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ABSTRACT OF THE THESIS
Eocene Benthic Foraminiferal Paleoecology and
Paleobathymetry of the New Jersey Continental Margin
by ANTHONY CHARLES CHARLETTA, Ph.D.

Thesis director: Professor Richard K. Olsson

Analysis of Eocene benthic foraminifera and associated diversity
trends of six wells of the New Jersey continental margin indicates
that Eocene sediments were deposited in depths ranging from less than
100 meters on the New Jersey coastal plain to approximately 500 to
600 meters in the C.0.S.T. B-2 Well.

Benthic foraminifera cluster into eleven distinct biofacies.
Distribution of these biofacies in the Eocene section of New Jersey
indicates a rapid transgression within the Early Eocene; a gradual
upward shoaling toward the Early-Middle Eocene boundary; relatively
stable conditions during the Middle Eocene; and a gradual upward
shoaling toward the Eocene-Oligocene boundary during Late Eocene time.

Paleobathymetric contouring of Eocene deposits indicates a more
gradual shelf-slope profile than that of present day continental
margins, and illustrates the negative and positive effects of the

Salisbury Embayment and South Jersey High during Eocene time.
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INTRODUCTION

FEocene sediments of the New Jersey continental margin outcrop
along the northern New Jersey coastal plain, and dip to the southeast
under the continental shelf. These sediments, deposited during a
marine transgression, are dominated by fine quartz sands, silts,
calcareous clays and limestones (Enright, 1969; Olsson, 1978; Poag,
1979). In outcrop and the shallow subsurface Eocene sediments are
separated from the Paleocene below by a small disconformity, which
disappears further downdip. An extensive disconformity separating
Eocene and Oligocene sediments can be traced from outcrop to the
outer continental shelf. 1In outcrop and the shallow subsurface,
either part of the Middle, or all of the Middle and Upper Eocene is
missing, whereas on the outer continental shelf only the uppermost
part of the Upper Eocene is missing. This disconformity resulted
from a major regression, which probably occurred near the end of
Eocene time (Olsson, 1978; Olsson and Miller, 1979).

Beneath the New Jersey continental margin the westward extension
of the Baltimore Canyon Trough is delineated by the Salisbury Embay-
ment, Raritan Embayment and South Jersey High (fig. 1). These lows
and high are interpreted as part of a block-faulted, rifted type
margin which formed during the separation of North America and Africa
(Brown et al., 1972; Sheridan, 1974). The effect of these structures
landward of the main hinge zone of sediment accumulation can be seen
in facies changes between structural elements, and the greater
thickness of sediments within embayments (Olsson, 1678). 1In outcrop

and the shallow subsurface the dominant Eocene facies (Deal Member~



Manasquan Formation) of the New Jersey continental margin thins,
and is replaced in part by three distinct facies (Enright, 1969);
a slightly clayey, medium to coarse, quartzose glauconite sand
(Farmingdale Member-Manasquan Formation; fig. 2), an argillaceous
glauconite sand (Squankum Member-Shark River Formation; fig. 3),
and a slightly clayey, slightly glauconitic, medium-grained quartz
sand (Toms River Member-Shark River Formation; fig. 4). 1In areal
extent the glauconite facies are restricted to the Raritan
Embayment, thin to the southwest over the South Jersey HIgh, and
are replaced by the Toms River and Deal members (fig. 5).

The planktic foraminiferal zonation of Eocene sediments of the
New Jersey continental margin is illustrated in Figure 6. In the
Lower Eocene sediments the low-~latitude planktic foraminiferal zona-
tion of Trinidad (Bolli, 1957, 1966) is applicable. In uppermost

Lower, Middle, and Upper Eocene sediments the Acarinina pentacamerata

Zone (Krasheninnikov, 1965) of the eastern Mediterranean region, and

the mid-latitude zonation, based on the evolution of Globorotalisa

cerroazulensis (Cole), of the Possagno section of Italy (Toumarkine

and Bolli, 1970) are recognized. The occurrence of Globigerinatheka

index index, and G. subconglobata subconglobata, of the evolutionary

lineage Globigerinatheka Bromnimann (Bolli, 1972), offers additional

biostratigraphic evidence in defining Middle Eocene sediments of New
Jersey (Ulrich, 1976).

Zonation of shallow updip wells is difficult because of the low
abundance of planktic foraminifera, and predominance of juvenile

forms, and only general recognition of Lower and Middle Eocene



sediments is possible. Downdip wells (Island Beach, Anchor Dickinson
I, C.0.S.T. B2) contain a well developed planktic foraminiferal
assemblage, and can be accurately zoned.

