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Abstract

A micropaleontoleogical study'was carrisad out on a core taken
from latitude 45.3pH in St. Annes Basin on thes northern MNova Scotian
Shelf. Benthonic foraminiferal assemblages were defined in terms of
abundance and domirarces and were used to construct late FPleistocens
~ Holpcene paleoceanographic trends and changes in bottenm watermass
characteristics, The results of this study indicate that a
discontinuous glacial - interglacial record is present at this site.

Late Plegistprens glaciomarine sediments in  the lower part of
this core are dominated by an Elphidium excavatum #£. glavatum -

Cassidulira reniforme assemblage. This assemblage is typical of an

ice - margin environment during which there was arn influx of glacial
meltuater. The presernce of reworked Cretacepus toraminifera
indicates that the ice front was in close proximity and was probably
in contact with Tertiary - CLretacecus sesdimerts near the basin
during the pealk glacial stage. The glaciomarine sediments arege cut
off abruptly by a thinrn turbidite ssguence which also contains
reworked Cretazceous species. The turbidite was preceded, o Was
proceeded, by the erosion of the latest glacial and early Holocene
sediments.

Dirvectly overlvyving the turbidite
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emblage charactisrizesd
by the presence of Brizalina subacnarisnsis and othear WRCTT mater
ralcarsous species. This assemblage ocours primarily in warmer, more

saline bottem waters that ocrurrsd during a2 warm interval in thes mid

- Holocers (about 7,000 - S,000 yrs 2R ard in the wWarmer, mor s
salings watzrs that ars charactesristic o+t bazins o5 ths Soutnesrn
Scotrign Thzls, The 1 abhoves iz is Tharsctsrizesd foid an
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increase in colder watsr calcarsous faunas and agglutinated faunas
whirh indicate a period ot copling 4$rom the mid - Holocene to

n the surficial ssdiments

[

present. The precsernce of a mixed fauna

suggests 3 recent slumping of sediment in this basin.
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INTRODUCTION

Foraminifera are a group of unicellular marine Drganilsms
belonging to the Phylum Protoczoa. These organisms secrete a test
which ' is often incorporated into marine sedimentary deppsits.
Benthprnic foraminifera (bottom-dwellsrs) are basically sessile and
poccur ivn all benthic marine environments. Due to their sessile
nature, most benthonic foraminifers are deposited "in situ” gﬂd are
invaluable aids in both ags determinaticns and in determinations of
deppsitipnal snvironments (Hag and Boersma, 1¥9738). gn the other
harnd, planktonic (fre=-flpating) foraminitfera ares not useful in this
context as they may be transported for some distance betare settling
through the water copolumn ard being depbsited. Many species of
foraminifera are very sesnsitive to the surrounding environment {(e.3.
temperature and salinitvy) and thus benthonic forms arse esxcellent

2lepervircnmental indicztors. Since thsy are valuable indicators of
palepenvirenment, *thesy are widely used to correlate small and large

- scale palepceanographic events during geplocgic time.
In order to obtair a good micropalepontological record, an  area

of relatively contirucus deposition is reguiresed. Such areas can be
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found as intra-sheld basins occcocurring within the Scot

Thecse basins zan provide an expandsd Fleistscesne - Holoocsre record
due to the $fact that they ars characterizsd Dy rejatively nign

A previpus =situdy by Scott et =1, (19283 provides a lats
Pleistpcenzs - Hplocsrs rescord for four princigal coeancgrapnic
ragicrs on the sontinental mar3in of gastars  Canata. TH1s wWDrsx
orovidasd data for Cansc ard Z=ms1ia3s, = B middie  =@ad
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sguthern parts of the Scotian Shelf; the Notre Dame Channel, on the
Newfoundland Shelf; and the Cartwright Saddle on the Labrador Shelf.
The findinas of this study indicate a period of turbid glacial
meltwater and/or permanent ice shelf cover from 20,000 - 10,000 yrs
BP, a cold water interval (similar @o the modern-day outer Labrador
current) from 10,000 - 7,000 yrs BPF, a warmer interval from about
7,000 - 5,000 yrs BPF, and an abrupt cooling period in the last 2,000
yrs (Scott et al., 1984). However, this study failed to 'h;;vide a
link between the Gul¥ of St. Lawrence and the Scotian Shel+f.

In the present study of St. Annes Basin (fi1g9.1), benthonic
foraminiferal assemblages are used to construct late Pleistocene -
Holocene paleoceanographic trends on the northern Scotian Shel+f.
These assemblages can be used to interpret changes in bottom
watermass characteristics during the latest glacial - interglacial
transition. The area of study is an important one since the basin is
located close to the coastline and was in close proximity to the ice
front during the late Wisconsinan glaciation. These +findings (in
conjunction with a concurrent study by J. Freeman) will show whether
or not there is a link between the Gulf of St. Lawrence and the
Scotian Shel¥ in paleopceanographic trends. This study provides data
that contributes to the large - scale correlation of the effects of
the latest glacial - interglacial transition DN the continental
margin of eastern Canada.

Brief palynolpogical results are used to place this record in the

proper chronological framework in the absence of absolute dates.
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PREVIQUE WORK

s5t.

surficial

Williamson

A detailed study of the subsurface benthonic foraminifera from
Anneé Basin has not previously been made. The surficial geology

of this area has been documented by Maclean and King (1971 and
foraminiferal distributions have been summarized b)

(1983) and Williamson =t al. (1984). Studies have besan

made of the pceanographic trends and foraminiferal distributions on

other segments of, and the entire, Scotian Shelf. This includes work
by Bartlett (1944a,b) Barbieri and Medioli (1989) Scott et al.
(1924) and Medipli et al., (in press).

Studies have also been dore on the distribution of
dinoflagellates and lelEh‘Dh the Scotian Shelf. This includes thes
work of Mudie (1980) Mudie (1922) and Scott et  al. (1934) . Qther

pertinent studies will be discussad

where relevant.



