the Late Quaternary
deglaciation are related to the variations in the
composition of offshore water entering the Gulf through
cabot Strait. This conclusion is based on the study by
Lauzier and Trites (1958), who proposed that the modern,
deep watermass layel' is formed southeast of Newfoundland,
and consists of a mixture of cold low-salinity Labrador
Water and warmer higher-salinity Slope Water. More

recently, Bugden (1991) showed that the mixture consists of
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tabrador and Western North Atlantic Waters. A simitar
origin for the rottom water at site 1 is proposed herein,
except for the low-salinity intervals of zone 1 (Fig. 17)
which are related to periods of high meltwater discharge
from the ice margin west of the site. buring the higher-
salinity intervals of zone 1 (Fig. 17) the mixture entering
the gulf was dominated by cold saline water. "The proportion
of the cold saline comporent decreased during zcne 2 and was
lowest dur.ng the salinity minimum associated with zone 3
(Fig. 17). In zone 4 the %emperature and salinity of the
Lottom water at cite 1 was higher than in zone 3. This
indicates that the temperature and salinity of the mixture
entering the Gulf increased probably in response to a
decrease in the proportion of the cold low=-salinity
component in the mixture. At the keginning of zone 5
(Fig. 17) the mixture entering the Gulf consisted of

Labrador and Western North Atlantic Waters.
S8ite 2 (Chaleuv: Channel

The estimated age for the base of the piston core
(90031027PC) based on the oldest ages from zone A (Fig. 19)
is 12,400 years BP. This estimate is younger than the age
age of 12,800 t 150 years BP for marine fossils from a
fossiliferous diamicton west of site 2 (Fig. 20) and the age
of 14,000 years BP and 12,700 to 12,800 years BP proposed by

Schafer (1977) and David and Lebuis (1985), respectively,
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for the deglaciation of Chaleur Bay. The estimated age for
the base of the piston core is a minimum age for the
deglaciation of Chaleur Trough. The glaciomarine
environment associated with zone A ended shortly after
11,720 * 90 years BP (Fig. 19) and the shift to the highest
galinity bottom-water in Chaleur Trough following
deglaciation occurred about 5,950 * 60 Yyears BP.

Schafer (1977) concluded that sea level was lower
between 8,000 and 10,000 years BP in Chaleur Bay based on
the high abundance of the benthonic foraminifer Eqgerella
advena in cores from water depths of 52 and 78 m. The
species is not present in the cores which were collected
from a water depth of 109 m in Chaieur Trough (site 2,

Fig. 2). The interval of lowesr sea-level corresponds, in
part, to the interval between the levels dated at
11,720 * 90 and 8,750 * 80 years BP in core 90031027PC
(Fig. 19). The estimated sediment accumulation rate between
the dated levels is about 2.7 cme100 radiocarbon years.
This is much lower than the sediment accumulation rates
between the other, adjacent, dated levels in the core.
Thus, there appears to be an unconformity between the levels
dated at 11,720 * 90 and 8,750 t 80 years BP in the piston
core (90031027PC).

Syvitski and Praeg (1989) reported that seismic
“units II and III have been eroded in some parts of Chaleur

Bay on the basis of Huntec DTS seismic profiles. They
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related the ercsion to a period of lowered sea levels.
About 1.1 km east of the site of core 90031027PC seismic
unit II is overlain unconformably by seismic unit IV (arrow
on Fig. 10}. At the core site seismic unit III is present
between seismic units II and IV and corresponds to the
interval between 790 and 630 cm in core 90031027PC
(Fig. 19). Thus, the interval between the dated levels
(733 cm and 655 cm, Table 3) with the low sediment
accumulation rate, is within seismic unit III (Fig. 19) and

may include an unconformity.
CONCLUSIONS

Six benthonic foraminiferal zones are recognized in
cores collected from a water depth of 373 m in the
Laurentian Channel off Gaspé Peninisula. The oldest zone
(no. 1) is characterized by oscillating high-salinity bottom
water (34.7 - 35.1%9 in which cassidulina laevigata
assemblages are present and| low-salinity bottom water (<29
rela »d to periods of high meltwater discharge from the ice
margin. Zone 2 is a transitional zone between zones 1 and 3

and is characterized by Astrgnonion gallowayi and Cibicides

lobatulus. The salinity of the bottom water was between 34

and 34.7%c except in the middle part of the zone where

Tslandiella helenae is abundant and the salinity of the

bottom water was between 30 and 14%c. Islandiella helepae is

the characteristic species of zone 3 and is indicative of
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salinities between 30 and 34%. A decrease in the abundance
of Islandiella helenae in the middle part of zone 3 may be
related to an increase or decrease in temperature and/or
salinity of the bottom water. Zone 4 is a transitional zone
petween zones 3 and 5, and is characterized by benthonic
foraminiferal assemblages similar to those of zone 2. The
salinity of the bottom water was between 34 and 34.%% in
zone 4. Zones 5 and 6 are characterized by Brizalina
ggpggngﬁigggig, Bulimina aculeata, and Eponides usillus,
which are indicator species of the modern, deep watermass
layer (temperature 4 to 6°C and salinity 34.5 to 34.8%) in
the Gulf of St. Lawrence. The temperature of the bottom
water was <3°C in zones 1 to 3 and between 2.3 and 4° in
zone 4.

The planktonic foraminiferal assemblages indicate that
the temperature and salinity of the upper part of the water
column was <8°C and 33 - 34&%, respectively, in the
cassjdulina laevigata-dominant intervals of zone 1 and in
zones S5 and 6. The salinity of the upper part of the water
column was <33%o in the other zones and was probably lowest
in zone 3.

The variation in salinity of the bottom water in the
Laurentian Channel following the Late Quaternary
deglaciation is related to changes in the composition of the
watar entering the Gulf of St. Lawrence, except for the low-

salinity intervals of zone 1, which are related to periods
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of high meltwater discharge from the ice margin. The
proportion of the cold saline water in the mixture entering
the Gulf was highest during the high salinity intervals of
zone 1 and lowest in zone 3. puring zones 5 and 6 the
nixture entering the Gulf consisted of cold, low-salinity,
Labrador Water and warm, saline, Western North Atlantic
Water.

Radiocarbon ages for foraminieral tests from the lower
part of one of the cores from the Laurentian Channel
indicate that the core site was deglaciated by 14,040 + 240
years BP, and before the northern coast of Gaspé Peninsula
and the southern coast of Anticosti Island. The oscillating
low- and high-salinity conditions associated with zone 1
ended by 13,540 * 190 years BP and the salinity minimum
(zone 3) began 12,150 * 90 years BP.

Three benthonic foraminiferal zones are recognized in
cores from a water depth of 109 m in chaleur Trough east of

Gaspé Peninsula. cassidulina reniforme and Elphidjium

excavatum forma clavata are the abundant species of the
oldest zone (A) and are indicative of a glaciomarine
environment with bottom-water temperature close to 0°C and
salinity between 28 and 3. The salinity of the bottom
water increased in zone B (30 - 34%9 in which Islandiella
helenaz is abundant and in zone ¢ (32 - 34%9. Buccella
arctica, Elphidium excavatum forma clavata, Islandiella
helenae and Pseudoparrella takayanagii are the ahundant
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species in zone C. The temperature of the bottom water
remained close to 0°C in zones B and C. The cause of the
low numbers of foraminiferal tests in the upper part of
zone C is not known with certainty. An increase in
sedimentation rate and/or factors other than temperature and
salinity may explain the low number of tests in the upper
part of zone C.

Radiocarbon ages for marine fossils from other studies
indicate that the estimated age of 12,400 years BP for the
bottom of the longest core is a minimum age for the Late
Quaternary deglaciation of Chaleur Trough. The low-salinity
glaciomarine environment of zone A ended shortly after
11,720 * 90 yearc BP. The shift to the highest salinity
bottom~water in Chaleur Trough occurred about 5,950 t 60
years BP. Unconformities were reported in glaciomarine
sediments in Chaleur Bay and is also recognized in
glaciomarine sediments 1.1 km east of the core site in
Chaleur Trough. An unconformity may also be present in the
upper part of the glaciomarine sediments penetrated by the

piston core which was recovered from Chaleur Trough.
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APPENDIX I

List of foraminifers identified to specific level.

adercotryma glomerata (Brady) = Adercotryma glomeratum
(Brady): Loeblich and Tappan, 1953, Smithson. Misc.
Coll., v. 121, no. 7, p. 26, Pl. 8, figs. 1-4.

hvalacrulus Loeblich and Tappan, 1953, Smithson.
Misc. coll., v. 121, no. 7, p. 52, Pl. 9, figs. 1-4.

