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ABSTRACT 

Two cores were obtained from the Baie Verte estuary 

of the Northumberland Strait to study relative sea level 

changes by examination of foraminiferal distri~utions. 

The base of the cores contained a layer of salt marsh 

peat which can be accurately used to relocate former sea 

levels. Distinct vertical faunal assemblages observed in the 

cores indicate that there has been a change in the 

foraminiferal environments of the estuary during the last 

5,000 years. The development of the estuary has resulted in 

the original, nontransitional estuary being transformed into 

the transitional system which exists today in the area. 

Evidence suggests that this change was due to alteration of 

circulation patterns in the estuary. 

The implication for sea level changes indicates that 

a short period of emergence occurred at approximately 5,000 

·years B.P. This was followed by a continuous submergence 

to the present time. Thus, the evidence provides support 

for the models which have been developed to explain the 

migration of the peripheral bulge that followed deglaciation 

in the Maritimes. 

A comparison of this study with one done in the 

same area by McRoberts {1968) indlcates variations in the 

results obtained. In particular, large populations of 

arenaceous foraminifera found in the cores of the present 

study were not.observed in McRoberts' (1968) core. The 
iv 



result has been different interpretations of events in the 

area related to relative sea level cl1anges since the last 

glaciation. 
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CIIAPTEn. I 

INTRODUCTION 

.General: 

In recent years, a substantial amount of scientific 

research has been focused on the usefulness of foraminiferal 

distributions as sea level indicators in the Maritime 

Provinces (Scott, 1977; Scot~ and Medioli, l978a, 1980). 

In particular, the attention was concentrated on using the 

information obtained from such studies to reconstruct an 

outline of the relative sea level changes that have occurred 

since the last glaciation (McRoberts, 1968; Scott, 1977; 

Scott and Medioli, 1978b, 1979). As a part of continuing 

effort tov1ards establishing detailed relative sea level 

records in different parts of the Maritimes, many areas have 

been sampled. One of the most important of these, a small 

area in the Northumberland Strait, is the subject of this 

thesis. 

The complex pattern of relative sea level rise and 

fall observed in the Maritimes has been attributed to the 

deformation of the lithosphere caused by the migration of 

a "peripheral bulge" that formed in the marginal regions 

of the ice sheet during the last glaciation (e.g. Peltier 

and Andrews, 1976; Scott, 1977). The phenomenon of migration 

of the peripheral bulge has been quantified in several 
J. 
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mathematical models (Peltier and Andrews~ 1976; Quinlan, 1978). 

All such models, however, are based on assumptions on the 

size of the last Laurentide ice sheet, the ela~ticity of the 

lithosphere and viscoelasticity of the asthenosphere. The 
1\ 

Qnly way to calibrate the assumptions is that of making 

predictions by means of the model and verifying them in the 

field. If the predictions are wrong 1 then the assumptions 

must be modified. Hence, there is the need for accurate and 

detailed measurements in the field. 

The application of these models to the Maritimes, 

supported by existing data, suggests that the western part 

of the Northumberland Strait is now on the distal end of 

the "peripheral bulge" (which is migra·:jng· west.ward) and 

consequent!_}, the relative sea level is steadily rising 

(Scott, 1977). The specific area of interest in the present 

study is the Baie Verte estuary, bordering on New Brunswick 

and Nova Scotia and located in this western portion of the 

Northumberland Strait. 

Scope of \·lork: 

Previous coring in the Baie Verte area (Kranck, 1972) 

had revealed the presence of peat layers but sea level 

results from these cores were questionable (McRoberts, 1968). 

Since the old cores no longer existeq_, it was necessary to 

return to the area where new cores wc~e obtained (Fig.~,Table 

1) . It was hoped that foraminiferal assemblage zones could be 
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identified in the cores and related to modern estuarine and 

marsh environments. These results would help to establish 

the paleoecology of the area during this specific period of 

sedimentation. This information could be used to interpret 

the relative sea level changes in the development of this 

estuary. The sea level changes could then be related to 

the general studies on the migration of the "peripheral 

bulge" follo'.·Jing deglaction. 

More specifically, there was much interest to deter­

mine if the peat layers reported from previous cores (Kranck, 

1972; McRoberts, 1968) were of freshwater or salt marsh 

origin. If the latter was the case, then extremely accurate 

sea levels could be derived using marsh foraminifera as 

indicators (Scott and Medioli, l978a, 1980). It should be 

noted here that the organic material found in the cores of 

the present study is presently being C-14 dated. These 

dates were unavailable for incorporation into this study. 

It v1as felt that one of these cores should be taken 

from the exact location as one obtained and analyzed by 

HcRoberts ( 19 6 8) . In this v.Jay, the t.v.ro could be corr;pared 

in terms of foraminiferal distributions. 



CHAPT1ER II 

PREVIOUS h70RI<: 

Pbst-glacial History and Sea Level Investigations: 

McRoberts (1968) conducted a study in which she 

examined the post-glacial history of the Northumberland 

Strait based upon distributions of foraminifera in two cores 

obtained by Kranck {1972). Gne of McRobertsw (1968) cores 

was from the same location as one examined in this study. 

She found a peat layer at the base of this core, describing 

it as depauperate of foraminifera and very rich in fresh 

water diatoms. She interpreted this as indicating fluvial 

deposits. Above this, an oyster shell layer was encountered. 

