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ABSTRACT

Thirty-five surface samples and two vibrocore samples from the outer bank
regions of the Scotian Shelf (The Slipper, Western Gully, Middle Bank, Banquereau
and Artimon Bank) have been analysed for benthonic and planktonic foraminifera.
Five assemblages and six subassemblages based on living / total numbers are
recognized. These assemblages (and subassemblages) are: an Adercotryma
glomerata - Atlantiella atlantica assemblage, an Eggerella advena assemblage, an
Eggerella advena - Adercotryma glomerata subassemblage, an Eggerella advena -
Lobatula lobatalus subassemblage, an Eggerella advena - Atlantiella atlantica
subassemblage, an Eggerella advena - Trochammina spp. - subassemblage, an
Eoeponidella pulchella - Eggerella advena subassemblage, a Cibicidoides spp.
assemblage, a Cibicidoides spp. - Islandiella algida subassemblage, an [slandiella
algida - agglutinated species assemblage and a Cribroelphidium albiumbilicatum
assembage (vibrocore sample only). The surficial assemblages are in good
agreement with those defined by Williamson (1983, 1985) and Williamson et al. (1984)
and the distribution of these assemblages is also consistent with the distribution
patterns defined by Williamson (1983, 1985) and Williamson et al. (1984).

One surface sample, three triggerweight core samples and 12 piston core
samples were analysed from one station site in Chedabucto Bay. Two benthonic
foraminiferal assemblages (and three subassemblages of one of these assemblages)
were recognized. These assemblages (and subassemblages) are: an Eggerella
advena - Lagenammina atlantica - Spiroplectammina biformis subassemblage, an
Eggerella advena - Spiroplectammina biformis - agglutinated species subassem-
blage, an Eggerella advena - Spiroplectamming biformis subassemblage, an
Eggerella advena assemblage and an Eggerella_advena - Astrononion hamadaense -
Cibicidoides spp. subassemblage. The sequence in which these assembages (and
subassemblages) occur downcore (or upcore) infer changes in water depth, salinity,
degree of mixing with oceanic waters and sea level.

The interpretation of the environments of deposition, based on the foraminiferal
content of the bottom 70 cm of the core, do not fully agree with the coastal observa-
tions, and surficial sediments and seismo-stratigraphic interpretation of the bay floor
(Forbes et al., 1995; Shaw et al., 1995). For the period 6-10 ka, the foraminifera
indicate deeper water depths, a higher and later sea-level low stand (-29 m at about
8.3 ka) than suggested by Forbes et al. (1995) and Shaw et al. (1995). The
foraminifera also indicate that there may have been a period of RSL rise from 10.5 to
8.3 ka, similar to the sequence of events inferred by Scott and Medioli (1982) and
Scott et al. (1987b) from a core collected off the southern shore of Nova Scotia.

For the period 0-6 ka, the interpretation based on foraminifera, the inferred envir-
onments of deposition, water depths, and relative sea-level are in good agreement
with those of Scott et al. (1987b), Forbes et al. (1995) and Shaw et al. (1995). With
these inferred changes in water depth, a relative sea level (RSL) curve is constructed
for Chedabucto Bay.

The core interval 250-325 cm needs to be subsampled to try and further refine the
estimated minimum water depth and find the sea-level reversal or pivot point, if
present.




INTRODUCTION

The Scotian Shelf is characterized by deep central shelf basins and shallow
outer shelf banks. Studies of Quaternary paleo-oceanography have concentrated on
sediments in basins, which are as much as 250 m deep and contain a well-developed
sequence of stratified, fine-grained muds representative of Late Quaternary depo-
sitional environments (King and Fader, 1986).

By contrast, little has been done on the outer banks. The most prominent of the
outer banks are Sable Island Bank and Banquereau. They are as much as 100 km
wide and fringe the shelf edge. The banks are demarcated by the 120 m isobath,
have an average depth of 60 m and are emergent at Sable Island (Amos and Knoll,
1987). These outer banks are composed of coarser sediment which makes it difficult,
if not impossible, to sample using conventional piston coring techniques. The upper
sediments on the banks are the products of reworked glacial debris and thus represent
a condensed and incomplete record of Late Quaternary sedimentation (Amos and
Knoll, 1987).

The outer Scotian Shelf, particularly the area around Sable Island, has been an
area of active petroleum exploration for the past 25 years. The surficial geology of
the banks has been mapped by King (1967, 1970), King and MaclLean (1970), MacLean
and King (1971), Drapeau and King (1972), Jacques, McClelland Geosciences, inc.
(1982), Boyd et al. (1988) and McLaren (1988). On the basis of seismic profiles and
limited samples, these authors proposed that the banks consist of a continuous layer
of sand and gravel of Holocene age, formed by reworking of glacial and glaciomarine
sediments during a marine transgression (Fader, 1989).

Assessment of the marine aggregate potential of the bank areas of the Scotian
Shelf, for the marine aggregate industry is currently underway, under a three year
Canada - Nova Scotia Cooperation Agreement on Mineral Development, commonly
known as the MDA-3. This study was sponsored by the NSMDA - 3 program under the
scientific leadership of Mr. Gordon B.J. Fader of the Geological Survey of Canada -
Atlantic.

The purpose of this study was two-fold. The foraminiferal content of seabed
samples was evaluated to assess the maturity and source of the sand and gravel
deposits. As these deposits have been interpreted to represent reworked glacial
sediments, it was important to determine what proportion of foraminifera are relict as
compared to the modern population. It was also desirable to understand the relative
percentage of foraminiferal tests within the sand fraction to determine their effects on
the strength and quality of concrete made with this material.

Previous foraminiferal surface distribution studies have been completed for the
Scotian Shelf (i.e. Williamson, 1983, 1985; Williamson et al., 1984; Medioli et al.,
1986), but sample coverage for Banquereau and Middle Bank has been sparce
(Williamson, 1983, 1985; Williamson et al.,1984); other studies (i.e. Medioli et al.,
1986) have concentrated on other bank areas (i.e. Sable Island Bank); where many
samples were barren of foraminifera or contained unusually low diversity faunas.
Many of the bank areas are presently areas of non-deposition / erosion and the
surficial sediments and bedforms are not in equilibrium with the current hydrodynamic
regime. Williamson et al. (1984) have completed a factor analysis establishing the
distribution pattern of 8 foraminiferal assemblages (7 modern, 1 relict) and the
hydrodynamic regime and substrate conditions of each. Foraminiferal analysis of
samples recently collected from Banquereau and Middle Bank can also aid in distin-



guishing between those areas that are or are not in equilibrium with present day
conditions.

Amos and Knoll (1987) have established a Quaternary stratigraphy (within the
context of King and Fader, 1986) for Banquereau; Amos and Miller (1990) applied this
stratigraphy to Sable Island Bank. Miller (1989a, 1989b, 1993) has completed
foraminiferal analysis of samples from six geotechnical boreholes on Sable Island
Bank and Miller (in press) has completed foraminiferal analysis of samples from five
geotechnical boreholes on Banquereau; determining the foraminiferal content of the
seven members of the upper two surficial formations. These studies provide a basis
for comparison; foraminiferal analysis of surface samples may indicate the presence of
reworked material either from any of the underlying members or bedrock, or as the
result of lateral transport of surficial material.

The second purpose of the study was to provide an environmental / biostrati-
graphic interpretation of piston cores and vibrocores collected through granular sand
and cohesive sediments to determine the sea-level history and depositional environ-
ment of specific areas of the shelf. Such data is critical to the development of ideas
and models on the sea-level and transgressive history, and of the formation of
potential aggregate deposits.



SCOTIAN SHELF

Bedrock Geology

The bedrock geology of the Scotian Shelf has been extensively studied, reported
on and well summarized (King and Maclean, 1976; King, 1980; King and Fader,
1986). Cretaceous rocks overlie Pennsylvanian and older rocks and form the bedrock
beneath part of the Laurentian Channel and much of the shelf north of Sable Island
(King and MacLean, 1976). Rocks of Cretaceous age have been dredged north of
Sable Island and Sable Island Bank (King and MacLean, 1970; King et al., 1970).
Tertiary strata unconformably overlie the Cretaceous rock and form the bedrock
underlying the outer Scotian Shelf. These strata thicken seaward. MaclLean and King
(1971) include in this unit all material overlying the Cretaceous strata and underlying
recognizable Pleistocene deposits; and this may include early Pleistocene material.
Oligocene and Miocene material have been found out-cropping in The Gully (Scotian
Shelf) (Marlowe, 1965, 1969; Marlowe and Bartlett, 1967). There has been several
cycles of erosion (some of which were subaerial) since deposition of the Cretaceous
strata, particularly during the Late Cretaceous and Early Tertiary, resulting in
deposition of Tertiary strata on an eroded Cretaceous surface. Another period of
subaerial erosion took place following deposition of Tertiary strata and prior to the
onset of Pleistocene glaciation (MacLean and King, 1971). These erosional surfaces
are a major controlling factor in the topography of the shelf today (MaclLean and King,
1971).

Geomorphology and Physiography

Glacial erosion has modified the coastal plain landforms. Evidence for this is
seen in overdeepening of lowland areas, fjord-like features and tributary hanging
valleys (King and Fader, 1986).

King and MaclLean (1976) recognize three physiographic zones on the Scotian
Shelf. There is an inner zone of rough topography that lies between Cape Sable and
Saint Anne's Bank (including Chedabucto Bay) and extends to the 100 m contour. A
central zone consists of isolated banks and intervening basins (LaHave and Emerald
basins). An outer zone of shallow, wide and flat banks extends from Roseway Bank to
Banquereau.

Recent acquision of high quality bathymetric data has allowed greater topo-
graphic resolution, and more detailed interpretations of the geomorphology and geo-
logic evolution of the Scotian Shelf (Loncarevic et al., 1992, 1994). Stea et al. (1994)
have studied the inner shelf in detail and divide it into five terrain zones. The northern
part of the shelf (Sable Island Bank to the Laurentian Channel) has a compiex
topography with several belts of linear depressions reaching maximum depths of 360
m. A review of the possible origins of these features is given in Loncarevic et al.
(1992).

Surficial Geology &
King recognized and mapped (1970), and formally designated and described
(1980), five surficial formations on the Scotian Shelf. These are well described and
summarized in King and Fader (1986). The three formations that have formed largely
in Holocene time are the LaHave Clay, the Sable Island Sand and Gravel and the
Sambro Sand. The LaHave Clay is greyish brown, silty clay grading to clayey silt; de-
rived by winnowing of glacial sediments on banks. The Sable Island Sand and Gravel



is fine to coarse, well-sorted sand grading to subrounded and rounded gravels. Gen-
erally it is a 'clean' sand, derived from transgressive reworking, above 120 m to
present depth. The Sambro Sand is silty sand grading locally to gravelly sand and
well-sorted sand, deposited below the Late Pleistocene low stand of sea-level. This
low-stand is believed to be -120 m for the outer banks (King and Fader, 1986; Fader,
1989; Amos and Miller, 1990) and -65 m for the inner shelf (Loncarevic et al., 1994,
Stea et al., 1994).

Ocean Circulation

Surface water circulation off Nova Scotia is dominated by three main currents.
The Labrador Current, from the north, has two elements. An Inner Labrador Current
skirts the continental margin off Labrador, flows around Newfoundland and onto the
shelf off Nova Scotia. One branch flows into the Gulf of St. Lawrence and enters the
Scotian Shelf through the Cabot Strait between Nova Scotia and Newfoundland; it
then flows southwest across the shelf as the Nova Scotian Current. The other branch
flows southwest after rounding the Avalon Peninsula and flows southwest above the
outer shelf. An offshore Outer Labrador Current diverges off the coast of Newfound-
-land and flows around the Grand Banks and across the (Scotian) shelf break and
upper slope, parallel to the Nova Scotian Current. The Gulf Stream flows from the
southwest to northeast to form the third water mass. Some of this warm, saline water
mixes with the Outer Labrador Current and forms a major bottom water mass off Nova
Scotia, the Slope Water (McLellan, 1957).

Five bottom water masses are recognized on the Scotian Shelf (Houghton et al.,
1978), their distribution well documented in Williamson (1983, 1985) and Williamson
et al. (1984). Four of these water masses encompass the present study area. Ban-
quereau and Artimon Bank are affected by cold, relatively low salinity bottom waters
originating fron the Inner Labrador Current, having travelled through Cabot Strait and
the Gulf of St. Lawrence (water mass 1). The Slipper lies between Western Bank and
Emerald Bank and lies on the boundary between water masses 3 and 4. Water mass
4 is warm, saline Slope Water; water mass 3 is formed by the mixing of water masses
1 and 4. Middle Bank is an area of mixing of water mass 1 with the warm saline Slope
Water. Chedabucto Bay receives Inner Labrador Current surface waters, slightly
warmer than the botiom waters of the same current (water mass 2).



CHEDABUCTO BAY

Sea-level studies

Over a 20 year period Scott, Medioli and co-workers carried out post-glacial sea-
level / Holocene history studies throughout the coastal Maritimes (Scott, 1977; Scott
and Medioli, 1978, 1979, 1980a, 1980b, 1982; Scott et al., 1981, 1987a, 1995a,
1995b; Scott and Greenburg, 1983; Miller et al., 1982a; Brown and Scott, 1993) syn-
thesizing this data into a regional comparison (Scott et al., 1987b).

Quinlan and Beaumont (1981), based on the Peltier and Andrews (1976) model
for the earth's response following deglaciation, place Chedabucto Bay within RSL
zone B, substantially inside the former ice margin and subject to substantial elastic
rebound as well as migration of the peripheral bulge. This area would have had sub-
stantial RSL fall with late RSL rise and would exhibit an abundance of raised marine
features. Scott et al. (1987b, Figure 2) have constructed a sea level curve for the
eastern shore of Nova Scotia, based on field observations (Scott, 1977; Scott and
Medioli, 1982; Miller et al., 1982a; Scott et al., 1987b) and place the coast of Nova
Scotia (including Chedabucto Bay) in zone C, just inside the former ice margin and
and inside the crest of the peripheral bulge. This zone actually experienced an
undetermined amount of RSL fall prior to 7.0 ka (Scott and Medioli, 1982) and RSL
rise since that time. Scott and Medioli (1982) believe they have found a sea-level
pivot point (based on marsh foraminifera) in a core taken in 25 m of water off
Lunenburg, Nova Scotia, placing sea level at -27 m at 7.07 ka. The early RSL fall was
smaller in amplitude than the subsequent RSL rise, as evidenced by the lack of
emerged marine features along this portion of the Nova Scotia coast. Scoit et al.
(1987b) present a six step evolutionary model to account for the sedimentation pattern
observed along the Eastern Shore of Nova Scotia. Holocene sedimentation in zone C
was characterized by glacial scouring to bedrock and subsequent deposition of thin
but widespread ground moraine, lodgement and ablation tills. The glacial sediment
was reworked during the transgression and was preserved only as coastal deposits
within the topographically low estuarine systems. Within these valley systems, the
preserved sequence consists of Pleistocene till overlying Paleozoic bedrock with an
uppermost unit of transgressive Holocene sediments deposited in estuarine and
coastal barrier environments (Scott et al., 1987b).

The sea level curve for the eastern shore of Nova Scotia (Scott et al., 1987b,
Figure 2) indicates a more rapid rise in sea-level from about 7-5.5 ka. More recently
(Brown and Scott, 1993; Scott et al., 1995a, 1995b) have revised and commented on
this rapid rise after observing a similar phenomena in South Carolina (Gayes et al.,
1992; Scott et al., 1995a). This late mid-Holocene oscillation is 14C dated (reported in
sideral years) from 5.3-3.8 ka, about a 10 m rise in RSL over a 1500 year period (Scott
et al., 1995b).

Forbes et al. (1991) and Stea et al. (1994) present regional overviews of the
Quaternary evolution of the surficial sediments on the inner Scotian Shelf based on
multi-beam bathymetry and detailed seismo-stratigraphic analysis and interpretation.
From this study a new picture of sea-level fluctuations has emerged (Forbes et al.,
1991; Stea et al., 1994). Forbes et al. (1991) infer a minimum low stand of 45-50 m
below present day sea-level sometime between 13.0 and 11.0 ka. Previous to this,
there was a high stand of relative sea-level during ice recession across the inner shelf.
Stea et al. (1994) construct a sea-level curve for the inner shelf: RSL of higher than -60



m immediately after deglaciation, a -65 m lowstand between 11.65 and 11.25 ka,
followed by a rapid rise of 1.5 to 2 m per century until ca. 11 ka.

Physiography and coastal evolution

Chedabucto Bay is a large, funnel shaped, eastward-opening embayment,
extending from the estuary of Guysborough Harbour, at its head, out to water depths of
100 m or more (MacLean et al., 1977; Forbes et al., 1995). The inner shelf is very
narrow in the south but is broader on the north side (Forbes et al.,1995, Figure 5),
where it extends some 4 to 9 km offshore at about 38 m present water depth before
dropping away more steeply into the deeper part of the basin (Forbes et al., 1995
Figure 6).