Previous studies of benthic foraminiferal distribution and
paleoecology, and the depositional environments of the Eocene section
of the New Jersey continental margin have been limited in nature
(Enright, 1969; Olsson, 1978; Poag, 1979).

The purpose of this study is to provide a detailed analysis of
Focene benthic foraminifera from four rotary wells (Transco 15,
Island Beach, Anchor Dickinson I, C.0.5.T. B2), and two cores (Allaire
State Park, Leggette) of the New Jersey continental margin (fig. 1),
and to determine:

1. benthic foraminiferal biofacies through cluster analysis,

2. the paleobathymetric ranges of these biofacies through the
comparison to modern benthic foraminifera distributional trends,

3. the distribution of these biofacies in the Eocene section
of New Jersey,

4. benthic foraminifera species diversity and dominance trends,
and their comparison to that of recent trends,

5. relative sea level changes, and their comparison to global
sea level cycles of Vail et al. (1977),

6. the paleobathymetric profile of the New Jersey continental
margin during Eocene time,

7. the relative paleobathymetric positive and negative effects
of structural elements (Salisbury and Raritan embayments, South

Jersey High).



Figure 1 Base map showing well sites, Eocene outcrops, outline
of Baltimore Canyon Trough, and location of cross-

section A-A' illustrated in Figure 5.

Figures 2-4 Generalized areal extent of Farmingdale, Squankum, and

Toms River members.

Figure 5 Schematic stratigraphic strike section through the

New Jersey coastal plain (A-A' of Figure 2).

A = Allaire State Park Well; IB = Island Beach Well;
T15 = Transco 15 Well; L = Leggette Well; AD1 = Anchor

Dickinson 1 Well.

Figure 6 Planktic foraminiferal zonation of the Eocene section

of the New Jersey continental margin.
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PALEOENVIRONMENTAL ANALYSIS

Bandy (1960), and Bandy and Arnal (1960) were the first to suggest
the idea of convergent adoption as a tool in foraminiferal paleo-
ecology. They proposed that benthic foraminifera, which occupy similar
environments, have responded in similar ways, and developed similar
morphologic characteristics (i.e. size, ornamentation, form). Based
on this concept, the comparison of fossil and living species that are
morphologically alike, especially where several species are involved,
is very useful in palecenvironmental analysis (Bandy and Arnal, 1960).
Though the depth limits of 1living benthic foraminifera vary from one
geographic area to another the sequence of benthic foraminifera with
increasing water depth has been shown by various workers to remain
similar (Parker, 1954; Phleger, 1956, 1960; Bandy, 1960; Walton, 1964;
Murray, 1973; Pflum and Frerichs, 1976; and others).

Planktic foraminiferal abundance has been observed to increase
with increasing depth of water (Grimsdale and Morkhoven, 1955; Bandy
and Arnal, 1960; Bandy, 1956; Phleger, 1960; Pflum and Frerichs, 1976;
and others). In general, planktic foraminifera are very rare to
absent in nearshore waters where juvenille forms predominate, and
become progressively more abundant with increasing distance from shore
and increasing depth of water. It should be noted that any set of
particular values pertains only to a general area, and attempts to
quantify water depth and planktic foraminiferal abundance have been
generally unsuccessful because of the variation in sedimentation

rates, fresh water inflow, and carbonate dissolution along continental
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margins (Pflum and Frerichs, 1976; Douglas, 1979).

The New Jersey continental margin, formed by the opening of the
Atlantic Ocean probably during Jurassic time, is one of general sub-
sidence and minor structural complexity (Olsson, 1978; Poag, 1979).

It can be assumed that seaward of the main hinge zone of sediment
accumulation of the Eocene section of New Jersey represents an increase
in water depth. This is reflected by the greater thickness in section
downdip, the replacement of quartz sands by calcareous clays and
limestones, and the increase in planktic foraminiferal abundance.

The downdip distribution of Eocene sections examined in this study,

and the absence of any significant structural movements within the

New Jersey continental margin, allows an analysis of the lateral
changes of Eocene benthic foraminiferal assemblages with increasing
depth of water. These lateral changes can be compared to that of

modern benthic foraminifera bathymetric trends.

METHODS

Samples analyzed in this study were obtained from both rotary
wells and cores. Samples were washed through a 230 mesh sieve, and
the clay fraction discarded. Foraminifera were then concentrated by
flotation. The residue left behind was examined to determine
whether the floated concentrate was representative of the total

foraminiferal population. The flotation technique used here was
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successful, and is supported by the similar occurrence and abundance
trends of benthic foraminifera in well samples not subjected to
flotation (Anchor Dickinson 1, C.0.S.T. B-2). The floated concen-
tration was passed through a microsplitter until a manageable portion
was obtained for counting. The amount of specimens counted per sample
was dependent on sample preservation, and foraminiferal abundance,

but approximately 300 specimens were counted whenever possible.
Because of the variation in the number of counted specimens, relative
abundances were converted to percentages for better comparison of
sample intervals.