Samples examined by McRoberts above the basal peat layer 

consisted of a prolific Cribrononion fauna (=Elphidium in 

McRoberts, 1968). Arenaceous foraminifera were relatively 

rare in her samples. The upper section of t.he core was 

also recorded as depauperate and Mcl{Ober·ts concluded that 

this represented conditions similar to those existing in 

the modern ~orthumberland Strait. 

In a study by Grant (1970) regarding recent costal 
t\ 

submergence in the Maritime Provinces, he suggests that many 

areas in the Maritimes are still experiencing excessive sub-

mergence compared to the eustatic rate. Grant attributes 

this to a combination of crustal deflection by water load 
' 

5 
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from post-glacial eustatic rise of sea l~vel and relaxation 

of the "peripheral bulge". 

An extensive examination of the geomorphological 

development and post-Pleistocene sea level changes in the 

Northumberland Strait was carried out by Kranck (1972). 

Included in this study were two cores taken from the Baie 

Verte estuary at the same depths as the cores in this thesis 

(Table' 1). The sugges-tion was made that "the Northumberland 

Strait may be on the edge of a region undergoing subsidence 

to compensate for post-glacial rebound in the centre of the 

continent (e.g. l'~evnnan and March, 1968). The ·area may 

straddle a fulcrum point separating a region of positive 

crustal movement from a region of negative crustal movement". 

(Kranck, 1972, p. 844) 

Based on foraminiferal distributions in the cores 

taken from the estuaiine - marsh systems at Chezzetcook, 

Chebogue, and Wallace, Nova Scotia, Scott (1977) observed 

differential relative sea level rises. He concluded that 

this could be attributed to the migration of the 11 peripheral 

bulge" following deglacia'tion in the Haritimes. 

Additional studies are presently being conducted in 

the Maritimes by Scott and Medioli (1978b, 1979) to provide 

a more complete picture of relative sea level changes .. 

Foraminiferal Studies Related to This Work: 

To obtain more precision in measuring former relative 

sea-levels, a method l1as been developed using vertical 
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zonations of marsh foraminifera as accurate indicators (Scott, 

1977; Scott and Medioli, l978a, 1980). 

A study of the Miramichi River estuary was carried 

out by Scott et al. (1977). This study demonstrated that 

the distribution of foraminifera could provide a good 

indic~tor of circulation patterns and could be used to 

identify estuaries as either transitional or non-transitional. 

It was also shown by Scott et al. (1977) that faunal changes 

in estuaries can occur in a short time due to altered tidal 

circulation patterns. 

Foraminifera and Environmental Factors: 

It should be noted here that only species observed in 

the cores from this study will be discussed below. 

Studies of the marsh foraminifera by Scott and 

Medioli (l972a, 1980} suggest that arenaceous species such as 

Trochammina inflata and Tiphotrocha comprimata occur only in 

the upper half of the salt marsh; this suggests that they 

are tolerant of long periods of exposure. Hence, since 

normal marshes inhabit only the upper half of the tidal range 

(Chapman, 1960), the presence of these arenaceous marsh forms 

limits a marine deposit to the upper quarter of the tidal 

ranqc. 

It has been suggested by l3arlc·tt (19GG) that the 

proliferation of calcareous foraminifera in lov1er estuarine 

areas (in cool ten~erate climates) can be attributed to 

relatively highGr salinities. lie demonstrated that most 
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calcareous species such as Cribrononion species (=Elphidium 

species in Bartlett, 1966) require salinities higher than 

20 °joo to reproduce. This suggests that these forms will 

be confined to the lower parts of estuaries where salinities 

are higher. 

Extensive research concerning the arenaceous species 

Ammotium cassis has been conducted in recent years (Olsson, 

1976; Scott et al., 1977). A study of the f.liramichi River 

estuary suggests that the mo~t abundant !2.:_ ~ssis 

populations are found where transition zones exist~ The 

"ponding effect" occurring in this zone is caused by 

altered circulation patterns resulting from river and tidal 

influences becoming more balanced in the estuary (Scott et 

al., 1977). One effect of this is the increase of suspended 

particulate matter (SPM) which is associated with increased 

river discharge (I'Jichols, 1977). This increase of SPZ·l alons 

with rapid sedimentation and increased organic content in 

the sediments favor the proliferation of A. cassis (Olsson, 

1976; Scott et al., 1977). 



Clll':.P'I'ER III 

HETHODS 

Collection of Cores: 

Cores for this project were collected during May, 

1979, by Medioli and Scott aboard the C.S.S. Navicula 

operating from Wallace Basin. Approximate positions of 

Kranck's (1972) Baie Verte core locations were reached and 

recorded (radar was used for navigation, Refer to Figure 1, 

Table 1) . Other coring locations in the area were sampled 

but only the original two cores in Kranck's former locations 

proved useful. 

A 600 kilogram Alpine head {with a 3.5 metre barrel) 

was used as a gravity corer. This was a modification of 

previous plans to use the complete Alpine piston corer since 

conditions proved too dang~rous aboard the C.S.S. Navicula 

for piston coring. The two cores (called Navicula #l and 

Navicula #2) were stored in plastic core liner-until they 

could be split in the laboratory. 

Splitting of Cores For Sampling: 

The cores were split accordins.to standard procedures; 

both the working and the archives halves arc stored at 

Dalhousie University. After splitting, the cores were sampled 

at 10 em. intervals (15 c.c. samples). Sometimes closer 

interval sampling was required, depending on lithology. 