Loeblich and Tappan, 1953, Smithson.
Misc. Coll., v. 121, no. 7, p. %0, Pl. 17, figs. 4-7.

Brizalina pseudopunctata Hoglund = Bolivina pseudopunctata
Higlund: Loeblich and Tappan, 1953, Smithson. Misc.

coll., v. 121, no. 7, p. 111, Pl. 20, figs. 13-14.

Brizalina subaenariensis (Cushman) = Bolivina subaenariensis
Cushman: Bartlett and Molinsky, 1972, Can. Jour. Earth
Sci., v. 9, P1. 1, fig. 9.

Brizalina subspinescens (Cushman) = Bolivina subspinescens
Cushman, 1922, U.S. Nat. Mus., Bull. 104, p. 48, Pl. 7,
fig. 5.

Buccella arctica Voloshinova = Bucgella hannai (Phleger and
Parker) arctica Voloshinova: Rodrigues and Hooper,
1982, Jour. Foram. Res., v. 12, no. 4, p. 343, Pl. 1,
figs. 2-3, 5-6, 10.

calida (Cushman and Cole): Rodrigues and Richard,
1986, Geol. Surv. Can., Paper 85-22, p. 20, Pl. 1,
fig. 15.

Buccella frigida (Cushman): Schafer and Cole, 1978, Geol.
Surv. Can., Paper 77-30, p. 27, Pl. 8, figs. la-b.

Buccella tenerrima (Bandy): Rodrigues and Hooper, 1982,
Jour. Foram. Res., v. 12, no. 4, p. 343, Pl. 1,
figs. 1, 4, 7.

Bulimina aculeata d’Orbigny: Rodrigues and Hooper, 1982,
Jour. Foram. Res., v. 12, no. 4, p. 343, Pl. 2,
figs. 2-4, 6-8, 10-12,

Bulimina exilis Brady = Bulimina elegans d’Orbigny var.
exilis Brady, 1884, Rept. Sci. Results Voy. Challenger,
Zool., V. 9, p. 399, Pl. 50, figs. 5-6.
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cassidulina laevigata d’Orbigny: Lagoe, 1977, Jour. Foram.
Res., v. 7, no. 2, p. 127, Pl. 5, figs. 15-16.

cassidulina neocarinata Thalmann: Rodrigues et al., 1980,
Jour. Foram. Res., v. 10, no. 1, p. 58, Pl. 5, figs. 2,
5' 8; Plu 6' figs. 3_40

cassidulina reniforme N¢rvang: Rodrigues et al., 1980,
Jour. Foram. Res., v. 10, no. 1, p. 58, Pl. 2, figs. 2,
4, 6; P1. 3, figs. 3, 6, 9, 1i-12; Pl. 5, figs. 10-12.

cassidulinoides bradyi (Norman): Barker, 1960, Soc. Econ.
Pal. Min., Spec. Publ., no. 9, p. 112, Pl. LIV,
figs. 6-9.

Cibicides lobatulus (Walker and Jacob): Sen Gupta, 1971,
Micropaleontology, v. 17, no. 1, p. 8%, Pl. 2,
figs. 34-36.

Cibicides pseudoungerianus (Cushman) = Truncatulina
pseudoungerianus Cushman, 1922, U.S. Geol. Surv., Prox.
Paper 129-E, p. 97, Pl. 2n, fig. 9.

lcribrostomoides crassimargo (Norman) = Alveolophragmium
crassimargo (Norman): Loeblich and Tappan, 13953,
Smithson. Mise. Coll., v. 121, no. 7, p. 29, Pl. 3,
figs. 1-3.

loribrostomoides jeffreysi (Williamson) = Alveclophragmium
jeffreysi (Williamson): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 31, Pl. 3,
figs. 4-7.

Cyclogyra involvens (Reuss) = Cornuspira involvens (Reuss):
Loeblich and Tappan, 1953, Smithson. Mise. Coll.,
v. 121, no. 7, p. 49, P1l. 7, figs. 4-5.

Dentalina baggi Galloway and Wissler: Loeblich and Tappan,
1953, Smithson. Misc. Coll., v. 121, no. 7, p. 54,
Plo 9' figs- 10-15l

Dentalina frobisherensis Loeblich and Tappan, 1853,
Smithson. Misc. Coll., v. 121, ne. 7, p. 55, Pl. 10,
figs . 1-9 .

Dentalina trondheimensis Feyling-Hanssen, 1964, Norges Geol.
Unders., nr. 225, p. 275, Pl. 9, figs. 3-7.

lgggerella advena (Cushman): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 36, Pl. 3,
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figs. 8-10.
Elphidium asklundi Brotzen, 1943, in Hassland, I., 1943,

Bull. Geol. Inst. Upsala, v. 31, p. 267, figs. 109-110.

Elphidium excavatum (Terquem) forma clavata Cushman: Miller
et al., 1982, Jour. Foram. Res., v. 12, no. 2, p- 125,
Pl. 1, figs. 5-8; Pl. 2, figs. 3-8; Pl. 3, figs. 3-8;
Pl. 4, figs. 1-6; Pl. 5, figs. 4-8; Pl. &, figs. 1-5.

Elphidium frigidum Cushman: Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 99, Pl. 18,
figs. 4-9.

Elphidium oenlandicum Cushman = Elphidiella groenlandicum
(Cushman): Loeblich and Tappan, 1953, Smithson. Misc.

Coll-, V. 121, no. 7' p. 106' Pln 19' figS. 13-14-

Elphidium incertum (Williamson): Feyling-Hanssen et al.,
1971, Bull. Geol- Soc. Denmark, v. 21, pt. 2-3, p. 277,
Pln 12, figS. 11-12; Pl| 21, figS. 8-90

Elphidium subarcticum Cushman: Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. .7, p. 105, Pl. 19,
figs. 5-7. .

Entolingulina translucida (Heron-Allen and Earland) =i
Lingulina translucida Heron-Allen and Earland, 1932,
Discovery Reports, v. 4, p. 387, Pl. 12, figs. 9-11.

Eceponidella pulchella (Parker): Rodrigues and Richard,
1986, Geol. Surv. Can., Paper 85-22, p. 20, Pl. 1,
fig. 4.

Epistominella arctica Green, 1960, Micropaleontology, V. 6,
no. 1, p. 71, Pl. 1, figs. 4a-b.

Eponides pusillus Parr: Schrider-Adams et al., 1990, Jour.
Foram. Res., V. 20, no. 1, p. 33, Pl. 7, figs. 14-15.

Fissurina annectens annectens (Burrows and Holland) = Lagena
annectens Burrows and Holland: Buchner, 1940, Nova
Acta Leopoldina, Neue Folge, v. 9, no. 62, p. 482,

Pl. 26, figs. 279-293.

Fissurina annectens (Burrows and Holland) forma
pseudostaphyllearia (Buchner) = Lagena annectens

Burrows and Holland forma pseudostaphylleria Buchner,
1940, p. 483, Pl. 15, figs. 285-291.

Fissurina cucurbitasema Loeblich and Tappan, 1953, Smithson.
Misec. Coll., v. 121, no. 7, p. 76, Pl. 14, figs. 10-11l.
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Fissurina laevigata Reuss = Lagena laevigata forma typica
Reuss: Buchner, 1940, MNcva Acta Lecopoldina, Neue
Folge, v. 9, no. 62, p. 474, Pl. 13, figs. 239-244.

Fissurina marginata (Montagu): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 77, Pl. 14,

figs. 6-9.

Fissurina reniformis (Sidebottom): Rodrigues and Richarad,
1986, Geol. Surv. Can., Paper 85-22, p. 20, Fl. 1,
fig. 9.

Fissurina varioperforata (Buchricr) forma angusta {Buchner),
1940, Nova Acta Leopoldina, Neue Folge, v. 9, no. 62,
p. 494, Pl. 18, figs. 353-336.

Fissurina ventricosa (Wiesner): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 79, Pl. 14,
fig. 15.

Fursenkoina fusiformis (Williamson): Schrdder-Adams et ai.,
1990, Jour. Foram. Res., V. 20, no. 1, Pl. 6, fig. 17.

Fursenkoina loeblichi (Feyling-Hanssen): Rodrigues and
Hooper, 1982, Jour. Foram. Res., V. 12, no. 4, p. 344,
Pl. 1, figs. 12-15.

