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Marsh foraminifera in the Bay of Fundy: modern 
distribution and application to sea-level determinations 

D.A. Smith., D.B. Scott and T.S. dexLLoli 

Cejvbie. £0/1 Flanine. Qe.oi.ogy, Balhoasie. Unlvesu>i£y, Halifax, N.S. B3H 33-5 

PidLU.cati.on No. 17, Centos, -f.o/1 Fianujnj& Qeology, Dathoiuie. UivLuesu>ity 

Although marsh foraminiferal zonations are comparatively well known for most of Atlantic Canada, data 
from the vertically expanded marsh zones in the Bay of Fundy are insufficient for marsh foraminiferal 
zonations that can be used to accurately determine former sea levels. In this paper we present data 
from two well-documented surface transects that illustrate vertical ranges of marsh foraminifera in the 
Bay of Fundy. Trochammina inflata characterizes the highest margin with a zone la of 20cm vertical 
range. Tiphotrocha comprimata together with T. inflata comprise zone lb (vertical range 75cm) while 
Miliammina fusca and other low marsh species characterize zone II faunas (vertical range 450cm). As in 
Atlantic marshes the fauna nearest the higher high water level produces the best accuracy for relocating 
former sea levels while low marsh (zone II) is not a good indicator. 
Using marsh foraminiferal zonations and the tidal amplicication curve developed in earlier work, it is 
now possible to accurately determine former sea levels in the Bay of Fundy, at least for the last 4000 
years. 

M6me si l'on connaTt assez bien la zonation des foraminifSres de marais pour la plus grande partie de 
la cSte atlantique du Canada, le manque de donn§es sur le development vertical des zones de marais 
nous empSche d'Stablir avec exactitude les niveaux marins passes. Dans cet article, nous prSsentons des 
donnees provenant de deux traverses bien documentSes, qui illustrent les Stendues verticales des fora-
minifSres de marais dans la Baie de Fundy. Trochammina inflata characterise la limite supSrieure par une 
zone la d'une gtendue verticale de 20cm. Tiphotrocha comprimata ainsi que T. inflata embrassent la 
zone lb (etendue verticale de 75cm) cependant que Miliammina fusca et d'autres espSces de bas-marais 
character i ses les faunes de la zone II (etendue verticale de 450cm). Comme dans les marais atlantiques, 
la faune la plus prSs du plus haut niveau de marSe haute procure la meilleure exactitude pour situer les 
niveaux marins anterieurs alors que la zone de bas-marais (zone II) n'est pas un bon indice. 

[-'utilization des zonations de foraminifSres de marais et de la courbe d'amplification de marSe develop-
pee lors de travaux anterieurs permet done de determiner avec exactitude, 3 tout le moins pour les der-
niers 4000 ans, les niveaux marins passes dans le Baie de Fundy. 

[Traduit par le journal} 

INTRODUCTION 
The relationship of marsh forami-

niferal zonations to elevation above 
mean sea level (a.m.s.l.) has been well 
established world-wide for most types 
of tidal regimes (Scott and Medioli 
1980a). This work has shown that 
marsh foraminiferal zonations can re-
locate former sea levels to within ±5 
cm in normal (2-4 m) tidal regimes. 
However, Scott and Medioli (1980a) 
were unable to completely document 
how these zonations responded to the 
extreme tidal ranges found in the Bay 
of Fundy. In this study, we have ob-
tained two representative surface 
transects from Kingsport marsh (Fig. 
1) which will document the vertical 
limits of marsh foraminiferal zonations 
in an extreme tidal range (16 m). 

Grant (1970) suggested that rates 
MARITIME SEDIMENTS AND ATLANTIC GEOLOGY 
20, 127-142 (1984) 

of apparent sea-level rise in the Bay 
of Fundy (as measured by higher-high 
water [HHW] indicators) was approxi-
mately one-half relative sea-level 
movement and one-half tidal amplifi-
cation (i.e. part of apparent rise 
movement of the HHW marker took 
place without a change in mean sea 
level [MSL]). However, Scott and 
Greenberg (1983) have shown that by 
4000 years before present (ybp) tidal 
amplification was over 80% complete 
in the Minas Basin and that tidal 
amplification was a relatively small 
component of relative sea-level rise 
records determined using HHW mark-
ers. Hence it is possible to determine 
accurate relative sea-level curves from 
the inner Bay of Fundy for the last 
4000 years using HHW indicators (i.e. 
marsh foraminiferal zonations). Using 
the calculations of Scott and Green-
berg (1983), small corrections can be 

0711-1150/84/03127-16$3.40/0 
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applied to the data to give more 
exact values of relative sea-level rise. 