9 
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Sample Preparation: 

All samples were prepared by standard procedures 

(Scott, 1977; Scott et al., 1977) which will briefly be 

described here. Each 15 c.c. sample was wet sieved through 

• 5 mm. and . 063 ITffil.. sieves with the . 5 mm. sieve retaining 

the cOarse organics and allowing foraminifera to pass to the 

. 063 mm. sieve where they v1ere retained. Decantation v.ras 

used to separate the fine organic material from the micro-

fossils and sediment. The foraminifera samples were pre­

served in alcohol. 

Due to excessively large numbers of foraminifera and 

volumes of sediment present in most of the samples, only a 

few of them were examined in the alcohol medium. The remain­

ing samples were dried and the foraminifera separated from 

the sand by flotation in carbon tetrachloride (sp.g.-1.58). 

The separated foraminifera were then examined in a dry 

state. Because of the large numbers of foraminifera found 

in most of these samples, they were split to a workable 

number of 300-500 v·lhen necessary using an "Otto" micro­

splitter. 

Photoqraphy of Specimen~: 

'rhose foraminife~al species which were considered 

significant in the interpretation of ·the data were photo­

graphed using the Cambridye Scannin9 Electron Microscope 

located at the Bedford Institute of Oceanography. Polaroid 

N/P 55 film was used. The photographs were then assembled 

on a plate and rephotographed for display in this study. 



CHAPTER IV 

RESULTS 

General Observations of Fora:niniferal Distributions 
in the Cores: 

Twenty-four species of foraminifera occur in the two 

cores (Table 2). There are COi~Only six to twelve of these 

species in each sample. £VJany species are represented by 

only a few individuals. Because of this, just the signif-

icant species are considered in the interpretation and 

correlation (Fig. 2, 3). 

Most of the samples in both cores contain very large 

populations of foraminifera, typically ranging from 2,000 

to 5,000 individuals per 15 c.c. Exceptior:s to this 

occur in Navicula #2 where two areas show a distinct decline 

in population size to about 100 individuals. One area occurs 

·just above the bedrock (96 to 86 em) while the other is 

located from 42 to 34 em. 

Sedimentary, Foraminiferal, and Environmental Descriptions: 

Although a detailed sediment analysis was not 

conducted, basic distinctions were recorded in the prelirnin-

ary examination of the cores (Fig. 2, 3). 

Navicula #l: 

At 15.51 metres below present f.ISL the base of 

the unconsolidated sedintents is in contact v1i th a bedrock 

11 
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of red sandstone (151 em. in the core, Fig. 2). This is 

followed by a soil horizon (151 to 142 em.) which contains 

no foraminifera and separates the sandstone from the over­

lying marine deposits. At the base of the marine sequence 

is an organic layer mixed with wood material (142 to 134 em.). 

This peat layer can be divided into two faunal assemblages. 

The lower assemblage (142-140 c.m) consists of a relatively 

small population of Protelphidium orbicu_!are and Cribrononion 

excavatum. These species are characteristic of an inter­

tidal to subtidal open bay environment. The upper faunal 

zone (140 to 134 em.) contains a large arenaceous population 

dominated by Trochanullina inflata vli th smaller numbers of 

!Aphotrocha comprimata and Trochammina lobata. This indicates 

a salt marsh environment. 

Above the organic material is a red sand layer (135 

to 130 em.) with an oyster shell horizon extending to the 

125 em. mark. A thick bed of light grey mud (125 to 62 em.) 

overlies the shell horizon. From the base of the red sand 

layer (135 em.) to the 84 ·em. mark in the light-gray mud, an 

assemolage of P. orbiculare and C. excavaturn is found. 

The upper part of this zone ( 105 to 84 em.) contains Anunotium 

cassi~ and Eggerella advena which show a gradual increase in 

numbers approachi~g the top of the assemblage. Small 

numbers of Buccella friCJida arc ulso present throughout this 

zone. The predominant calcareous forms suggest an open bay 

environment vJhich is changing toviard the top of the zone. 
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A sequence of different coloured muds {62 to 0 em.) 

overly the light-gray mud and trend from gray on the bottom 

to red-gray on the top. From the 84 em. mark in the light-gray 

mud to the top of the core, as assemblage composed alillost 

entirely of A. cassis and E. advena occurs. These two species 

(especially A. cassis) indicate a transition zone in an 

estuary. 

Navicula #2: 

The basic sediment sequence here is similar to that 

of Navicula #l, although compressed. At 9.96 metres belov1 

present MSL (96 em. in the core), a bedrock of red sandstone 

is in contact with an organic layer (Fig. 3). This peat 

layer (96 to 91 em.) defines the limits of a faunal assemblage 

zone. The foraminiferal population is very small here. 

Trochammina inflata is the most abundant species, with·only 

slightly lesser numbers of Protelphidiurn orbiculare and 

Cribrononion excavatum. The strong presence of the T. inflata 

indicates a salt marsh environment. 

Above the peat is a relatively thick gray sand and 

oyster shell horizon (91 to 65 em.). Light gray mud extends 

from the top of the shell layer to the 26 em. mark. From the 

bottom of the oyster shell layer to the middle of the light 

gray mud layer (91 to 40 em.) a calcareous fauna is do~inant. 

P. orbiculare and C. cxcavatum arc both very prolific ~hile 

~uccella frigida and Cribrono11ion bartletti occur in minor 

but persistent numbers. One small section from 64 to 
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62 em. contains a significant population of .£..:. gunteri. The 

abundance of calcareous forms suggests that this is an open 

bay environment. 

Overlying the light gray mud, aseries of coloured 

muds occur (65 to 0 em.) with tan to light-gray on the bottom 

grading into red-gray at the top of the core. An assemblage 

dominated by Arn.motium ~is and Eggerel_la advena occurs 

at the 40 em. mark in the light-gray mud and continues to 

0 em. A transition zone is indicated by the presence of this 

assemblage. 