PHYSTOGRAPHY ANMD SEDIMENTOLOGY

The continental shelds off Mova Scotia {sese +Tig. 1) is
topographically complex and is represented oy three major
physipgraphic zones (Kimng and Maclean, 1276). These zornes consist
of: (1) 2n inner zone bestween St. Arnes Bank and Cape Sable, winich
consists mainly of sands and gravel with some 2xposed bedrocks; (2Z) a
central zone consisting of isolated banks and basins, with well
sorted fine to coarss sands covering ths banks and clays and muds in
the basins, and; (3) an outer zone consisting of wide, shallow banks
covaered with well - sorted sands and lag gravels (Williamson et al.,
1924}, The rortheastern segment of the Scotian Shelf, including the

area of this study, is the mpost topographically complex and highly

a
o
0

sected porticn of the Scotian Sheldf {Maclear and King, 12715 .
This arza consists o6 the innsr shel¥ along the MNova Scotia
coastline, the central shelsf region ceonsisting of depressions
{isplated basins) and isolated banks, and the puter shslf ares.
These features are all documented by King (1287b, 1770).

St. Annes Basin is an isolated basin located approximately 4Ckm

east of Cape Breston Island. High resplutipn ssismics indicate that

this basirn is characterized by Ltwo principal despositicrnal feature

[I{]

These features consist  of the postalacial taHave Clay and the
proglacial Emesrald Silt, which overlies glacial tiil overlying the

acoustic basement. The LaHave Clay is generally a very dark grayish

brown to dark gray clavey silt which may grade locally intn =sSilty
zlzv and =z=ardy 311t (Maclezs and Hing, 1F71. This unit 1s variaoue

~ At icireess and =T EDESnT i0 S3OmME SESES. JdngSriyiag 10E LEA&VE wa &3
iz the Emerald Silt, This poorly sortea, very dark
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ravish brown to dark plive gray clayey and sandy =ilt which grades
into silty sand with seome gravel (Maclean and King, 1271) ., Iin the
~tudy area a2 thin layer (approximately 3m) of LaHave Clay overlies
ne Emerald Silt {see cere description in appendix).
Like other shelt zreas, little sedimentation is presently taking
lace pon thea rnorthesastern Scpotian 3helf. The only places where
sedimentation is presently occurring are in the sheldf basins.
2Hevey, seismic data and surficial foraminiteral oCccurrences
“ndicate that erpsicn i1s presently cccurring in parts of St. Annes

=3asin,

v

w

o



OCEANOGRAPHY

Surface water circulation on the continental shel+f off eastern
Canada is dominated by three main water masses (fig. 2). Water is
carried in a southerly direction by two main current systems: the
Labrador Current, flowing over the Grand Banks and the Labrador
Shelf, and the Nova Scotia Current, which +flows over the inner
Scotian Shel+f (Scott et al., 1984) . The third main.. watermass
consists of the warmer, more saline Gul+ Stream flowing in a
northeasterly direction.

The Labrador Current is of Arctic origin. Most of the bottom
waters are fed by branches of the West Greenland Current (Lazier,
19825 Scott et al., 1984). The surtace waters originate in northern
Baffin Bay, with a small component from Hudson Bay. The Labrador
Current is split into two components as the Canada Current joins the
West Greenland Current in the Baffin Bay - Davis Strait area. Here
the current divides into the inner (inshore) Labrador Current and
the outer (offshore) Labrador Current. The inner Labrador Current
occupies depths of O - 300m from Labrador to the Northern Scotian
Shelf. One branch of this current +lows into the Gul+f of St.
Lawrence where it circles around Anticosti Island and enters the
Scotian Shelf approximately over the area of study. This current
flows across the shel+ off Nova Scotia in a southwesterly direction
and is manifest as the Nova Scotia Current (Williamson et al.,
1984). The ocuter Labrador Current occupies depths of 300 - 800m in
the same areas. Components of this current mix with the Gul+f Stream
and form a major bottom watermass off Nova Scotia, the Slope Water

(MclLellanrn, 19575 Williamson et al., 1984).




10
Bottom watermasses on the shel¥ are a derivatiorn of the mixing
o+ these major current systems. Local characteristics of these
bottom waters are determined by the addition and mixing of
precipitation, meltwater, and river runoff and mixing with warmer
and more saline waters of the offshore Gulf Stream (Scott et al.,
1984). As well as reqional variations in watermass characteristics,
seasonal! fluctuations in watermass characteristics occur as a result
of annual variations of insoclation, precipitation and fresh water
runoff (Scott et al., 1984). The bottom watermasses on the Scotian
Shelf (fig. 2) have been documented by MclLellan (1954), MclLellan
(1937) and Houghton et al. (1978). These watermass characteristics
are summarized in table 1.
The waters in St. Annes Basin are dominated by the subsurtace
waters from Cabot Strait and the Gulf of St. Lawrence (see table 1).
These waters are characteristically cold (0O - 4oC) and relatively

low in salinity (32.3% (Williamson, 19383).
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Fig. 2. Surface poceanographic currsent patterns presently Scowrring
on the sastern margin of Carada (from Scott et al., 1784:).
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fractions are observed.

In samples containing an abundance of Drganic matter,
decantation was used to separate the lighter organic particles +rom
the heavier sand and +oraminifera. Those with large amounts ot sand
were dried, and #flectation with rcarbon tetrachloride {specific
gravity = 1.523) separated the hsavier sand particles from the
lighter foraminiferal! testis. Wet samples that were estimated, by
visual opbservatipn, to ceontain 2400 indiviZduals pr more wWere split
using a wet-splitter (documsented by Thomas, 1235} into one-eighth
size samples. The reason for npot splitting samples with iess than
2409 individuals is that a count of 300 individuals should be
ocbtained in order to accurately estimate species proportions within
a sample {(Williamson, 1723). A count of 300 individuals snsures that
& spercies with an abundanrnce of 1% of the total pepulation can  be
rezlized with an accuracy of 95% (Douglas, 1973).

The samples that were dried and flpated were counted dry whereas
all other samples were counted in suspension. The samples wers
examined under a binocular micrescops where the fporaminiferal
species were identified and ths abundance ‘Df sach species in =
sample was recorded. This allows foraminiferal assemblages o be
defined in terms p¥ abundance and dominance. Data are pressented in
tables 2 and 3.

Specimens of fifteen of the species that are dominant and/ or of
special interest were sSubssguently collected and photographed at the
Bed$ord Institute p¥ Qoesarnography with a2 2 Cambridgs Sterepscan 184

SEM using Polaroid ST MSP film (ss= plate 11!.
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RESULTS

Core 84-011-11 was taken from a water depth of 275Sm. This cors

contains both Holocene postglacial LaHave Clay (0 - 260cmw) and
preoglacial Emerald Silt (275 - 518cm) with a fining - up turbidite
sequence (240 - 27Scm) separating the two. Huntec Deep - Tow seisnic

data [+ig. 31 indicate that the area of study is characteristically
complex in terms of sedimentation and erosion. The sesismic record
shows that the aresa from which this core was taken is presently
undergoing erpsion, as deduced from the short Holocene record. In
centrast, a core {(84-011-12) taken approximately two - thirds of a
kilometre to the north shows an sxpanded {at least 3m) Holeocene

_aHave Clay sectipn (Freesman, 1986).