In this paper, we first illustrate 
that the vertical zonations of marsh 
foraminifera do provide an accurate 
means of determining former sea 
levels in an expanded tidal system, 
and then we apply these data to some 
drill hole sites at four locations 
around the inner Bay of Fundy. 
Previous Work 

Grant (1970) provided limited infor-
mation on rates of sea-level rise in 
the Bay of Fundy because his data 
points were poorly constrained. Since 
then, Scott (1977), Scott and Medioli 
(1978, 1980a,b) and Scott et al. (1981), 
have demonstrated the close relation-
ship of marsh foraminifera to sea 
level in several areas of Atlantic Can-
ada, and provided a means of obtain-
ing reliable data. 

Deonarine (1979) examined some 
material for foraminifera from a 

marsh site inside the Bay of Fundy 
but had no data on elevation. However 
the species were similar to those 
observed in other Atlantic marshes. 

Methods 
Surficial sediment samples were 

collected along two transects from 
Kingsport marsh at low tide together 
with environmental data (vegetation 
cover, elevation and salinities). Repli-
cate samples of 10 cm 3 (10 cm2 x 1 
cm) were obtained at each station 
along the transects, using a stainless 
steel hand-held corer (Scott 1977). 

Subsurface coring was conducted at 
Kingsport and three other marshes in 
the Bay of Fundy (Ft. Beausejour, 
Mary's Point and Granville Ferry, 
Figure 1). The cores were obtained 
using a Davis peat corer which was 
forced down to the deepest peat layer 
and a trigger was released on the 
corer, enabling retrieval of a small 

Fig. 1 - Regional map with study locations indicated. 
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test core. Exploratory testing was 
done to find the thickest peat 
sequence. A series of cores were ob-
tained at each marsh to construct 
apparent relative sea-level curves 
(Scott and Greenberg 1983) based on 
basal peat deposits. 

Surficial sediment samples were wet 
sieved through 0.5 mm and 0.063 mm 
sieves, the 0.5 mm sieve retaining 
coarse organics and the 0.63 mm sieve 
retaining the foraminifera. Organics 
remaining in the sample at this point 
were removed by decantation with 
water. The samples were then fixed 
in 10% formalin and Rose Bengal. 
Af ter washing off excess formalin and 
Rose Bengal, the samples were placed 
in denatured alcohol for preservation. 
Several samples contained large 
amounts of sand which was separated 
from foraminifera by floating the 
foraminifera in CCL. . The core 
samples were treated in a similar 
manner, except no formalin or Rose 
Bengal was used. 

The salinities at sample stations 
were determined at the time of 
sample collection by squeezing pore 
water out of the sediment onto an 
American Optical Salinity refractome-
ter (compensated for temperature 
variance, accuracy ±lo/oo). The ele-
vation at each station was obtained 
using a transit and stadial rod and 
referenced to nearby bench marks. 

C14 dates were obtained from 
material in the deepest layers of peat 
at each core location; the dated 
levels were resting on noncompatible 
substrates to avoid autocompaction of 
peat (Kaye and Barghorn 1964). 

Photographs of gold-palladium coated 
specimens were taken using the Cam-
bridge (180) scanning electron micro-
scope (located at Bedford Institute of 
Oceanography) with Polaroid N/P 55 
film. 

Results 
Vegetation and Salinity: The plant 

species present at Kingsport Marsh 
are similar in their spatial distribution 

Transect I Kingsport Marsh 
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Fig. 2 - Vegetation occurrences along Transect I at 
Kingsport. Vertical bars are percentages at each station 
Dots on line representing transect are survey points. 
Not every station was surveyed so some averaging was 
done in between. There were no survey points above 
6.00m a.m.s.l . and plant zones were used to locate 
stations near and above HHW. HHW here is 7.75m 
a.m.s.l . as determined from nearby tide gauges. 