There is an early Holocene gravel foreland at 38 m present water depth
(Forbes et al., 1995, Figure 5). This gravel foreland is believed to have been de-
posited at the low stand of sea-level; and to have originated as a result of large
amounts of sediment entering the littoral zone as a result of erosion of glacial deposits
(Shaw et al., 1993). Forbes et al. (1995) are of the opinion that this foreland's pre-
servation is due to its size and partially protected location. This barrier was aband-
oned and overstepped; the mechanism is unclear and timing poorly constrained
(Forbes et al., 1995). However, the abandonment and overstepping are probably
related to accelerating sea-level rise. Shaw et al. (1995) estimates the age of this -38
m shoreline at about 9 + /- 1 ka. (This gravel foreland was sampled during Hudson
Misson 94-032 with the large IKU sampling device and a vibrocorer).

Beaches and barriers along the present northern shore of Chedabucto Bay are
fed from drumlin cliff sources. The drumlin orientation is oblique to the coast. Com-
bined with general shore alignment, this results in a drift-aligned coast with strong
longshore cell structure (Forbes et al., 1995).

Stea and Mott (1989) have found a diamicton overlying a peat bed at Collins
Pond, along the north shore of Chedabucto Bay. The top of the peat bed has been
radiocarbon dated at 11.8 + /- .1 ka (GSC - 4367); a thin organic seam within the dia-
micton has been radiocarbon dated at 10.9 + /- .1 ka (GSC - 4475). Stea and Mott
(1989) observed strong fabrics parallel to the trend of other ice-flow landforms in the
region; and that led them to conclude that glaciers were active in Nova Scotia durng
the period from 10 - 11 ka, i.e. during Younger Dryas time.

Offshore of the gravel foreland Maclean et al. (1977) mapped material they
referred to as glacial till, occurring in water depths as shallow as 70 m. Fader (1989)
stated that this material is up to 29 m thick. Two possible mechanisms of preservation
during transgression include: the protected bay location, or late glacial ice covering
the till. Piper et al. (1986) have found a discontinuous till sheet offshore in shallow
water, along the western shore of Nova Scotia, which they attribute to ice present in
Late Wisconsinan time. Fader (1989) suggests that glacial ice a short distance off-
shore, during the Late Wisconsinan marine transgression, may account for the preser-
vation of the till in Chedabucto Bay.

Surficial sediments

Single-channel high resolution seismic reflection profiling and sidescan sonar
surveys reveal an extensive cover of Holocene mud in the upper part of the bay (land-
ward of the lowstand shoreline) along the southern shoreline and in deeper water
seaward of the lowstand shoreline; while the seabed of the northern shoreline
(landward of the lowstand shoreline) is covered with an extensive veneer of gravel



with small areas of bedrock, sand or mud and a band of coarse gravel close to the
present shore (Shaw et al., 1995). The lowstand shoreline is marked by a linear
pattern of gravel outcrop (Forbes et al., 1995). In profile, these gravels consist in
places of large-scale clinoform structures, up to 15 m thick, interpreted as prograded
barrier deposits built out over marine muds in deeper water and overlain by lagoonal
or estuarine mud that accumulated in shallow water bodies impounded by the barrier
(Forbes et al., 1995). Forbes et al. (1995) hypothesize that the Chedabucto Bay
barrier developed as a dominantly drift-aligned spit or foreland and that relative sea-
level was accelerating during the final phase of growth.



MICROPALEONTOLOGY

Scotian Shelf

(Note: all species names applied in this section are those used by their re-
spective authors; in many instances they will be referred to by different names in this
report. See Appendix A).

Until recently, it has been difficult to interpret the Quaternary foraminifera on the
Scotian Shelf because little was known about modern assemblages living there today.
Bartlett (1964) and Barbieri and Medioli (1969) carried out reconnaissance studies of
total assemblages only on the inner and western portions of the shelf. Hamdan (1971)
studied the ecology and distribution of foraminifera along a section of the shelf from
Halifax to Emerald Basin. Williamson (1982, 1983, 1985) and Williamson et al. (1984)
are credited with the first regional study of foraminifera which includes most of the
continental margin off Nova Scotia. Medioli et al. (1986) completed a detailed distri-
bution study of the foraminifera on Sable Island Bank around Sable Island with a
dense sampling grid.

Williamson (1982, 1983, 1985) and Williamson et al. (1984) completed a compre-
hensive study of both living and total assemblages and correlated them to present day
water masses. This modern data set provides both a baseline data set for further sur-
ficial studies and a data base to compare with fossil assemblages.

Williamson (1982, 1983, 1985) and Williamson et al. (1984) statistically recog-
nized eight foraminiferal assemblages on the shelf. The distribution patterns are well
illustrated and discussed in Wiiliamson et al. (1984, Figure 4) and Williamson (1985,
Figure 3). The following synopsis is taken largely from Williamson et al. (1984) and
Williamson (1985).

There are two principal shelf assemblages, which are also representative of liv-
ing faunas, and can be correlated directly to temperature and salinity characteristics of
the overlying waters. The most prevalent assemblage on the shelf is a totally agglut-
inated assemblage dominated by Adercotryma glomerata. Secondary in this assem-
blage are other agglutinated species Recurvoides turbinatus, Cribrostomoides
crassimargo and Spiroplectammina biformis. This assemblage occurrs throughout
the northeast area and is restricted to central and inner shelf regions (banks and ba-
sins). lts southern limit is bounded by the northern edge of Banquereau, Sable Island
and Middle Bank. The occurrence of this assemblage is determined by water mass 1,
the bottom waters of the Inner Labrador Current (0-4° C, 32-330/00). In the central
basin area (Emerald and LaHave basins) a Globobulimina auriculata, Nonionellina
labradorica assemblage occurrs. Secondary species are Bulimina aculeata and
Bolivina subaenariensis. The species diversity is higher than for any other assem-
blage, the sediment type is LaHave Clay or Emerald Silt. The assemblage coincides
strongly with the presence of water mass 4, the warmer, more saline water (8-12° G, 35
o/o0) formed by the mixing of the Outer Labrador Current and Slope Water. A trans-
itional assemblage, agglutinated, dominated by Saccammina atlantica, lies between
the Adercotryma and Globobulimina assemblages. Secondary species are Reophax
scorpiurus and Cribrostomoides jeffreysii. lts distribution appears to reflect the vari-
ability of temperature and salinity conditions which in turn limit the distribution of the
two principal assemblages. Substrate type is clays, silts and sands. A Cibicides
lobatalus dominated assemblage shows widespread but patchy distribution
throughout the shelf area. Occurring with C. lobatalus is an |. islandica assemblage.
This assemblage occurs on parts of all the outer and central banks, and the inner shelf
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areas of of the Eastern Shore and St. Anne Bank. L islandica occurs with C. [obatalus
in these areas, and also along the inner shelf from Halifax to Cape Breton. The
assemblage occurs preferentially on coarse substrates and appears to be temperature
and salinity independent. Total numbers are very high, probably due to low sedi-
mentation rates and winnowing by bottom currents. Along the shelf edge is a diverse
Trifarina angulosa assemblage. Secondary species are Bolivina spathulata and
Buccella frigida. The coinciding water mass is water mass 5, Deep Atlantic Water, not
present anywhere on the shelf (or the present study area). In Chedabucto Bay and on
the south side of Sable Island Bank is an exclusively agglutinated assemblage
strongly dominated by Eggerella advena. Secondary species are Spiroplectammina
biformis and Cribrostomoides crassimargo. Sediment type is muds, silts, or well sort-
ed sands. In the Scotian Gulf area (between Emerald and LaHave Basins) and the
southeastern portion of Emerald Basin is an Elphidium excavatum assemblage, not
represented by live specimens. Secondary species are Bulimina aculeata,
Fursenkoina fusiformis and Buccella frigida. Williamson (1983, 1985) and Williamson
et al. (1984) interpret this assemblage as relict and due to post depositional transport.

Williamson's sampling intervals on Middle Bank and Banquereau were quite
sparce (Williamson, 1983, 1985; Williamson et al., 1984). Only seven samples were
collected from Middle Bank, and only the northwestern and northeastern portions of
Banquereau were sampled. Williamson (1985, Figure 3) and Williamson et al. (1984,
Figure 4) infer that the samples from Middle Bank were barren of foraminifera; some
samples on Banquereau contained the A. glomerata assemblage, the C. lobatalus
assemblage is present on the western flank and the central-most samples were
barren.

Medioli et al. (1986) statistically recognized seven foraminiferal thanatotopes on
Sable Island Bank, but only three thanatotopes are widespread. All seven thana-
totopes are dominated by Eggerella advena. In thanatotope 2, the secondary species
are Elphidum excavatum and Trochammina spp. In thanatope 1 the secondary
species are other agglutinated forms Saccammina atlantica, Adercotryma glomerata
and Cribrostomoides jeffreysii; and the calcareous species Globobulimina auriculata.
In thanatotope 4 the secondary species are Quinqueloculina seminula and
Fursenkoina fusiformis.

Chedabucto Bay

Extensive foraminiferal studies were carried out in Chedabucto Bay and the Strait
of Canso in the early 1970's as part of a multidisciplinary study to determine the pos-
sible effects of causeway construction and subsequent industrialization of the area on
the marine environment (Cole and Ferguson, 1975; Vilks et al., 1975).

Cole and Ferguson (1975) published an illustrated catalogue of foraminifera from
both surface samples and cores in the Bay and Strait areas.

Vilks et al. (1975) reported on the surface distribution of foraminifera in the Strait
of Canso. Using cluster analysis, six species groups were defined, four of these occur-
red south of the causeway. Three of the four were dominated by Eggerella advena.
Cribrostomoides crassimargo, Spiroplectammina biformis and Recurvoides turbinatus
are diagnostic species in three assemblages; Reophax arctica is diagnostic in two
assemblages; and Reophax fusiformis, Ammotium cassis, Ammodiscus catinus and
Elphidium incertum (=C. excavatum) are diagnostic of one assemblage each. Vilks et
al. (1975) defined (the agglutinated species) C. crassimargo, S. biformis and R.
turbinatus to be index species, occurring exclusively south of the causeway; and (the
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calcareous species) Protelphidium orbiculare, E. incertum and Ammonia beccarii
diagnostic species occurring exclusively north of the causeway.

Schafer and Mudie (1980) looked at grab samples collected from nearby St.
Georges' Bay, Gulf of St. Lawrence. They found Eggerella advena to be the dominant
species in depths greater than 17 m and Ammonia beccarrii, Elphidium incertum /
clavatum (=Elphidum excavatum) and Protelphidum orbiculare dominant in shallower
depths.

Vilks et al. (1975) also looked at the foraminiferal content of a number of short
cores take in the strait, though these were collected north of the causeway. Foram-
iniferal assemblages north of the causeway, influenced by Gulf waters, were strongly
calcareous and quite different than the agglutinated surficial assemblages found south
of the causeway.




SAMPLE | SAMPLE | GEOGRAPHIC LATITUDE LONGITUDE WATER
NO. TYPE LOCATION DEPTH (M) |
1 IKU The Slipper 43043.8343' N | 62002.5580" W 87.0
2 KU The Slipper | 43042.2297' N | 62003.1393"' W 83.7
4 KU The Slipper | 43040.5924' N | 62003.7022' W 84.7
6 KU The Slipper | 43038.9891' N | 62004.4751' W 83.0
8 VC-CC Western Gully | 43033.2600' N | 62013.6135' W 83.6
9 KU Western Gully | 43033.3580" N | 62013.6243' W 83.2
10 KU Middle Bank | 44024.6660' N | 60036.7293' W 50.0
11 KU Middle Bank | 44024.5990' N | 60033.3824' W 45.0
12 IKU Middle Bank | 44024.5345' N | 60033.3699' W 42.0
13 IKU Middle Bank | 44024.5130' N | 60030.8974' W 31.0
14 VC-CC Middle Bank | 44024.5248' N | 60030.9473' W 31.0
15 KU Middle Bank | 44028.2818' N | 60024.6697' W 40.0
16 KU Middle Bank | 44028.1215' N | 60020.9938' W 49.0
17 KU Middle Bank | 44028.1866' N | 60021.0292' W 52.0
18 IKU Middle Bank | 44028.1464' N | 60020.3688' W 46.2
19 IKU Middle Bank | 44028.1292' N | 60018.1494' W 54.5
20 KU Middle Bank | 44024.2381' N  60015.3579' W 69.3
21 KU Middle Bank | 44024.2020' N | 60014.3164' W 70.5
22 KU Middle Bank | 44037.7971' N |60031.5476' W 26.0
23 IKU Middle Bank | 44029.4298' N | 60036.8757' W 42.0
24 IKU Middle Bank | 44028.4233' N | 60029.8595' W 28.0
25 KU Middle Bank | 44032.7436' N | 60025.9728' W 27.0
26 KU Middle Bank | 44.37.6616' N | 60023.3563' W 41.6
27 IKU Banquereau | 44031.2963' N | 59035.5630' W 39.1
28 IKU Banguereau | 44034.8210' N | 59034.3360' W 48.0
29 KU Banquereau | 44038.2090' N | 59027.9060' W 48.0
30 KU Banquereau | 44033.9310' N | 59019.5920' W 54.4
31 IKU Banguereau | 44031.4740' N | 539013.1850' W 64.6
32 KU Banquereau | 44027.1850' N | 57055.9770' W 32.0
34 IKU Banguereau | 44026.6380' N | 58006.3380"' W 36.2
35 KU Banquereau | 44031.1320" N | 57051.9590' W 36.2
36 KU Banquereau | 44036.3130' N | 57046.9250' W 33.0
37 KU Banquereau | 44040.9700' N | 57039.9850' W 31.0
38 KU Banquereau | 44047.8980' N | 57035.0180" W 34.0
39 KU Banquereau | 44052.9920" N | 57038.9910" W 40.0
40 KU Artimon Bank | 45009.7300' N | 58003.9100' W 60.0
41 KU Artimon Bank | 45009.5807' N | 58003.9651' W 61.
50 IKU Chedabucto Bay, 45022.3690' N | 61023.3740' W 35.0
51 TWC  |Chedabucto Bay| 45022.4272' N | 61022.5998' W 39.0
51 FC Chedabucto Bay| 45022.4272' N | 61022.5998' W 39.0
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Table 1: Sample numbers, geographic area, latitude and longitude and water depth for the

samples studied.



METHODS

LABORATORY METHODS
Surface samples and core samples were processed differently.

Surface samples

Samples of approximately 50 cm3 were placed in plastic vials and covered with
a solution of sea water, formalin and CaCls buffer (to balance the pH and prevent dis-
solution) and stored at G.S.C. (Atlantic) until processing. All samples were then
washed with tap water through 500 and 63 micron stainless steel sieves. The pro-
cedure for staining with Sudan Black (see note below) was then carried out (Walker et
al., 1974). Washed samples were then rinsed with alcohol and placed back in their
vials. Stain was added to cover. Samples were shaken to distribute the stain through-
out the sample, then placed in a 400 C water bath for at least 30 minutes. After the
stain had set the samples were rewashed with tap water in a 63 micron sieve, then
rinsed in an alcohol bath to remove all traces of excess stain. The rinsed residue was
then washed back into its vial and dried in a 30 - 40° C oven. When dried, the foramin-
ifera were then concentrated by adding the sample to a 10:4 solution of bromoform
and acetone (Gibson and Walker, 1967), which separated the foraminfera by flotation.
The separation took place in about one minute after which the float was washed into
filter paper, rinsed with acetone and dried.

Core samples

Core samples (including the vibro-, trigger weight and piston core samples) were
processed similarly to the surface samples, omitting the staining procedure. The vibro-
core core catcher samples were preserved shipboard as per the surficial samples, but
back in the laboratory they were washed with tap water and dried. The trigger weight
and piston core were sampled in the laboratory; approximately 15 cm3 samples were
taken, some processed immediately, others stored for a few days at 4° C until
processed.

ANALYTICAL METHODS AND IDENTIFICATION OF FORAMINIFERA

Those samples containing abundant foraminifera were dry split with a micro-
splitter. Between 200-400 Quaternary benthic specimens (when present) and the
accompanying Quaternary planktonic foraminifera were subsequently identified and
counted. No reworked (i.e.extinct Cretaceous or Tertiary species) foraminifera were
observed.

A comment should be made here about the staining methods used to determine
live specimens; and the differing opinions on the value of living / total foraminiferal
studies.

In 1952, Walton introduced the method of staining modern foraminiferal samples
with rose Bengal, to differentiate living from dead material. The advantage of using
rose Bengal is that it is not acidic and therefore does not harm calcareous tests
(Murray, 1982). However, many workers reported difficulties in staining with rose
Bengal; a good review is given in Walker et al. (1974), also Douglas (1979) and
Williamson, (1983). The main problems result from the staining of bacteria and other
organic material in the chambers of a dead test, and the difficulties in recognizing
stains in thick shelled calcareous species and agglutinated specimens (Williamson,
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1983). Boltovskoy (1963) indicated that many empty foraminiferal tests were stained
with rose Bengal; and also that rose Bengal often failed to penetrate the test. Gregory
(1970) noted that the amount and subsequent colour of the dye taken up by even
specimens of the same species can vary considerably; and commented on the
subsequent subjectivity involved in determining living individuals. Green (1960) and
Gregory (1970) also noted that broken and abraided specimens often take up stain,
and that one can find specimens where isolated chambers are deeply stained in an
individual otherwise filled with sediment. As a result of these difficulties, Walker et al.
(1974) developed an alternate method, staining with Sudan Black B. Scott and
Medioli (1980a, 1980c), Williamson (1983, 1985) and Williamson et al. (1984) prefer
the rose Bengal method. Williamson (1983) states that there are difficulties involved in
staining with Sudan Black; though he does not discuss or reference them.