Foraminifera

The results of the foraminiferal study are cportained in tables 2
ard I and summarized in Fig. 4. Total numbers of benthonic
fnraminifera in each sample are highly variable, ranging +rem 19 to
7020 individuals / 10 cc of sediment. The total number of specises
present ir gach sample 2130 has a wide #ange, +rom 4 to 30 species /
10 cc sediment.

The two samples £from the base of the core {(S1&  and S10cm re

characterized by relatively high abundances of both individuaals and

spscies. These samnples are dominated by clohidium excavatum F .
clavatum and Cassidulins renitorne,. Iislandielia teretis is
Zo-domimant I thiz rangs. Soonm DD502cm o Zslcocm The LABISEMS : AGES =
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This range is co-dominated by an 1.
These

lowsr diversity in species.
clavatum and C. reniforme assemblage.
this

teretis, E. excavatum +.
three species together account for 53 - 100% of each sample in
alspo characterized by the of

Eouvigerina spp., Globigerinelloides spp.,
iapble in total

they do

presence

- range. These samples are

Cretacepus foraminifera:

spp.. The Cretacepus species are var
However

dominant.

and Heterochelix
numbers per sample and are not usually
constitute 44% and S0% of the samples taken +Ffrom the turbidite
. sequence at 2&1icw and 273cm respectively. Very low relative
abundances (1 -12%) pf agglutinated spscies are present in this
7 rangs.
From 257cm to the surface of the core, the total numbers and
diversity are highly wvariable. This range consists of Holocene
taHave Clay and can be subdivided into three principal
The segment from 257cm to 180cm is
witith

age groups.
foraminifera

b

foraminiferal assemb
ized by a kigh abundance of planktonic
aviriculaia.

Noripnellina labradorica and

Glopbobulimina

character
agglutinated

increases in o)
Decrezses in E. excavatum $. zlavatum, I. terstis, and
species occur as well. This range is alsc marked by the appearance
of Brizalina subaerariensis and Pullernia subcarinata.

Th= int=zrval +freom 1280cm to 10w is characterized by & graduxil
ircreacss in I. feretis arnd agglutinatsd SpECies. Alihougn
a3g9lutinated spscies arz mors coommon in this rangs, they never Lotal
~o-z than 18% o2+ any one Dases in E. sxcavaiumlm f.
clavatum, C. reniforme, s3,F. subcarinasta, S0

slznbtarics cczur h2rz 2= I. M. L220340riE ANG . Snriowmisid
Teo: =1 igkt! 2e2 TrnEr BuiEy tElatiLsl, IonsTans 4 TR PE S
ZTgm wnere they incrssase siiznitliy. AT 2 Zore asgpth >

F

1

1
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140cm is a sample containing very high total numbears and 2 high
abundarnce (72%) of Fursenkoina fusiformis.

The surface samples from both the piston and trigger weignt
cores contain an assemblage dominated by Brizalina subasnariensis.
Co-dominant species at this level are Bulimina marginata, G.
auriculata and N. labradprica. Agglutinated and planktonic species
are both also present at the surface, put in relatively low

abundances.
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POLLEN

Since this paper is not of palynpological nature, a cComplets
quantitative aralysis of pollen grains was nct carried put. A total
of sight pollen samples, taken from strategic locations in the core,
were obtained and processed. Four samples were taksn frem the top
£0cm pof the core, two were taksn just above ths fining-up sSsguence,

and two were taken from the glazcizl sediments below the Fining-up

I
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takien at these lpcatipns in order to  provide
a time stratigraphic correlaticn with terrestrial environnents and
for comparison with previpus records {e.q. Scott et &al., 12284 .
Processing methods for pollen are standard and are documented in
Cgden (1952}, Analysis pf these samples was carrisd put by Dr. F.J.

Madie.

(R

The sample from the surface contained an asssemblage of recent
nollen grains mixed with rewsorked pollen grains, indicating that the
surfirial sedimerts have undergocne soms rewerking. The pther samplss
from the top &0cm show pellen grains  that indicate & recent

environment. The twuo samples from just above the fining-up unit

{200cm and 220cm) zontali

[
]
1
a}
b
b
1]
M
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i
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indicates a warming trend.
Foraminiferal ass=mblages respond more ouickly than polisn

assemblz2ges to warming trends fsince ths watsrs warmed befors Lhne

atmoznhers 2id) and the full sffect of the mid - Holoocens wWarm
interval was not shown in these rolien m=amplies. Howsver, the Ltrend
towarde wasming could bs detsctsd by ths pressnocs of SOmME WA MEeEr
“limats pollsn grains., Mudie {persconal communicatisn! sSuggestis tnat
iz maet i o the Core CZoroslstes wiith the wsrn lntsecwval repressnied
i vtz Tzem=c Zzslis Zorz (SZonT o=2Tosl., LFES <1z A% ESDCSEILALE &5
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of 5400 - E8500 wrs BP. The pressnce of Tsuga. which did not appear
until! about 8000 yrs BPF (Miller et al., 19822), indicates” that the
sediments at this depth in ths core are less than 8000 yrs old.

Two sampless from the glacial sediments at 340cm and 420cm show
rather few pnoller grains, mest of which are rewdrksd Cretaceous
specimens ard some wood fragments. Mudis (1520) suggests that these

indicate glacial conditions.



Seicmice

A high resolutipn ssismic prmfile {(fig. 3} oFf the study area
(fig. 1) indicates the close proximity of the ice margin during the
late stages of the Wisconsinan glaciation {e.g. King and Fader,
1925). The sesguence showrn in this profile shows thres distinct units

overlwing the acpustic basement. Directly overlying the acoustic

basement is a glacial till facies. This facies is characterized on

' d

he seismic profile by a dense gray pattern of incoherent
reflections. The 1ill lacks any good reflectors dus to a general
absgnce of stratificzation and uniformity within the unit. Overlying
the glacial till is a unit corsisting of the proglacial Emerald 5ilt
+tacies. This $facies is hkighly wvariable in thickness, but Shows
strorg reflector charactericstics. The Emerald 3ilt can be subdivided
intp three basic ssismic facies (King and Fader, 1983531 (A} a unit
corsisting of high amplitude, continuous, coherent retlecters that

ooccur mainly at the base of ths Emerald Silt; (B) a unit consisting

“tr

of medium to low amplituds, continuous, coheraent rerleciors that

overlies facies A; and (C? a unit consisting of discontinuous,

zocherent rasflectors which verlies Ffzcies B, This ssguence is
nh=zervable in the northsra Z/3 DOF ths S2isSmic profitl=. The unit
overlving the Emesrald ZTilt consistis or postglacial Holocsene LaHave
Tlzw {Macl=zan arnd Ming, 13771 . This unit e«nibiits discontinuous
cokerant to incoherent reflsctors.