Gavelinopsis praegeri (Heron-Allen and Earland) = Discorbina
praegeri Heron-Allen and Earland, 1913, Roy. Irish
Acad., Proc., v. 31, p. 122, Pl. 10, figs. 8-10.

Glandulina laevigata d‘Orbigrny: Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 81, Pl. 16,
figS. 2—5 .

Glandulinocides ittai (Loeblich and Tappan) = Dentalina ittai
Loeblich and Tappan, 1953, Smithson. Misc. Coll.,
v. 121, no. 7, p. 56, Pl. 10, figs. 10-12.

2globigerina bulloides dfOrbigny: Loeblich and Tappan,
1957, U.S. Nat. Mus. Bull. 215, p. 31, Pl. 4, fig. 1.

lGlobigerina quingueloba Natland, 1938, california Univ.,
Scripps Inst. Oceancgr. Bull. Tech. Ser., v. 4, p. 140,
Pl. 6, fig. 7.

’globigerina uvula (Ehrenberg) = Pylodexia uvula Ehrenberg,
1873, K. Akad. Wiss, Berlin, Abh., Jahr 1872, p. 241,
Pl- 2, figs- 24_25.
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Globobulinima aurjculata (Bailey): Sen Gupta, 1971,
Micropaleontology, V. 17, p. 88, Pl. 2, fig. 15.

Globobulimina turgida (Bailey): Héglund, 1947, Zool. Bidrag
Uppsala, V. 26, p. 248, Pl. 20, fig. 5; Pl. 21,
figs. 4, 8; Pl. 22, fig. 5; text-figs. 247-257, 271.

Globocassidulina subglobosa (Brady): Bremer et al., 1980,
Jour. Foram. Res., v. 10, no. 1, p. 24, Pl. 2,
figS. 7_80

'Haplophragmoides bradyi (Robertson): Hdglund, 1947, Zool.
Bidrag Uppsala, v. 26, p. 134, Pl. 19, fig. 1;
text-fig. 11il.

Haynesina nana (Vilks) = Protelphidium nanum Vilks, 1979,
Geol. Surv. Can., Bull. 303, p. 35, Pl. i, figs. 1-4;
text-fig. 1.

Haynesina orbicularis (Brady) = Elphidiup orbiculare
(Brady): Loeblich and Tappan, 1953, Smithson. Misc.
Coll., v. 12i, no. 7, p. 102, Pl. 19, figs. 1-4.

i helenae Feyling-Hanssen and Buzas: Rodrigues et
al., 1980, Jour. Foram. Res., v. 10, no. 1, p. 45,
P1. 1, figs. 1, 3, 5; Pl. 4, figs. 3, 6, 9; Pl. 6,
figs. 1-2.

Islandjella islandica (Ngrvang): Rodrigues et al., 1980,
Jour. Foram. Res., V. 10, no. 1, p. 49, Pl. 1, figs. 2,
4, 6; P1. 3, figs. 2, 5, 8.

Islandiella norcrossi (Cushman): Rodrigues et al., 1980,
Jour. Foram. Res., V. 10, no. 1, p. 49, Pl. 4, figs. 1,
4, 7, 10; Pl. 6, figs. 8-9.

IKarreriella bradyi (Cushman): Corliss, 1979,
Micropaleontology, v. 25, p. 5, Pl. 1, figs. 5-6.

Lagena clavata (d’Orbigny): Buchner, 1940, Nova Acta
Leopoldina, Neue Folge, v. 9, no. 62, p. 416, Pl. 2,
figs. 28-30.

Lagena elongata (Ehrenberg): Buchner, 1240, Nova Acta
Leopoldina, Neue Folge, v. 9, no. 62, p. 413, Pl. 2,
figs. 23-24. o

Lagena gracillima (Seguenza): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 12i, no. 7, p. 60, Pl. 11,
figs. 1-4.
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Lagena laevis (Montagu): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 61, Pl. 11,
figs. 5-8.

Lagena mollis Cushman: Loeblich and Tappan, 1953, Smithson.
Misc. Coll., v. 121, ro. 7, p. 63, Pl. 11, figs. 25-27.

Lagena nebulosa Cushman = Lagena laevis (Montagu) var.
nebulosa Cushman, 1923, U.S. Nat. Mus. Bull. 104,
p. 29, Pl. 5, figs. 4-5.

Lagena semilineata Wright: Loeblich and Tappan, 1953,
smithson. Misc. Coll., v. 121, nc. 7, p. 65, Pl. 11,
figs. 14-22.

Lagena striata (d’Orbiany): Barker, 1960, Soc. Econ. Pal.
Min., Spec. Publ., no. ¢, p. 118, Pl. LVII,
figs. 2z-24.

Lagena sulcata (Walker and Jacob) var. laevicostata Cushman
and Grey, 1946, Cushman Lab. Foram. Res., Contr.,
v. 22, p. 68, Pl. 12, figs. 12-13.

Marginulina glabra d‘Orbigny: Feyling-Hanssen et al., 1971,
Geol. Soc. Denmark Bull., v. 21, p. 204, Pl. 3, fig. 7.

Melonis zaandamae (van Voorthuysen) = Nonion zaandapae {(van
Voorthuysen): Loeblich and Tappan, 1953, Smithson.
Misc. Coll., v. 121, no. 7, p. 87, Pl. 16, figs. 11=-12.

’Neogloboguadrina pachyderma (Ehrenberq) = loborotalia
pachyderma (Ehrenberg): Vilks, 1975, Jour. Foram.
Res., V. 5, no. 4, Pl. 1, figs. la-b, 2a-b, 3a-b;

Pl. 2, figs. la-b, 2a-b, 3a-b; Pl. 3, figs. la-b, 2a-b,
3a-b.

Nonionellina labradorica (Dawson) = Nonion labradoricum
(Dawson) : Loeblich and Tappan, 1953, Smithson. Misc.
Coll., v. 121, no. 7, p. 86, Pl. 17, figs. 1-2.

Nonionellina turgida (Williamscn): Feyling-Hanssen, 1964,
Norges Geol. Unders., nr. 225, p. 328, Pl. 17,
figs. 2-6.

Oolina acuticostata (Reuss) = Lagena apiopleura Loeblich and
Tappan, 1953, Smithson. Misc. Coli., V. 121, no. 7,
p. 59, Pl. 10, figs. 14-15.

Oolina ampullo-distoma (Jones) = Lagena ampullo-distoma
Rymer Jones: Buchner, 1540, Nova Acta Leopoldina, Neue
Folge, v. 9, no. 62, p. 440, Pl. 11, fig. 90.
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Oolina borealis Loeklich and Tappan = Qolina costata
(Williamson): Loeblich and Tappan, 1953, Smithson.
Misc. Coll., v. 121, no. 7, p. 68, Pl. 13, figs. 4-6.

Oolina caudigera (Wiesner): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 67, Pl. 13,

figs. 1-3.

Qolina costata (Williamson) = Entosolenia costata
Williamson, 1858, Roy. Soc., p. 9, Pl. 1, fig. 18.

Oolina globosa (Montagu): Barker, 1960, Soc. Econ. Pal.
Min., Spec. Publ., no. 9, p. 114, Pl. LVI, figs. 1-3.

Oolina hexagona (Williamson): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 69, Pl. 14,
figs. 1-2.

Oolina lineata (Williamson): Loeblich and Tappan, 1853,
Smithson. Misc. Coll., wv. 121, no. 7, p. 70, Pl. 13,
figs. 11-13.

Oolina melo d’Orbigny: Loeblich and Tappan, 1953, Smithson.
Misc. Coll., v. 121, no. 7, p. 71, Pl. 12, figs. 8-15.

Oolina sguamosa (Montagu): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, Pl. 13,
figs. 9-10.

Oridorsalis tener (Brady): Lohmann, 1978, Jour. Foram.
Res., V. 8, n. 26, Pl. 4, figs. 5-7.

Parafissurina fovigera (Buchner) = Lagena fovigera Buchner,
1940, Nova Acta Leopoldina, Neue Folge, v. 8, no. 62,
p. 541, Pl. 29, figs. 627-629.

pParafissurina himatiostoma Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 121, Pl. 14,
figs. 12-14.

Parafissurina lateralis (Cushman) forma carinata (Buchner) =
Lagena lateralis Cushman forma carinata Buchner, 1940,
Nova Acta Leopoldina, Neue Folge, v. 9, no. 62, p. 521,
Pl. 23, figs. 497-500.