As the expertise of Walker et al. (1974) was directly available, the Sudan Black
method of staining was chosen for this study.

There are two main schools of thought about the usefulness, or more specifically,
the application, of living / total foraminiferal populations. There is a large body of work
published on seasonal variations of benthonic foraminifera. The vast majority of stud-
ies have been completed on material from nearshore and marginal marine environ-
ments (Scott and Medioli, 1980c; Douglas, 1979). Good reviews / examples are pro-
vided by Phleger (1960), Buzas (1965), Boltovskoy and Lena (1969), Murray (1973),
Boltovskoy and Wright (1976) and Boltovskoy (1976).

Scott and Medioli (1980c) have carried out extensive studies of both living and
total assemblages over a three year period, in a salt-marsh environment. Scott and
Medioli (1980c) found highly variable (spatially and temporally) living populations and
assemblages. However, Scott and Medioli (1980c) found that the total assemblages
did not change significantly over the same time period because the total population
integrates the small seasonal and spatial variations into a definable assemblage that
reliably reflects prevailing marine conditions.

Murray (1982) disagrees with Scott and Medioli (1980c), and states that the use
of the total assemblage is ill-founded. Murray (1982) advocates use of the living popu-
lation. Dead assemblages can be influenced by post-mortem changes such as loss or
gain through transport and loss through destruction by biological, physical or chemical
means (Murray, 1982). Consequently dead assemblages may or may not be in equil-
ibrium with the depositional environment in which they are found (Murray, 1982). The
applicability of each approach is succinctly summerized by Conradsen (1993). If the
approach is to determine environmental demands of species and assemblages the
living only analysis of Murray (1982) should be applied. If the objective is to deter-
mine resulting fossil assemblages from prevailing recent marine conditions, the ap-
proach of Scott and Medioli (1980c) may best suit. The total assemblage cannot be
applied uncritically. If the living and dead assemblages correlate well, suggesting no
important post-mortem processes, the total assemblage may be applied (Conradsen,
1993).

Williamson (1983, 1985) and Williamson et al. (1984) found good correlation
between living populations and total assemblages for seven of the eight species
groups; only the E. excavatum assemblage was believed to be relict and non repre-
sentative of present day conditions. Consequently, as the results of this study are in
good agreement with Williamson's (1983) and Williamson et al.'s (1984) results, the
living / total methods of Scott and Medioli (1980c) were applied.
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The faunal reference list is given in Appendix A. Samples are curated at G.S.C.
(Atlantic), B.1.O., Dartmouth.

For each sample, the (sample) number, (sample) depth, size of the (sample) split,
number of foraminifera in each category (QB, QP) counted, relative species abun-
dances for the QB species, and actual counts of QP specimens by species, are listed
on Tables 2 (The Slipper), 3 (Western Gully), 4 (Middle Bank), 5 (Banquereau), 6
(Artimon Bank) and 7 (Chedabucto Bay).



OBSERVATIONS

SURFICIAL DISTRIBUTION

Five assemblages and six subassemblages based on living / total numbers are
recognized in the surficial and vibrocore samples. Foraminiferal data is given on
Tables: 2 (The Slipper), 3 (Western Gully), 4 (Middle Bank), 5 (Banquereau) and 6
(Artimon Bank).

Adercotryma glomerata - Atlantiella atlantica assemblage

An Adercotryma glomerata - Atlantiella atlantica assemblage is found in samples
2 and 4 from The Slipper. Co-dominant is Lagenammina atlantica. Secondary
species are Islandiella algida, Cibicidoides subhaidingerii, Stainforthia fusiformis and
Trifarina reussi.

Eggerella advena assemblage

An Eggerella advena assemblage (54-73% E. advena) is found occurring on por-
tions of both Middle Bank and Banquereau; in samples 11, 12, 15 and 23 (Middle
Bank) and sample 31(Banquereau).

Eggerella advena - Adercotryma glomerata subassemblage

An Eggerella advena - Adercotryma glomerata co-dominant subassemblage is
found in Banquereau sample 29. The assemblage is only about 4% calcareous spec-
imens.

Eggerella advena - Lobatula lobatalus subassemblage
An E. advena - L. lobatalus subassemblage is found in Middle Bank sample 10
and Banquereau samples 34 and 37. The total numbers are very low.

Eggerella advena - Atlantiella atlantica subassemblage

An Eggerella advena - Atlantiella atlantica subassemblage is found in sample 6
from The Slipper. Co-dominant is |. algida. Secondary species are Angulogerina
angulosa and Cibicidoides pseudoungerianus.

Eggerella advena - Trochammina spp. - subassemblage

An E. advena - Trochammina spp. subassemblage is found in sample 1 from The
Slipper and samples from Middle Bank (13, 22 and 25) and Banquereau (samples 30,
32, 35 and 36). The dominance of E. advena has dropped to 5-46%, and it is absent
in sample 32.

In sample 1 there is 38.5% Portatrochammina advena, in sample 13 there is
28.5% Lepidodeuterammina plymouthensis and 21.5% Discorbis squamata; in
sample 22 there is 17.5% L. ochracea and 23.5% Paratrochammina haynesi and 12%
Epistominella spp.; and in sample 25 there is 11% L. ochracea, 16% D. squamata and
16% Eoeponidella pulchella.

On Banquereau there is 12.5% L. ochracea in sample 30; 27.5% L. ochracea,
55% Discorbis spp. and 18.5% E. pulchella in sample 32; 8% P. haynesi, 23.5%
Discorbis spp. and 13.5% E. pulchella in sample 35; and 33% P. haynesi and 33% D.
plana in sample 36.
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Hudson 94-032

THE SLIPPER
SAMPLE NUMBER 1 2 4 6
TOTAL NOS. QUATERNARY BENTHICS (LUT) 15 / 56 15 / 81 56 / 160 10 / 37
NO. BENTHIC SPECIES (L/T) 10/ 19 9/19 22 /30 6 /17
SPLIT COUNTED / / / /
Adercotryma glomerata / 2.0 34.0 / 24.0/14.0 / 14.0 / 5.5
Ammodiscus catinus / 2.0 / X 10.0 / 8.5
Atlantiella atlantica /12,5 145/ 14.0/10.0 / 13.5
Eggerella advena / 8.5 / 5.0 1.5 /25 [20.0 /135
Eggerella propingua 12.5 / 8.5 / 2.5 1.5 /50 / 85
Glomospira gordialis 6.5/ 2.0 4.0/ 20
Hemispherammina bradyi / 1.5
Lagenammina atlantica / 2.0 1356 / 85 | 40 / 15.0
Lepidodeuterammina plymouthensis 15/ X
Lepidodeuterammina ochracea 1.5/ X
Paratrochammina haynesi /20
Portatrochammina advena 26.5 / 38.5 /X
Recurvoides turbinatus / 2.5
Reophax arctica /15
Reophax fusiformis / 1.5
Reophax_scorpiurus / 2.0 / 5.0
Tolypammina vagens / 2.5
Veleroninoides crassimargo / 2.0
Veleroninoides jeffreysii 125/ 3.5 / 1.5 1.5/ X / 25
Angulogerina angulosa / fluens 10.0 / 2.5
Astrononion hamadaense / 3.5
Buccella frigida / X
Cassidulina reniforme 4.0/15 / 2.5
Cibicidinella_exorna / 1.5 / 2.5
Cibicidoides pseudoungerianus 6.5/ 35 1.56/55 / 2.5
Cibicidoides subhaidingerii 6.5/ 6.0 4.0 / 5.5
Cornuspira planorbis / 2.0
Cribroelphidium albiumbilicatum / 1.5
Cribroelphidium excavatum 1.5/ 15 / 25
Cribroelphidium subarcticum /25
Epistominella exigua 40/ 15
Epistominella takayanagii 6.5/ 15
Glabratella sp. 1 i5/X
Haynesina orbiculare 6.5/ 15 /X
Islandiella algida 65 /7.0 6.5/ 3.0 70/55 {30.0/11.0
Islandiella helenae /1.5 9.0/ 5.0 20.0 / 8.5
Lobatula lobatalus 40/ 15 / 8.5
Melonis barleeanum 1.5/ X
Paracassidulina neocarinata / 2.5
Quinqueloculinaseminula / 1.5
Stainforthia fusiformis 125/ 35 135/ 11.0| 5.0/ 25
Stainforthia rotundata 65/20 65/ 25 4.0/ 2.0
Trifarina reussi / 7.0 6.5/ 8.5 9.0 / 6.0
QUATERNARY PLANKTONICS
TOTAL NO. SPECIMENS (L/T) 0/2 i/7 / /
SPLIT COUNTED / /
Neogloboquadrina pachyderma-left 0/2
-right 0/86
Globogerinita uvula 1/ 1

Table 2: Foraminiferal data, The Slipper. Relative species abundances (living / total) for the benthic
species; total numbers for the planktonic species. X < 1%.



Hudson 94-032

WESTERN GULLY VC-CC
SAMPLE NUMBER 9 8
TOTAL NOS. QUATERNARY BENTHICS (L/T) / 83 33
NO. BENTHIC SPECIES (L/T) 17 / 24 13
SPLIT COUNTED / /
Adercotryma glomerata 25/ 35
Ammodiscus catinus 8.5/ 6.0
Atlantiella  atlantica 5.0 /9.0
Eggerella advena 5.0/ 3.5
Eggerella propinqua / 6.0
Lagenammina atlantica 25/7.0
Recurvoides turbinatus 25/ 25
Textularia pseudogramen 8.5/9.0
Veleroninoides jeffreysii 14.0 / 9.0
Angulogerina angulosa / fluens 50/25
Astrononion hamadaense /15
Cassidulina reniforme 6.0
Cibicidinella_exorna / 3.5
Cibicidoides pseudoungerianus 25/ 15
Cibicidoides subhaidingerii / 25 6.0
Cribroelphidium _albiumbilicatum 40.0
Cribroelphidium excavatum / 9.0

Discorbis squamata

Epistominella exigua

Guttulina lactea

3.0

Haynesina orbiculare 25/ 15 9.0
Islandiella algida 145 / 11.5 3.0
islandiella norcrossi 3.0
Lobatula lobatalus 9.0
Quinqueloculina arctica 3.0
Quinqueloculina elongata 3.0
Quinqueloculina_seminula /1.5 3.0
Rotaliella chasteri 3.0
Stainforthia fusiformis 8.5 /5.0
Stainforthia rotundata / 1.5
Trifarina hughesi 50/ 25

QUATERNARY PLANKTONICS

TOTAL NO. SPECIMENS (L/T) 0/ 11 7

SPLIT COUNTED / /

Globigerinoides ruber 1
Neoglobogquadrina dutertrei 1
Neogloboquadrina pachyderma-left 4

-right

Globogerinita uvula

Globorotalia inflata

[=l{elle)le]
~~ I~~~
W - bW
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Table 3: Foraminiferal data, Western Gully. Relative species abundances (living / total) for the
benthic species; total numbers for the planktonic species. X < 1%.
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Hudson 94-032

ARTIMON BANK
SAMPLE NUMBER 40 41
TOTAL NOS. QUATERNARY BENTHICS (L/T] 1,344 / 4,736 /
5,931 35,456
NO. BENTHIC SPECIES (LT) 10 / 27 8/ 31
SPLIT COUNTED 3/ 64 1/ 128
Atlantiella atiantica /1.0
Eggerella advena 3.0/ 3.0 25710
Recurvoides iurbinatus 25 /X
Spiroplectammina biformis / X
Astrononion hamadaense 11.0 / 105 3.0/ 6.0
Brizalina pseudopunctata !/ X
Buccella frigida / X /' 1.5
Buccella tenerrima 257X
Buccella sp. 2 /' X
Cassidulina reniforme 40/ 3.0 25715
Cibicidoides subhaidingerii 43.0 / 29.0146.0 / 35,5
Cribroelphidium _albiumbilicatum /1.0 /1.0
Cribroelphidium asklundi /1.0 /' X
Cribroelphidium excavatum 1.5/ /X
Cribroelphidium_ frigidum / X
Discorbis squamata /X
Fissurina marginata /X / X
Fissurina orbignyana /X /1.0
Fissurina serrata / X
Fissurina ventricosa / X
Gavelinopsis praegeri /X
Glabratella lauriei 1.5 /2.0
Glabrateila sp. 1 /X / 1.5
Haynesina germanica / X
Islandiella algida / 4.0 3.0/ 4.0
Islandieila helenae 1.5/ X
Lobatula lobatalus 30.0 / 37.5/38.0 / 36.5
Miliolinella subrotunda 1.5/ 2.0 / X
Oolina borealis /X
Oolina caudigera / X
Qolina melo / X
Pyrgo williamsoni 3.0/1.0
Quingueloculina_arctica / X
Quinqueloculina_seminula / X /1.0
Robertinoides charlottensis / X /1.0
Rosalina globularis / X
Rotaliella chasteri /1.0
Scutuloris pyriformis /1.0
Scutuloris tegminus / X
Stainforthia rotundata / X
Triloculina_trihedra / X
QUATERNARY PLANKTONICS
TOTAL NO. SPECIMENS (L/T) 21 / 1,067 {128 / 6,656
SPLIT COUNTED 3/ 64 1/128
Globigerina bulloides 0 / 256
Globigerina quingueloba-left 0/ 128
-right 0/ 128
Neogloboquadrina pachyderma -left 21 / 1,003 {768 / 4,864
-right 0/21 0/ 256
Globogerinita uvula 0/ 43 128 / 1,024

Table 6: Foraminiferal data, Artimon Bank. Relative species abundances (living / total) for the benthic
species; total numbers for the planktonic species. X < 1%.
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Eoeponidella pulchella - Eggerella advena subassemblage

In Middle Bank sample 24 and Banquereau sample 28, the Trochammina spp.
component is missing from the Eggerella advena - Trochammina spp. sub-
assemblage; E. pulchella becomes the dominant species and E. advena drops to
14.5-24%. However, total numbers are very low.

Cibicidoides spp. assemblage

A Cibicidoides spp. (L. lobatalus and C. pseudoungerianus) assemblage is found
on portions of Middle Bank, Banquereau and Artimon Bank; in samples 16, 17, 18, 19,
21 and 26 (Middle Bank); samples 27, 38 and 39 (Banquereau) and samples 40 and
41 (Artimon Bank). Secondary species on Middle Bank are A. glomerata, |. algida and
S. rotundata.

Cibicidoides spp. - Islandiella algida subassemblage
In Middle Bank sample 20 the occurrence of 1. algida increases to 25.5%; the
remainder of the species are consistent with the Cibicidoides spp. assemblage.

Islandiella algida - agglutinated species assemblage

An Islandiella algida - agglutinated species assemblage is found in sample 9
from Western Gully. The dominant species is |. algida. Agglutinated species make up
55% of the assemblage; co-dominant are Atlantiella atlantica, Textularia pseudo-
gramen and Veleroninoides jeffreysii. Calcareous species Epistominella exigua,
Stainforthia spp. and Trifarina spp. are also present.

Cribroelphidium albiumbilicatum assemblage

Present in the vibrocore core catcher sample from station 8 in Western Gully is an
Cribroelphidium albiumbilicatum (40%), entirely calcareous assemblage. Co-
dominant are Cribroelphidium excavatum, Haynesina orbiculare, Lobatula |obatalus,
and Quinqueloculina spp.

CHEDABUCTO BAY

Two benthonic foraminiferal assemblages (and 3 subassemblages of one of
these assemblages) are recognized from the grab sample and cores from Chedabucto
Bay. Foraminiferal data is given on Table 7. Downcore relative species abundances,
benthic species, are illustrated graphically on Figure 1.

Eggerella advena - Lagenammina atlantica - Spiroplectammina biformis
subassemblage

This assemblage occurs in the surface (grab) sample. There are high numbers of
benthic specimens. It is almost entirely agglutinated species. Eggerella advena
occurrs as < 30%, co-dominant are Lagenammina atlantica and Spiroplectammina
biformis.