A rumber of gl=acizal and postglacial f=stur=2s Can bs cpserved
zorocss the zszisvic orofllsz. At point = =1 = Lopoarapnic LG
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(Emerald Silt) is observed. This sequence, as previously mentioned,
is well stratified thus indicating the marine nature of the
deposition of the sediments. This sequence continues southward to
the area from which core 84-011-12 was taken. Here, the seguence is
cut off by a highly disturbed sequence. This highly disturbed
sequence is followed by an area of thick glacial till overlain by a
thin layer (approximately 3m) of Emerald Silt which is Dveflgin by a
thin layer (approximately 3m) of Holocene LaHave Clay. To the south,
this feature is cut of+f abruptly by another highly disturbed
sequence. Then there is another thick Emerald Silt unit followed by
another topographic high. As shown in the seismic profile, these

features are discontinucus and highly irregular.
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DISCUSSION
The Elphidium excavatum #£. cglavatum - Cassigdulina renitorme

dominated assemblage in the glaciomarine Emerald S5ilt sediments,
opccurring in the lower 2.75m of core 84-011-11, is characteristic ot
a "warm" ice margin environment (Scott and Medioli, 12303 Vilks,
19213 Scott et al., 1984). This envirpnment wWas prebably
characterized by higher seawater temperatures than are currently
found in glacipmarine environments in the Caradian Arctic (Scott et
al., 1984). This faura is found in all marine shelf sediments from
the Labrador Shelf$ (Vilks, 1%981) to the Gul+f cf Maine (Schhnitker,
1978) and is widespread during a period frem 15,000 to 12,000 yrs BF
(Scott et al., 1984). This assemblage alsp contains a relativaly
high abundanrce nof Islandiella teretis which is a gopd cpld water
indicator. The Cretaceous species present at this level are
raworked; prebably by direct glacial action in which Fflpating idce
was in contact with the expossd sediments of surrounding topographic
high points. All these factors sugggst the close proximity ot the
ice +front during the time when Emerald 3511t sediments were
deppsited.

This seguence is trurcated by a 1Scm  thick turbidite sequence
containing a high percentage of reworked Cretacecus foraminifsra,
and these species are a good indication that the turbidite consisted
of reworked sediments rather than just a contemporary depositional
fining up seausnce, Querlying this turbidits ssguencs are the

Holoco

n

ne LaHave Clay sediments. Ths assamblage gir=cti; above the
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these species and the appsararnrce of Brizalina subsenariernsiszs and
planktenic species indicate warmer, more saline waters during this
peripd. The increase in plankteonics is an indicstion of warmer, more
saline surface waters and the warmer water benthonic species
indicate that the bottom waters also experienced a rise in
temperature and salinity. Further evidence to this warming peripd is
a decrease in the colder watzr species. This assemblage probably
represents the mid - Holocepne khypsithermal, a warm interval +rom
7,000 tp 5,000 yrs BP, with increases in bottom water temperature of
4 - 8pC {(Scott =t al., 1984). This ssguence can be correlated with
the faunas presently living in Emerald Basin and with the faunas in
the warm interval shown in the Canso Basin ctore of the study by
Scott et al. (1984). However, there are ng early Holocene colder
water faunas which are cbserved from most pther cores in the area
{Scoctt et al., 19845 Freeman, 1988).

The sharp proglacizal - turbidite - postglacial transition
indicates that erosion must have taken place scmetime during the
1at= glacigl to early Helocene., This erosion was responsible +for
removing the late glacial and early Holocene sediments from this
area. The thin turbidite segquence was probably deppsited either just
prior to or immediatealy follocwing the eraosional svent. This
turbidite most likely occurred as the result of sediment build - up
or the small topographiczc high that is located to the south of, and
closs to, the study area. The sharp turbidite - postglacial
transition indicatess that sedimentatiorn must have besen cocurring at
the same time sirce there i3 no gradual transition +rom raworxed
fauras to the overlwing fzauras.

o, =
e lag
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depth. Thic transition represents a gradual cooling event due to the
influx of cplder Outsr Labrador Current water at +irst and then by
an influx of svern colder Inner Labrador Current water. Additional
evidence of this coplinrg event is supplied by an increase in I.
teretis and agglutinated species, both of which are commbnly found
in the colder waters of the Labrador Current. The short seqguence
dominated by Furserkoira fusiformis probably represents a short
interval during which the envirornment was guieter, leses saline, and
highly anpoxic. This species is presently found occurring mainly in
deep estuarine environments in Eastern Canada (Scott et al., 1980).

The surficial assemblage of warm water caicarenus species mixed
with colder water agglutinated species is difficult to explain.
Previous studies by Williamson (123833, Williamson (1785) and

Williamson et al. {1984) on foraminiferal distributions on the

N

cotian Shel$, indicate that the surficial sediments of 5t. Annes
Basin are characterized by an exclusively agglutinated +tauna

dominated by Adercotryma glomerata. These studies included three

surface samples taken te the north and egst aof the study area {(fig.
1, samples 1087 and 1048) within the same basin. Two other cores
taken in close proximity to core 24-011-11% {cores 84-011-12 and
24-011-13) alsc show surticial assemblages marked by mixed
calcarecus and agglutinated faunas. A possible explaration for  this
cocourrence is that the same topographic high that was responsible
for the depccsition of the turbidite seguence may have also deposited
remwporlked warmer water calcareocus species over the area of study. A

local! seismic event probably triggered the deposition of this slump.

This must have bser a rather small - scale =2vsni, sincs thesea
caloarscus =oscliss i o% Imoesr in tThs sanplses =tudisa oy
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Williamson.