Parafissurina lateralis (Cushman) forma simplex (Buchner) =
Lagena lateralis Cushman forma simplex Buchner, 1940,
Nova Acta Leopoldina, Neue Folge, v. 9, no. 62, p. 520,
Pl. 23, figs. 487-492.

Patellina corrugata Williamson: Loeblich and Tappan, 1953,
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Smithson. Misc. Coll., v. 121, no. 7, p. 114, Pl. 21,
figS. 4—5.

Pateoris hauerjnoides (Rhumbler): Loeblich and Tappan,
1953, Smithson. Misc. Coll., v. 121, no. 7, p. 47,
Pl. 6, figs. 8-12.

Pseudoparrella takayvanagii (Iwasa) = Epistominella
takayanagii Iwasa, 1955, Jour. Geol. Soc. Japan, V. 61,
p. 16’ tEXt-figl 4-

Pullenia bulloides (d’Orbigny): Corliss, 1979,
Micropaleontology, v. 25, no. 1, p. 8, Pl. 4,
figs. 1-2.

Pullenia osloensis Feyling-Hanssen: Corliss, 1979,
Micropaleontology, V. 25, no. 1, p. 9, Pl. 4,
figs. 3-4.

Pullenia guinqueloba (Reuss): Cole, 1981, Bedford Inst.
Oceanogr. Rept. Ser., BI-R-81-7, p. 111, Pl. 14,
fig. 6.

Pyrgo williamsoni (Sylvestri): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 48, Pl. 6,
figS. 1"'4.

guingueloculina agglutinata Cushman: Loeblich and Tappan,
1953, Smithson. Misc. Coll., V. 121, no. 7, p. 39,
Pl- 5' figs. 1-40

Quingueloculina seminulum (Linné): Feyling-Hanssen et al.,
1971, Bull. Geol. Soc. Denmark, v. 21, pt. 2-3, p. 194,
Pl. 1, figs. 18-20.

Quinqueloculina stvalkeri Loeblich and Tappan, 1953,
Ssmithson. Misc. Coll., v. 121, no. 7, p. 40, Pl. 5,
fig5| 5-9 .

lRecurvoides turbinatus (Brady): Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, Pp-. 27, Pl. 2,
fig. 11.

lReophax subfusiformis Earland, 1933, Discovery Repts.,
v. 7, p. 72, Pl. 2, figs. 16-19.

Robertina arctica d’orbigny, 1846, Gide et comp® (Paris),
p. 203' Plo 21, figSl 37-38-

lsaccammina atlantica (Cushman): Cole and Ferguson, 1975,
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Bedford Inst. Oceanogr., Rept. Ser. BI-R-75-5, p. 41,
Pl. 1, fig. 4.

Scutuloris teqminis Loeblich and Tappan, 1953, Smithson.
Misc. Coll., v. 121, no. 7, p. 41, Pl. 5, fig. 10.
I1sjlicosigmeilina groenlandica (Cushman): Loeblich and

Tappan, 1953, Smithson. Misc. Coll., v. 121, no. 7,
p. 38, Pl. 4, figs. 7-9.

Trifarina hughesi (Galloway and Wissler): Rodrigues and
Hooper, 1982, Jour. Foram. Res., v. 12, no. 4, p. 348,
Pl. 2, figs. 1, 5, 9, 13-15,

Triloculina trihedra Loeblich and Tappan, 1953, Smithson.
Misc. Coll., V. 121, no. 7, p. 45, Pl. 4, fig. 10.

Irritaxis conica (Parker and Jones) = Valvulina conica
Parker and Jones: Brady, 1884, Rept. Sci. Results Voy.
challenger, Zool., V. 9, p. 392, Pl. 49, figs. 15-16.

'Trochammina guadriloba Hdglund: Loeblich and Tappan, 1953,
Smithson. Misc. Coll., v. 121, no. 7, p. 51, Pl. 7,

fig. 8.

i spinigera Brady, 1884, Rept. Sci. Results Voy.
challenger, Zool., v. 9, p. 531, Pl. 67, figs. 13~-14.

valvulineria arctica wreen, 1960, Micropaleontology, v. 6,
no. 1, p. 71, Pl. 1, fig. 3.

lAgglutinated benthonic species
planktonic species

Others are calcareous benthonic species
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Table 11. Percent abundances of benthonic foraminiferal
species and sample statistics for
core 90031025BC.

S e s e S
" Top of interval {cm) 0 9 20 30 40 48
“ Volume (cc} 5 5 5 5 5 5
" Number of tests (B - Total) 93 91 24 13 38 39
Number of 1csta (B - Calc) 92 89 24 13 s 39
Number of teats (B - Agglud) 1 2 0 2 0 4]
Number of teats (B/10 cc) 186 182 8 | 26 76 8
Number of specica (B - Total) T 9 4 5
Number of species (B - Calc) 6 3 4 3 4 §
Number of specics (B - Agglut) 1 1 0 2 0 9
Diversity - B [H(S)] 1.67 i.78 1.08 138 0.94 1.27
Number of tests (P) 0 0 0 ] f) 0
Adercoiryma glomeraia 1.08 7.69
Buccella arctica 15.05 9.89 25.00 23.08 63.16 51.28
Buccella frigida l.1e 2.63 5.13
Cassidulina reniforme 18.28 4.40
Eggerelia advena 7.69
Elphidium excavaium clavaia 18.28 19.78 8.3 10.26
Islandiella helenae 32.26 24.18 58.33 46.15 26.32 25.64
Islandiella norcrossi 2.15 8.79
Nonionellina labradorica 1.10
Pseudoparrella takayanagti 1250 28.57 8.33 15.38 7.89 7.69
Recurvoides turbinatus 2.20

B...Benthonic  P...Planhtonic  Calc...Calearcous  Agglut...Aggiutinated



Table 10. Percent abundances of bkenthonic foraminiferal
species and sample statistiecs for
core 90031027TWC.

Top of interval (cm) 0 20 40 60 80 100 |
Volume (cc) 5 5 5 5 5 5
Number of tests (B - Total) 43 69 kX 17 6 15
Number of tests (B - Calc) 43 69 33 17 6 15
Number of tests (B - Agglut) 9 0 0 0 0 0
Number of tests (B/10 cc) 86 | 138 66 34 12 30
Number of species (B - Total) 9 jo 7 4 1 4
Number of specics (B - Calc) 9 10 7 1

Number of species (B - Agglut} 0 0 0 0 0 1]
Diversity - B TH(S)] 2.01

Number of tests {P) 0 0 [} 0 0 0
Brizalina pseudopunctata 3.03

Buccella arcrica 6.98 20.29 15.15 41.18 26.67
Buccella frigida 4.65 7.25 3.03 5.88

Cassidulina reniforme 9.30 15.94

Elphidium excavatum clavata 30,23 14.49 3.03 6.67
Eoeponidella pulchella 2.33

Fursenkoina loeblichi 2.33 1.45

Islandiella helenae 9,30 10.14 45.45 35.29 100.00 40.00
Islandiella norcrossi 9.30 4.35

Lagena moliis 1.45

Nonionellina labradorica 2.90 3.03

Pseudoparrella takayanagii 25.58 21.74 27.27 17.65 26.67

B...Benthonic P...Planktonic  Calc...Calcarcous  Agglut...Agglutinated



Table 4

| Top of interval (cm) 20 41 &0 7 80 91 100 121 140 160
Volume (¢c) 5 s 5 s 5 5 5 s 5 5 5
Number of tests (B - Tatal) 851 742 689 688 331 163 136 165 134 179 255
Number of tests (B - Calc) 343 738 632 634 330 162 235 165 134 179 255
Number of tests (B - Agglut) 3 s 7 4 1 1 1 0 P 0 0
Number of tests (B/10 cc) 1702 1488 1373 1376 662 326 472 330 268 358 510
Number of specics (B - Tozal) 32 34 35 34 25 ] 3 19 20 20 18
Number of specics (B - Calc) 30 33 34 33 24 2 2 19 20 20 18
Number of specics (B - Agglut) 2 1 1 1 1 1 [+] 0 1] [+]

‘Diversity - 8 [H(S)] 2.26 212 232 2.53 231 2.46 228 218 2.42 2.20 21
Number of tests (P) 473 1050 614 750 171 56 100 1 75 95 6%
Number of tests (P/10 ) 945 2100 1228 1530 342 192 200 172 150 190 138
Number of specics (P) 3 2 2" 2 2 1 2 t 2 1 2
Astacolus hyalacrulus