Legend for vegetat ion figures 
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and floral content to those in other 
Atlantic marshes (Scott and Medioli 
1980a, Figures 2 & 3). Spartina alter- 
niflora dominates the low marsh, with 
S. alterniflora and Spartina patens 
defining the mid-marsh, and Juncus 
gerardii and S. patens characterizing 
high marsh floral zones.
Salinities along Kingsport Transect

I follow a relatively normal pattern 
(Figure 2 & 3) for temperate marsh 
areas, with increasing salinity as ele
vation decreases (Scott and Medioli 
1980a). However, Kingsport Transect
II shows decreasing salinity with de
creasing elevation; this trend may be 
the result of the low number of 
values obtained (3 out of 11 stations). 
The salinity throughout both transects 
is relatively high (Kingsport I, 31-38%, 
Kingsport II, 25-48%) as compared to 
those observed by Scott et al. (1981) 
in Prince Edward Island (Pisquid, 0-15% 
Tryon 0-23%, Wolfe Inlet 0-17%) and 
those fluctuations recorded by Scott 
and Medioli (1980b) at Chezzetcook 
Inlet, N.S.

The marsh was dry and salinities 
high because evaporation at the time 
of collection was higher than preci
pitation or runoff, causing elevated 
salinities. Also, since there are higher 
tides and more sediment input (Har
rison and Bloom 1977), the organic 
content of these marsh sediments is 
lower than other Maritime marshes. 
This means that drainage is better and 
fresh water is not retained in the 
sediments at low tide.

Foraminiferal Results
Each sample collected along the two 

Kingsport transects was examined for 
both living and total numbers of ben- 
thonic foraminifera (see Tables 1-3). 
Total populations were used to derive 
assemblage zones rather than living 
populations since the total population 
best illustrates the overall marine 
conditions by not over-emphasizing any 
seasonal variations that may occur 
(Scott and Medioli 1980b). At Kings
port, the irregularity of the living 
population along the transects makes

Fig. 3 - Vegetation occurrences along Transect II, Kings
port. Format same as Figure 2 and legend applied here. 
All stations were on survey points except station I 
which was above HHW and again located using plant 
zones.

their quantitative interpretation diffi
cult. The 37(x2) surface samples con
tained a total of 17 species of fora
minifera, with 70% of the species 
having living representatives. Living 
populations vary between 0 and 500/10 
cm3, while total populations vary from 
0 to 1200/10 cm3.

In the two transects, using the 
marsh zone designations of Scott and 
Medioli (1980a), Zone I is defined by 
the abundance of Trochammina in- 
flata, the presence of Tiphotrocha
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Fig. 4 - Foraminiferal occurrences in Transect I, Kings
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Station 1 (Table 1) is the highest.

Legend for foraminiferal figures

A.F. - Ammobaculites dilatatus

E.E. - Elphidium excavatum 
E.I. - Elphidium incertum

H.B. - Haplophragmoides bonplandi 
H.O. - Haynesina orbiculare

M.F. - Miliammina fusca

P.T. - Planktonics

P.L. - Pseudothurammina 
limnetis

T.C. - Tiphotrocha
comprimata

T.I. - Trochammina inf lata 
T.M. - Trochammina

macrescens 
T.Mp. - T. macrescens F.

polystoma

comprimata and limited occurrence 
of Trochammina macrescens forma 
polystoma. Zone II is well defined by 
the dominance of Miliammina fusca 
and T. inflata (Figs. 4,5). Zone I has 
a total vertical range of 0.75 m 
(6.75 m to 7.50 m a.m.s.l.), while 
Zone II has a total vertical range of 
5.25 m (1.50 m to 6.75 m).
The Zone I divisions possible in 

other Maritime marshes are not the 
same here but it does appear that 
locally Zone la is defined by greater 
than 90% T. inflata. Zone lb shows 
increased T. comprimata together with 
T. inflata. Zone la has the vertical 
range of about +7.30 to +7.50 m 
a.m.s.l. (samples were not sufficiently 
closely spaced to define it exactly) 
with Zone lb having the range +6.75 
to +7.30 m a.m.s.l. Zone II can be 
differentiated into two subzones, Ila 
(6.0 to 6.75 m a.m.s.l.) and Zone lib 
(1.5 m to 6.0 a.m.s.l.). Subzone Ila is 
delineated by the abundance, in almost 
equal numbers, of T. inflata and. M. 
fusca, as well as the absence of living 
Trochammina macrescens forma poly
stoma. Subzone lib is defined on the 
basis of an increased percentage of 
M. fusca, the increasing percentage 
of Haynesina orbiculare, Ammobacu- 
lities dilatatus, and the occurrence of 
other calcareous estuarine species. The 
lower portion of subzone lib (near the 
base of marsh vegetation) is dis
tinguished by the rapid decrease of 
arenaceous species and total popula
tions.