Eggerella advena - Spiroplectammina biformis - agglutinated species
subassemblage

This assemblage occurs in the trigger weight core (0-22 cm, CC), the surface
sample of the piston core (0-2 cm) and the base of the piston core (320-322 ¢cm). The




28

‘uojlejusseidal jeolydesb oy dnoib suo oju) padwn| elousb palejes A|8s0j0 Jo saioeds

'sdnoJb sel0eds 0] Jsjei sylew uoljelonb ul seweu snusL) Aeg 019NgepPayYD JSUUI ‘LS PUB MLLS
-¢€0-¥6 $0400 Ul s8l0ads g A8y JO $80U8.LINI00 Jusd4ad pue SEOUBPUNGE [BIBJIUIWLERIOL | 8inbi

%0€ SF 0 %08 Sk 0 %0c Gi 0 %0c S 0 <%0¢ GI 0 %G 0S5 G2 0 %00+ 05 0 0009 000°€ O
_ _ T _ T | 1 _
l l l I | 1\l 1 i
| ! T I | 1 | { |
| ] .—._ ] l * | ] ] ﬁ ” ]
%0€ Sl 0 %0g G 0 %06 SI O %0€ Gt 0 <%0g &I 0 %G 0S5 Sz 0 %00l 0§ 0 0009 000t 0
BSUSEpEEY ~gds ~dds “gds RV SIOIoHG BUSADE Eeldjiuiwelo}
UOUOUOIISY SepopPIaN), BUJUIEBY00I], Xeydoay BUIWesshe] EUNUIWEIos[donds E[[e1a003 oljueq

Jequinu [e1o

¢€0-v6 UOSpnH

0SE

00€

0S¢

00¢

oSt

001

0S

Ov
0¢
0

(ND) HLd3a
d1S0-2£0-16

MLLS



& ‘%L > X "seloads ouopjueld
a1 10} S1equInu [e10] ‘seiveds JIyiuaqg syl 10} SeouepuNnge seioeds eAlejey “Aeg o1ongepayD Jeuul Ui S1IS B WOJ) BIEP [RISNIUILIRIOL :/ S|qB ]

X eueld sigi00s1q
S’ nojeyuaaagns  e|jauIqIoosiq
X wnpibuy  w
X 0L X Qe X S'¢g 08 0'¢ X 0'¢ X WNJBABOXS W
0l maueq wnipiydipoiqu)d)
X X X wniesyiquniqie  wnipiydi@oigi)
[ [ §'gl X 0'¢ [ X X 0l
0t
ol 0l 4 0t X X awloyual BUINPISSED
S'C ¢ "ds ej@oong
0l EWILIBUA) B||90oNg
0t lBUUBY B|[930ng
0'¢c [ [ X 01 4 0i S¢C 0l 0l Sl 0¢ epibuy Bj[@0ong
S'ig X X X 9SUSEPEWEY UOJUOUONSY
X suany / esojnbue euyebojnbuy
0l nshaiyal seplouluoiajop
0¥l 09 0'9 X 0l [ X 0l X X 0¢ 0'¢ 0l (U4 06 ODIeWISSeI0 SapIOUILOISIBA
Sy 0'St BIEjUl  BUIWLWEBYD0I |
0l S'g 0l 0t 0¢ St S 02 St (3 0'¢ 0'c S'e X Blenbio} BuENIX8]
X oL [SIETEERCIERTCIR
S'8 0l 0'g 09 0’2 08 0¥ve 0°0¢ 0'0¢ 0°0S 582 S'¥e S'IE S0} Sil SIUIojlq  BUjWWES|do.dS
X 0'S X S'El S91 0/L1 S'9 S'9 0'e X 0l [ §'g 0’51 EDUEJIE BUIWILIEODES
X wruossAge eulwwepqeyy
0L X o't 0t 1mods xeudoay
0L oL X X 0l 02 snunidiods xeydoay
X 0L S¢ Sl X 0l sjuuloysny xeydoay
X X X K4 siuLojjuljelusp xeydosy
0l 0l X X 0’1 S’ R4 0¢ [ 0§ eojore xeydoay
SLL 08 (3 X ot [} 02 X S'1 S'g 0'S S'9 ] Snieulqun} SePIoAINOsY
[ enied eleeydsowwesd
X X BOSN} Eisedsowwesd
0t 06 (R4 02 X X X X X 1SauAey BUWWEYOOAEBIE
X BOSN} BUILIWEIIN
X 0l o'l o'l [ X X sisuayinowA|d  euiweiainapopida]
0/l (V3 X X Sl ol X 0'¢ BaOBIUOO BUjLLBISINSpOpIde]
0t Sl X X SUSIS3I0BW BUlLWEPEL
X qell] eunuwesadiy
X sijibe); euwwesadAg
(U3 0t 0l X 0'e X 0l 0'¢ pelq euiwwesayds|waH
S'vS 0'89 0zlg S L 00L S'¢l 0'€9 0°/S 0ey 0¥y S'ge Scv 0Ly 0Ly 0've 0'8¢2 BUSADE Bljosebbg
S'¢c 02 X X 02 Sl X 'S 09 0L 0¢ EO[JUBlE E[IBUElY
X - wnsjes  WNHotwy
0'g 02 0l S'g [ g'e S/ X Qg 0l 0¢c X SISSED  Wnjowwy
X sniele|p  Selijnoeqowy
X X SNUPED  SNOSIPOWWY
X X X 59 elejawolb  ewinodispy
/ / / / 8/¢€ v/l s/l 82l / L 8/1 8/1 8/t 8/ 1 9L/ L | 8/ |91/ 1 9t/ 1 Q3INNCO IT1dS
gse S¢t el 861 618 8zZ1L'L 9¢£6 Lev'S vev'e 2se'e | vee'e | 9ge'e 969'S | gev'e | ¢L0°'S 968 | SOIHINTE AHVYNYILYNO "SON TvIOL
2¢2E-02€E | 20€-008 | L22-S/¢ |¢S5¢-0S¢ | /g2-58¢ | 203-008 |LL1-S/1 | €51-0G) |Lgl-Sgt |201-001 | 25-0S 2-0 D 2¢¢-0¢ ¢-0 (0) (D -JHOD N Hid3a
d d d d d d d d d d d d OML OML OML 05-S Avd 01oNavasHo

¢€0-v6 UOSPNH



30

‘%] > X "soloads ouopjueld
8y} 10} siaquunu [e10} (se1oads 2lyluag ayl Joj seouepunge seioads aalleey Aeg olongepays) Joauul Ul 8)IS B WO} BIEP [BISjUIWRIO :/ d|qe]

EIEU_BI[E0i000[0

! 9 BJFAR B1ILIOBO0GOID

S 3401~

L 6 102 91 Yo ewuspAyoed euupenboqojboaN

14BU-

YaI- eqojenbuinb euusbigo|n

€ Sepio|Ng_eudbiqoD

/ / / 8¢l /L 9L/ 1 J3INNCD UTdS

I 3 €¢ / / / / 102 / / / / / / / 9} SNIWID3JS 'ON TWiOL

SOINOLNY1d AHYNHILVND

X X BJepunjos elyuojulelg

[=3170]
-l

SWIONSN} BIqUOIEIS

X 0'¢ Jayels eulnoojenbuind

X BNUIWAS euindoenbuing

X SISUSOJSE Elualing

'i008p eujydiowAjodopnasd

X ejebnuos euleied

X X BUWOISOINIOR] BUMN:

X 0L X 0L 0L 0C X X X BoliopeIqe| el

X BpumoIgns ejjaulj

0'E sn[eleqo| Snjeieqo]

X BlelIsqns  eusbe

0l sljjow eusabe]

X X 0l 0'¢ SBUBIBY EBJjSIPUE|S

X X EEEENEE]

o'l X [ X 0t X X BIe|MoiGI0 BUISBUARH

X eojueliab euissuleH

- [EIEIEIE I ED)

X BSOOUUBA BULINSSIY

X X elebiAee| BULNSSIH

X X X X nBeueieyel gjpuILIcIsid]

X SISUB0DBIPUES eloutioisids

X ejeyoind ejjepiuodaoy

SUsonjsSuel] sIqIoosi]

X elewenbs” s1q100s1q

¢2E-02¢ | c06-00€ | L/e-Sic |€92-0S58 | Zge-Seg [202-008 |L2L-G.1 ; €SL-0S1 |/2i-G2l |20L-00l | 25-0S c-0 20 ¢c-0¢ 2-0 (0) (WO -3400 NI H1d3d

d d d d d d d d d d d d OML OML OML 05-S Ava 010Ngva3Ho

¢€0-6 Uospny



31

total numbers continue to be high, except for the base of the core sample. The assem-
blage is almost entirely agglutinated. The dominant species is Eggerella advena, the
main secondary species is Spiroplectammina biformis. Consistently present are
Atlantiella atlantica, Reophax spp. (up to five species present), Recurvoides turbinatus,
and Veleroninoides crassimargo. At the base of the core Recurvoides turbinatus,
Spiroplectammina biformis and Veleroninoides crassimargo are all co-dominant; and
Reophax is absent.

Eggerella advena - Spiroplectammina biformis subassemblage

This assemblage occurs in the piston core from 50-150 cm. The total numbers
are lower than seen previously, the assemblage continues to be almost entirely
agglutinated. Eggerella advena ocurrs as 30-50% of the assemblage, Spiroplect-
ammina biformis occurs as 30-60% of the assemblage. Together they form 70-80% of
the assemblage.

Eggerella advena assemblage

This assemblage occurs from 150-275 cm and at the 300 cm level in the piston
core. There is a marked drop in the total numbers; numbers are now low, < 200
specimens per sample. Eggerella advena becomes strongly dominant. The occur-
rence of Eggerella advena increases to 60-75%. There is a decrease in the occur-
rence of S. biformis to < 10%, and an increase in the occurrence of S. atlantica, to 10-
30%. Trochammina inflata is present at 250 cm (15%).

Eggerella advena - Astrononion hamadaense - Cibicidoides spp.

At 275 cm, there is a marked change in the fauna. There is a further drop in total
numbers to 113 specimens. The occurrence of Eggerella advena decreases to 27.5%,
there is 4.5% Trochammina inflata and there is a large calcareous component to the
fauna. The secondary species are Astrononion hamadaense (21.5%) and
Cibicidoides spp. (13.5%). There are also other calcareous outer estuarine / shelf
species present: Angulogerina angulosa, Cassidulina reniforme, Discorbinella
subbertheloti, Glabratella lauriei, Haynesina orbiculare and Stainforthia spp.
Planktonic specimens are also present.




DISCUSSION

Surficial distribution

Generally the resulis are consistent and in good agreement with those of
Williamson (1982, 1983, 1985) and Williamson et al. (1984). The same assemblages
that Williamson found have been found in areas not sampled or sparcely sampled by
Williamson (1982, 1983, 1985) and Williamson et al. (1984). The distribution patterns
of these assemblages are consistent with the distribution patterns delineated by
Williamson (1982, 1983, 1985) and Williamson et al. (1984). Total numbers present
are larger than those found by Williamson (1982, 1983, 1985) and Williamson et al.
(1984). This is attributed to the 50 cm3 sample size versus the 20 cm3 sample size of
Williamson (1983). This also accounts for the greater number of species present
(apparent greater species diversity).

The living populations (and magnitudes of the total numbers) provide a means of
determining the presence of relict sediments, areas of sediment accumulation, and
areas of sediment transport and winnowing.

Generally, the total numbers present in the samples are quite low. These low
numbers indicate that strong bottom currents are continuously sweeping across
Middle Bank and Banquereau, preventing foraminifera (and sand size and smaller
sediment particles) from accumulating. Exceptions to this are samples 17 and 19 from
Middle Bank; and samples 40 and 41 from Artimon Bank.

No "reworked" foraminifera were found, i.e. foraminifera of Tertiary age or older,
reworked from underlying older sediments. No assemblages were found that were not
consistent with those defined by Williamson (1983, 1985) Williamson et al. (1984);
therefore no faunas showing evidence that they are relict were found, or assemblages
having undergone considerable transport (not in situ).

Two of the five surficial assemblages and five of the six subassemblages recog-
nized are dominated by agglutinated foraminifera. The differences on which the sub-
assemblages are defined are very subtle; many species are present in only one or two
samples and the total numbers are very low; so the differentiation of these subassem-
blages may be within the ranges of spatial variability and may be statistically invalid.
For the purposes of this discussion, the subassemblages will be included with the
associated assemblage. Again, species names used are those of the author quoted
(except where indicated), and not necessarily the same as those used in this report for
the same species (see Appendix A).

Other workers have found that modern day Scotian Shelf assemblages contain
agglutinated foraminifera, from minor occurrences to virtual dominance of agglutinated
forms (Bartlett, 1964; Barbieri and Medioli, 1969; Williamson, 1983; Williamson et al.,
1984; Medioli et al., 1986; Miller, in press). Sen Gupta and McMullen (1969) and Sen
Gupta (1971) found assemblages that were mostly calcareous, with some agglutinated
species, present on the Tail of the Bank, Grand Bank. On the Labrador Shelf, those
areas under strong influence of the Inner Labrador Current contain surface assem-
blages that are strongly dominant to entirely agglutinated foramininfera, in particular
species such as Spiroplectammina biformis, Adercotryma glomerata, Reophax spp.,
Trochammina spp., Textularia spp. and Recurvoides spp. (Vilks et al., 1982; Mudie et
al., 1984; Scott et al., 1984). Those surface sediments under the influence of the Outer
Labrador Current contain foraminiferal assemblages composed largely of calcareous
species, usually dominated by C. lobatalus (=Lobatula lobatalus), . islandica, (=1
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algida), L. helenae, N. auricula or N. |abradorica (Vilks, 1980, Mudie et al., 1984; Scott
et al., 1984; Vilks and Deonarine, 1988).

All species found here to be dominant or co-dominant were also found by
Williamson to be dominant or co-dominant; though the assemblages as defined here
intuitively may not exactly match those defined statistically by Williamson (1982, 1983,
1985) and Williamson et al. (1984). Essentially the major elements are the same.
Williamson (1982, 1983, 1985) and Williamson et al. (1984) found all of these species
present in both the living / total populations and concluded that all of the assemblages
found here (in this study) are in equilibrium with the present environment.

Williamson (1982, 1983) and Williamson et al. (1984) found an Adercotryma
assemblage distributed widespreadly throughout the northeast shelf area (here it was
found in samples 2 and 4 on The Slipper, and in sample 29 on Banquereau) and
statistically determined that it strongly correlates with temperature. Its distribution on
banks, basins and nearshore areas varies considerably with depth and substrate type.
Williamson (1983) and Williamson et al. (1984) report the temperature limits of the
assembage to be 1.8° C 4o 3.00 C, with salininty varying from 31.30l00 to 330l0o,
Rodrigues and Hooper (1982) reported the dominance of this species in the Gulf of St.
Lawrence. Vilks (1969, 1980) and Vilks et al. (1982) have found this species in the
Arctic and on the Labrador Shelf in waters with temperatures of 2-4° C and salinities of
31-34 oloo, | eslie (1965) found it in Hudson Bay were the waters have comparable
temperatures but lower salinities. Schafer and Cole (1978) found it in the Bay of
Chaleur under conditions very similar to those found by Leslie (1965). However, it has
also been found in more saline waters (34-35000) of the Newfoundland Slope
(Schafer and Cole, 1982) and the Grand Banks (Sen Gupta, 1971).

Co-dominant in this assemblage is Saccammina atlantica (<Lagenammina
atlantica of this report). Williamson (1983) and Williamson et al. (1984) statistically
defined a distinct Saccammina atlantica assemblage. Secondary species are
Reophax scorpiurus and Cribrostomoides jeffreysii (Veleroninoides jeffreysii, this
report). This is an entirely agglutinated assemblage Williamson found peripheral to
the northern basin boundaries and on the northwest flank of Middle Bank. Williamson
(1983) and Williamson et al. (1984) found no correlation between this assemblage
and specific environmental paprameters such as depth, salinity, temperature and sub-
strate type. Williamson found these species to be minor components of another
assemblage (Globobulimina assemblage), when the environmental limits of Globo-
bulimina and the accompanying secondary species (N. labradorica, B. aculeata /
marginata and l. helenae) are reached, Saccammina and its accompanying species
seem to take over by default. Saccammina may appear dominant here because The
Slipper represents an area of transition between other major assemblages. William-
son et al. (1984) also suggest that the presence of this assemblage may be due to
intense temperature and salinty gradients. The Slipper is adjacent to the boundary
between water masses 3 (mixing of water mass 1 and Slope Water) and 4 (warm
Slope Water) which resullts in steep bottom water temperature (1.8-10° C) and salinity
(32-350l00) variations.

Williamson (1983) and Williamson et al. (1984) found an Eggerella advena
assemblage dominant in the inner bays (Chedabucto, Gaberous, Mahone and St.
Margarets) and on shallow bank areas around Sable Island. Medioli et al. (1986) also
found it dominant around Sable Island. Here it was found on The Slipper (samples 1
and 6), on portions of Middle Bank (samples 11,12, 13, 15, 22, 23, 24 and 25) and
Banquereau (samples 28, 30, 31, 32, 35 and 36). It must be remembered that William-
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son sparcely sampled these two banks and found many of his smaller samples to be
barren. Williamson (1983) and Williamson et al. (1984) found that this assemblage
strodngly correlates with depth and percent sand and correlates inversely with percent
mud.