Astrononion gallowayi 5.05 3.63 3.7 3.49 4.23 2.45 0.85 5.45 3.713 3.35 1.96
Brialina pseudopunciata

Brizaling subacnariensis .21 3.19 5.09 14.50 15.34 8.05 3.03 3.73 1.68 3.14
Brizalina subspinescens Q.35

Brizalina sp. ;

Buccella arctica 1.41 1.7 0.15 1.02 Q.51 1.23 0.61 0.56 Q.78
Buccella calida 2.00 3.76 5.66 5.81 4.83 7.98 297 6.06 21 2.79 2.75
Buccella frigida 0.61

Bucgella tenerrima

Buccella sp. 0.15 0.20 —

Bulimina aculeaia 16.69 2.15 0.44 030 |

Bulimina exilis 5.76 1.21

Buliminella sp, 0.12 0.15 0.61

Cassidulina laevigata -

Cassiduling neocarinata 2.69 3.63 116 1.51 - 245 10.17 Q.61 1.49 1.68 0.39
Cassidulina reniforme 23.97 40.73 27.87 21.66 Yy 22.09 24,58 3212 2239 27.37 4.7
Cassidulina sp.

Cassidilinoides bradyi 0.56

Cibicides lobarulus 6.46 10.08 . 11.90 11.48 7.25 9.82 4.66 12.73 10.45 7.26 5.88

Cyclogyra involvens n ’ -

Denralina baggi

Dentalina frobisherensis

Dentalina irondheimensis ©0.13 0.29 -

Denialina sp. -~ -

Eggerella sp. W 0.30 . "
Elphidiidac 0.47 0.40 1.02 2.18 2.42.. 1.34 .. 2.54. ). 121 2.24 2. li_.l«B

Elphidium excavatun clavaa 4.32 202 6.53 14.83 10.57 7.98.| 593 4.85 8.96 8.94 471

Elphidium frigidum B

Elphidium groenlandicum

Elphidium sp.

Eoeponidella pulchella 0.40 0.44

Epistominella (?) arcrica .

Flissurina annecrens anneciens

Fissurina cucurbitasema




le 4.

Percent abundances of foraminiferal species and statistics for samples from ©

{

160 150 200 220 71 210 260 230 301 320 an 360 330 I
s s s 5 5 s s 5 s s s 5 5 5
255 212 639 387 . 173 360 168 189 261 133 129 192 251 288
255 211 639 385 173 360 167 138 258 183 129 192 251 238
0 1 ) 2 0 0 1 1 3 0 ) ) 0 0
510 424 i278 bt} 346 T20 336 378 522 366 253 383 502 576
18 25 3. 27 21 a5 22 a1 a5 16 13 17 20 )
18 2 32 26 21 28 21 20 24 16 13 17 20 19 s
0 1 0 1 0 ) 1 1 1 0 0 0 0 0 3
2.11 2.36 2.16 208 2.06 2.10 2.40 2.30 2.8 2.08 2.03 §.96 215 2.00
69 14 3 0 6 1 s 6 2 2 0 2
138 166 28 16 0 12 2 10 12 4 4 0 3 a
2 1 2 2 o 1 1 1 1 1 1 0 1 1
1.96 1.89 1.25 1.03 1.62 1.44 417 5.29 8.43 14.21 24.03 17.71 10.36 10.07
0.3% 1
3.4 18.40 41.78 31.78 1.05 1.94 3
0.78 0.47 0.26 1.73 0.28 238 0.38 0.52 0.40 3
2.75 3.77 2.82 1.81 289 5.00 £33 3.70 4.98 1.6% 3.48 417 3.59 0.35
0.16
0.47 0.16 0.55 0.52 0.35
E 1
0.39 1.59 2. 0.26 0.53 0.38 0.40
1.71 12.26 7.04 8.53 8.67 11.39 14.38 11.64 14.56 11.48 11.63 11.46 22.71 21.18 E
0.47
0.16 0.38 1
5.88 8.96 3.60 5.17 6.36 9.17 11.90 .11 12.26 9,29 11.63 9.38 12.75 7.64
- 3
= 3
0.26
i.18 1.42 0.31 0.78 1.16 1.94 2.38 1.06 1.15 2.19 0.52 0.40 0.69
3.71 5.66 ' 8.29 13.55 36.42 29,44 20.83 19.05 25.29 33 38 25,53 39.58 23.11 35.42
1
0.47 0.60 0.78 0.35
.. 7




tatistics for samples from 0 tc 7.0 m in core 90031019PC.

370 341 360 380 399 220 340 460 480 500 520 579 530
s s | 5 s s s 5 5 5 5 5 5 5
123 vz Sa9 251 288 764 1252 1822 1183 573 337 311 603
123 129 192 251 258 764 1262 1822 1188 573 337 311 03
0 0 0 o 0 o o o 0 0 0 0 0
366 253 384 502 576 1528 2524 3634 2376 1146 674 22 1206
16 13 17 20 9 27 a7 27 23 | 17 14 3 13
16 13 17 20 19 27 a7 27 24 17 14 3 13
0 ) 0 0 ) o ) 0 0 o 0 ) 0
2.08 2.03 1.96 2.15 2.00 2.02 1.95 1.98 1.82 1.66 1.76 L.48 1.49
2 2 4 2 8 3 1 13 3 € 1 o
4 3 4 16 2 2 I3 12 2 )
1 t 1 1 1 2 2 1 i
14.21 24,03 17.71 10.36 10.07 12.83 29.87 23.55 3.37 2.27 1.19 1.16
0.35
0.52
0.52 0.40 - 0.3 0.32 .22 0.08 0.17 0.33
.63 3.38 317 3.59 035 | < 131 0.16 0.05 0.03
0.08 - 0.05
0.55 0.52 035 0.26
0.32 0.84 0.70 1.19 232
. 0.40 0.13 .
11.43 11.63 11.46 17t 21,18 16.10 17.51 20.09 $1.67 35.60 26.11 16.40 15.59
3.29 11.63 938 12.75 7.64 6.28 10.22 10.15 0.84 1.92 0.30 0.64 0.17
0.08
: 0.05
219 0.5 | 0.0 0.69 _ Ceaz | .
33.88 25,58 39.55 23,11 35.42 40,97 25.20 27.83 25.00 38.05 40.95 2765 | 4627
0.78 0.35 0.13 ' 0.38 0.08 0.17
. o0is | _opos 0.0% -




_ 540 550 57, 590 611 &30 &51 672 651 700
5 5 5 5 3 5 5 5 s 5
603 1376 1169 1174 312 359 658 595 658 654
03 1376 1169 1174 2312 353 658 . 595 658 6954
0 Q. 0 Q 0 0 0 0 o 0
1206 2752 2338 2348 4625 4718 1316 1150 1316 1338
13 12 16 15 17 24 21 i5 17 16
13 12 16 15 17 24 2 i5 17 16
0 0 Q 0 0 0 0 . o 0
1.49 1.68 1.73 .27 1.59 1.73 .51 1.63 1.78 1.63
0 i 0 0 2 3 0 Q 0
0 2 0 4 6 0 o
[} ] 0 1 2 0 0
1.16 1.31 1.97 1.19 0.74 2.59 0.61 0.17 2.58 5.62
0.22 0.09 0.39 0.17 0.15 0.34 Q.14
0.15 0.29
0.33 2.98 1.54 0.0%
2.32 2.69 4.36 1.36 4.76 18.86 5.17 5N 19.15 8.93
15.59 40.26 31.05 48.64 29.71 41.59 50.61 42.18 41.03 52.45
0.17 0.22 a5t -1-- 0T 0.09 0.81 0.76 0.34 .72
0.30
0.15
46.27 S 14,24 7 7.70 5.71 33.93 16.07 20.52 © 2458 9.27° 7.35
0.09 0.08 0.30
0.04
0.04
0.09
0.08 0.15 0.15

i




Top of interval (em)

710

741

760

781

790

821

831

Volume (cc)

w

Numbcer of tesis (B - Total)

331

354

1065

1308

1282

905

879

403

Number of ters (B - Calc)

a3

s

837

1065

1308

1282

. 905

879

403

Number of 1estx (B - Agglut)

Number of 1ests (B/10 cc)

662

738 L.

1774

.2130

2616

2563

1810

1758

1012

Number of specics (8 - Total)

14

16

24

16

17

11

Number of specics (B - Calc)

14

16

248

16

17

11

Number of species (B - Agglur)

Diversity - B [H(S)]

1.42

2.03

1.86

1.58

1.76

Number of tests (P)

Number of tesis (P710 cc)

Number of specics (P}

Astacolus hyalacrulus

0.08

Astrongnion gallowayi

18.13

8.23

14.37
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5.83

0.23

Pyrgo williamsont

0.25

0.11

1.97

0.15

0.16

022

Quingueloculinag agglutinata

0.15

Quingueloculina seminulum

0.25

0.34

. 1.50

0.23

0.55

0.36

Quingueloculing stalkeri

Robertina arclica

0.25

023

.08

Robertina sp.