Drill Hole Results
Kingsport Marsh - The three drill
holes at this location ranged in depth 
from 3.7 metres to 9.5 metres, and 
all contained an uninterrupted 
sequence of marsh deposits (Fig. 6). 
All drillholes at this location were 
similar in their foraminiferal assem
blages, with T. inflata dominating 
(Fig. 7). Total populations decreased 
towards; the bottom of the holes. Tip
hotrocha comprimata and Trochammina 
macrescens were also present but in
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Fig. 5 - Foraminiferal occurrences along Transect 11, 
Kingsport. Legend and format same as Figure 4. All 
stations same as plant stations.

small numbers. This is a Zone la 
assemblage (Bay of Fundy type) and 
the decrease in total populations near 
the base of each hole records the 
formation of HHW deposits over sup- 
ra-tidal deposits as sea level rises.
Granville Ferry - Three holes were 
drilled at this site (Fig. 8), all ex
hibiting a continuous sequence of 
marsh sediments resting on glacial 
till. Total populations in these samples 
varied from 10 to 590 specimens per 
sample, with T. inflata dominating 
(Fig. 9). The numbers of T. inflata 
decrease with depth, indicating a pro

gression of marsh sediments through 
the upper marsh (Fig. 9). Trochammina 
macrescens is not prevalent in any of 
the holes, but T. comprimata is pres
ent in significant numbers. Unlike the 
Kingsport Marsh the foraminiferal 
assemblages vary from hole to hole. 
Relatively high percentages of Pseudo- 
thurammina limnetis and other species 
(T. comprimata, Haplophragmoides 
bonplandi) indicate Zone lb at the 
base of each of these holes.
Mary's Point - Four holes were drilled 
at this location (Fig. 10), ranging in 
depth from 3.0 to 8.3 metres, all dis
playing unbroken sequences of marsh 
deposition. All four cores are similar 
in their foraminiferal assemblages 
(Fig. 11). T. macrescens is dominant 
in all holes, and its total population 
increases towards the basal sections, 
indicating a Zone la (Atlantic marsh 
type) elevation range at the base.
Ft. Beausejour - This marsh was drill
ed at four localities, with the depth 
of the holes ranging from 1.7 metres 
to 13 metres (Fig. 12). At the base of 
the holes, lower total numbers, to
gether with the dominance of T. mac
rescens, indicate a Zone la fauna 
(Atlantic marsh type, Fig. 13). In drill 
hole I the basal sediment has a high 
percentage of Haynesina orbiculare 
(a calcareous form) as well as T. 
macrescens and is probably not a Zone 
la. Total numbers are so low that it 
is difficult to substantiate a particu
lar zone, however, the presence of 
detrital wood combined with the low 
foraminiferal numbers in peat led us 
to place this as a HHW deposit.
C*1* dating was used to date 

material from the base of the cores 
(Figs. 7, 9, 11, 13).

DISCUSSION
Surface Floral Relationships

Kingsport Marsh exhibits three well 
defined vertical plant zonations (Figs. 
2,3). Scott and Medioli (1980a) illus
trated the floral zonation of marshes 
to be similar throughout Nova Scotia, 
although some striking individual dif-
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TABLE 1 
Percentage occurrences of Foraminifera along Transect 1 (stations 1-16) at Kingsport 
(Jadammina polystoma = T. macrescens F. polystoma in all tables). Stations 1-3 are 

highest in elevation above HHW. Station 4 represents zone la, 5 is zone lb, 
6 and 7 are zone Ila and all others are in lib.) 

STATION NUMBER IA IB 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 8A 8B 9A 9B 10A I0B 11A MB I2A I2B I3A I3B I4A 14B ISA I5B I6A 16B 

NO. OF SPECIES 0 0 2 1 4 3 2 4 3 4 7 5 6 7 5 5 5 5 5 5 6 5 6 5 5 6 5 6 5 5 6 5 

TOTAL P O P " 10CM3 
0 0 32 4 67 69 189 322 54 S2 368 1477 452 470 275 914 148 192 64 41 395 214 464 200 321 156 215 426 1027 810 112 313 

TOTAL LIVING 0 0 0 0 0 19 6 14 23 30 54 204 38 22 32 128 1 5 6 II 60 32 28 50 10 5 S9 98 12 31 20 35 
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E. L 
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polystoma 1 1 
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2 
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88 

Pseudothurammlna 
limnetis 4 2 1 3 4 1 .43 7 1 .4 7 .9 4 3 
Tiphotrocha 
comprimata 8 3 

8 
17 
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25 

15 
14 

32 
12 

74 
26 

27 
12 

44 
19 

41 
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8 
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17 
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7 
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22 