CHAPTER V 

DISCUSSION 

General Comments: 

The peat layers in the Navicula cores are presently 

being C-14 dated; however, the results are not available at 

the present time to be submitted with this study. McRoberts 

(1968) and Kranck {1972) publishea C-14 dates which should 

correspond quite closely to the Navicula cores (Table 1), 

with one exception. The 10 metre core in the present study 

should be slightly younger than McRoberts' 11.8 metre core. 

Based on a proportionality calculation of sea level rise 

using McRoberts' (1968) C-14 date, it can be inferred that 

the peat layer at 10 metres below present MSL (in the 

present study) occurred approximately 2,500 years B.P. With 

these assumptions in mind, the dates discussed in this study 

will be approximations based on the results of McRoberts 

(1968) and Kranck (1972). 

Faunal Assemblaqe Comparisons With Modern Day Environments: 

Both cores show the Silmc vcrticill sequence of faunal 

assemblages with one exception. Navicula #1 has a small 

open bay zone at the base which is not found in Navicula #2. 

Other than this, both cores have a marsh foraminiferal 

assemblage at the bottom overlain by an open shallow bay 

17 
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assemblage and an estuarine transition zone occuring at the 

top. 

The zone identified as the marsh environment contains 

a fauna similar to that described by Scott and Medioli 

(1978a, 1980). The important species are Trochammina inflata 

and ~iphotrocha comprimata. These arenaceous forms are 

dominants found in the upper marsh zones of the Maritimes 

(Scott and Medioli, 1978a, 1980). 

This zone (in both cores) shows a relatively dramatic 

decrease in individuals at the base, which is strongly 

characteristic of higher high water areas in a marsh (Scott 

and Medioli, 1980). 

Cribrononionexcavatum and Protelphidium orbicular~ 

define the open bay assemblage zone. These calcareous 

species are strongly characteristic of an intertidal to 

shallow, subtidal environment (Scott et: al. ,in press). This 

assemblage was observed by Scott et al. (1977) in the 

Miramichi River estuary. A salinity of greater than 20 

oloo appears to be the requirement for the proliferation of 

these species (Bartlett, 1966). These conditions are 

satisfied in the open bay zone of an estuary. 

Large populations of Eggerella advena and Ammotium 

cassis are strongly characteristic of an estuarine trans-

ition zone. This assemblage has been identified by Scott 

et al., (1977) in the I-liramichi Hiver estuary. \.-vith the aid 

-of cluster analysis, they suggested that only !;;,-.cassis can 
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define this zone while E. advena can be found in large nurn-

bers in either the transition or open bay faunal assemblage. 

Paleoecology: 

The evidence presented distinctly implied that the 

Baie Verte estuary developed from a two assemblage zone to 

a three zone system. It should be noted that the upper 

estuarine assemblage zone (defined by Miliammina fusca and 

and Ammotium salsum, Scott et al.,l977) described by Scott 

et al., (1977) was not found"in the present study. This 

probably indicates that it was poorly developed due to low 

fresh water input, similar to conditions exhibited in Prince 

Edward Island estuaries (Scott et al., in press). 

In the early phase of the estuary, it consisted of a 

fringing marsh zone and a directly adjacent shallow open bay 

zone. An arenaceous fauna of Trochammina inflata and 

Tiphotrocha comprimata dominated the marsh assemblage while 

open bay conditions were represented by the calcareous 

species Protelphidium orbiculare and Cr ibron_onion excavat~u:n.. -----
The absense of a transition zone was probably due to a 

circulation imbalance, with the m~rinc influences being far 

greater th~n river influences (Scott et al., 1977). With --
time there was a change from this nontransitional estuary 

to a transitional type. This was apparently caused by the 

" ponding effect" which mos-t likely resul-ted from more 

balanced marine and fluvial influences due to increased 

river -discharge and/or de.creased tidal influenee-fter..l· rising 
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sea level (Scott et aJ.., 1977). The result was a transition 

assemblage zone characterized by Awnotium cassis and Eggerella 

advena separating the fringing marsh from the more seaward 

open bay environment. It should be noted here that the 

assumption has been made that an open b~y zone presently 

exists in a seaward direction from the study area cores. 

Im:elications Regarding Rel~tive Sea Levci Changes: 

The foraminiferal distributions indicate that 5,000 

years B.P. (approximation of C-14 date, Kranck, 1972), there 

was a short emergence stage in the Baie Verte estuary at 

15.5 metres below present MSL. This is indicated by the 

open bay assemblage at the base of Navicula #1, followed by 

a marsh sequence (suggesting falling sea level) . A marine 

transgression then began. At approximately 2,500 years 

B.P. (calculated fromC-14 date, HcRoberts, 1968) the marine 

water had reached a point 10 metres below present MSL. The 

evidence indicates that this submergence has apparently 

been continuous to the present day. 

Relationship Between Relative Sea Level Changes and 
Deg·lac ia t ion: 

The results appear to conform with the studies of 

the migration of the .. peripheral bulge" in the t-1aritimes 

(e.g. Kranck, 1972; Scott, 1977). The temporary regression 

of the sea at the base of Navicula #l would suggest that the 

maximum point of emergence is this area (where the cores 

were obtained) was approximately 5,000 years B.P. at 15.5 
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metres below present MSL. Since that time there has been 

continuous submergence. These results would be consistent 

with the suggestion that the 11 peripheral bulge" has already 

migrated westward through the western part of the Nor~humber­

land Strait and into New Brunswick (Scott, 1977). Thus, the 

last effect of the "bulgc 11 in the Baic Vertc area occurred 

approximately 5,000 years B.P. with the emergent feature of 

the salt marsh being followed by submergence. 