Downward mixing of foraminifera in rotary wells is a problem in
paleoecological-paleobathymetric analysis. This problem can be
greatly reduced by the recognition of first occurrences down section,
comparison to core samples wherever possible, and the complete
analysis of faunal composition and relative abundances. Relative
peak abundances are very useful in determining in place faunal com-
ponents (figs. 7-12), and their paleoecological distribution. The
common practice of examining only larger size fractions of foramini-
feral populations can lead to an inaccurate representation of faunal

composition, and foraminiferal abundances.

PALEOECOLOGY

Johnson (1972) proposed a conceptual model for benthic marine

communities in which he states that just as substrates intergrade so
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do communities, and adjacent communities are likely to replace one
another as environments of deposition change. Johnson suggests that
these relationships between coexisting communities may be used in
vertical succession through time in determining environmental
disturbances.

Figures 7-12 illustrate the distribution and relative abundances
of benthic and planktic foraminifera of the Eocene section of the
New Jersey continental margin. ‘In general, three benthic foraminiferal
assemblages can be readily recognized in the Eocene section of New

Jersey; a Gyroidinoides—Alabamina—Uvigerina dominated assemblage, a

brizalinid-Pyramidina-Epistominella dominated assemblage, and a

buliminid-Anomalinoides-Trifarina dominated assemblage. In shallow

updip wells (Allaire State Park, Leggette, Transco 15; figs. 7-9) the

buliminid-Anomalinoides-Trifarina assemblage is restricted in occur-

rence to Lower Eocene sediments, the brizalinid-Pyramidina-

Epistominella assemblage occurs in Lower and lowermost Middle Eocene

sediments, and the Gyroidinoides—Alabamina-Uvigerina assemblage is

restricted in occurrence to Middle Eocene sediments. Downdip in the
Island Beach, Anchor Dickinson 1, and C.0.S.T. B-2 wells (figs. 10-12)

the buliminid-Anomalinoides-Trifarina assemblage replaces the

brizalinid-Pyramidina-Epistominella assemblage in Lower Eocene

sediments, whereas the Gyroidinoides—Alabamina—Uvigerina assemblage

is replaced by the brizalinid-Pyramidina—Epistominella assemblage.

These lateral and vertical changes in benthic foraminiferal assemblages
also correlate with changes in planktic foraminiferal abundance. Two
trends in planktic foraminiferal abundance are recognized in the

Focene of New Jersey; an increase in abundance downdip, and a decrease



15

in abundance through Eocene time. The lateral and vertical changes
in benthic and planktic foraminiferal distribution and abundance
correlate throughout the Eocene section of New Jersey, and can be
explained by changes in bathymetry.

Figure 13 summarizes the distribution and estimated paleo-
bathymetric ranges of benthic foraminifera of the six Eocene sections
examined in this study. Neritic foraminiferal assemblages are
characterized by small brizalinids (bolivinids of others), cibicidids,

small uvigerinids, Alabamina midwayensis, Epistominella minuta,

Pyramidina subrotundata, Hanzawaia and Gyroidinoides. Bulimina

whitei, Turritilina sp., and Kolesnikovella elongata occur in

abundance in both neritic and upper bathyal assemblages. Distribu-

tional studies of modern benthic foraminifera (Table 1) indicate a

paleodepth of approximately 50 to 200 meters for this assemblage.
Upper bathyal benthic foraminiferal assemblages are characterized

by the dominance of buliminids, Planulina? ammophila, Anomalinoides

acuta, Aragonia aragonensis, Trifarina wilcoxensis, Cibicidoides

whitei, Fursenkoina? sp., and Nuttallides truempyi. Distributional

studies of modern benthic foraminifera (Table 1), and the following
line of reasoning indicate paleodepths to have ranged from
approximately 200 to 600 meters for these assemblages.

Nuttallides truempyi, a dominant lower bathyal-abyssal form, has

a stratigraphic range of late Cretaceous (Maestrichtian) to latest
Eocene (Laughton, et al., 1972; Douglas, 1973). 1It's upper
bathymetric limit is not known with certainty, but it's occurrence in

late Eocene deposits at DSDP Site 116 in estimated paleodepths of less



Figures 7-12

Figure 13

Table 1

16

The distribution and relative abundances of benthic
and planktic foraminifera of the Eocene well sections
examined in this study. Absence of data in intervals
of the Island Beach and Anchor Dickinson 1 wells is

due to the recrystallization of benthic foraminifera.