Scott et al. (1980) based on data from Scott et al. (1977) and Schafer and Cole
(1978) have found Eggerella advena assemblages to be diagnostic of the open bay
(outer estuary) of intertidal estuaries and the transitional zone of shallow subtidal (i.e.
Miramichi, Scott et al., 1977) and deep subtidal (i.e. Bay of Chaleur, Schafer and Cole,
1978) estuaries. Mudie et al. (1984) found a 100% agglutinated fauna, domin-ated by
Eqggerella advena, in Makkovik Inlet. Mudie et al. (1984), using the transfer functions
of Imbrie and Kipp (1971), found the dominant presence of E. advena strongly related
to depth and temperature. An Eggerella advena assemblage has also been found in
the Kattegat (between Denmark and Sweden) in shallow water depths (< 30 m) and
variable temperature, salinity and current flow conditions (Conradsen, 1993).

An assemblage dominated by Cibicidoides spp. (including Lobatula lobatalus)
was found in the remainder of the samples from Middle Bank (samples 16, 17, 18, 19,
21 and 26) and Banquereau (samples 27, 38 and 39) and Artimon Bank (samples 40
and 41). This corresponds to the Cibicides lobatalus assemblage of Williamson
(1983) and Williamson et al. (1984). Here two species of this group are recognized,
Lobatula lobatalus and Cibicidoides subhaidingerii. Williamson (1983) and
Williamson et al. (1984) found this assemblage showing a widespread but paichy
distribution throughout the shelf area, in particular along the western flank of Banquer-
eau. Williamson (1983) and Williamson et al. (1984) found it strongly correlates to
substrate type. It occurs predominantly on shallow, sandy or gravel banks. C.
lobatalus has a widespread distribution world-wide and along the Canadian
Continental margin. Rodrigues and Hooper (1982) have found it in similar conditions
in the Gulf of St. Lawrence; Sen Gupta and McMullen (1969) and Sen Gupta (1971)
found C. lobatalus (sensu lato) at 90% of the stations on the Tail of the Bank (Grand
Bank) with a mean percent occurrence of 12.5%; Vilks (1980) and Vilks et. al. (1982)
report it on the Labrador Shelf and Scott et al. (1984) report it from four study areas
along the Canadian Margin.

Two samples were found (Banquereau samples 34 and 37) where Eggerella
advena and Lobatula lobatalus were co-dominant.

Often co-occurring with the Cibicidoides group is Islandiella algida (1. islandica of
Williamson, 1983; Williamson et al., 1984). It is found in this study co-occurring with
Cibicidoides spp. on Middle Bank (sample 20). Williamson (1983) and Williamson et

“al. (1984) also found it forming its own assemblage entirely, on isolated outer banks
and in shallow depressions. Here it appears to replace Cibicidoides spp. where the
salinity is slightly higher and the substrate remains coarse. It is also present in the
Western Gully (sample 9) accompanied by agglutinated species. Sen Gupta and
McMullen (1969) and Sen Gupta (1971) found L. islandica (=1. algida) the most
common species on the sandy areas of the Tail of the Bank (Grand Bank), Vilks et al.
(1982) found it in the sandy gravelly muds on the Labrador Shelf.

In the vibrocore core catcher sample from station 8 in Western Gully, a Cribro-
elphidium albiumbilicatum assemblage was found. The secondary species are
Lobatula lobatalus, Cribroelphidium excavatum, Haynesina orbiculare and
Quingueloculina spp. li is assumed that the sample is in situ, and the assemblage was
not "formed” during vibrocoring. This assemblage is not known to occurr in surface
samples of this area today. This sample contained no agglutinated foraminifera. The
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reason for this is not known at this time; i.e. were they ever present or are they (now)
absent due to post-depositional diagenisis.

Miller (in press) found a high number, high diversity C. asklundi/C. albiumbili-
catum - C. excavatum fauna (assemblage 3) in the Louisburg - BH4 borehole on
Banquereau. Also present are Buccella spp., Cibicidoides spp., Cassidulina
reniforme, Epistominella spp. Miller (1993) found this assemblage in all three of the
1990 drilled Sable Island Bank boreholes; and it probably correlates to assemblage
9A (E. excavatum - E. subarcticum [ E. albiumbilicatum]) at the 24 m interval in the
1987 drilled Panuke borehole, Sable Island Bank (Miller, 1983b). This fauna is
interpreted as present in a very shallow water / estuarine / quiet water (low wave
energy) environment with hyposaline conditions.

An E. excavatum - E. bartletti / E. albiumbilicatum fauna (assemblage 4) was also
found in Louisburg - BH4 and in Louisburg - BH5 boreholes (Miller, in press); and it
occurred in all three 1990 boreholes (Miller, 1993). This fauna corresponds to assem-
blage 9 in the1987 Panuke borehole (Miller, 1989b). This fauna is interpreted as
occur-ring in a cold outer estuarine / inner shelf environment.

The fact that an Cribroelphidium albiumbilicatum fauna was recognized in the
Sable Island Bank and Banquereau boreholes is strong evidence that it is in situ in
Western Gully.

Lutze (1965) reports the species is common in recent boreal shallow and brack-
ish water faunas. E. albiumbilicatum (= C. albiumbilicatum) was originally described by
Weiss (1954) from the interglacial Gardiners Clay, New York, where he describes them
as common. Weiss (1954) interprets the environment of deposition as shallow,
brackish water in a bay or lagoonal area protected by an offshore bar.

Knudsen (1978) found an E. albiumbilicatum (=C. albiumbilicatum) zone in Late
Quaternary marine deposits in northern Denmark. This zone is characterized by high
frequencies of E. albiumbilicatum (up to 60%). E. excavatum (=C. excavatum) is co-
dominant and Cassidulina crassa (= C. reniforme) is also consistently present.
Generally, this assemblage occurs in sandy sediments, probably indicative of shal-
lower water, higher current velocity, rising temperatures and lower salinities than an C.
excavatum assemblage. Radiocarbon dates of mollusc shells from sediments
containing these faunas are latest Pleistocene (11,000-15,000). Knudsen (1978)
correlates this fauna to the Bglling Interstadial. Knudsen (1978) believes these
sediments may have been deposited in a deep valley formed (prior to the late-glacial
transgression) either by the ice itself, or by meltwater streams during deglaciation.

Knudsen (1978, p. 25) noted both the difficulties in separating E. subarcticum (=
C. subarcticum) and E. albiumbilicatum; and the presence of transitional forms.
Knudsen (1977) had previously noted this phenomena. Knudsen (1978) suggests that
they are some form of variants of one species; E. subarcticum representing the arctic
form and E. albiumbilicatum the boreo-arctic and boreal form.

Chedabucto Bay - Environments of Deposition

Two benthonic foraminiferal assemblages (and three subassemblages of one of
these assemblages) are recognized in the core from Chedabucto Bay. In all assem-
blages and subassemblages Eggerella advena is the dominant or co-dominant spec-
ies. The differences in these assemblages are very slight, but these subltle changes
directly indicate and reflect changes in environment, sea level and ocean circulation;
and must be noted. A summary of the key species in each of these assemblages and
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subassemblages, with the interpreted environment and sea level (relative to present
day) is given on Figure 2 (next page).

The upper three subassemblages (grab, TWC and P:0-150 cm) are all domin-
ated by Eggerella advena. The percent occurrence of E. advena increases slightly
downcore. The occurrence of Spiroplectammina biformis increases markedly down-
core. The percent occurrences of Lagenammina atlantica, Recurvoides turbinatus,
Reophax spp. and Veleroninoides crassimargo, are highest in the upper subassem-
blage and decreases downcore. These changes all indicate a shallowing of water
depth downcore, or and increase in water depth up core. The surface assemblage
(grab and TWC:0-2 cm) represents inner shelf conditions, with L. atlantica, C. crassi-
margo and R. turbinatus. The middle subassemblage (TWC:20 cm , -CC and P:0-2
cm), with the increase in E. advena, S. biformis and the peak of Reophax spp. repre-
sents not so much a change in depth but a change in water circulation; these are the
species indicative of a transitional zone (between upper estuary and open bay) of a
deep subtidal estuary (sensu Scott et al., 1980; Miller et al., 1982a). The bottom of
these three subassemblages (P: 50-150), with lower diversity and increases in the
percent occurrences of E. advena and S. biformis, probably indicates a shallowing of
water depth and decreases in salinity and mixing with ocean waters.

Directly underlying these three subassemblages is the E. advena assemblage,
indicating the shallowest water depth and minimum salinity. However, Schafer and
Mudie (1980) have found that E. advena only stays dominant in inner bay environ-
ments, in water depths greater than 17 m. They found Ammonia beccarrii, Eiphidium
incertum / clavatum (=Cribroelphidum excavatum) and Protelphidum orbiculare
(=Haynesina orbiculare) dominant in shallower depths.

At 250 cm there is also 15% Trochammina inflata present (E. advena remains
dominant). Scott and Medioli (1980a) find T. inflata in the low marsh zone in Nova
Scotia marshes, the low marsh zone straddles the mean low water mark. However,
the other low marsh, middle marsh and high marsh species are not present in this
sample or other core samples. These specimens may not be indigenous, they may
have been transported. The presence of T. inflata may indicate even shallower water
depths (than 17 m). ' -

Immediately underlying the E. advena peak, at 275 cm., is an assemblage indi-
cating quite different conditions. There is a strong calcareous component to the ben-
thic fauna, as indicated by the co-dominance of A. hamadaense and L. lobatalus. This
fauna could indicate a maximum in salinity, probably a coarser substrate, higher wave
energy and an appreciable mixing of bay and ocean waters, as indicated by the
presence of planktonic foraminifera. It is problematic, because in isolation it repre-
sents deeper water, increase in salinity and maximum ocean influence. It is compar-
able to assemblages found occurring today at Hibernia, Grand Bank (Miller, unpub.
data), where water depths are 40-90 m, the substirate coarse and wave energy very
high. The presence of these two calcareous species may be due to another factor, an
increase in suspended particulate matter (SPM). Schafer and Cole (1986) have
looked at the surficial distribution of foraminifera in a number of Baffin Island fjords.
Five agglutinated species are dominant or co-dominant in most of the fjords: Textularia
earlandi, Spiroplectammina biformis, Trochammina nana (Trochammina spp.),
Reophax arctica and Adercortyma glomerata. In some areas, particularily inner shelf
settings, the calcareous species Cassidulina reniforme and Cibicides lobatalus
(=Lobatula lobatalus) become dominant. Schafer and Cole (1986) are of the opinion
that these two calcareous species, particularily C. reniforme, can tolerate higher
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Figure 2: Key benthonic foraminiferal species, inferred environments and sea level
movements, as interpreted from cores 94-032-51 TWC and P, from Chedabucto Bay.

concentrations of SPM than agglutinated species.

Another explanation has been

suggested (Shaw, 1995, pers. comm.) and that is that this site was very close o sea
level at this time and the gravel foreland was subject to wave washover. However, if
this was the case, the assemblage should contain other shallow water species.
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The subassemblage at the base of the core is very similar to the second sub-
assemblage present downcore, and represents a transitional environment of a deep
subtidal estuary (Scott et al., 1980).

Chedabucto Bay - Regional setting, Holocene history

The core was retrieved from a water depth of 39 m, 1 m deeper than the
interpreted low sea-level stand of -38 m (Forbes et al., 1995; Shaw et al., 1995) The
core's position places it just inside (i.e. east) of the gravel foreland in the upper bay, on
the north side of the former estuary mouth.

Two levels in this core have been radiocarbon dated (G.B.J. Fader, Pers. Comm.,
1995). At the 274 cm level shell material has been dated (Laboratory Number Beta
80733, CAMS 18964) at 8430 +/- 50 YBP. Wood fragments taken from the 286 cm
level have been dated (Laboratory Number 80734, CAMS 18965) at 8980 +/- 60 YBP.
Utilizing these two data points, sedimentation rates have been extrapolated (Figure 3,
next page). Combining this information with Figure 2 and the work of Forbes et al.
(1991,1995), Shaw et al. (1993) and Shaw et al. (1995) the following history is
inferred and a sea-level curve constructed (Figure 4).

At the base of the core is a transitional environment of a deep estuarine system.
Based on extrapolation of the sedimentation rates, the age is estimated at 10 - 10.5 ka.
This deposited would have formed immediately after Younger Dryas deglaciation
(Stea and Mott, 1989). However, the foraminiferal assemblage does not indicate dir-
ect meltwater influence. The dominance of E. advena in the intervals 300 cm and 175-
250 cm suggests water depths were between 17 and 25 m (Schafer and Mudie, 1980)
when these sediements were deposited. The foraminiferal assemblage at 250 cm,
with 15% T. inflata is the shallowest water assemblage sampled in the core, if it is
assumed that the calcareous species are not in situ. All this information suggests that
the interval 250 -275 cm represents the period of shallowest water deposition. The
foraminifera indicate that there was probably a sea-level reversal, with sea level
decreasing until this interval, then increasing after this interval in the core. Utilizing the
sedimentation rate graph (Figure 3), the conditions estimated for 300 cm interval are
21 m water depth (mean between 17 and 25 m, Schafer and Mudie, 1980) and sea-
level decreasing at about 9.6 ka. At 275 cm the water depth was still decreasing and
sea level dropping (8.5 ka, from Figure 3). At 250 cm, E. advena is dominant, but T.
inflata indicates shallow water, so a minimum depth is inferred (17 m). The sediments
at 250 cm are estimated to have been deposited at about 7.5 ka. Based on the sea-
level curve constructed from this information (Figure 4), the sea-level pivot point is
about - 29 m (10 m water depth) at about 8.3 ka. This is not in agreement with Forbes
et al. (1995), who place the lowstand at about -38 m at 9 ka. (The water depth at the
core site would be approximately 1 m at 9 ka, at approximately 285 cm in the core).

After 8.3 ka, water depth and the volume of oceanic waters entering the bay
increase, producing transitional estuarine, then deep estuarine, then the present day
inner shelf conditions.

The sea level curve constructed here (for the last 6 ka) agrees well with those of
Scott et al. (1987b, Figure 2), Forbes et al., (1991, Figure 10) and Shaw et al. (1993,
Figure 2) for the inner Scotian Shelf. (The new sea-level curve of Scott et al., 1995b
has not been included because it has been converted to sideral years. It is very
similar to the Scott et al., 1987b, curve; when the conversion is not applied). Scott et
al. (1987b) place the coast of Nova Scotia (including Chedabucto Bay) in zone C, just
inside the former ice margin and inside the crest of the peripheral bulge. Scott et al.
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(1987b), based on field observations, found that this zone actually experienced an
undetermined amount of RSL fall prior to 7.0 ka (Scott and Medioli, 1982) and RSL
rise since that time. The early RSL fall was smaller in amplitude than the subsequent
RSL rise, as evidenced by the lack of emerged marine features along this portion of
the Nova Scotia coast. The foramini-fera in the core from Chedabucto Bay indicate
that the same sequence of events occurred at this site. In Chedabucto Bay the
shallowest water depths (the crest of the peripheral bulge passing through) are
estimated to have occurred at approximately 8.3 ka, with a water depth of less than 17
m at the core site at this time. This time frame is later than that observed by Scott et al.
(1987b), Shaw et al. (1993), Forbes et al. 1995) and Shaw et al. (1995). The sea level
reversal or pivot point probably occurs in the core interval 250-275 cm, this core
interval needs to be subsampled at close intervals in order to resolve this issue.
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CONCLUSIONS

Thirty-five surface samples and two vibrocore samples from the outer bank
regions of the Scotian Shelf (The Slipper, Western Gully, Middle Bank, Banquereau
and Artimon Bank) have been analysed for benthonic and planktonic foraminifera. Five
assemblages and six subassemblages based on living / total numbers are recognized.
These assemblages (and subassemblages) are: an Adercotryma glomerata -
Atlantiella atlantica assemblage, an Eggerella advena assemblage, an Eggerella
advena - Adercotryma glomerata subassemblage, an Eggerella advena - Lobatula
lobatalus subassemblage, an Eggerella advena - Atlantiella atlantica subassemblage,
an Eggerella advena - Trochammina spp. - subassemblage, an Eoeponidella
pulchella - Eggerella advena subassemblage, a Cibicidoides spp. assemblage, a
Cibicidoides spp. - Islandiella algida subassemblage, an Islandiella algida -
agglutinated species assemblage and a Cribroelphidium albiumbilicatum assembage
(vibrocore sample only). The surficial assemblages are in good agreement with those
defined by Williamson (1983, 1985) and Williamson et al. (1984) and the distribution of
these assemblages is also consistent with the distribution patterns defined by
Williamson (1983, 1985) and Williamson et al. (1984).

One surface sample, 3 triggerweight core samples and 12 piston core samples
were analysed from one station site in Chedabucto Bay. Two benthonic foraminiferal
assemblages (and 3 subassemblages of one of these assemblages) were recognized.
These assemblages (and subassemblages) are: an Eggerella advena - Lagenammina
atlantica - Spiroplectammina biformis subassemblage, an Eggerella advena - Spiro-
plectammina biformis - agglutinated species subassemblage, an Eggerella advena -
Spiroplectammina biformis subassemblage, an Eggerella advena assemblage and an
Eqgerella_advena - Astrononion hamadaense - Cibicidoides spp. subassemblage.
The sequence in which these assembages (and subassemblages) occur downcore (or
upcore) infer changes in water depth, salinity, degree of mixing with oceanic waters
and sea level.