Rodriguez and Hooper (1982) found warm water calcareous faunas
ccourring in the‘Gulf 0¥ St. Lawrence to the north of St. Anne’ =
Basin. This assemblage is dominated by Bulimina'exilis, a relatively
warm water species. This fauna is characteristic of the surtace
sediments of the Laurentian Trough at depths greater than 3%0m, with
temperatures of 4.1 to 4.80C and salinities of 34.5 to 34.%9%
{Rodriguez and Hocper, 1932). However, this fauna 1is different to
that found in the surficial ssdiments in the area of study. This can
ba attributed to the isplated nature of St. Annes Basin and the fact
that the bottom watermasses of the Gulf of St. Lawrence cannbt mix
with the bpopttom waters pof this basin because of the bank that lies
between the two.

The seismic perile talkien over the area of study (fig. 3) shows
an area of discontinuous 4glacial and postglacial processes. The
sgquences shown in the protile are indicative pof the glaciail nature
of the sediments and associated structures. The topographic high at
point B represents the farthesst advance of the ice sheet during the
late Wisconsinan glaciaticn. The thick sequence of Emerald Siit
sediments tp the south o+ this represent prnélacial marine sediments
that were deposited during the late stasges of glaciation. The marine
cutmwash rature of deposition D+‘these sediments is responsible for
their well - stratifisd nature. The disturbed seguences, which iie
to the immediate north and socuth of the core site, may be sxplained

by 3 block of ice that broke off from the glacier and grounded on

r

ke area from whichk the Zore used in this study was taken. This ic=

hlack was presert for a long meriod of time as indicated 5y  the
thicslk 3lzaocizal $£3111 urnit undsrlying the zarsa. The sdges of Lthis blook
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were probably responsible +for causing the disturbed seguences,
possibly from the rising and falling of the block with the tides.
The area underneath the bleock of ice probably represents a
non-marine depositienal environment, explaining the deposition of
the thick glacizsl till unit. The +fact that the well - stratified
Emerald Silt faries is cut off &t the approximate edges ot the ice
block indicates that it was present during the deposition of most of
the Emerald Silt sediments.

Interpretation pf the seismic data correlates well with the
findings of the foraminiferal study. However, since the core only
penetrates through the LaHave Clay and most of the Emerald Zilt, a
correlation can ornly be drawn for these two units. The faunas that
were fourd in the core correspond well with the interpretation that
the top unit is postglacial LaHave Clgy and the underlying unit is
proglacial Emerald Silt. As well, th2 turbidite seguence observed in
the core corresponds well with the contirucous reflection boundary
shown on the seismic profile at a depth of about 3wm. However, a
stronger reflection contrast might have been expected between the
Holocene and Wisconsinan sediments, as oObserved in most other

places, even in the profile.
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SUMMARY

The benthonic foraminiferal assemblages from core 84-011-11 were
used to indicate changes in bottom watermass characteristics on  the
northern Scotian Shelf. These assemblagss, along with the lithoclogy
of the csediments, indicate that = discontinuous glacial -
interglacial record is present in this core. This record shows that
a variety of sedimentological processes and oceanographic changes
have occurred within the area of study. A short  summary of these
processes and changes represented in the core follows.

(1) The glacicmarine Emerald Silt was deposited as the ice +ront
retreated. The botiom waters at this time were characterized by a
varying influx pf glacial meltwater. The tempsrature and salinity o+
these bottom waters is difficult to determine since no analogous
precsent day envirocrnment has vet been discovered Scoptt et 21.,
1924). Direct glacial reworiting was occcurring at  this time as
indicated by the pre%ence of Cretaceous foraminifera and pollien.

(2 This glaciomarine seguence shows a2 gradual warming trend but
is cut off befpre the Plsistocene - Hplocene boundary b; the short
firirg - up turbidite segusnce.

{3) The turbidite sequernce was depeosited spmetime during the iate

a2lacizal or early postglacial {ca. 1%5,00C - F,000 yrs  EBF). Two
nossible explanations sxist $for the abssnce of the late gliacial -

tu=bhidits zequence2) or, the turbidite was desosited first o the

{1t
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»
n
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ercsion of the sediments overlying the turbidite and then mid -
Holocensz deposition. The presence of rewporked faunagg indicates the
reworked nature of the ssdiments.

t4) Following this, deposition continued with an asssmblage of mid
- Holocene warm water foraminifera and mid - Holocene pollen. The
bottom waters during this time vere Characteristic of a slope - Guif
Stream mixture with temperatures of 7 - 10pC and salinities of
around 3I4% .

(S) A gradual coeling followed this with the influx p¥f Outer
Labrador Current waters. These waters have temperatures of 2 - 40C
and salinities of 34 - 35% (Scott et al., 1984).

{£) The bettom waters continued to cool with the addition of Inner

lLabrador Current waters. These waters are characterizsed by iower

temperatures (0 - 3pC) and lower salirities (31 - 33%., Williamson,
1923).
(7)) A small slump pcourrsed as the result of sediment pile - up on

the small teopographic high to the immediate socuth ot the study area
(fig. 3). This slump is a-pﬂssible explanation for the cccurrence of
reworked warmer water calcareous species that are mixed with the
colder water agglutirated assemblage that is characteristic of the
mpderyn day envirornment in this basin.
Or a larger scale, the interpretations of the seismic data can
alsc be summarized., This summary 1is as fpollows!:
{1} The glacier groundsd at Enint B, on the seismic protile,

durirg the eall of the Wisconsinan laciation.
=

{2 A blpck of ice broke off from the glacier and was  grounded
directly pver Lhsz area #7Dm which tha Ccore us2Z2 10 Thnis stugy w@as

)b
i
bing
1]

5
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(3) Simultanecusly, thes area under the block of ice was undergoing
depositiorn of glacial till, the edges of this unit were being
disturbed by slight movements of the ice block, and the proglacial
Emerald S5ilt was being deposited arpund this area.

{4} The block of ice eventually melted or drifted away prior to
the deposition pf Holpcere sediments. This is indicated by the thin
layer of Emerald Silt that overlies the glacial till in this area.

{S) Relatively continuous deposition of the Hpoloccene LaHave Clay
followed.

The data pbtainesed $rom the study of this area provide a record

of the glacial - interglacial transiticon or the nortrern Scotian

0)

helf. Althougk part pf the record was not preserved in this core,

it can still be concluded that the area of study was subjected to
the same general palepceanographic trerds as  the rest of the

continental maragin of Eastern Canada.
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SUGGESTIONS FOR FURTHER WORK

Although 2ight pellen samples from this core were examined in
order to make large scale datirng correlations, further analysis of
more pollen samples could provide more precise corrslations in
dating. Accurate dating could be provided by obtaining Carbon-14
dates fpor spescific intervals in the core.