Summary of the distribution, relative abundances, and
estimated paleobathymetry of benthic foraminifera of

the Eocene sections examined in this study.

Comparison of Eocene benthic foraminifera species,

recent homeomorphs and their bathymetric ranges.
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than 1000 meters (Laughton, et al., 1972), and it's absence in
neritic faunas suggests an upper bathymetric limit of 500 to 600
meters (Berggren and Aubert, 1980). The stratigraphically limited,

and rare occurrence of Nuttallides truempyi in the Lower Eocene of

the C.0.S.T. B-2 Well (fig. 12) therefore suggests a maximum paleo-
depth of approximately 500 to 600 meters for the Eocene bathyal
assemblages of New Jersey. The common occurrence of the costate-

spinose buliminid, of the Bulimina aff. striata mexicana-subacuminata

group (fig. 12), is indicative of middle to upper bathyal environments
(Pflum and Frerichs, 1976; Bandy and Chierici, 1966; Parker, 1954).
The small test size (less than 0.5 mm) of this buliminid suggests the
shallower portion of the bathymetric range (upper bathyal) of it's
modern homeomorphs (Bandy, 1960), and supports the interpretation of
a paleodepth of 200 to 600 meters for these assemblages.

Modern costate uvigerinids commonly occur in outer neritic
and bathyal environments (Bandy, 1960; Pflum and Frerichs, 1976; and

others). Uvigerina rippensis-gardnerae, a small (less than 0.5 mm)

highly variable costate to costate-spinose form is an abundant com-
ponent in the Middle Eocene of the Transco 15 Well (fig. 9). The

co-occurrence of Uvigerina rippensis-gardnerae with that of demon-

strably shallower water forms (Cibicides lobatulus, Globulina

inaequalis, Hanzawaia mauricensis subinvoluta), the local termination

of outer shelf species (Uvigerina elongata, Cibicidoides lawi,

Cibicides pseudoungerianus, Melonis planatus) below this interval,

the low planktic foraminiferal abundance (less than 57), and the
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predominance of juvenile planktic foraminifera suggests a paleo—
depth of less than 100 meters. In Eocene deposits of Northeastern

Libya Uvigerina rippensis-gardnerae commonly occurs in paleodepths

irterpreted as 50 to 200 meters (Barr and Berggren, 1980). Therefore,
it would seem that costate uvigerinids had a significantly shallower
depth range, at least prior to the Oligocene, and should be used

with caution as outer shelf and bathyal paleoenvironmental indicators.

Cluster analysis allows the reduction of large amounts of data
into meaningful patterns, and is here used to determine individual
assemblages within the neritic and upper bathyal assemblages discussed
above. The downward displacement of species within rotary wells is a
problem in attempting to delineate natural groupings, and the use of
presence-absence data alone has little meaning; more meaningful
patterns can be obtained by the incorporation of relative abundance
data. The Q-mode type cluster analysis, which relates sample
intervals to each other on the basis of species in common, is used
in this study. Calculations were performed using the Q-mode cluster-
ing routines of the NT-SYS (1974 version) system. The correlation
coefficient was used as a similarity measure.

Eleven distinct groupings are recognized from the Q-mode
dendogram (fig. 14). The biofacies discussed below are transitional
to one another, and the paleodepths cited represent the principle
range of these biofacies. Figure 15 illustrates the distribution of
these biofacies in the Eocene section of the New Jersey continental

margin.
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Group 1 is the shallowest biofacies recognized, and is charac-

terized by Uvigerina rippensis-gardnerae, Gyroidinoides octocameratus,

and Alabamina midwayensis. Other species characteristic of this

group include Marginulina cocoaensis, Guttulina hantkeni, Guttulina

communis, Globulina inaequalis, Hanzawaia mauricensis subinvoluta,

Turrilina robertsi, and Cibicides lobatulus. Comparison of this

assemblage with that of recent homeomorphs and general correlation of
form, structure and environment (Table 1) suggests a paleodepth of
50 to 100 meters. The absence of the outer shelf forms Uvigerina

elongata, Melonis planatus Cibicides pseudoungerianus, Cibicidoides

lawi, the low planktic foraminiferal abundance (less than 5%) and the
predominance of planktic juvenile forms supports this interpretation.

Since the species Alabamina and Gyroidinoides have no living counter-

parts, direct comparison to modern distributional trends are

impossible. Gyroidinoides octocameratus and Alabamina midwayensis,

though, have been shown to be characteristic of paleodepths of less
than 100 meters in Paleocene deposits of the Gulf and Atlantic coasts,
and Rockall Bank (Berggren, 1974; Youssefnia, 1974, 1978).