The interpretation of the environments of deposition, based on the foraminiferal
content of the bottom 70 cm of the core, do not fully agree with the coastal observa-
tions:; and surficial sediments and seismo-stratigraphic interpretation of the bay floor
(Forbes et al., 1995; Shaw et al., 1995). For the period 6-10 ka, the foraminifera
indicate deeper water depths, a higher and later sea-level low stand (-29 m at about
8.3 ka) than suggested by Forbes et al. (1995) and Shaw et al. (1995). The
foraminifera also indicate that there may have been a period of RSL rise from 10.5 to
8.3 ka, similar to the sequence of events inferred by Scott and Medioli (1982) and
Scott et al. (1987b) from a core collected off the southern shore of Nova Scotia.

For the period 0-6 ka the interpretation based on foraminifera, the inferred envir-
onments of deposition, water depths, and relative sea-level, are in good agreement
with those of Scott et al. (1987b), Forbes et al. (1995) and Shaw et al. (1995). With
these inferred changes in water depth, a relative sea level (RSL) curve is constructed
for Chedabucto Bay.

The core interval 250-325 cm needs to be subsampled to try and further refine the
estimated minimum water depth and find the sea-level reversal, or pivot point, if
present.




42

REFERENCES

AMOS, C.L. and KNOLL, R.G., 1987. The Quaternary sediments of Banquereau,
Scotian Shelf. Geological Society of America Bulletin 99:244-260.

BARBIERI, F. and MEDIOLI, F.S., 1969. Distribution of Foraminifera on the Scotian
Shelf (Canada). Rivista ltaliana de Paleontologica 75:849-888.

BARKER, R.W., 1960. Taxonomic notes on the species figured by H.B. Brady in his
report of the Foraminifera dredged by H.M.S. Challenger during the years 1873-1876.
Society of Economic Paleontologists and Mineralogists Special Publication No. 9, 239
PpP.

BARTLETT, G.A., 1964. A preliminary study of foraminiferal distribution on the Atlantic
Continental Shelf, southeastern Nova Scotia. Bedford Institute of Oceanography Re-
port 63-3, 22 pp.

BOLTOVSKOQY, E., 1963. The littoral foraminiferal biocoenoses of Puerto Desado
(Pategonia, Argentina). Cushman Foundation for Foraminiferal Research, Contri-
butions 14:58-70.

BOLTOVSKOY, E., 1976. Distribution of Recent foraminifera of the South American
region, 2:171-236. In: Hedley, R.H. and Adams, G.C., eds., Foraminifera. Academic
Press, New York, 265 pp.

BOLTOVSKOQY, E. and LENA, H., 1969. Seasonal occurrences, standing crop and
production in benthic foraminifera of Puerto Desado. Cushman Foundation for Foram-
iniferal Research, Contributions 20:87-96.

BOLTOVSKOQY, E. and WRIGHT, R., 1976. Recent Foraminifera. Dr. W. Junk, b.v.
(publishers), The Hague, Netherlands, 515 pp.

BOYD, R., SCOTT, D.B. and DOUMA, M., 1988. Glacial tunnel valleys and Quaternary
history of the Scotian Shelf. Nature 333:61-64.

BRONNIMANN, P. and WHITTAKER, J.E., 1990. Revision of the Trochamminacea
and Remaneicacea of the Plymouth district, S.W. England, described by Heron-Allen
and Earland (1930), p. 105-137. In: Hemleben, C., Kaminski, M.A., Kuhnt, W., and
Scott, D.B., eds., Paleoecology, biostratigraphy, paleoceanography, and taxonomy of
agglutinated foraminifera. NATO ASI Series, Series C: Mathematical and Physical
Sciences v. 327, Kluwer Academic Publishers, Boston, 1017 pp.

BROWN, K. and SCOTT, D.B., 1993. A new late Holocene relative sea-level record
from the Atlantic coast of Nova Scotia Canada. Geological Society of America,
Abstract with Programs 25:A-124.

BUZAS, M.A., 1965. The distribution and abundance of foraminifera in Long Island
Sound. Smithsonian Miscellaneous Collections, 149:1-89, 4 pls.



43

COLE, F.E., 1981. Taxonomic notes on bathyal zone foraminiferal species off north-
east Newfoundland. Bedford Institute of Oceanography, Dartmouth, N.S. Report Ser-
ies BI-R-81-7/June 1981,122 pp.

COLE, F.E. and FERGUSON, C., 1975. An illustrated catalogue of Foraminifera and
Ostracoda from Canso Strait and Chedabucto Bay, Nova Scotia. Bedford Institute of
Oceanography, Report Series BI-R-75-5, 55 pp.

CONRADSEN, K., 1993. Recent benthic foraminifera in the southern Kattegat, Scan-
danavia: distribution pattern and controlling parameters. Boreas 22:367-382.

DOUGLAS, R.G., 1979. Benthonic Foraminiferal Ecology and Paleoecology: a review
of concepts and methods, p. 21-51. In: Lipps, J.H. et al., Foraminiferal Ecology and
Paleoecology, Society for Economic Paleonotiogists and Mineralogists Special
Publication No. 6, 198 pp.

DRAPEAU, G. and KING, L.H., 1972. Surficial geology of the Yarmouth-Browns Bank-
map area. Geological Survey of Canada Paper 72-24, 6 pp.

EARLAND, A. 1934. Foraminifera. Part lll. The Falklands sector of the Antarctic (ex-
cluding South Georgia. Discovery Reports 10:1-208, pls. 1-10.

FADER, G.B.J., 1989. A late Pleistocene low sea level stand of the south-east Can-
adian offshore, p. 71-104. In: Scott, D.B., Pirazzoli, P.A. and Honig, C.A., eds., Late
Quaternary sea level correlation and applications. NATO ASI Series, Series C: Math-
ematical and Physical Sciences, v. 256, Kluwer Academic Publishers, Boston, 229 pp.

FEYLING-HANSSEN, R.W., 1964. Foraminifera in Late Quaternary deposits from the
Oslofjord area. Narges Geologiske Undersoekelse No. 225, 383 pp., 21 pls.

FEYLING-HANSSEN, R.W., 1980a. Microbiostratigraphy of young Cenozoic marine
deposits of the Qivitug Peninsula, Baffin Island. Marine Micropaleontology 5:153-184,
pls. |-VI.

FEYLING-HANSSEN, R.W., 1980b. An assemblage of Pleistocene foraminifera from
Pigojoat, Baffin Island. Journal of Foraminiferal Research 10:266-285, pls. 1-3.

FEYLING-HANSSEN, R.W., 1990a. An remarkable foraminiferal assemblage from the
Quaternary of northeast Greenland. Bulletin of the Geological Survey of Denmark
38:101-107.

FEYLING-HANSSEN, R.W., 1990b. Foraminiferal stratigraphy in the Plio-Pleistocene
Kap Kebenhavn Formation, North Greenland. Meddelelser om Grgnland, Geoscience
24, 32 pp.

FORBES, D.L., BOYD, R. and SHAW, J., 1991. Late Quaternary sedimentation and
sea level changes on the inner Scotian Shelf. Continental Shelf Research 11:1155-
1179.



44

FORBES, D.L., SHAW, J. and TAYLOR, R.B., (1995). Differential preservation of
coastal structures on a paraglacial shelf: Holocene of southeastern Canada. Marine
Geology 124:187-201.

FUNNEL, B., 1989. Chapter 12, Quaternary, p. 563-569. In: Jenkins, D.G. and Murray,
J.W., eds., Stratigraphical Atlas of Fossil Foraminifera, second edition, John Wiley and
Sons, New York, 593 pp.

GAYES, P.T., SCOTT, D.B., COLLINS, E.S. and NELSON, D.D., 1992. A late
Holocene sea-level irregularity in South Carolina, p. 155-160. In: Fletcher, C. and
Wehmiller, J., eds., Quaternary coasts of the United States, marine and lacustrine
systems. Society of Economic Mineralogists and Paleontologists, Special Publication
No. 49, Tulsa, Oklahoma,  pp.

GIBSON, T.G. and WALKER, W., 1967. Flotation methods for obtaining foraminifera
from sediment samples. Journal of Paleontology 41:1294.

GREEN, K.E., 1960. Ecology of some Arctic foraminifera. Micropaleontology 6:57-78.

GREGORY, M.R., 1970. Distribution of benthonic foraminifera in Halifax Harbour,
Nova Scotia, Canada. Ph. D. thesis, Dept. of Geology, Dalhousie University, Halifax,
Nova Scotia, 274 pp. (unpublished).

HAMDAN, A.R., 1971. Ecology and distribution of Recent Foraminifera on the Scotian
Shelf. B.Sc. thesis, Dept. of Geological Sciences, Queen's University, Kingston,
Ontario.

HANSEN, H.J. and REVETS, S.A., 1992. A revision and reclassification of the Discor-
bidae, Rosalinidae, and Rotaliidae. Journal of Foraminiferal Research 22:166-180,
pls. 1-8.

HAYNES, J.R., 1973. Cardigan Bay Foraminifera (cruises of the R.V. Antur, 1962-
1964). Bulletin of the British Museum of Natural History (Zoology) Suppliment 4, 245

PP-

HERON-ALLEN, E. and EARLAND, A., 1932. Foraminifera. Part |. The ice-free area of
the Falkiand Islands and adjacent seas. Discovery Reports 4:1-232, pls. 1-5.

HOGLUND, H., 1947. Foraminifera in the Gulimar Fjord and Skagerak. Zoologisiska
Bidrag fran Uppsala, 26:1-328.

HOUGHTON, R., SMITH, P.C. and FOURNIER, R.O., 1978. A simple model for cross-
shelf mixing on the Scotian Shelf. Journal of the Fisheries Research Board of Canada
35:414-421.

IMBRIE, J. and KIPP, N.G., 1971. A new micropaleontological method for quantitative
paleoclimatology, p. 71-181. In: Turekian, K., ed., The Late Cenozoic Glacial Ages.
Yale University Press, New Haven, Conn., 606 pp.



45

JACQUES, McCLELLAND GEOSCIENCES, INC., 1982. Seabed stability of the
continental shelf of eastern Canada. Contract report submitted to the Atlantic
Geoscience Centre, Geological Survey of Canada, Dartmouth, Nova Scotia, 130 pp.

JONES, R.W., BENDER, H., CHARNOCK, M.A., KAMINSKI, M.A. and WHITTAKER,
J.E., 1993. Emendation of the foraminiferal genus Cribrostomoides Cushman, 1910,
and its taxonomic implications. Journal of Micropalaenotology 12:181-193.

KAMINSKI, M.A., 1983. Taxonomic notes on the abyssal agglutinated benthic Foram-
inifera of the HEBBLE area (lower Nova Scotian Continental Rise). Woods Hole
Oceanographic Institution Technical Report WHOI-83-35, 49 pp.

KING, L.H., 1967. On the sediments and stratigraphy of the Scotian Shelf. Bedford
Institute of Oceanography Report 67-2, 32 pp.

KING, L.H., 1970. Surficial geology of the Halifax-Sable Island map area. Department
of Energy, Mines and Resources, Marine Sciences Paper No. 1, 16 pp.

KING, L.H., 1980. Aspects of regional surface geology related to site investigation re-
quirements - Eastern Canadian Shelf. In: Ardus, D.A., ed., Offshore Site Investigation.
Graham and Trotman Ltd., London, 291 pp.

KING, L.H. and FADER, G.B.J., 1986. Wisconsin glaciation on the continental shelf-
southeast Atlantic, Canada. Geological Survey of Canda Bulletin 363, 72 pp.

KING, L.H. and MacLEAN, B., 1970. Origin of the outer part of the Laurentian Channel.
Canadian Journal of Earth Sciences 7:1470-1484.

KING, H.L. and MacLEAN, B., 1976. Geology of the Scotian Shelf. Department of
Energy, Mines and Resources, Marine Sciences Paper No. 7, Geological Survey of
Canada Paper 74-31, 31 pp.

KING, L.H., MacLEAN, B., BARTLETT, G.A., JELETSKY, J.A. and HOPKINS, W.S. Jr.,
1970. Cretaceous strata on the Scotian Shelf. Canadian Journal of Earth Sciences
7:145-155.

KNUDSEN, K.L., 1971. Late Quaternary foraminifera from Vendsyssel, Denmark and
Sandes, Norway, systematic part. In: Feyling-Hanssen, R.W., Jargensen, J.A,,
Knudsen, K.L. and Andersen, A.-L.L., Late Quaternary Foraminfera from Vendsyssel,
Denmark and Sandes, Norway. Bulletin of the Geological Society of Denmark 21:
185-291.

KNUDSEN, K.L., 1977. Foraminiferal faunas of the Quaternary Holstrup Clay from
northern Jutland, Denmark. Boreas 6:229-245.

KNUDSEN, K.L., 1978. Middle and Late Weichselian marine deposits at Narre Lyng-
by, northern Jutland, Denmark, and their foraminiferal faunas. Danmarks Geologiske
Undersggelse, II. Raekke Nr. 112, 44 pp., pls. 1-7.



KNUDSEN, K.L. and SEIDENKRANTZ, M.-S., 1994. Stainforthia feylingi new species
from arctic to subarctic environments, previously recorded as Stainforthia schreiber-
sania (Czjzek), p. 5-13. In: Sejrup, H.P. and Knudsen, K.L., eds., Late Cenozoic Ben-
thonic Foraminifera: taxonomy, ecology and stratigraphy. Cushman Foundation for
Foraminiferal Research, Special Publication No. 32, 159 pp.

LESLIE, R.J., 1965. Ecology and paleoecology of Hudson Bay foraminifera. Bedford
Institute of Oceanography Report B.1.O..65-6, 192 pp.

LOEBLICH, A.R. and TAPPAN, H., 1953. Studies in Arctic Foraminifera. Smithsonian
Institution Miscellaneous Collections 121:1-150, 24 pls.

LOEBLICH, A.R. and TAPPAN, H., 1964. Sarcodina, chiefly "Thecamoebians" and for-
aminifera. In: Moore, R.C., ed., Treatiste on Invertebrate Paleontology, Part C, Protista
2. Kansas University Press, Lawrence, Kansas, 899 pp.

LOEBLICH, A.R. and TAPPAN, H., 1988. Foraminifera genera and their classification.
Van Nostrand Reinhold Company, New York, 970 pp., 847 pls.

LONCAREVIC, B.D., PIPER, D.J.W. and FADER, G.B.J., 1992. Application of high-
quality bathymetry to geological interpretation of the Scotian Shelf. Geoscience
Canada 19:5-12.

LONCAREVIC, B.D., COURTNEY, R.C., FADER, G.B.J., GILES, P.S,, PIPER, D.J.W.,
COSTELLO, G., HUGHES CLARKE, J.E. and STEA, R.R., 1994. Sonography of a
glaciated continental shelf. Geology 22:747-750.

LUTZE, G. 1965. Zur Foraminiferen-Fauna der Ostsee. Meyniana, Veroffentlichugen
aus dem Geologischen Institut der Universitat Kiel 15:75-147, pls. 1-15, text-figs. 1-31.

MacLEAN, B. and KING, L.H., 1971. Surficial geology of the Banquereau and Misane
Bank map area. Department of Energy, Mines and Resources, Marine Sciences Pa-
per No. 3, Geological Survey of Canada Paper 71-52, 19 pp.

MacLEAN, B., FADER, G.B.J. and KING., L.H., 1977. Surficial geology of Canso Bank
and adjacent areas. Marine Sciences Paper 20, Geological Survey of Canada Paper
76-15, 11 pp.

MARLOWE, J.E., 1965. Probable Tertiary sediments from a submarine canyon off
Nova Scotia. Marine Geology 3:263-268.

MARLOWE, J.E., 1969. A succession of Tertiary strata off Nova Scotia, as determined
by dredging. Canadian Journal of Earth Sciences 6:1077-1094.

MARLOWE, J.E., and BARTLETT, G.A., 1967. Oligocene-Miocene strata in a submar-
ine canyon off Nova Scotia (abs.). In: Geological Society of America, Southeast Sec-
tion, Annual Meeting, Abstracts, Special Paper 115, p. 487.

46



47

McLAREN, S.A., 1988. Quaternary seismic stratigraphy and sedimentation of the
Sable Island sand body, Sable Island Bank, outer Scotian Shelf. M.Sc. thesis, Depart-
ment of Geology, Dalhousie University, Halifax, Nova Scotia, 112 pp. (unpublished).

McLELLEN, H.J., 1957. On the distinctness and origin of the slope water off the Sco-
tian Shelf and its easterly flow south of the Grand Banks. Journal of the Fish Research
Board oflCanada 14:213-239.

MEDIOLI, F.S., SCHAFER, C.T. and SCOTT, D.B., 1986. Distribution of recent ben-
thonic foraminifera near Sable Island, Nova Scotia. Canadian Journal of Earth Sci-
ences 23:985-1000.