NObtairning 2 core $rom the same areza which contained a continuous
late glacial - early Holocens would provide data +For the segment
that is missing from cors 84-011-11. A core {(84-011-13} taken just
to ths north of the core used in this study, has not yet been
examinsd ard wavy provide wvaluable information concerning the
processes and changes that have cccurred in this area bt St. Annes

Basin.



TAXOMOMY

In this section taxonomic synonomies are presented for all 59
benthonic foraminiferal species that were recogrized in this study.
These are arranged alphabetically by genus. The references that wers
used for identification purposes are Barker {1250), Cole {12281),
MecMeil and Caldwell (1981), Vilks et al. (1982) and Williamson
£1923). Generic names are in accordance wWith LLoeblich and Tappan
{t12£4) .,

Adercotrvma glomerata (Brady)

Plate 1, 4ig. 1.

Lituola glomerats BRADY, 1872, p. 433, pl. 20, figs. 1a-c.
Adercotryma qlowmerata (Brady) LOEBLICH and TAFFAN, 17352, P 141,
f£igs. 1-45 VILKS, 1969, p. 43, pl. 1, fig. 153 GREGORY, 1971, p.
173, pl. 11, +4igs. T-11; CCLE, 1221, p. 2%, pl. 4, figs. S,6j;
WILLIAMSOM, 1933, p. 208, pl. 1, +ig. 16.-

Brizalina pseudopunctata {(Hoeglund)
Bolivina pseudopunctata HCEGLUND, 1947, p. 273, pl. 24, +ig. S, pi.
22, figs. 23,24.

Brizalira subaenarisnsis (Cuskman) .

Plate 1, +ig &.

Bolivina subserarisnsizs CUIHMAN, 1922, f= 2 45, pl. . +ig. &3
WILLIAMSOMN, 1983, p. 212, pil. 3, fig. 11.

4
7



Buccella £rigida {(Cushman?

Pulvinulina frigida CUSHMAN, 1222, p. 12 (144:

Eponides frigida (Cushmarn) CUSHMAM, 1231, p. 45.

Bucecella frigida {(Cushman) ANDERSOMN, 1232, p.144, text-+igs. g,

th
o

WILLIAMSON, 1923, p. 223, pl. 4, $figs. 4,5.

Bulimina aculeata d’Crbigny
Plate 1, fig. 9.

Buliminzs aculeata d’ORBIGNY, 1825, p. 259, no. 7. BRADY, isg4s, P

40&, pl. S1, figs. 7-9.

Bulimina elongata d4’0ORRBIGHNY, 1244, p. 187, pl. 11, +figs. 12,20.

Bulimina elpngata d’ORBIGNY var. subulata CTUSHMAN and PARKER, 12372,

p. S1, pl. 7, figs. &,7.

Bulimina slongata d4’0Orbighy var. lesleyae ATKINSOM, 12567, p- 5343,

+ig. &5, no. 2. HAYMES, 127Z, p. 11%?, pl. 1G, fig. 5; text-fig. 249,
no., 9.

Bulimina gibba FORNASINI, 1902, p. 378, pl. 10, figs. 32,34.

Bulimina gibba/elonqgata Fornasini and d’0Orbigny. MURRAY , 1921, full

117, »1. 43, figs. 1-2.

Bulimina eleganz 4°0rbigny. BRADY, 1884, p. 398, pl. 50, figs. 1-4.

Buliminag 2xilis Bradw

Plata 1, fig. G.

Bulimira slsgars var., exilis BRADY, 1324, p. 3I9%, pil. S0, +fig=s., ;8.

Buliminsg exilis Brady. CUSHMAN and FPARKER, 1740, p. 11, gi. Z, +igs.

18-21; WILLIAMSOM, 1923, p. 220, pl. 3, fig. 1S.




Plate 1, fig. 3.
Bulimina Magirnata 4°0ORBIGNY, 1824, p. 267, pl. 12, figs. 10-12;

WILLIAMSON, 1983, p. 219, pl. 3, fig. 3.

Cassidulina rzniforms Norvang

Plate {, figs. 13,14.
Cassidulina crassa reniforme MORVANG, 1945, p. 41, text-+igs. &e-h.

Cassidulina islandica Norvang. LOEBLICH and TAPFAN, 12353, P 113,

pl. 24, fig. 1.

Cassidulina crassa d4’0Orbigny. MNORVANG, 1953, p. 38, pl. P, tigs.
24,25.

Cassidulina crassa minima BOLTOVSKOY, 1959, p. 100, pi. 13, +fig. 12.

Cassidulina bradshawi UCHIO, 1950, p. 68, pl. 9, figs. 11,12,

Cassidulina subacuta {Gudinal. FEYLIMG-HANSSEN, 1975, p. 354, pl.

2, figs. 14-1%.
Cassidulina crassa d°Orbigny var. reniforme NORVANG, 19245, p- 41,
text-+igs &c-h.

Cassilaminella subacuta GUDINMA, 1265, p. 67, pl. 7, figs. = pil.

13, +ig. 3.

Cassidulina reniforme NORVANG. SEJRUP and GUILEBAULT, 1220, P 75,

fig. 2f-K.

Cibicides lobatulus (Walker and Jacob?

Nautilus lpbatulus WALKER and JALGB, 1798, p. &42, pl. 14, +ig. 3.

Cibicides lpbatulus {(Wallter and Jacopb) CUSHMAMN, 1931, 118k, pl. 21,

t

£ig. I; WILLIAMSOM, 1983, p. 22£, pl. 4, figs. 106,11

{



Cribrostompides crassimarao (Morman)

Haglbghragmium crassimarqgec NORMAN, 1322, p. 17.
Labrospoira crassimargo (Norman) HOEGLUND, 1947, P- 11, fig.
text-fig. 121-125G.

Critrostomoides crassimargo {(Norman). LESLIE, 192485, p. 1538, pl.

36

i,

2,

fig. 2Za,b; BARBIERI and MEDIOLI, 1959, P- 855, fig. 43 GREGORY,

1971, p. 174, pl. 3, figs. 1,2; WILLIAMSON, 1983, p. 202, pl.
figs. &,7.