Paleoclimatic Conditions: 

Most of the species (including Protelphidium 

orbiculare, Cribroelphidum excavatum, Eggerella adven~, 

etc.) in the cores are associated with temperate to cold 

temperate waters {Bartlett, 1966). This suggests that 

the climatic conditions over the last 5,000 years have 

probably been quite similar to the cool, temperate co~ditions 

which exist in the Northumberland Strait today. One 

. exception to this assumption is the appearance of Cri!::;rQ_noni~Q 

gunteri in Navicula #2 (64 to 62 em.). This species is 

associated with warm temperate to subtropical waters (Snyder 

and Katrosh, 1979). It might be suggested that conditions 

in the Northumberland Strait were warmer at one time during 

the last 5, 000 years. HOvlever, because of the complexity 

of this body of water and insufficient studies done in the 

area, any conclusions drawn must be considered as mere 

speculation. 
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Comparison to McRobert's (1968) Work: 

A comparison of this study with that done by 

McRoberts (1968) indicates a great deal of variation in 

results obtained in the same study area. Although the 

lithologies recorded in the two studies are very similar, the 

foraminiferal distributions show wide discrepancies. To 

begin ~ith, her results show the basal peat layer as 

depauperate of foraminifera r..-;h'iJe the Navicula cores have 
'", 

significant numbers of arenaceous foraminifera in the 

equivalent layers. The implication here is that the peat 

was not a fresh water bog, but definitely the remains of a 

salt marsh formation. Thus, the organic material can be 

very accurately used as an indicator of former sea level 

(Scott, 1977; Scott and Medioli, l978a, 1980). 

Another point of difference is that McRoberts (1968) 

described the upper section of the core as either barren 

or depauperate. In the Navicula cores very large populations 

of arenaceous species are present (to the top ?f the cores). 

This would suggest that the foraminiferal fauna is flourish-

ing in this area at the present day and not depauperate as 

suggested by McRoberts (1968) . 

The differences encountered in the two studies can 

probably be accounted for in terms of sampling techniques. 

The methods for preserving the foraminifera and extracting 

them from the cores have been substantially refined in 

very recent years. Because many of these techniques were 
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not available at the time of the NcRoberts (1968) study, 

it can be suggested that possibly the large arenaceous 

populations (observed in the present study) were destroyed 

when the cores were processed or sampled. 



CHAPTER VI 

CONCLUSIONS 

(l) The organic layer at the base of each core contains an 

abundant arenaceous population including Trochamrnina inflat.a 

and Tiphotrocha comprimata. This confirms that these peat 

layers were salt marsh deposits and can be used as accurate 

indicators of first invasions of a marine environment. 

(2) Foraminiferal distributions found in the cores suggest 

that the initial Baie Verte estuary in the study area 

consisted of two faunal assemblage zones. Trochamiuina inf 1 a ta 

and Tiphotrocha comprimata define the fringing marsh environ­

ment ~~ the calcareous forms Pro·telphidiu~ orbiculare and 

Cribrononion spp. indicate the open bay environment. 

(3) The most recent sediments in the study area indicate the 

presence of a transition zone in the estuary which is identif-

ied by large populations of Anunotium cassis. 

(4) The results suggest that there has been a shift in the 

Baie Verte estuary from a nontransitional, two-zoned system 

to the present conditions of a transitional, three-zoned 

estuary. 

(5) Relative sea level changes indicate that approximately 

5,000 years B.P.,there was a transgression of the sea in the 

Baie Vertc estuary. This was followed by a period of emergence 

and finally a continuous submergence to the present day. 

24 
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(6) This study provides evidence supporting the recent 

models of the migration of the "peripheral bulge" in the 

Maritimes. The results suggest that the "bulge" has already 

passed through the western part of the Northumberland Strait 

so that the Baie Verte area is now located at the distal end. 

The maximum emergence (the effect of the "bulge") in this area 

was experienced approximately 5,000 years B.P. at 15.5 metres 

below present MSL. 

(7) The species of foraminifera identified in the cores 

indicate that the paleoclimatic conditions over the last 

5,000 years have most probably been similar to the cool, 

temperate conditions which exist at present. 

(8) A comparison with results obtained by McRoberts (1968) 

indicates variations from the data presented in this study 

concerning the same area. The basic difference is that 

McRoberts found the peat layers and large sections of the 

·top of the cores barren of foraminifera while in the present 

study, both of these sections contained abundant arenaceous 

species. 



CH/\PTI~H VI I 

SYSTEMATIC TAXONO~Y 

Of the foraminifera identified in this study, only 

those species which showed significant occurrences will be 

presented here. The references cited consist of original 

references and those that were pertinent to this study. 

The generic names are in accordance with Loeblich & Tappan 

(1964). 

Ammonia beccarii 
. , 

(Llnr:.e} 

Nautilus beccarii Linn~. 1753, p. 710. 

I 
Ammonia beccarii (Linne). Brunnich, 1772, p. 232; Frizzell 

and Keen, 1949, p. 106; Gregory, 1970, p. 222, Pl. 12, figs. 