8 
17 

40 
6 

40 
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Trochammina 
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64 
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57 
78 
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62 

II 
30 

28 
16 12 10 
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ferences are observed. The plant sp-
ecies that define the zones at King-
sport are no exception. The upper 
zone of the Kingsport Marsh is de-
fined by the dominance of elevation 
sensitive J uncus gerardii and Spartina 
patens while Scott and Medioli (1980a) 
record the upper of zone of Chezzet-
cook, N.S. to be defined by Spartina 
cynosuroides or Cyperaceae; at 
Chebogue, N.S., they observed various 
combinations of J. gerardii, Solidago 
sempervirens and Cyperaceae and at 
Newport Landing (also in the Bay of 
Fundy) J. gerardii and S. sempervirens 
dominated. The Prince Edward Island 
marshes, as reported by Scott et al. 
(1981), contained high marsh com-
ponents different than those found 
anywhere in the Maritimes. Due to 
the interchangeable nature of the high 
marsh flora in Eastern Canada, the 
possibility of making paleo-sea level 
determinations based on ancient marsh 
plant assemblages is difficult. 

In the Bay of Fundy some tidal 

ranges are greater than 15 metres, 
hence the marsh flora of Kingsport 
no longer extend down to mean sea 
level, as do marshes with normal 
tidal ranges (Scott and Medioli 1980a). 
This high tidal range may be one rea-
son for the elevated salinities at 
Kingsport (Figs. 3,4), and the absence 
of the Cyperaceae and S. cynosuroides 
in the upper marsh. 
Scott and Medioli (1980a) had sug-

gested that the maximum vertical 
range of a marsh could be no more 
than 3.5 m from work at Newport 
Landing but the work here was shown 
that to be too low an estimate since 
we see total marsh vertical ranges of 
up to 6.0 m at Kingsport. The varia-
tion between Kingsport and Newport 
Landing, just across the bay, may be 
the result of the more protected 
environment at Kingsport. 
Foraminiferal Relationships 

The foraminiferal assemblages along 
both Kingsport transects were similar 
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6 4 ° 3 0 ' 6 4 ° 2 5 ' 

Fig. 6 - Detailed location map of Kingsport 
by hatch marks. Dotted areas are intertidal 
from standard topo sheets. 

considering the differences in horizon-
tal distances, elevation and salinity. 
At Kingsport, the species that de-

fines the high marsh Zone I is Tro-
chammina inflata, in contrast with 
Trochammina macrescens found by 
Scott and Medioli (1978, 1980a) and 
Scott et al. (1981) in other Atlantic 
marshes. The dominance of T. inflata 
in this zone, together with rare occur-
rences of T. macrescens, is indicative 
of a highly saline environment, as 
observed by Scott and Medioli (1980a) 
in the Summerville marsh, Nova 
Scotia. Here T. inflata replaces T. 
macrescens as the Zone la indicator 
but T. comprimata still characterizes 
Zone lb (together with T. inflata). The 
absolute range of Zone la is increased 
so that its accuracy as a paleo-sea-
level indicator is ±20 cm instead of 
the ±5 cm possible in Atlantic 
marshes. The dominance of T. inflata 
here makes the high marsh assemblage 
more comparable to that observed 
in other high salinity marshes world-
wide (e.g. S. California, Scott 1976; 
Italy, Petrucci et al. 1983). The lower 
Zone II at Kingsport exhibits sharp 
decreases in total populations, with 
living percentages remaining relatively 
constant. This represents a dilution 
of total foraminiferal populations as 
a result of sediment accumulation at 

drill holes. 41 is Hwy 41 and marsh is indicated 
mudflats. Figures 6, 8, and 10 are all redrafted 

the base of the marsh (Scott and 
Medioli 1980a; Harrison and Bloom 
1977). 

Absolute vertical ranges of the 
zones, since they are related to tidal 

range, are much higher here than 
in marshes with lower tidal ranges. 
However, as observed by Scott and 

Medioli (1980a) in nearby Newport 
Landing Marsh, the high marsh Zone 
I at Kingsport has absolute vertical 
range of 75 cm. This is about twice 
the vertical width of comparable 
zones on the Atlantic coast (Scott and 
Medioli 1980a) but these zones still 
provide a sea level with an accuracy 
of ±20 cm if the Trochammina inflata 
dominant Zone la is found. The low 
marsh zones, on the other hand, ap-
pear to absorb most of the tidal in-
crease and are of little use as sea-
level indicators. 