Robulus sp.

0.11

Rotalid

Rosalina sp.

0.11

Scutuloris tegminis

0.08

133

Silicosigmoilina groenlandica

Trifarina hughesi

Triloculina irihedra

0.19

0.09

Triloculing sp.

Valvulineria arctica

Globigering balloides

Globigerina quinqueloba

Globigerina uvula

100.00

Neogloboquadrina pachyderma S -

100.00

100.00 -

" 100.00

- Neoglaboquadrina pachyderma D

100.00 -
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Table 6.

statistics for core 90031019TWC.

Percent abundances of foraminiferal species and sample

Eein e

Top of interval (cm) 10 20 30 40 I 60 70 30 90
Volume {cc} 5 3 5 < 5 5 5 5 5-
Number of tests (B - Total) - 736 704 533 537 707 411 903 496 565
Number of tests (B - Calc) 734 702 527 535 704 409 894 456 562
Number of tests (B - Agglut) 2 2 6 2 3 2 9 0 3
Number of tests (B/10 cc) 1472 1408 1066 1074 1414 .y 1806 992 1130
Number of specics (B - Total) 33 38 38 33 37 32 43 27 26
. Number of species (B - Celc) 32 37 36 31 36 30 41 27 25
Number of species (B - Agglut) 1 1 2 2 1 2 2 Q i
Diversity - B [H(S)] 2.61 2.57 2.56 229 232 231 2.50 232 291
Number of tests (7) 376 - 284 4438 243 213 233 800 85 232
Number of tests (P/10 cc) 752 568 896 496 426 466 1600 170 464
Number of species (P) 2 2 2 2 4 2 2 2 2
Asirononion gallowayi 6.11 6.68 6.38 5.59 1721 7.54 | 6.76 4.44 3.01
Brizalina preudopunctata 0,14
Brizalina subaenaricnsis 1.09 0.14 0.19 0.49 0.18
Brizclina subspinescens 0.41 0.59 0.19 0.19
Buccella arctica _— 4.76 2.56 2.44 2.42 2.26 2.92 199 . Q.31
Buccella calida "o 1.90 1.42 2.31 2.79 3.82 3,16 |- -2.65 1.21 2,12
Buccella frigida ©0.19
Buccella tenerrima 0.14 0.14 0.73 0.44
Buccella sp. R
Buliming aculeata 11.82 526 | 13.13 17.69 8.91 5.11 14.17 22,18 29.20
Bulimina exilis’ 5.7 4.69 7.50 6.52 2.97 2.19 1.44 4.44 1.59
" Buliminella sp. 0.43 0.19 0.19 o .11
Cassidulina neocarinata 0.27 0.57 0.75 0.93 0.42 0.73 0.66 1.41 0.18
Cassiduling reniforme 12.64 18.04 21.58 242177 3098 31.87 26.91 19.15 | - 20.53
Cassidulina sp. 0.19 70,14 024 . 0.11
Cassidulinoides bradyi - Lo0.14 0.24 0.11
Cibicides lobarulus i . 2.45 213 7.69 5.21 “10.18 11.92 8.97 9.07 © 673
Cibicides pseudoungerianus 0.14 0.38 .19
Dentalina rrondheimensis 0.14
Elphidiidac 0.41 1.42 1.13 1.12 1.27 0.97 1.99 0.31 0.88
Elphidium excavatum clavaia 13.99 15.91 5.07 32 141 Q.49 1.66 1.01 1.06
Eveponidella pulchella 0.14 Q.19 0.19 033 0.20
Eponides pusitlus 0.14 0.19 0.99 4.14 1030 15.12 9.20
Fissuring annectens pseudostaphyllcaria 0.28 0.19 0.11
Fissurinag cucurbitasema 0.20
Fissurina laevigata 0.14 c.14 0.19
‘Fissurina varioperforata angusia 0.19 -
Fissurina sp. 0.28 Q.19 0.14 .55 0.20
Fursenkoina jJusiformis 0.20
Fursenkoing loeblichi 272 2.70 - 1.50 0.74 0.71 0.55 0.20
Gavelinopsis pracgeri 0.19 0.28 - 0.24 033 0.40 1.77
Glabrasella sp. 0.14 0.28 0.49 0.22 0:40
Glanduling laevigata 0.27 0.2s 0.19 0.37 0.28 0.24 0.78 0.20 0.18
. ides (g 0.14




Table 7. Percent abundances of foraminiferal species and sample
statistics for core 50031017BC.

Top of interval (cm) o | 1 2 s | s 3 15 | 20 30 w® | 4 |

Volume {cc) 5 5 5 5 5 5 s L] 5 5

Number of tests (B - Total) 551 467 | 347 386 390 235 541 398 459 651 507

Number of tests (B - Calc) 476 420 345 385 387 235 540 398 459 647 505

Number of tests (B - Agglut) 75 47 2 1 3 o 1 0 0 4 2

Number of tests (B/10 cc) 1102 934 654 m 780 470 | 1082 796 318 | 1302 | 1014

Number of speeies (B - Total) 39 34 30 31 29 23 32 23 23 32 28

Number of specics (B - Calc) 31 26 28 30 26 |.. 23 31 28 23 30 26

Number of specics (B - Agglut) g 8 2 1 3 o 1 0 o 2 2

Diversity - B [H(S)] 2.76 270 1 260 | 2m 2.51 2.50 2.51 2.45 246 | 257 | 2.44

Number of tests (P) 2 29 a9 52 71 83 | 247 234 418 289 291

Number of tests (P/10 cc) 45 58 78 104 142 166 454 468 836 578 582

Number of species (P) 1 1 1 2 1 1 1 2 3 2 2
Asmrononion gallowayi 7.26 6.21 7.49 | 1810 1051 | 14.47 § 1368 | 1432 | s23 430 | 9.47
Bathysiphon sp. 1.45 1.93 h

Brizalina pseudopuncrata 0.36

Brizalina subaenariensis 16.33 1028 8.07 4.66 1.79 1.28 0.37 0.25 0.44 0.77 | 0.39

Brizalina subspinescens 1.09 0.3 | 029 026 0.51 - 1.48 0.25 0.65 0.31 0.59 ;
Brizalina sp. 0.26 ‘
Buccella arctica : 1.45 407 | 432 | 3.8 5.3 209 3.51 6.53 675 | 584 | 3.16

Buccella calida 0.54 0.86 144 | o718 026 | 2.13 1.48 0.75 1.31 046 | 178

Buccella tenerrima 0.21 .