4-6; Schnikter, 1974, pp. 216-223, Pl. 1; Cole and Ferguson, 

1975, p. 32, Pl. 9, figs. 1, 2; Scott,l977, pp. 164-165, 

Pl. 6, figs. 10, 11; Schafer and Cole, 1978, p. 27, Pl. 8, 

_fig. 6; Scott and Medio1i, 1980, p. 35, Pl. 5, figs. 8, 9. 

. , 
Streblus beccarii (Llnne). Fischer de Waldhiem, 1917, p. 449, 

Pl. 13; Bradshaw, 1957, p. 1133, text fig. la-c. 
, 

"Rotalia" beccarii (Linne) var. tepida Cushman; 1926, p. 79, 

Pl. 1; Parker, l952a, p. 457, Pl. 5, figs. 7, S .. 

Ammotium cassis (Parker) 

Plate I, figure 7 

Lituola cassis Parker in Dawson (1870) pp. 177, lSO, fig. 3o 

26 
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Buccella frigida (Cushman). Anderson, 1952, p. 144, figs. 

4 a-c, 5, 6 a-c; Gregory, 1970, p. 220, Pl. 12, figs. 1-3; 

Cole and Ferguson, 1975, p. 33, Pl. 8, figs. &, 9; ~cott, 

1977, p. 167, Pl. 8, figs. 10, ll; Scafer and Cole, 1978, 

·P. 2 7, Pl. 8, figs. l, 2. 

Cribrononion bartletti (Cushman) 

Plate I, figure 16 

Elphidium bartletti.Cushman, 1933, p. 4, Pl. 1, fig. 9; 

Gregory, 1970, p. 225, Pl. 13, figs. 3-5; Cole and Ferguson, 

1975, p. 34, Pl. 7, figs. 3, 4; Schafer and Cole, 1978, p. 27, 

Pl. 10, fig. 4. 

Cribroelphidium bartletti (Cushman). Scott, 1977, p. 169, 

Pl. 6, fig. 8. 

Scott and Nedioli (1980) have suggested that generic 

distinctions between Elphidium, Cribroelphidium, and Cribron­

onion require clarification for their proper usage. First 

of all, they do not agree ~ith the criterion established by 

Loeb1ich and Tappan (1964) as acceptable in di£ferentiating 

between Cribroelphidium and Cribrononion. The distinction 

that Loeblich and Tappan (1964) made was that Cribroelphidium 

has areal apertures in addition to the row of pores at the 

base of the septal face while Cribrononion lacks these areal 

apertures. According to Scott and Mcdioli (1980), this does 

not provide an acceptable basis for making a generic 

distinction; therefore, if the two can be considered as 

synonyms, the genus name Cribrononin has priority and must 
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be retained. In the particular species encountered i~ this 

study, Elphidium does not appear appropriate either, accord­

ing to the narrow definition invoked by Loeblich and Tappan 

(1964). The result is thatCribrononionwillbe the generic 

name used where deemed necessary (Scott and Medioli, 1980). 

Cribrononion excavatum (Terquem) 

Plate I, figures 14, 15 

Polystomella ~avata Terquem, 1876, p. 429,Pl. 2, figs. 2a-d. 

Pol~~ella striat~-punctatd. (Fichtel and ~-loll) var. 

~elseyensis.Heron -Allen and Earland, 1911, p. 448. 

Elphidium excavatum (Terquem). Cushman, 1930, p. 21, Pl. 8, 

figs. l-3; Schafer and Cole, 1978, p. 27, Pl. 9, fig. 7; 

Levy et al., 1975, p. 176, fig. 9, Pl. 3, figs. 1, 2, 5, 6. 

Cribrononion excavatum (Terquem). Lutze, 1965, pp. 96-101; Pl. 

15, fig 39; Levy et al. 1969, p. 93, Pl. l, figs. 

la, b, 2a, b, 4a, b; Scott and Medioli, 1980, p. 35, Pl. 5, 

figs .. 5, 6. 

~lphidium excavatum (Terquem) formac. Feylin~ - Hanssen, 

1972, pp. 337-354, Pls. l-6. 

Cribroelphidium excavatum (Terquem) forma clavatum {Cushman). 

Scott et al., 1977, pp. 1578, 1579, Pl. 5, figs. 1, 2; Scott, 

1977, p. 169, 170, Pl. 6, fig. 2. 

Cribroelphidium excavatum (Terqu0m) forma selseyensis (Heron­

Allen and Earland). Scott et al., 1977, p. 1579, Pl. 5, 

fig. 3; Scott, 1977, p. 170, Pl. 6, fig. 3. 

Both formae, clavatum and sclseye:nsis, are considered 
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under this species because it has been suggested that any 

distinction between the two in the past was arbitrary 

(Scott and Medioli, 1980). This decision has been substantial 

as a result of photographic documentation by Miller (1979) 

.showing an intergradational series between the two formae~ 

Cribrononion gunteri Cole 

Plate I, figure 13 

~lphidium gunteri.Cole, 1931, p. 34, Pl. 4, figs. 9, 10; 

Phleger, 1960, Pl. 3, fig. 22; Snyder and Katrosh, 1979, Pl. 

2, figs .. l, 2 

ElJ2.!:idium gunteri Cole, var. galvestonense Kornfe.l.Q.; Phleger 

and Parker, 1948, p. 10, Pl. 5, fig. 14 

Ephidium gunteri Cole, forma typicum.Poag, 1978, p. 402, Pl. 

2, figs. 13-16. 