Cribrostompides jeffrevsi (Williamson)

Monionina jeffrevysi WILLIAMSON, 1858, p. 34, figs. 72,73.

i,

Cribrostompides jeffrevsi (Williamson). BARBIERI and MEDIOLI, 1252,

p. 855, fig. 4; VILKS, 1959, p. 45, pl. 1, fig. 17a,b; COLE, 19

p. 30, pl. &, fig. &3 WILLIAMSON, 1983, p. 209, pl. 1, fig. 12.

Cvyclogvyra involvens (Reuss)

Operculina involvens REUSE, 1350, p. 370, pl. 495, fig. 30.

Cvelogyra involvens (Reuss). LOEBLICH and TAPFANM, 1961, p. Z70.

Genus Dentalina Risso, 18256,

Remarks:! number bpf species, but none were differentiated.

Eggerella advena (Cushman)

Verrneuilina advena CUSHMAN, 1922, p. 141.

i,

Ecgerella advena (Cushman) CUSHMAM, 1937, p. Si, pl. &, figs. 12-15;

WILLIAMSON, 1983, p. 214, pil. 2, fig. 3.

Elghkidium bartletti {Cushman}

Elphidium bartl=tti CUSHMAN, 1933, o, 4, pl. 1, fig. 27 WILLIAMSOMN,
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Elphidium excavatum (Terguemn? éfoup
Plate 1, fig. 15.
Polvstomella excavata Terguem, 1876, p. 429, pl. 2, figs. Za-f.

Elphidium incertum (Williamson) var.clavatum CUSHMAN, 1931, [=J8 20,

pl. 7, fig. 10.

Elphidium excavatum (Terguem) clavata Cushman, FEYLIMG~-HANSSEN,
1972, p. 339, pl. 1, figs. 1-95 pi. 2, figs. 1-9.

Elphidium excavatum (Tesrguem). HERONM-ALLEN anrd EARLAMD, 1232, P

439, pl. 14, +igs. 22,23; WILLIAMSON, 1933, p. 224, pl. 5, fig. 9.

Elphidium subarcticum {(Cushman)

Elphidium subarcticum CUSHMAN 1944, p. 27, pl. Z, figs. 34, 35.

Epuvigerina spp.

Plate 1, fig. 1i&.

Remzrks! Cretaceous species

Epistominella takavanagii (Iwasa)

Enistominella takavanagii IWASA 1955, p. 1&, text-+ig. 4.

Genus Fissurina Reuss, 13850.

Remarks: rnumber of species, but norne differsntisted.

Fursenkpina fusiformis (Williamson)
Plate 1, +ig. 7.

Buliwmina puppides fusiformis WILLIAMION, 1258, £. 23, pl. =, +i3s.
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fig. 3, text-figs 2192 - 233.

Virgulina fusiformis {(Williamson). FEYLING-HANSSEN, 1954, P. 307,

pl. 14, figs. 15-18.

Fursenkoina fusiformis {(Williamson). 1 OEBLICH and TAPFAN, 1284635

WILLIAMSON, 1983, p. 225, pl. 5, fig. 1.

Globigerirelloides spp.

Plate 1, +figs. 17, 182.

Remarks: Cretaceous species

Globpbuliming auriculata (Hoeglund)

Globobulimina auriculata HOEGCLUND, 1947, p. 252, pl. 20, fig. &3

nl. 21, +ig. S; pl. 22, fig. &; text-+igs. Z58-285, 268, 269, 2715

WILLIAMSON, 1983, p. 221, pl. 3, +ig. 17.

Gyroidira soldanii d4’0Orbigny

Pot=zlia {(Gyroidina) spldanii 4d’OREBIGNY, 1824, p. 273, no. S, mod.
35.

Gvyvrepidina neospldanii BRGTZEN, 193&, p. 153.

Heterohelix spp.
FPlate 1, +igs. 12, 20.

Ramaris! Cretacsous sSpecies.

Isianrdizlla terstis {(Tappan:

Plate 1, +figs. <9,
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Cassidulina t=retis TAPPAN, 1951, p. 7, pl. 1, +ig. 30a-c.

Islandiella te2retis (Tappan) VILKS, 1749, p. 4%, pl. S

WILLIAMSON, 1923, p. 219, pl. 3, fig 19.

Genus Lagena Walker and Jacob, 1773.

Remarlks: number of spercies, but none differentited.

Genus Melonis de Montfort, 1803.

Remarks: species not differentiated.

Monionella turqgida {(Williamson)

+ig.

Fotalina turgida WILLIAMSON, 1833, p. 50, pl. 4, +igs. ?S-97.

Norionina turgida (Williamsor). BRADY, 1824, p. 731, pl.

17-19.

NMoniopnella turgida (Williamson). CUSHMAM, 1934, p. 15, pl.

1-4; WILLIAMSOM, 1933, p. 228, pl. 4, fig 13.

NMonionellina labradorica (Dawson?

Plate 1, fig. B.
Noniprnina labraderica DAWSON, 1380, p- 191,

MNMoniorn labradorica {(Dawsond CUSHMAM, 1927, p. 148, pi. 2,

Moricnellina labradorica {Dawmwson) VYoloshinova, 12358,

WILLIAMSON, 1923, p. 227, pl. 4, figs. 14,135,

Gernus Qolins d’Grbigny, 183%.

Remarlks: pumbsr of speciss, but nore diffsrentiatsd.
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Polymorphina lactea npovangliae CUSHMAN, 1923, p. 144, pl. 3%, tigs.

&-8.
Pseudopolvmorphina novangliae (Cushman). PARKER, 1952, p. 310, pl.

s, fig. 1.

Pullenia guingueloba (Reuss)
Monionira guingueloba REUSS, 1851, p. 71, pl. 35, fig. 31.
Pullenia guingueloba (Reuss). BRADY, 1882, p. 712; WILLIAMSON, 1983,

p. 228, pl. 4, fig. 16.

Pullenia subcarinata (d’Orbigny)
Plate 1, figs. 11, 12,

Nenionina subcarinats d*GRBIGNY, 1839, p.28, pl. S5, +igs. 23,24.

Pullenia guinguelpgba is a junior synonym of this species (Scott, in

press).

Pyrgo williamsoni (Silvestri)

Bilpculina williamsoni SILVESTRI, 1923, p. 73.

Pvrgo williamsoni (Silvestri). LOEBLICH and TAPPAN, 1953, p.435, pl.

&, figs. 1-4.

Buinguelprulina seminulium (Linneg)

Serpula seminulum LINNE, 1758, p. 7348, pl. 2, +ig. 1.

Buigueloculina seminulum (Linne). CUSHMAMN, 1929, p. 249, pl. 2, +igs.