Bulimina aculeata 5.99 493 | 6683 | 4.40 350 | 3.8 | 7.58 | 829 | 915 | 1813 | 1006 :
Bulimina exilis 15.06 13.06 | 23 2.35 308 | s 240 | 327 566 | 430 | 3.55 f
-Bullminslla'sp, . .. . .~ |.. 0187 021 . 0.52 0.37 o.503; 0.15 j
Cassidulina neocarinata T 145 |- 193 ] 548 | 4.40 4.87 70| 1.n 025 | 0.65 031 | o020 )
Cassidulina reniforme 0.73 1.93 1.44 2.85 436 | 128 5.55 477 | 1525 | 1137 | 21.10 :
Cassidulinoides bradyi 0.21 o
Cibicides lobatulus ' 2.18 3.43 4.61 2.59 1.79 170 | 296 176 | 283 | 276 | 4.93
Cribrostomoides jeffreysi 036 | o021 _
Dentalina trondheimensis _ 0.25
Elphiditn excavatum clavata 2.00 . 236 634 | 1.7 7.69 | 1830 | 13.49 | 12.81 | 1242 | 1413 | 11.05
Eoeponidella pulchells 0.18 0.26 0.50

Eponides pusillus 16.15 23.34 | 24.78 | 19.17 256 | 59 | 074 _

Fissurina anneciens pseudost. - . ; 0.26 - 0.20
Fissurina venlricosa g 0.13 R

Fursenkoina fusiformis 0.21 0.29 i 0.25

Fursenkoina loeblichi 1.09 1.07 1.15 in 2.56 5.53 4.62 4.52 4.36 3.53 1.97
Glabratella sp. 0.26 0.26 : _ 0.20
Glandulina lacvigata - 018 0.21 , ' 0.18 025 |- 0.15 | 020 :
Glandulinaides inai ' 0.18 ‘
Globobulimina auriculaia 0.36 0.64 2.59 2.05 0.43 1.85 3.77 087 | 445 | o039
Globobulimina turgida 0.18 ,
Hanzawaia sp. ] 018} oe | 08 | os2 077 | oss | - 0.25 3
Haplophragmoides bradyi 4.54 2.14 0.26°

Islandiella islandica 0.54 0.29
Isiandiella norcrossi 0.18 ) 1.15 1.30 077 | o35 0.92". 213 | <15 | o

0.20°




Eocponideila pulchella Lis 3.15 3.1 0.32 Q.20
Eponides pusitlus 0.14 0.19 0.99 4.14 10.30 15.12 3.20
Fissuring annectens pseudostaphyilearia 0.28 Q.19 0.11
Fissuring cucurbitasemna Q.20
Fissurina laevigata 0.13 0.14 0.19
Fissuring varioperforata angusta 0.19
Fissurina sp. .28 0.19 0.14 0.55 0.20
Fursenkoina fusiformis 0.20
Fursenkoina loeblichi .72 270 1.50 0.74 0.71 0.55 0.20
Gavelinopsis prasgeri 0.19 0.28 0.24 0.33 0.40 1.77
Glabratella sp. 0.14 0.28- 0.49 0.22 0.40
Glanduling lacvigaza 0.27 .28 0.19 0.37 0.23 0.2¢ Q.78 0.20 0.13
Glandulinoides intai 0.14
" Globobuliming auriculata 136 1.14 0.38 0.20
Hanzawaia =p. 0.19 0.19 0.14 0.24 0.44 0.35
Islandiclia islandica 0.14 0.28 0.19 0.14 0.33 0.20 0.13
Islandiella norcrossi 3.40 1.85 1.50 0.57 0.49 0.22 0.18
Karreriella bradyi 0.56 Q.19 0.42 0.24 0.89
Lagena elongaza 0.19 0.19 0.33 0.51 0.13
Lagena laevis Q.19
Lagena mollis 0.54 0.28 1.13 1.30 0.57 0.49 e 0.8 1.06
Lagena nebulosa 0.14 0.14 0.24 .
Lagena striata 0.14 22 0.18
Lagena sulcata laevicostata 0.14
Miliolid ~ 1.06
Nonionellina Inbradorica 3.80 4.83 131 0.37 0.49 0.11 0.20
Nonionellina sp. cf. N, bradii 027 .14 0.38 0.22
QOolina ampullo-distorna 0.14 0.14 0.19 0.11
Qolina borealis 0.11
Qolina globosa 0.19 0.24
QOolina squamosa - 0.19 0.11
Oolina sp. 0.14 ) 0.11
Oridorsalis sp. cf. O. umbonatus._ - 3.26 2.56 1.38 1.86 1.70 2.19 .77 222 392
FParafissuring fovigera - 0.19
Parafissurina himatiostoma ¥ 0.14 0.14
Parafissurina lateralis carinata 0.19
Pseudoparreila takayanagii 0.95 0.35 0.75 0.19 0.57 0.49 0.33
Pseudoparrella sp. 0.14
Pullenia osloensis 19.70 2173 18.20 21.97 19.80 19,22 11.18 i1.90 13.81
Pyrgo williamsoni . 0.42 0.24 0.11 0.18
Quinqueloculina seminulum 0.14 1.98 1.22 0.55 2,02 | 1.77
Robulus sp. 0.57 0.19 0.14 0.24 - 022 0.18
Saccammina atlantica .28
Silicosigmoilina groenlandica 0.27 © 056 0.19 0.24 0.11 0.53
Trifarina hughesi 0.63 0.33 0.19 0.14
Valvulineria arctica 0.14 0.14 >
Globigerina bulloides 0.47 )
Globigerina quingueloba - 136 2.11 Q.67 . 3.83 7.04 1.29 2.13 14.12 5.60
Globigering uvula v _ - 0.94
Neogloboquadrina packyderma S 96.28 | 96.13.| 97.77 94:35 90.14 97.85 96.88~ 8235 93.97
Neogloboquadrina pachyderma D 1.86 176"} 1.56 2.02 141 0.36 1.00 3.53 0.43

B...Beathonic . P...Planktonic - Calc...Cal:nmnu:_' Agglut.. Aggltinated . S...Sinistral D...Dexteai



Criorosiomoides jelirevsi

B...Benthonic

Calc...Calcareous

Agglut...Agglutinated - §...Sinistral - D...Dextral

Derntalina trondheimensis 0.25
Elphidium excavatum clavata 2.00 236 6.34 7.7 7.69 18.30 13.49 12.81 12.42 14.13 11.05
Eoeponidelia pulchella 0.18 0.26 0.50
Eponides pusillus 16.15 2334 | 2478 | 19.17 »s6 | 59 | 0.4
Fissurina annectens pseudos:. 0.26 0.20
Fissurina ventricosa 0.18
Fursenkoina fusiformis 0.2 0.2% .25
Fursenkoina loeblichi 1.09 1.07 1.15 .n 2.56 5.53 4.62 4.52 4.36 3.53 1.97
Glabratella sp. 0.26 0.26 0.20
Glandulina laevigata 0.18 0.21 0.18 0.25 0.15 0.20
Glandulinoides inat 0.18
Globobulimina auriculata 0.36 0.64 2.59 2.05 0.43 1.85 3. 0.87 4.45 0.59
Globobulimina turgida 0.13
Hanzawaia sp. 0.138 0.64 0.86 0.52 0.77 0.85 0.25
Haplophragmoides bradyi 4.54 2.4 0.26
Islandiella islandica 0.54 0.29
Itlandiella norcrossi 0.13 1.15 1.30 0.77 0.85 0.92 2.18 4.15 0.7%
Karreriella bradyi 0.20
Lagena elongata 0.18 0.21 0.18 Q.22 0.15 0.39
Lagena laevis 0.21 10.29 0.26 0.25 0.22 0.46
Lagena mollis .54 0.43 0.36 1.55 0.51 3.40 1.11 1.51 0.65 0.77 1.38
Lagena nebulosa 0.29 0.43 0.18 0.31
Lagena sricta N 0.29 0.15
Nonionellina labradorica 0.54 0.86 1.30 2.56 1.28 3.51 2.51 2.18 3.07 2.37
Norionellina sp. cf. N. bradil 0.18 1N
Oolina ampullo-distoma 0.29 ©.26 0.43 0.15
Oolina lineata - 025
Ogling melo = 0.2
Oolina squamosa 0,15
Oridorsalis tener 1.63 1.93 4.90 2.59 1.28 0.43 0.55
Oridorsalis sp. cf, wnbonatus 0.54 0.42 078 0.26 1.28 2.4D 4.02 436 | 2.61 4.14
Parafissurina sp. : 0.20
Pseudoparrella takayanagii 0.36 ~0.29 0.26 0.26 0.37 0.50 0.22 | 031 0.39
~Pullenia osloensis 8.35 10.06 13.26 18.65 21.03 | 2043 | 27.91 | 26.63 | 23.31 15.67 | 19.92:

Pullenia quingueloba 0.18 0.29 0.78 026 | < 0.18 0.25
Quingueloculing seminsulum N 0.26
Reophax subfusiformis 0.54 0.21
Reophax sp. 026
Robulus sp. 0.15 0.20
Rosalina sp. 0.18
Saccamming atlantica 1.27 236 0.29 0.26 0.15 ~
Stlicosigmoilina groenlandica 029 . 026 . 0.18 . 046 | 020
Trifarina hughesi 0.36 0.29 0.78 0.85 0.37 0.50 0.87 0.15 0.39
Tritaxis conica 2.72 1.93
Trochammina quadrilobz 1.81 0.36
Trochamynina sp. 0.91 0.43
Vaginuling spinigera 0.15
Globigerina quinqueloba 3.85 . 0.43 2.15 138 | 0.69
Globigerina uvala 0.24