Investigations· by Poag (1978) have resulted in .£.:._ 

gunteri (K gunteri according to Poag) being classified as 

a distinct ecophenotype. However, more recent work done 

by Miller and Scott indicates that it would be more appropri­

ate to consider c . .9_unteri as an ecophenotype of C. 

excavatum U·liller & Scott, personal communication, 1980). 

Cribrononion subarcticum (Cushman) 

Plate I, figure 12 

Elphidium subarcticum.Cushman, 1944, p.27, Pl. 3, figs.34-

35; Parker, l952a, p .. 449, Pl. 4, fiCJS. 3-G, 8; Phleger 

~nd W~ltbn, 1950, p. 277, Pl. 2, figs. 19, 20; Gregory, 1970, 
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p. 229, Pl. 14, fig. 7; Cole and Ferguson, 1975, p. 34, Pl. 

8, figs. 1, 2; Schafer and Cole, 1978, p. 27, Pl. 10, fig. 1. 

Cribroelphidium subarcticum (Cushman). Scott, 1977, p. 171, 

Pl. 6, fig. 7. 

Eggerella advena (Cushman) 

Plate I, figure 8 

Verneuilina advena.Cushman, 1921, p. 141. 

Eggerella advena (Cushman). Cushman, 1937, p. 51, Pl. 5, 

figs 12-15; Phleger and WaltOn, 1950, p. 277, Pl. l, figs. 

16-18; Parker, 1952b, p. 404, Pl. 3, figs. 12, 13; Parker, 

1952a, p. 447, Pl. 2, fig. 3; Gregory, 1970, p. 183, Pl. 4, 

figs. 1-3; Cole and Ferguson, 1975, p. 34, Pl. 3, figs. 10, 

11; Scott et al., 1977, p. 1579, Pl. 2, fig. 7; Scott, 1977, 

p. 171, Pl. 6, fig. 9; Schafer and Cole, 1978, p. 27,.Pl. 3, 

fig. 1; Scott and Medioli, 1980, p. 40, Pl. 2, figure 7. 

FrotelEhidiu~ orbiculare (Brady) 

Plate I, figure 17 

Nonionia orbiculare.Brady, 1881, p. 415, Pl. 21, fig. 5. 

Nonion orbiculare (Brady). Cushman, 1930, p. 12, Pl. 5, figs. 

1-3. 

~idium orbiculare (Brady). Hessland, 1943, p. 262; Gregory, 

1970, p. 228, Pl. 14, figs. 5, 6. 

Protelphidium orbiculare (Brady). Todd and Low, 1961, p. 20, 

Pl. 2, fig. 11; Cole and Ferguson, 1975, p. 39, Pl. 7, figs. 

7, 8; Scott ~tal., 1977, p. 1579, Pl. 5, figs. 5,6; Scott 
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1977, pp. 174, 175, Pl.6, fig. 9; Shafer and Cole, 1978, p.28, 

Pl. 10, fig. 5; Scott and Medioli 1980, p. 43, Pl. 5, fig. 7. 

Reophax arctica Brady 

Reophax arctica.Brady, 1881, p. 405, Pl. 21, fig. 2 a, b; 

Parker, l952b, p. 395, Pl. l, figs. G, 7; Gregory, 1970 f 

p. 168; Pl. 2, fig. 3; Cole and Ferguson, 1975, p. 40, 

Pl. l, fig. 9; Scott, 1977, p. 175, Pl. 3, fig. 5; Schafer 

and Cole, 1978, p. 29, Pl. 2, fig. 5. 

Bigenerina artica (Brady). Cushrnan, 1948, p. 31, Pl. 3, fig. 

9. 

Reophax ~ Rhurnbler 

Reophax ~.Rhumbler, 1911, p. 182, Pl. 8, figs. 6-12; 

Parker, 1952a, p. 457, Pl. 1, figs. 14, 15; Scott et al., 

1977, p. 1579, Pl. 3, figs. 1, 2; Scott, 1977, p. 175, 

Pl. 3, fig. 7; Schafer and Cole, 1978, p. 29, Pl. 2, fig. 4; 

Scott and ~edioli, 1980, p. 43, Pl. 2, fig. 6. 

Reophax nodulosa, Brady 

Plate I, figure 9 

.BeoQ)-IaX nod,llQsa, Brady, 1879, p. 52, Pl. 4, figs. 7, 8; 

Brady, 1884, p. 294, Pl. 31, figs. 1-9; Schafer and Cole, 

19 7 8 , p . 2 9 , p l . 2 ' f i g . 6 .J<r 

Reophax scorpiurus, de Montfort 

Reophax scorpiurus. de Montfort 180 8 ·, p. 3 3 0; Scott et al. , 

1977, p. 1579, Pl. 3, figs. 3, 4. 
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Tiphot::t:-ocha ~-omprimat~ (Cushman and Bronnimann) 

Plate I, figures 3, 4 

Trochammina comprimata.Cushman and Bronnirnann, 1948b, p. 41, 

Pl. 8, figs. 1-3. 

Tiphotrocha comprimata (Cushman and Br6nnimann). Saunders, 

1957, p. 11; Parker and Athearn, 1959, p. 341, Pl. SO, figs. 

14-17; Scott et al., 1977, p. 1579, Pl. 4,figs. 3,4; 

Scott, 1977, p. 176, Pl. 5, figs. 14-16; Scott and Medioli, 

1980, p. 44, Pl. 5, figs. 1-3. 

Trochammina inflata (Montagu) 

Plate I, figures 1,2 

Nautilus inf1atus.Montagu, 1808, p. 81, Pl. 18, fig. 3. 