1,25 WILLIAMSON, 1923, p. 215, pl. 3, fig 1.
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Recurvpides turbinatus (Brady)

Haplophragmium turbinatum BRADY, 1881, p. 5S0.

Recurvoides turbinatus (Bradvy). FPARKER, 1952, p. 802, pl. 2, figs.

23,245 WILLIAMSON, 1983, p. 209, pl. 1, fig. 17.

Reophax arctica (Brady)
Reophax arctica BRADY, 1831, p. 99, pl. 2, fig. 25 WILLIAMSON ,1%83,;

p. 206, pl. 1, +ig. 8.

Reophax fusiformis (Williamson)
Proteonina fusiformis WILLIAMSON, 1858, p. 1, pl. 1, fig. 1.
Peophax fusiformis {(Williamson) BRADY, 12384, p. 270, pl. 30, +igs.
7-11.
Re=ophax curtus CUSHMAM, 19220, p. 8, pl. 2, figs. 2,3.
Reophax scorpiurus BALKWILL and WRIGHT, 1385, p. 329, pl. iB, +ig.
S.
Repophax subfusiformis EARLAND, 1933, p. 74, pl. 2, +figs. 16-17.
Reophax regularis HOEGLUMD, 1947, p. 383&, pl. 2, +igs. 11,1257 pl. 248,

figs. 37-43; pl. 27, figs. 24-27.

Repphax scorpiurus (Montfort)

Reophax scorpiurus MONTFORT, 13083, P. 3303 L OEBLICH and TAPPAM,
1953, p. 24, pl. 2, +figs. 7-103 LESLIE, 195835, p. 189, pl. 1, tigs.

&,7; WILLIAMSON, 1983, p. 207, pl. 1, fig. 9.

Repophax scpttii (Chaster

Regphax scpttii CHAZTER, 1292, . 37, pl. 1, fig. i3 WILLIAMSOM,
192%, o, 207, zl. 1, +ig. 11,



Robertinpides charlottensis (Cushman)

Cassidulina charlpttensis CUSHMAN, 1225, p. 41, pl. &, figs. &,7.

Robertina charlottensis (Cushman). CUSHMAM and PARKER, 1234, p.
pl. 16, fig. 12.

Bobertinpides charlottensis (Cushman). LOEBLICH and TAPPAN, 1953,

108, pl. 20, figs. 6,7.

Saccammina atlantica {(Cushman)
Proteonina atliantica CUSHMAM, 1944, p. 5, pl. 1, +fig. 4.
Saccammina atlantica {(Cushman). TODD and BROMMIMANN, 12327, P

pl. 1, fig. 14; WILLIAMSON, 1933, p. 205, pl. 1, fig. 2.

Saccammina difflugiformis (Brady)

Plate 1, fig. 2.

Reophax difflugiformis BRADY, 1879, p. 51, pl. 4, figs. 3a,b.

Proteonina difflugiformis (Brady). PHLEGER and PARKER, 19355, pP-

pl. 1, +igs. 4,35.

Sacéammina difflugitormis {(Brady). TODD and BRONNIMAM, 1257, p.

pl. 1, fig. 15; WILLIAMSON, 1983, p. 20S, pl. 1, fig. 3.

Spirpolectammina biformis (Parker and Jones)

Textulsariza agglutinans biformis PARKER and JONES, 18865, p. 370,
15, +figs. 23,249.

Spiroplectammina biformis {(Parker and Jones) LACROIX, 1232, P-

fig. 15 Williamson, 1983, p. 211, pl. 2, fig. S.
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Textularia torguata FPARKER, 1232, pP. 403, pl. 3, figs. g9-113

WILLIAMSON, 1983, p. 212, pl. 2, fig. 4.

Trifarina fluens (Todd)

Angulpgerina fluens TODD, in CUSHMAN and McCULLOCH, 1240, p- 2883,

pl. 36, +fig. 1.

Trifarina fluens (Todd). LOEBLICH and TAPPAN, 1%9&4.

Triloculina trihedra (Loeblich and Tappan)

Triloculina trihedra LOEBLICH and TAFPAN, 19533, p. 45, pl. G, fig.

10.

Trechammina globigeriniformis (Parker and Jones)

Litupla nautilpidea globigeriniformis PARKER and JONES, 18465, p-

407, pl. 15, +figs. 448,47.
Trochammina globigeriniformis (Parker and Jones) CUSHMAN, 1210, p-

124, text-figs. 173-195; WILLIAMSON, 1983, p. 213, pl. 2, +ig. 14.

Trochammina intlata {(Montagu)

Mautilus inflatus MOMTAGU, 1808, p. 81, pl. 18, fig. 3.

Trochammina inflata (Montagu). CARPENTER, PARKER and JOME3S, 1852, p.

141, pl. 11, fig. S; WILLIAMSON, 1983, p. 212, pl. 2, figs. 12,13.

Trochammina lpobata Cushman
Trochamming lobata CUSHMAN, 1944, p. 18, pl. 2. fig. 103 FARKER,
1982, p. 408; pl. 4, +igs. 8a,b; SCHNITKER, 1971, P 212, pl. i,

fig. 18; COLE and FERGUSONM, 1975, p. 4, pl. 4, figs. 5,63



Trochammina nhana (Bradw).

Haplophragmium nara BRADY, 1881, p. S50.

Trochammina nana {Brady) CUSHMAN, 1920, p. 80, pl. 17, +fig.

Trochammina nitida (Brady)

Trochammina nitida BRADY, 1881, p. 352.

a4



Flate 1.

1. Adercotrvma glomerata - side view.

2. Saccamnina difflugiformis - side view.

3. Bulimina marginata - apertural view.
4. Bulimina aculeata - apertural view.

5. Bulinmins exilis - apesrtural view.

&. Brizalina subaenariensis - side view.

7. Fursenkoina fusiformis - apertural view.

8. NMonionellina labradorica - side viesw.

2. Islandiella teretis - side view pDpposite to aperture.
10. Islandiella teretis -~ apsrtural view.
11, Pullenia subcarinata - apertural view.

12, Pullenia subcarinzsta - side view.

13. Cassidulina reniforme - apertural view.

14, Cassidulina reniforme - side view.

15. Elphidiuvm excavatum #. clavatum - side view.

154. Epuvigerina spp. - side view.

17-18. Globigerinelloides spp. - side vieuw.

19-20. Heterohelix spp. - side wvisw.
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