Sea Level Changes - All cores taken 
from the four sampling sites on the 
Bay of Fundy (Fig. 1) contained con-
tinuous sequences of marsh deposits, 
representing a continuous sea-level 
rise over the period of marsh deposi-
tion. Carbon-14 dating indicates this 
accumulation has occurred for the 
past 3525-4400 years. 

The examination of the foramini-
feral assemblages classified the basal 
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PRESENT HHW HHW 

Fig. 7 - Lithologies and foraminiferal occurrences in the Kingsport marsh drill holes. Legend 
for foraminifera same as Figure 4, except that T.In. = total population. 

65°30' 

Fig. 8 - Detailed location map of Granville Ferry drill holes. Symbols same as Figure 6 
except that dykes are indicated here by lines. 
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TABLE 2 

Percentage occurrences of Foraminifera along Transect I (stations 17-26) at Kingsport 
(All stations are in zone lib.) 

STATION NUMBER 17A 17B 18A 18B 19A 19B 20A 20B 21A 218 22A 22B 23A 23B 24A 24B 25A 25B 26A 26B 

NO. OF SPECIES 7 5 7 5 6 5 4 0 6 7 5 5 5 0 3 4 4 4 4 0 

TOTAL POP" 10CM 3 439 394 222 197 1006 280 298 n 1173 915 494 889 201 0 16 27 32 44 20 0 

TOTAL LIVING 30 10 20 56 33 16 94 0 120 100 42 36 0 0 2 1 7 0 0 0 

Ammobaculities 
dilatatus .5 .8 20 

Arrmotium 
sal sum .4 ?0 

Cibicides L 
lobatulus T 

Elphidium L 
bartletti T 

E. excavatum 100 
16 

E. incertum 

Elphidium 
williamsoni 

Haplophragmoides 
bonplandi 

Haynesina 
orbiculare 

Hemisphaeram-
mina brad.yi 

Jadarrmina 
.6 .6 

Mil iammina 
fusca 49 

20 
61 

40 
52 26 64 

25 
58 

U3 CO 
*r to 

48 
75 

64 
75 

27 

67 

56 

88 61 6 56 60 39 40 

Planktonics L 

Pseudothuram-
mina limnetis 3 1 2 1 8 .4 23 20 

Tiphotrocha 
comprimata 

53 
9 

20 
11 1 

52 
3 

13 
4 

1 
1 

20 
2 1 .49 19 4 8 11 

Trochammina 
inflata 

40 
36 20 

50 
39 

41 
68 

36 
20 

62 
34 

35 
31 

X 
21 

30 
21 

24 
22 

11 
11 10 36 

100 
41 13 32 25 

Trochaimiina 
macrescens 

7 
3 

60 
7 

10 
5 

59 
5 

11 
1 1 

18 
.3 

33 
.5 

6 
.1 

49 
.2 

33 
11 2 

core section as to their paleo-marsh 
zonation and hence their paleo-sea-
level position. Although all cores con-
tained different assemblages, either 
T. macrescens or T. inflata were 
dominant at the base. This corresponds 
relatively well to the data collected 
by Scott et al. (1981) at Orwell, Pis-
quid and Tyron marshes on Prince 
Edward Island, except these holes 
exhibited only dominant T. macrescens 
as basal assemblages. The bases of the 
holes at Kingsport and Granville Ferry 
are defined by a dominance of T. in-
flata which indicates the same Zone 
la as observed in the surface tran-
sects at Kingsport, producing an ac-
curacy for these levels as a sea 
level indicators to +20 cm. At both 
Ft. Beausejour and Mary's Point, a 
Zone la, similar to that observed on 
the Atlantic caost, was found and pro-
vides a precise level of ±5 cm. 
Correction of Sea-level Data for Ti-

dal Amplification - The Bay of Fundy 
displays the phenomenon of tidal 
amplification, caused by changes in 
water depth over Georges Bank and 
changes in the Bay of Fundy basin 
configuration (Scott and Greenberg 
1983). At the point where ocean tides 
contact the edge of the continental 
shelf, the tides have a range of one 
metre. This one metre range is ampli-
fied through the system with the 
largest amplification occurring in the 
upper Bay of Fundy and ranging from 
6x in the central Bay of Fundy, lOx 
in Chignecto Bay and 12x in the 
Minas Basin at the head of the Bay 
of Fundy. Thus in order to determine 
the actual e f fec ts of relative sea-
level rise using HHW indicators, one 
must be able to subtract the amount 
of tidal amplification. Scott and 
Greenberg (1983) have made these de-
terminations (Table 4) possible by 
supplying a separate curve for tidal 
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Fig. 9 - Lithologies and foraminiferal occurrences in the Gran-
ville Ferry drill holes. Legend is the same as Figure 4. 
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Fig. 10 - Detai led location map of Mary's Point drill holes. 
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Fig. 11 - Lithologies and foraminiferal occurrences in Mary's Point 
drill holes. Legend is the same as Figure 4. 
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Fig. 13 - Lithologies and foraminiferal occurrences in Ft. Beause-
jour drill holes. Legend same as Figure 4. 