Trochammina inflata U·lontagu) . Parker and Jones, 1859, 

p. 347; Phleger and Walton, 1950, p. 280, Pl. 2, figs. 1-3; 

Parker, l952b, p. 407, Pl~ 4, figs. 6, 10; Parker, 1952a, 

p. 459, Pl. 3, fig. 2a, b; Gregory, 1970, p. 180, Pl. 4, 

figs. 3, 4; Cole and Ferguson, 1975, p. 43, Pl~ 4, figs. 

3, 4; Scott, 1977, p. 177, Pl. 4, figs. 12-14, Pl. 5, figs. 

1-3; Scafer and Cole, 1978, p. 29, Pl. 5, fig. 2; Scott and 

Medioli, 1980, p. 44, Pl. 3, figs. 12-14, Pl. 4, figs. 1-3. 

Trocharnmina lobata Cushman 

Trochammina loba_!_£.Cushman, 1944, p. 18, Pl. 2, fig. 10; 

Phleger and Walton, 1950, p. 281, Pl. 2, figs. 4, 5; Parker 

1952b, p. 408, Pl. 4, fig. 7a, b; Parker, 1952a, p. 459, 
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Pl. 3, fig. 2a, b; Gregory, 1970, p. 180, Pl. 4, figsG 5, 6; 

Cole and Ferguson, 1975, p. 43, Pl. 4, figs. 5, 6; Scott et 

al., 1977, p. 1579, Pl. 4, figs. 1, 2; Scott, 1977, p. 179, 

Pl. 5, figs. 8, 9; Schafer and Cole, 1978, p. 29, Pl. 4, 

fig. 5. 

Trochamrnina macrescens Brady 

Plate I, figures 5, 6 

Trochanunina inflata (Montagu) var. ma£rescens.Brady, 1870, 

p. 290, Pl. 11, fig. Sa-c; Scott, 1976, p. 320, Pl. 1, figs. 

4-7; Scott et al., 1977, p. 1579, Pl. 4, figs. 6, 7; Scott, 

1977, p. 178, Pl.l78, Pl. 4, figs. 1-8. 

'"ladammina polystoma. Bartenstein and Brand, 1938, p. 381, 

figs la-c, 2a-l; Parker and Athearn, 1959, p. 341, Pl. 50, 

figs. 21, 22, 27; Scot~,l977, p. 173, Pl. 4, figs.9-ll. 

Trochammina macrescens Brady. Phleger and \\Tal ton, 1950, 

p. 281, Pl. 2, figs. 6, 7; Parker, 1952b, p. 408, Pl. 4, 

figs. 8a, b; Parker, 1952 a, p. 460, Pl. 3, figs. 3a, b; 

Parker and Athearn, 1959, p. 341, Pl. 50, figs_ 23-25; 

Gregory, 1970, p. 181, Pl. 4, fig. 7; Cole and Ferguson, 

1975, p. 43, Pl. 4, figs. G, 7; Schafer and Cole, 1978, p. 

29, Pl. 4, fig. 3; Scott and l'ledioli, 1980, p. 44, Pl. 3, 

figs. 1-8. 

Jadarunina macrescens (Brady). Murray, 1971, p. 41, Pl. 13, 

figs. 1-5. 

It should be noted that the poor condition of the 
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individuals, as seen in the accompanying photographs, was 

typical of this species in the two cores examined. 

Trochammina squamata Parker and Jones 

Trochammina squamata.Parker and Jones, 1865, p. 407, Pl. 15, 

figs. 30, 3la-c; Phleger and Walton, 1950, p. 281, Pl. 2, 

figs& 12, 13; Parker, l952b, p. 408, Pl. 4, figs. 11-16; 

Parker, 1952a, p. 460, Pl. 3, fig. 4a, b; Cole and Ferguson, 

1975, p. 43, Pl. 4, figs. 11, 12; Scott, 1977, p. 180, 

Pl. 5, figs. 6, 7; Schafer arid Cole, 1978, p. 29, Pl. 5, 

fig. 1; Scott and Medio1i, 1980, p. 45, Pl. 4, figs. 6, 7. 



Figure 1,2. 

Figure 3,4. 

Figure 5,6. 

Figure 7 . 

Figure 8. 

Figure 9 . 

Figure 10,11. 

Figure 12. 

Figure 13~ 
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Pla-te I 

Trochammina _infla·ta (Hontagu) 1. dorsal view, 
76.4 x, 2. ventral view, 76.4 x. 

Tiphotrocha comprimata (Cushman and Br~nnimann) 
3. dorsal view, 100.9 x, 4. ventral view, 
93.5 x. 

Trochamrnina macrescens Brady 5. dorsal view, 
69.4 x, 6. ventral view, 90.7 x. 

A~~otium cassi~ (Parker) 7. side view, 53.5 x. 

Eqqerell~ advena (Cushman) 8. side view, 83.7 x. 

Reophax nodulosa Brady 9. side view, 62.5 x. 

Bucce1la friaida (Cushman) 10. dorsal view, 53.9 
i, 11. ventral view, 75.2 x. 

Cribrononion subarcticum (Cushman) 12. side 
view, 102 x. 

Cribrononion gunteri Cole 13. side view, 72.7 
x. 

Figure 14,15. Cribrononion excavatum (Terquem) 14. side view, 
65.4 x, 15. side view, 50.7 x. 

Figure 16. 

Figure 17. 

Cribrononion 
vie\·1. 37.2 x. 

bartletti (Cushman) 16. side 

Protelphidium orbicu1are (Brady) 17. side 
view, 6 0. 5 x # 
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