MILLER, A.A.L., 1989a. Late Quaternary biostratigraphy of two shallow boreholes,
Cohasset A-52 wellsite, Sable Island Bank. Marine G.E.O.S., Technical Report No. 1.
Report submitted to Dr. C. Amos (A.G.C.) in partial fulfillment of DSS Contract No.
23420-6-M981/01-OSC (1987), G.S.C. Open File No. 2034, 39 pp.

MILLER, A.A.L., 1989b. Late Quaternary biostratigraphy of two shallow boreholes,
Como P-21 and Panuke F-99 well sites, Sable Island Bank. Marine G.E.O.S., Tech-
nical Report No. 2. Report submitted to Dr. C. L. Amos (A.G.C.) in partial fulfillment of
DSS Contract No. 23420-7-M516/01-OSC (1987), G.S.C. Open File No. 2035, 56 pp.

MILLER, A.A.L., 1993. Quaternary foraminiferal biostratigraphy of three shallow geo-
technical boreholes, Balmoral, Cohasset and Panuke wellsites, western Sable Island
Bank. Marine G.E.O.S., Technical Report No. 6, report submitted to the Atlantic Geo-
science Centre, Geological Survey of Canada, in partial fufillment of D.S.S. Contract
No. 23420-10-M248/01-OSC (1992), G.S.C. Open File No. 2710, 87 pp.

MILLER, A.A.L., (in press). Late Quaternary Foraminiferal biostratigraphy of seven
shallow geotechnical boreholes on southern Sable Island Bank and Banquereau.
Marine G.E.O.S., Technical Report No. 7, report submitted to the Atlantic Geoscience
Centre, Geological Survey of Canada, in partial fufillment of D.S.S. Contract No.
23420-1-M371/01-OSC, 83 pp., (1993). Submitted to G.S.C. Open File.

MILLER, A.A.L., MUDIE, P.J. and SCOTT, D.B., 1982a. Holocene history of Bedford
Basin, Nova Scotia: foraminifera, dinoflagellate and pollen records. Canadian Journal
of Earth Sciences 19:2342-2367.

MILLER, A.A.L., SCOTT, D.B. and MEDIOLI. F.S., 1982b. Elphidium excavatum
(Terquem): ecophenotypic versus subspecific variation. Journal of Foraminiferal
Research 12:116-144, 6 pls.

MILLER, A.A.L., NOMURA, R. and OSTERMAN, L.E., in press. lslandiella algida
(Cushman, 1944), senior subjective synonym of Islandiella islandica (Narvang, 1945).
In press to Journal of Foraminiferal Research (July, 1996).

MUDIE, P.J., KEEN, C.E., HARDY, |.A. and VILKS, G., 1984. Multivariate analysis and
quantitative paleoecology of benthic foraminifera in surface and late Quaternary shelf
sediments, northern Canada. Marine Micropaleontology 8:283-313.



48

MURQOSKY, M.W. and SNYDER, S.W., 1994. Vertical distribution of stained benthic
foraminifera in sediments of southern onslow Bay, North Carolina continental shelf.
Journal of Foraminiferal Research 24:158-170.

MURRAY, J.W., 1973. Distribution of living benthic Foraminifera. Heinemann Educa-
tional Books, Toronto, 274 pp.

MURRAY, J.W., 1982. Benthic Foraminifera: the validity of living, dead or total assem-
blages for the interpretation of paleoecology. Journal of Micropalaenotology 1:137-
140.

PARKER, F.L., 1952. Foraminiferal species off Portsmouth, New Hampshire. Bulletin
of the Museum of Comparative Zoology, Harvard 106:391-424.

PARR, W.J., 1950. Part 6, Foraminifera. B.A.N.Z. Antarctic Research Expedition, 1929-
1931, Report Series B 5:232-392, pls. 3-15.

PELTIER, W.R. and ANDREWS, J.T., 1976. Glacial-isostatic adjustment-1. the forward
problem. Geophysical Journal of the Royal Astronomical Society 46:605-646.

PHLEGER, F. B, 1960. Ecology and distribution of recent foraminifera. John Hopkins
Press, Baltimore, Md., 297 pp.

PHLEGER, F.B and PARKER, F.L., 1951. Ecology of Foraminifera, Northwest Gulf of
Mexico. Part |. Foraminiferal Distribution. Part Il. Foraminiferal Species. Geological
Society of America Memoir No. 46, 152 pp.

PIPER, D.J.W., MUDIE, P.J., LETSON, J.R.J., BARNES, N.E. and IULIUCCI, R.J., 1986.
The marine geology of the inner Scotian Shelf off the South Shore, Nova Scotia.
Geological Survey of Canada Paper 85-19, 65 pp.

POAG, C.W., 1981. Ecologic Atlas of benthic foraminifera of the Gulf of Mexico. Mar-
ine Sciences International, Woods Hole, Mass., 174 pp.

QUINLAN, G. and BEAUMONT, C., 1981. A comparison of observed and theoretical
postglacial relative sea level in Atlantic Canada. Canadian Journal of Earth Sciences
19:1146-1163.

RODRIGUES, C.G. and HOOPER, K., 1982. Recent benthonic foraminiferal assoc-
iations from offshore environments in the Gulf of St. Lawrence. Journal of Foramin-
iferal Reserarch 12:327-352.

RODRIGUES, C.G. and RICHARD, S.H., 1986. An ecostatigraphic study of Late Pleist-
ocene sediments of the western Champlain Sea Basin, Ontario and Quebec. Geolog-
ical Survey of Canada Paper 85-22, 33 pp.

SAITO,T., THOMPSON, P.R. and BERGER, D., 1981. Systematic index of recent and
Pleistocene planktonic foraminifera. University of Tokyo Press, Tokyo, Japan, 190 pp.



49

SCHAFER, C.T. and COLE, F.E., 1986. Reconnaissance survey of benthonic Foramin-
ifera from Baffin Island Fiord environments. Arctic, Journal of the Arctic Institute of
North America 39:232-239.

SCHAFER, C.T. and MUDIE, P.J., 1980. Spatial variability of foraminifera and pollen
in two nearshore sediment sites, St. Georges Bay, Nova Scotia. Canadian Journal of
Earth Sciences 17:313-324.

SCHNITKER, D., 1971. Distribution of foraminifera on the North Carolina continental
shelf. Tulane studies in Geology and Paleontology 8:169-215.

SCHRODER, C.J., 1986. Deep-water arenaceous foraminifera in the Northwest
Atlantic Ocean. Canadian Technical Report of Hydrography and Ocean Sciences No.
71, vii + 191 pp.

SCHRODER-ADAMS, C.J., COLE, F.E., MEDIOLI. F.S., MUDIE, P.J., SCOTT, D.B.
and DOBBIN, L., 1990. Recent Arctic Shelf foraminifera: seasonally ice covered ver-
sus perennially covered areas. Journal of Foraminiferal Research 20:8-36.

SCOTT, D.B., 1977. Distributions and population dynamics of marsh-estuarine foram-
inifera with implications for relocating Holocene sea-levels. Ph. D. Dissertation, Dept.
of Geology, Dalhousie University, Halifax, Nova Scotia, 252 pp. (unpublished).

SCOTT, D.B., 1987. Quaternary benthic foraminifers from Deep Sea Drilling Project
Sites 612 and 613, Leg 95, New Jersey Transect, p. 313-337. In: Poag, C.W., Watts,
A.B. et al., Initial Reports of the Deep Sea Drilling Project, Volume XCV, Washington,
D.C. (U.S. Government Printing Office), 817 pp.

SCOTT, D.B. and GREENBERG, D.A., 1983. Relative sea-level rise and tidal develop-
ment in the Fundy tidal system. Canadian Journal of Earth Sciences 20:1554-1564.

SCOTT, D.B. and MEDIOLI, F.S., 1978. Studies of relative sea level in the Maritimes.
Progress report to the Dept. of Energy, Mines and Resources on research agreement
EMR 2239-4-31/78, 79 pp. (unpublished).

SCOTT, D.B. and MEDIOLI, F.S., 1979. Marine emergence and submergence in the
Maritimes. Progress report to the Dept. of Energy, Mines and Resources on Research
agreement EMR 45-4-79, 69 pp. (unpublished).

SCOTT, D.B and MEDIOLI, F.S., 1980a. Quantitative studies of marsh foraminiferal
distributions in Nova Scotia: implications for sea level studies. Cushman Foundation
for Foraminiferal Research Special Publication No. 17, 58 pp.

SCOTT, D.B. and MEDIOLI, F.S., 1980b. Post Glacial emergence curves in the Mari-
times determined from marine sediments in raised basins, p. 428-446. In: Canadian
Coastal Conference 1980 Proceedings, National Sciences and Engineering Research
Council of Canada, Associate Committee for Research on Shoreline Erosion and
Sedimentation, XX + 460 pp.



SCOTT, D.B. and MEDIOLI, F.S., 1980c. Living vs. total foraminiferal populations: their
relative usefulness in paleoecology. Journal of Paleontology 54:814-831.

SCOTT, D.B. and MEDIOLI, F.S., 1982. Micropaleontological documentation for early

Holocene fall of relative sea-level on the Atlantic coast of Nova Scotia. Geology
10:278-281.

SCOTT, D.B. and VILKS, G., 1991. Benthonic foraminifera in the surface sediments of
the deep-sea Arctic Ocean. Journal of Foraminiferal Research 21:20-38.

SCOTT, D.B., SCHAFER, C.T. and MEDIOLI, F.S., 1980. Eastern Canadian estuarine
foraminifera: a framework for comparison. Journal of Foraminiferal Research 10:205-
234, 4 pls.

SCOTT, D.B., WILLIAMSON, M.A. and DUFFET, T.E., 1981. Marsh foraminifera of
Prince Edward Island: their recent distribution and application for former sea-level
studies. Maritime Sediments and Atlantic Geology 17:98-129.

SCOTT, D.B., MUDIE, P.J., VILKS, G. and YOUNGER, D. C., 1984. Latest Pleistocene-
Holocene paleoceanographic trends on the continental margin of eastern Canada: for-
aminferal, dinoflagellate and pollen evidence. Marine Micropaleontology 9:181-218.

SCOTT, D.B., MEDIOLI, F.S. and MILLER, A.A.L., 1987a. Holocene sea levels,
paleoceanography, and late glacial ice configurations near the Northumberland Strait,
Maritime Provinces. Canadian Journal of Earth Science 24:668-675.

SCOTT, D.B., BOYD, R. and MEDIOLI, F.S., 1987b. Relative sea-level changes in At-
lantic Canada: observed level and sedimentological changes vs, theoretical models,
p. 87-96. In: Nummendal, D., Pilkey, O.H. and Howard, J.D., eds., Sea level fluctua-
tions and coastal evolution. Society of Economic Paleontologists and Mineralogists
Special Publication 41, Tulsa, Oklahoma, 267 pp.

SCOTT, D.B., GAYES, P.T. and COLLINS, E.S., 1995a. Mid-Holocene precedent for a
future rise in sea-level along the Atlantic Coast of North America. Journal of Coastal
Research 11:615-622.

SCOTT, B.D., BROWN, K., COLLINS, E.S., MEDIOLI, F.S., 1995b. A new sea-level
curve from Nova Scotia: evidence for a rapid acceleration of sea-level rise in the late
mid-Holocene. Canadian Journal of earth Sciences 32:2071-2080.

SEIDENKRANTZ, M.-S., 1995. Cassidulina teretis Tappan and Cassidulina neo-
teretis new species (Foraminiferida): stratigraphic markers for deep sea and outer
shelf areas. Journal of Micropalaeontology 14:145-157.

SEN GUPTA, B.K., 1971. The benthonic foraminifera of the Tail of the Grand Banks.
Micropaleontology 17:69-98, 2 pls.

50



51

SEN GUPTA, B.K. and McMULLEN, R.M., 1969. Foraminiferal distribution and sedi-
mentary facies on the Grand Banks of Newfoundland. Canadian Journal of Earth Sci-
ences 6:475-487.

SHAW, J., TAYLOR, R.B. and FORBES, D.L., 1998. Impact of the Holocene trans-
gression on the Atlantic coast of Nova Scotia. Géographie physique et Quatrernaire
47:221-238.

SHAW, J., FORBES, D.L., CEMAN, J.A., ASPREY, K.A., BEAVER, D.E., WILE, B.,
FROEBEL, D. and JODREY, F., 1995. Cruise report 94-138, marine geological
surveys in Chedabucto and St.Georges bays, Nova Scotia and Bay of Islands,
Newfoundland. G.S.C. Open File No. 3230, 13 pp. + 9 Appendices.

STEA, R.R. and MOTT, R.J., 1989. Deglaciation environments and evidence for gla-
ciers of Younger Dryas age in Nova Scotia, Canada. Boreas 18:169-187.

STEA, R.R., BOYD, R., FADER, G.B.J.,, COURTNEY, R.C., SCOTT, D.B. and PECORE,
S.S., 1994. Morphology and seismic stratigraphy of the inner continental shelf off
Nova Scotia, Canada: evidence for a -65 m lowstand between 11,650 and 11,250 14C
yr. B.P. Marine Geology 117:135-154.

UCHIO, T., 1960, Ecology of the living benthonic foraminifera from the San Diego, Cal-
ifornia, area. Cushman Foundation for Foraminiferal Research Special Publication
No. 5, 72 pp.

UJIIE, H., ICHIKURA, M. and KURIHARA, K., 1983. Quaternary benthonic foraminiferal
changes observed in Sea of Japan piston cores. Bulletin of the National Science
Museum, Tokyo, Series C 9:41-79, 10 pls.

VILKS, G., 1969. Recent foraminiferal distribution in the Canadian Arctic. Micropal-
eontology 15:35-60.

VILKS, G., 1980. Post glacial sedimentation on Labrador Shelf. Geological Survey of
Canada, Paper 78-28, 28 pp.

VILKS, G., 1989. Ecology of recent foraminifera on the Canadian Continental Shelf
of the Arctic Ocean, Chapter 21, p. 497-569. In: Hermann, Y., ed., The Arctic Seas:
Climatology, Oceanography, Geology and Biology, Van Nostirand Reinhold Co. New
York, 888 pp.

VILKS, G. and DEONARINE, B., 1988. Labrador Shelf benthic foraminifera and stable
oxygen isotopes of Cibicides lobatalus related to the Labrador Current. Canadian
Journal of Earth Sciences 25:1240-1255.

VILKS, G., DEONARINE, B., WAGNER, F.J. and WINTERS, G.V., 1982. Foraminifera
and Mollusca in surface sediments of south-eastern Labrador Shelf. Geological Soc-
iety of America Bulletin 93:579-583.



52

VILKS, G., SCHAFER, C.T. and WALKER, D.A., 1975. The influence of a causeway on
oceanography and foraminifera in the Strait of Canso, Nova Scotia. Canadian Journal
of Earth Sciences 12:2086-2102.

WALKER, D.A., LINTON, A.E., and SCHAFER, C.T., 1974. Sudan Black B: a superior
stain to rose Bengal for distinguishing living from non-living foraminifera. Journal of
Foraminiferal Research 4:205-215.

WALTON, W.R., 1952. Techniques for recognition of living foraminifera. Cushman
Foundation for Foraminiferal Research, Contributions 3:56-64.

WEISS, L., 1954. Foraminifera and origin of the Gardiners Clay, (Pleistocene) eastern
Long Island, New York. U.S. Geological Survey Professional Paper 254-HG, p. 143-
163, pls. 32, 38.

WILLIAMSON, M.A., 1982. Distribution of recent foraminifera on the Nova Scotian
shelf and slope. Third North American Palentological Convention, Montreal, Canada,
Pro-ceedings 2:579-583.

WILLIAMSON, M.A., 1983. Benthonic foraminiferal assemblages on the continental
margin off Nova Scotia: a multivariate approach. Ph.D. Thesis, Dept. of Geology, Dal-
housie University, Halifax, N.S., Canada, 349 pp. (unpublished).

WILLIAMSON, M.A., 1985. Recent foraminiferal diversity on the continental margin off
Nova Scotia, Canada. Journal of Foraminiferal Research 15:43-51.

WILLIAMSON, M.A., KEEN, C.E., and MUDIE, P.J., 1984. Foraminiferal distribution
and hydrography on the continental margin off Nova Scotia. Marine Micropaleont-
ology 9:219-239.



53

APPENDIX A

FAUNAL REFERENCE LIST

This is not a taxonomic report and lengthy synonymies will not be given here.
However, it is important that an unambiguous concept of each species be conveyed to
the reader; to that end the following references are given which contain an illustration
and (in most cases) a synonymy of each species. Where the name of the species re-
ferred to is not the same as the one used in this report, the name in square brackets is
the one used in the reference given.

The generic classification is in accordance with Loeblich and Tappan (1988),
except for Cribrostomoides, emended and the implications for species now placed in
Veleroninoides (Jones et al., 1993).

Species are listed alphabetically, first the agglutinated, then calcareous.

QUATERNARY BENTHONIC FORAMINIFERA

Adercotryma glomerata (Brady). VILKS, 1989, p. 530, pl. 21-1:16-17.

Ammodiscus catinus. HOGLUND, 1947, p. 122-123, pl. 8:1-7.