:)| Neogloboquadrina packyderma S 95.65%:1_ 100,00 | 97.44 | %6.15 100.00- 1" 98.80 | 99.19 | 99.57 | 96.89 | 97.58 | 9828
Neogloboguadrina pachyderma D 435 2.56 120 | o3t ] o072} 104 | 1.03

- P...Plankionic




i iiii - im‘ii -

Top of interval (cm) 10 20 «© &0 30 100 120 140 160 180-:
Volume (cc) 5 5 5 5 5 5 5 5 5 5 |
Number of wsts (B - Total) 76 64 285 86 187 215 251 27 523 217 334 |
Number of tests (B - Cale) 75 64 285 86 137 215 251 271 523 217 384 |
Number of tests (B - Agglut) 1 4] Q 1] o 4] 0 0 (v} 0 (L
Number of tests (B/10 c¢) 152 128 570 172 374 430 502 542 1046 434 768
Number of specics {B - Total) 1 1 6 10 11 12 10 12 n
Number of specics (B - Calc) 10 7 11 6 10 9 11 12 10 12 11
Number of specics (B - Agglus) 1 ) 0 ) 0 0 ) 0 0 0 0
Diversity - B [H(S)] 1.91 1.50 1.45 1.25 1.10 1.56 1.63 1.56 1.64 1.80 175
Number of tests (P) . ] 0 ] 0 0 ] o 0 0 0
Number of tests (P/10 cc) 2 0 0 0 4] 0 0 0 0 0

. Number of spocies (P) 0 0 o 0 0 0 0 0 0 0
Astrononion gallowayi 1.05 0.53 0.40 0.76 092 0.78
Brizalina preudopunctara . 037

Buccella arctica 6.58 - 12.50 5.61 11.63 3.74 6.05 11.16 - 6.64 1.84 10,60 4.69
Buccella calida -2.63 ) =

Buccella frigida 526 1.56 0.70 1.16 1.60 0.93 2.79 1.48 0.57 276 1.82
Buliminella sp, " 0.37 '

Cassiduling reniforme 5.26 1.75 1.07 512 5.98 5.54 9.75 138 7.55
Ciblcides lobatulus 0.26
Cribrostomoides crassimargo 1.32

Dentalina baggi .

Denialina frobisherensis

Elphidium bartlert

Elphidium excavatum clavata 13.16 3.13 44.21 6.98 10.70 33.49 4223 53.14 46.27 17.05 32.29
Elphidium frigidum

Elphidium asklunditincertum .

Elphidium subarcticum

Entolingulina sranslucida

Eoceponidella pulchelic 035

Fissurina laevigata 0.40

[~ Fissuring reniformis ©

Fissurina ventricosa

Fursenkoina fusiformis 0.46

Fursenkoina loeblichi 2.63

Glabrazella sp. -

Glandulincides ittai

Haynesina nana

Haynesina orbicularis

Islandiella helenae 21.63 4531 26.32 59.30 69.52 37.67 13.15 . 13.65 15.11 40.09 27.86
Islandiella islandica ’ .

Islandiella norcrossi 395 9.38 1.40 5.81 1.07 233 1.20 2.58 4.40 "1 553 7.81
Lagena lgevis
Lagena moilis 03s 0.53 0.93 037 0.46 -
Lagena iemilineqia !

T R



Table 5., Percent abundances d
.
200 220 240 250 270 290 310 330 350 370 39%0 410 430 450
5 s 5 5 5 5 5 s 5 s 5 5 5 3
276 500 448 275 2 270 693 392 487 844 451 4 1053 718 ¥
276 500 448 275 322 270 633 352 487 844 as1 944 1053 718
0 o 0 0 0 0 0 o 0 o 0 0 0 0
. 552 1000 896 ss¢ 644 540 1386 784 974 1688 o2 1888 2106 1436
12 11 13 1 10 10 11 9 14 15 10 14 15 it
12 1 13 11 10 10 I1 9 14 15 10 14 15 11
0 0 G 0 c 0 (L3 o 0 0 o 0 o P
1.88 TS 1.73 1.75 1.67 1.67 1.66 1.72 1.84 1.71 1.64 1.89 1.74 1.719
0 0 o o 0 0 0 0 o 0 0 04
0 0 0 0 0 0 2 0 0 0 0 o 0
0 0 0 0 0 0 0 0 0 0 0 0
0.72 0.20 0.89 0.62 0.14 0.51 0.21 0.47 0.64 0.28 0.14
0.29 0.62 0.53
' 9.42 6.40 11.16 12.00 11.18 13.70 7.50 1199 8.21 12,68 19.96 9.53 12.06 16.02
1.09 0.20 1.09 0.93 1.48 1.59 |- _ 153 0.62 2.96 3.99 2.12 2,28 1.53
0.20 . .
3.99 320 7.59 6.55 2.48 4.07 21.65 3.83 13.55 9.72 0.89 17.48 16.05 ~ 6.55 "
0.22 0.29 0.19 0.14
X
, : 5
0.22 ” 0.09
15.94 45.60 3172 31.27 30.12 35.56 40.40 32.65 31.01 41.32 2129 | . 29.87 38.27 28.35
\':\‘-":_— - .
0.45 '"’
: =
| B \./
1.09 0.74 0.12 0.2
0.36 0.36 0.12. |-. o022,
0.21
: 0.67 0.21 0.21 0.09
- 0.47 0.21 0.19 5
33.70 23.60 16.07 19.64 32.61 29.26 16.45 26.79 17.45 15.17 34,15 18.75 1425 29.94
0.20 0.12
10.14 6.20 2.46 3.64 523 3.70 2.89 10.20 4.11 130 2.66 434 237 3.48
- 031 0.21 0.12 0.21 019
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. Percent abundances of foraminiferal species and sample statistics for core 90031027

390 410 430 450 470 450 s10 530 550 570 590 610 630 650
5 5 5 5 5 5 5 5 5 5 5 5 5 s
451 944 1053 718 336 3173 308 265 637 94 11 30 104 929
451 944 1053 718 836 3178 308 269 637 94 n 20 104 929
0 0 0 0 ] 4] 0 0 0 0 0 o 0 0
902 1838 2106 1436 1772 6356 616 538 1374 188 2 160 208 1358
10 14 15 n 15 17 7 7 10 6 3 i 5
10 | 4 | 15 1 15 |- 17 7 7 10 6 3 7 5
0 0 0 (4] 0 0 0 S0 0 ] 1] o o
1.64 1.89 1.74 1.7 1.84 1.68 1.16 0.59 0.92 135 1.24 0.95 0.80
0 [+ L+ 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 2 ] 2 (] c 0 0
0 o 0 v} ] o T 0 1 ()] 0 0 0 0
0.64 Q.28 0.14 0.11 6.25 : 0.29
0.53 ' 0.13
19.96 9.53 1206 -| 16.02 21.11 8.40 8.44 335 306 | - 3.9 18.13 7.50 2.38 7.10
3.99 2,12 2.28 1.53 1.24 0.13 : _ 0.32
- 0.03 '
0.89 17.48 16.05 6.55 11.51 16.36 4.87 4.09 24.16 23.40 10.00 2.38 0.32
’ ©.19 0.14 0.1 0.22 0.74 : S 128
'\‘: -
0.09
1.29 . 29.87 38.27 28551 2314 23.22 61.36 36.99 67.98 45.74 : 61.25 31.73 17.01
G
22 -
22 0.23 -
| 0.06
0.21 0.09 ‘ 0.45 0.25
0.15
0.21 0.19 0.11 .
) o i . = ~
.15 18.75 1425 29.94 19.98 37.76 21.10 223 2.77 21.28 54.55 15.00 60.58 7438
! 0.15 -
.66 4.34 237 3.48 2.03 1.26 2.60 2.23 - 015 | 4.26 3.75 =022
0.21 0.19 0.3 0.03
":'t-n_./:’r
0.09 0.14 0.03




re 90031027PC.

630 650 670 650 710 730 750 770 750 810 830 850
5 5 s s 5 5 5 5 s 5 5 5
104 929 27 2155 2577 538 482 2242 1461 2814 1964 1098
104 929 227 2155 2577 5323 £82 242 1461 2814 1964 1098
0 0 0 0 0 0 0 o 0 ] 0 0
208 1858 4542 4310 5154 10646 964 4434 %22 5628 3928 2196 !
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