amplification. Our oldest dates s tar t 
at around 4000 ybp and by this time 
tidal ranges were already 80% of 
present day ranges. The largest cor-
rection that must be made is 1.6 m 
(20% of an 8 m amplitude) and in 
levels younger than 2500 ybp tidal 
amplification was 95% complete and 
corrections are only 0.4 m (Scott and 
Greenbert 1983). Hence, for the sea-
level curves presented by Scott and 
Greenberg (1983), tidal amplification 
was a relatively minor contributor to 
the apparent sea-level rise, not one-
half of the apparent sea-level rise as 
suggested by Grant (1970). 
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Systematic Taxonomy 
Species are listed here with their 

original reference only. All generic 
names are in accordance with Loeblich 
and Tappan (1964). All species are 
illustrated in Scott and Medioli (1980a) 

Ammobaculites dilatatus 
Cushman and Bronnimann 
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TABLE 3 

Percentage occurences of Foraminifera along Transect II at Kingsport 
Station 1 is highest (above HHW). Station 2 is probably zone la, 3 and 4 are zone lb, 

5 and 6 are in zone Ila and all others are in zone lib.) 

STATION NUMBER 1A IB 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 8A 8B 9A 9B 10A 10B 11A 11B 

D. OF SPECIES 1 
TOTAL POP" 10CM 0 249 370 76 297 406 680 1109 1142 393 296 509 362 571 562 240 279 95 206 44 101 

TOTAL LIVING 10 52 70 152 120 162 41 12 91 75 182 104 17 51 11 17 

Ammonia 
beccari 

Ammotium 
sal sum .5 

Arenoparella 
mexicana .9 

Elphidium 
excavatum 

E. 
incertum. 

E. 
williamsoni 

29 
16 

Haplophragmoides 
bonplandi 

Haynesina 
orbiculare 

65 
43 

Hemisphaeram-
mina bradyi 

Jadammina 
polystoma T 100 .5 21 5 3 4 .2 2 .3 .4 .4 9 2 

Miliammina 
fusca 

L 
T 2 9 

20 

34 

21 

34 

35 

63 

62 
79 

22 
59 63 

12 
42 

16 
43 

46 
33 

15 
41 41 35 

79 
63 

54 
55 21 38 

Pseudothuram-
mina limnetis 

L 
T 5 .7 1 2 1 2 2 .4 .3 3 5 

Tiphotrocha 
comprimata 

L 
T 8 6 

40 
26 

23 
15 

45 
11 

34 
11 

50 
23 

22 
10 

49 
8 

33 
15 

19 
4 4 

16 
6 11 

24 
9 

7 
5 5 12 

Trochammina 
inflata 

L 
T 

33 
88 90 

20 
32 

58 
67 

35 
50 

20 
48 

5 
11 

6 
9 

29 
34 

50 
20 

46 
54 

28 
50 

54 
60 

35 
52 45 

35 
51 

10 
23 24 5 38 

Trochammina 
macrescens 

L 
T 

67 
3 4 

40 
5 

19 
2 2 

25 
2 

10 
2 

10 
.3 

17 
.7 

42 
2 

38 
2 3 

35 
.9 3 

41 
3 

36 
2 9 6 

Ammobaculites dilatatus Cushman and 
Bronniman, 1948, p. 39, pi. 7, Figs. 
10, 11. 

Ammobaculites foliaceus (H.B. Brady), 
Scott and Medioli 1980a, p. 35, pi. 

1, Figs. 6-8. 

REMARKS - This species was origin-
ally referred to as A. foliaceus by 
Scott and Medioli but examination of 
type material by one of our students 
(C. Schroeder) proved this to be mis-
identified. What Scott and Medioli 
(1980a) refer to as A. dilatatus is pro-
bably A. exigus. 

Cibicides lobatulus 
(Walker and Jacob) 

Nautilus lobatatus Walker and Jacob 
in Kanmacher 1798, p. 642, pi. 14, 

Fig. 36 

Elphidium excavatum 
(Terquem) 

Polystomella excavatum Terquem 1876, 
p. 429. 