Ammobaculites dilatatus Cushman and Brénnimann. TODD and BRONNIMANN,
1957, p. 23, pl. 2:4-5.

Ammotium cassis (Parker). MILLER ET AL.,1982a, p. 2362, pl. 1:7.

Ammotium salsum (Cushman and Bronnimann). SCOTT and MEDIOLI, 1980a, p. 35,
pl. 1:11,13 (not 12).

Atlantiella atlantica (Parker). [Trochaminella atlantica Parker], VILKS ET AL., 1982,
p. 226, pl. 1:11a-11b.

Veleroninoides crassimargo (Norman). [Cribrostomoides crassimargo (Norman)],
VILKS, 1989, p. 530-531, pl. 21-1:18-19.

Veleroninoides jeffreysii (Williamson). [Cribrostomoides jeffreysii (Williamson)],
VILKS, 1989, p. 531, pl. 21-1:20-21.

Eggerella advena Cushman. VILKS, 1989, p. 535-536, pl. 21-111:9-10.

Eggerella propingua (Brady). KAMINSKI, 19883, p. 22, pl. 11:6.

Glomospira gordialis (Jones and Parker). BARKER, 1960, p. 78, pl. 38:7-9.
Hemisphaerammina bradyi Loeblich and Tappan. SCOTT AND MEDIOLI, 1980a, p.
40, pl. 1:4-5.

Hyperammina fragilis Hoglund. COLE, 1981, p. 9-10, pl. 2:3.

Hyperammina friabilis Brady. KAMINSKI, 1983, p. 8, pl. 2:4.

Jadammina macrescens (Brady). [Trochammina macrescens Brady], SCOTT and
MEDIOLI, 1980a, p. 44-45, pl. 3:1-8.

Lagenammina atlantica (Cushman). [Saccammina atlantica (Cushman)], VILKS,
1989, p. 527, pl. 21-1:6.

Lepidodeuterammina ochracea (Williamson). [Trochammina ochracea Williamson],
VILKS, 1989, p. 535, pl. 21-lil:4-6. )
Lepidodeuterammina ochracea (Williamson) sinuosa (Brénnimann). BRONNIMANN
and WHITTAKER, 1990, p. 116-117, pl. 2:9-12 (pls. 1 and 2 reversed).
Lepidodeuterammina plymouthensis. BRONNIMANN and WHITTAKER, 1990, p. 117,
pl. 3:1-4.

Miliammina fusca (Brady). SCOTT and MEDIOLI, 1980a, p. 40, pl. 2:1-3.
Paratrochammina haynesi Atkinson. BRONNIMANN and WHITTAKER, 1990, p. 112,
pl. 1:5-8 (pls. 1 and 2 reversed).
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Portatrochammina advena (Cushman). [Trochammina advena Cushman], PARKER,
1952, p. 407, pl. 4:3a-b.

Psammosphaera fusca Schultze. COLE, 1981, p. 12, pl. 3:4.

Psammosphaera parva Flint. KAMINSKI, 1983, p. 9, pl. 3:3.

Recurvoides turbinatus . (Brady). VILKS, 1989, p. 532, pl. 21-II:3.

Reophax arctica Brady. VILKS, 1989, p. 528, pl. 21-|:8.

Reophax dentaliniformis Brady. KAMINSKI, 1983, p. 15, pl. 6:9.

Reophax fusiformis (Williamson). SCHRODER, 1986, p. 44, pl. 15:9.

Rephax pilulifer Brady. SCHRODER, 1986, p. 45-46, pl. 15:1-5.

Reophax scorpiurus de Montfort. SCHRODER, 1986, p. 42, pl.14:1-5.

Reophax scotti Chaster. MILLER ET AL., 1982a, p. 2362, pl. 1:7.

Rhabdammina abyssorum Carpenter. KAMINSKI, 1983, p. 5-6, pl. 1:2.
Silicosigmoilina groenlandica (Cushman). VILKS, 1989, p. 530, pl. 21-1:14-15.
Spiroplectammina biformis (Parker and Jones). VILKS, 1989, p. 5632, pl. 21-11:5-6.
Spiroplectammina typica Lacroix. PARKER, 1952, p. 403, pl. 3:3-8.

Textularia earlandi Parker. VILKS, 1989, p. 533, pl. 21-I:7.

Textularia pseudogramen Chapman and Parr. BARKER, 1960, p. 88, pl. 43:9-10.
Textularia torquata Parker. VILKS, 1989, p. 533, pl. 21-11:8-9.

Tolypammina vagens (Brady). SCHRODER, 1986, p. 39-40, pl.11:7-9.
Trochammina inflata (Montagu). VILKS, 1989, p. 534-535, pl. 21-11:16-17.
Trochamminopsis guadriloba (Héglund). [Trochammina quadriloba Hoglund.]
SCHRODER-ADAMS ET AL., 1990, p. 36, pl. 3:17; pl. 9:27-29.

Trochamminula lobata Cushman. [Trochammina lobata Cushman], PARKER, 1952,
p. 408, pl. 4:7a-b.

Anqgulogerina angulosa/fluens. Angulogerina angulosa (Williamson), FEYLING-
HANSSEN, 1964, p. 317-318, pl. 16:1-3; Angulogerina fluens Todd, FEYLING-
HANSSEN, 1964, p. 318, pl. 16:4-5. ]

Astrononion hamadaense Asano. UJIIE ET AL., 1983, p. 61, pl. 9:10-11 (includes the
junior synonym Astrononion gallowayi Loeblich and Tappan).

Brizalina pseudopunctata (Héglund). MILLER ET AL., 1982a, p. 2364, pl. 2:21.
Brizalina subaenariensis (Cushman). SCOTT, 1987, p. 327, pl. 1:11.

Buccella frigida (Cushman). MILLER ET AL., 1982a, p. 2364, pl. 3:9-10.

Buccella hannai [Eponides hannai]. PHLEGER and PARKER, 1951, p. 21, pl. 10:
11a-14b.

Buccella tenerrima Bandy. KNUDSEN, 1971, p. 254-255, pl. 8:15-17.

Bulimina aculeata/marginata d'Orbigny. POAG, 1981, p. 48-49, pl. 21:2; pl. 22:2.
Cassidulina reniforme Ngrvang. FEYLING-HANSSEN, 1990b, p. 22, pl. 4:4-9.
Cibicidinella exorna (Phleger and Parker). [Planulina" exorna Phleger and Parker],
MUROSKY and SNYDER, 1994, p. 164, pl. 2:21-22.

Cibicidoides pseudoungerianus (Cushman). [Cibicides pseudoungerianus
Cushman], BARKER, 1960, p. 194, pl. 94:9a-c.

Cibicidoides subhaidingerii (Parr). [Cibicides subhaidingerii Parr], FUNNEL, 1989, p.
566, pl. 12.1:7-9.

Cribroelphidium albiumbilicatum (Weiss). [Elphidium albiumbilicatum (Weiss)],
FEYLING-HANSSEN, 1980a, p. 179, pl. VI:13-14.

Cribroelphidium asklundi (Brotzen). [Elphidium asklundi Brotzen], FEYLING-
HANSSEN, 1990b, p. 28, pl. 5:16-17.
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Cribroelphidium bartletti (Cushman). [Elphidium bartletti Cushman], FEYLING-
HANSSEN, 1980a, p. 179, pl. VI:17-18.

Cribroelphidium excavatum (Terquem). [Elphidium excavatum (Terquem) formae],
MILLER ET AL., 1982b, p. 116-144, pls. 1-6.

Cribroelphidium frigidum (Cushman). [Cribrononion frigidum (Cushman)], SCOTT
ET AL., 1980, p. 228, pl. 2:8.

Cribroelphidium subarcticum (Cushman). [Elphidium subarcticum Cushman],
FEYLING-HANSSEN, 1980a, p. 179, pl. VI:11-12. )

Cornuspira involvens (Reuss). [Cyclogyra involvens (Reuss)], SCHRODER-ADAMS
ET AL., 1990, p. 24, pl. 6:1.

Cornuspira planorbis (Schultze). [Cyclogyra planorbis (Schultze)], SCHRODER-
ADAMS ET AL., 1990, p. 24, pl. 6:2.

Discorbinella subbertheloti (Cushman). BARKER, 1960, p. 184, pl. 89:10.

Discorbis plana. HERON-ALLEN and EARLAND, 1932, p. 413, pl. 14:9-12.
Discorbis squamata. PARKER, 1952, p. 418, pl. 6:10-11.

Discorbis translucens. EARLAND, 1934, p. 181, pl. 8:20-22.

Discorbis tricamerata. HERON-ALLEN and EARLAND, 1932, p. 413-414, pl. 14:13-
16.

Eoeponidella pulchella (Parker). VILKS, 1989, p. 540, pl. 21-1V:13-15.

Epistominella arctica Green. [Stetsonia horvathi Green], SCOTT, 1987, p. 328, pl.
2:1-2.

Epistominella exigua (Brady). SCOTT, 1987, p. 327, pl. 2:8-9.

Epistominella sandiegoensis. UCHIO, 1960, p. 68, pl. 9:6-7.

Epistominella {akayanagii lwasa. MILLER ET AL., 1982a, p. 2362, pl. 2:11-12.
Fissurina cucurbitasema Loeblich and Tappan. RODRIGUES and RICHARD, 1986,
p. 20; pl. 3:8.

Fissurina laevigata (Reuss). RODRIGUES and RICHARD, 1986, p. 20, pl. 1:3.
Fissurina marginata (Walker and Boys). UJIIE ET AL., 1983, p. 56, pl. 3:3-8.
Fissurina orbignyana Seguenza. KNUDSEN, 1971, p. 230, pl. 6:8.

Fissurina quadrata (Williamson). BARKER, 1960, p. 122, pl. 59:3.

Fissurina semimarginata Reuss. LOEBLICH and TAPPAN, 1953, p. 78, pl. 14:3a-3b.
Fissurina serrata (Schlumberger). RODRIGUES and RICHARD, 1986, p. 20, pl. 3:15.
Fissurina stewartii (Wright). SCHNITKER, 1971, p. 200, pl. 4:16a-b.

Fissurina ventricosa (Wiesner). RODRIGUES and RICHARD, 1986, p. 20, pl. 3:14.
Gavelinopsis praegeri (Heron-Allen and Earland). HANSEN and REVETS, 1992, p.
177, pl. 6:1-3, 6, 7.

Glabratella sp. 1.

Glabratella sp. 2. [Glabratella wrightii (Brady)]. MILLER ET AL., 1982a, p. 2364, pl.
2:16-17.

Glabratella lauriei (Heron-Allen and Earland). SCHNITKER, 1971, p. 200, pl. 6:7a-c.
Glabratella wrightii (Brady). FEYLING-HANSSEN, 1990a, p. 104, pl. 2:6-8.
Guttulina austriaca d'Orbigny. FEYLING-HANSSEN, 1990b, p. 18, pl. 2:13-15.
Guttulina lactea Walker and Jacob. KNUDSEN, 1971, p. 214-215, pl. 5:14-18.
Haynesina germanica (Ehrenberg). SCHRODER-ADAMS ET AL., 1990, p.34, pl. 8:7-
8.

Haynesina orbiculare (Brady). MILLER ET AL., 1982a, p.2362, pl. 2:7.

Islandiella algida (Cushman). MILLER ET AL., in press, pl. 1:1-5.

Islandiella helenae Feyling-Hanssen and Buzas. VILKS ET AL., 1982, p. 226, pl.
1:14.




Islandiella norcrossi (Cushman). VILKS, 1989, p. 538, pl. 21-1V:5-6.

Lagena mollis Cushman. LOEBLICH and TAPPAN, 1953, p. 63-64, pl. 11:25-27.
Lagena substriata (Williamson). UJIIE ET AL., 1983, p. 54, pl. 2:5.

Lobatula lobatalus (Walker and Jacob). [Cibicides lobatalus (Walker and Jacob)],
FUNNEL, 1989, p. 566, pl. 12-1:4-6.

Melonis barleeanum (Williamson). [Nonion barleeanum (Williamson)], SCOTT and
VILKS, 1991, p. 30, pl. 2:9; pl. 4:6-7.

Miliolinella circularis (Bornemann). POAG, 1981, p. 72, pl. 59:3; pl. 60:3a-b.
Miliolinella subrotunda (Montagu). FEYLING-HANSSEN, 1980b, p. 269-270, pl. 1:1-
3.

Nonionella auricula (Heron-Allen and Earland). [Florilus auriculus (Heron-Allen and
Earland)], SCHNITKER, 1971, p. 200, pl. 10:9.

Nonionellina labradorica (Dawson). VILKS, 1989, p. 545-546, pl. 21-1V:9-10.

Oolina acuticostata (Reuss). RODRIGUES and RICHARD, 1986, p. 21, pl. 1:7
(includes junior synonym Lagena apiopleura Loeblich and Tappan).

QOolina apiculata Reuss. BARKER, 1960, p. 116, pl. 56:15-16.

Qolina borealis Loeblich and Tappan. [Oolina costata (Williamson)], LOEBLICH and
TAPPAN, 1953, p. 68, pl. 13: 4-6.

Oolina caudigera (Wiesner). LOEBLICH an TAPPAN, 1953, p. 67-68, pl. 13:1-3.
Oolina melo d'Orbigny. RODRIGUES and RICHARD, 1986, p. 20, pl. 1:6.

Oolina williamsoni (Alcock). RODRIGUES and RICHARD, 1986, p. 21, pl. 1:8.
Paracassidulina neocarinata Thalmann. SEIDENKRANTZ, 1995, p.155, pl. 1:10-11;
pl. 4:7; pl. 5:9-10.

Parafissurina himatiostoma. LOEBLICH and TAPPAN, 1953, p. 80, pl. 14, figs. 12-14.
Parafissurina _tectulostoma Loeblich and Tappan. UJIIE ET AL., 1983, p. 57, pl.3:25-
26.

Patellina corrugata (Williamson). SCHRODER-ADAMS ET AL., 1990, p. 34, pl. 6:3.
Pateoris hauerinoides (Rhumbler). SCOTT ET AL., 1980, p. 228-231, pl. 3:6-8.
Pseudopolymorphina decora (Reuss). FEYLING-HANSSEN, 1990b, p. 20, pl. 3:14-
15.

Pullenia osloensis Feyling-Hanssen. FEYLING-HANSSEN, 1964, p. 334, pl. 18:5-6.
Pyrgo williamsoni (Silvestri). FEYLING-HANSSEN, 1990b, p. 16, pl. 2:15-18.
Quinqueloculina arctica Cushman. VILKS, 1989, p. 536, pl. 21-111:12-13.
Quingueloculina elongata Natland. COLE, 1981, p. 50, pl. 8:7.

Quinqueloculina seminula (Linné). VILKS, 1989, p. 536, pl. 21-l11:14.
Quinqueloculina stalkeri Loeblich and Tappan. FEYLING-HANSSEN, 1964, p. 252-
253, pl. 4:13-18.

Rosalina globularis (d'Orbigny). SCHNITKER, 1971, p. 210, pl. 6:1a-c.
Robertinoides charlottensis (Cushman). SCOTT and VILKS, 1991, p. 32, pl. 4:16-17.
Rotaliella chasteri (Heron-Allen and Earland). [Glabratella arctica, n. sp.], SCOTT
and VILKS, 1991, p. 30, pl. 2:10-12.

Scutuloris pyriformis (Gudina). FEYLING-HANSSEN, 1990b, p. 16, pl. 2:1-6.
Scutuloris tegminus. LOEBLICH and TAPPAN, 1953, p. 41-42, pl. 5:10.

Stainforthia fusiformis (Williamson). KNUDSEN and SEIDENKRANTZ, 1994, p. 5-13,
pl. 3:1-7, 16-17. )

Stainforthia rotundata (Parr). UJIIE ET AL., 1983, p. 58, pl. 4:17-19,

Trifarina hughesi (Galloway and Wissler). RODRIGUES and RICHARD, 1986, p. 21,
pl. 1:10.

Trifarina reussi Cushman. BARKER, 1960, p. 140, pl. 67:4-6.
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Triloculina trihedra Loeblich and Tappan. VILKS, 1989, p. 537, pl. 21-111:15-186.

Ventrostoma fovigera Buchner. LOEBLICH and TAPPAN, 1988, p. 430, pl. 466:15-
19.

QUATERNARY PLANKTONIC FORAMINIFERA

All references are to SAITO ET AL., 1981.

Globigerina bulloides (d'Orbigny), p. 40, pl. 7:1a-d.

Globigerina quinqueloba Natland (left and right coiled), p. 48, pl. 10.

Globigerinita glutinata (Egger), p. 17, pl. 22.

Globigerinita uvula (Natland), p. 81, pl. 24:3a-d.

Neogloboquadrina dutertrei (d'Orbigny), p. 111, pl. 36:1-2.

Neogloboquadrina pachyderma (Ehrenberg) (left and right coiled), p. 106-108, pl. 34.
Globorotalia inflata (d'Orbigny), p. 124, pl. 41:1a-d.

Globorotalia scitula (Brady), p. 137, pl. 46:2a-d.
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