Elphidium incertum 
(Williamson) 

Polystomella umbilicatula (Walker and 
Jacob) var. incerta, Williamson 1858, 
p. 44, pi. 3, Fig. 82a. 

Haplophragmoides bonplandi 
(Todd and Bronnimann) 

Haplophragmoides bonplandi Todd and 
Bronnimann 1957, p. 23, pi. 2, Fig. 
2. 

Hemisphaerammina bradyi 
(Loeblich and Tappan) 

Hemisphaerammina bradyi Loeblich 
and Tappan, in Loeblich and col-
laborators 1957, p. 224, pi. 72, 
Fig. 2. 
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TABLE 4 

Core locations, core depths, C-14 dates, Foram. zones, and sea- level corrections 
based on tidal amplification factors provided by Scott and Greenberg (1983). 

(Errors associated with foram. zone values are based on the vertical ranges of each zone.) 

Location 
Present day 

tidal 
amplitude 

Core No. and 
depth of sample 

below HHW 

C1" date 
and Lab. No. 

Marsh Apparent sea-level 
Foram. rise with error 
• Zone 

% and actual 
correction based on 
tidal amplification 

True 
relative 

sea-level 
rise 

Kingsport 8 m Core III, 4 .5 m 2355*180 (Gx 6812) lb 4,2 m ± .4 m 5%, ! • 4 m 3.8 m 
w n . Core II, 6.5 m 2905*220 (Gx 6811) la 6.5 m * .1 m 10%, .8 m 5.7 m 
it . H Core 1, 9.5 m ' 4430*215 (Gx 6810) la 9.5 m * .1 m 20%, 1.6 m 7.9 m 

Granvil le Fer ry 5 m Core III, 3.9 m 2725*130 (Gx 6814) lb 3.6 m ± .4 m 5%, .25 m 3.35 m 
H Core II, 6.3 m 3050*140 (Gx 6813) lb ' 6.0 m * .4 m 10%, .5 m 5.5 m 

-W n C o r e I, 10.14 m 3140*190 (Gx 6809) lb 9.8 m * .4 m 20%, 1..0 m 8.8 m 

Mary ' s Point H > Core II, 3.5 m 2225*160 (Gx 8146) la 3.5 m + .1 m 5%, . 4 m 3.1 m 
ii Core III, 5.3 m 3130*180 (Gx 8147) lb 5.0 m * •4 m 10%, .8 m 4.2 m 
n n Core V, 6.2 m 3240*160 (Gx 8148) ia 6.2 m i .1 m 10%, .8 m 5.4 m 
n " Core I, • 8.9 ,m 3640*180 (Gx 8149) lb 8.6, m * .4 m 20%, 1.6 m , 7.0 m 

F t . Beausejour 8 m Core VI, 2.3 m 1335*130 (Gx 8141) la . 2.3 m ± .1 m 5%, .4 m 1.9 m 

m n Core VII, 4.4 m 2185*145 (Gx 8142) Ia 4.4 m * . 1 m 5%, .4 m 4.0 m 
« n Core VIII, 6.2m 2620*145 (Gx 8143) la 6 . 2 m ± .1 m 5%, .4 m 5.8 m 

n Core I, 12.0 m 3800*160 (Gx 8145) lb . 11.8 m ± .4 m . 20%, 1.6 m . 10.2 m 

Miliammina fusca 
(Brady) 

Quinqueloculina fusca Brady 1870, 
p. 47, pi. 11, Figs. 2,3. 

Haynesina orbiculare 
(Brady) 

Nonionina orbiculare Brady 1881, p. 415 
pi. 21, Fig. 5. 

Pseudothurammina limnetis 
(Scott and Medioli) 

Thurammina(?) limnetis Scott and 
Medioli 1980a, p. 43, 44, pi. 1, 
Figs. 1-3. 

Tiphotrocha comprimata 
(Cushman and Bronnimann) 

Trochammina comprimata Cushman and 
Bronnimann 1948, p. 41, pi. 8, Figs. 
1-3. 

Trochammina inflata 
(Montagu) 

Nautilus inflata Montagu 1808, p. 81, 
pi. 18, Fig. 3. 

Trochammina macrescens 
(Brady) 

forma polystoma 
(Bartenstein and Brand) 

Jadammina polystoma Bartenstein and 
Brand 1938, p. 381, Figs, la-c, 2a-
1. 
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