Groups 3, 4, and 11 are dominated by Pyramidina subrotundata,

Epistominella minuta, and small brizalinids, respectively. Groups 2,

7, and 10 are dominated by Bulimina whitei, Turritilina sp., and

Kolesnikovella elongata. Other species characteristic of these groups

include Hanzawaia mauricensis, Cibicidoides aff. alleni, Cibicidoides

lawi, Cibicidoides pippeni, Cibicides pseudoungerianus, Uvigerina,

cookei, Uvigerina elongata, Melonis planatus, and Planulina
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cocoaensis. Comparison of Groups 2, 3, 4, 7, 10, and 11 to that of
the distribution of recent homeomorphs (Table 1) indicates a paleo-

depth of 90 to 200 meters. The high abundance of Epistominella

minuta and small brizalinids suggests a paleodepth of 90 to 150
meters for Groups 3, 4, and 11. The decrease in abundance of these
forms, and the increase in abundance of small buliminids suggests a
paleodepth of 150 to 200 meters for Groups 2, 7, and 10.

Groups 5 and 8 are dominated by Anomalinoides acuta, Bulimina

sp., Turritilina sp., and Trifarina wilcoxensis. Other species

characteristic of these groups include Siphonina claibornensis,

Siphonina wilcoxensis, Cibicides sp., Cibicidoides whitei, and

Aragonia aragonensis. The high abundance of Bulimina sp., a small

(less than 0.5 mm) unornamented form, and Trifarina wilcoxensis

suggests a paleodepth of 200 to 600 meters (Table 1). Siphonina

calaibornensis and S. wilcoxensis reach their maximum abundance

within this assemblage, though modern forms of Siphonina are most
common in depths ranging from 100 to 200 meters. The absence of the

deeper water forms Bulimina callahani, and Nuttallides truempyi, and

the minor occurrence of Fursenkoina? sp. and Bulimina striata

mexicana-subacuminata, which are common to Group 9, suggests the

shallower portion of this bathymetric range (200 to 350 meters).
Group 9 is the deepest biofacies recognized, and is dominated

by Bulimina sp., Bulimina striata mexicana-subacuminata, Bulimina

callahani, Fursenkoina? sp., Turritilina, sp., and Planulina? ammophila.

Other species characteristic of this group include Aragonia
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aragonensis, Anomalinoides acuta, and Nuttallides truempyi. The

absence and/or significant decrease in abundance of neritic forms

(fig. 13), the increase in abundance of Bulimina striata mexicana-

subacuminata, and the occurrence of the bathyal-abyssal forms

Bulimina callahani, and Nuttallides truempyi suggests a paleodepth

of 350 to 600 meters for Group 9.
Group 6 is nearly the same as Group 9 except for the high

abundance of a small cibicidid not distinquished in this study.



Figure 14

Figure 15
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Dendogram illustrating Q-mode clusters based

on percentage data of well samples.

A = Allaire State Park Well; IB = Island Beach Well;

T = Transco 15 Well; L = Leggette Well; AD = Anchor

fi

Dickinson I Well; B = C.0.S.T. B-2 Well.

Distribution of cluster groupings (Figure 14)

in the Eocene section of New Jersey.

A - Group 1; B - Groups 2, 3, 4, 7, 10 and 11;

C - Groups 5 and 8; D - Groups 6 and 9.
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SPECIES DIVERSITY AND DOMINANCE TRENDS

Benthic foraminifera species diversity tends to change with
increasing depth of water and distance from shore, and is useful in
determining relative paleobathymetry. Diversity trends of Recent
benthic foraminifera show an increase in species numbers from the
shoreline to the outer continental shelf, and either decrease or
remain the same on the continental slope (Bandy and Arnal, 1957;
Walton, 1964; Buzas and Gibson, 1969 and others).

A useful diversity index, the Fisher alpha index (Murray, 1973),
can be readily determined by plotting the number of species against
the total number of individuals. This index takes into account the
rarer species of a population, and variation in sample size. The
Fisher alpha index is used here to characterize the diversity trends
of the eleven distinct groupings of benthic foraminifera of the
Eocene section of New Jersey. Diversity trends of fossil foraminiferal
assemblages are easily determined, but can be influenced by downward
mixing of foraminifera within rotary wells, and selective preservation.
Therefore, core samples were used wherever possible, and poorly
preserved samples were not used in determining diversity and dominance
values.

Figure 16 illustrates the diversity (FISHER ALPHA INDEX) and
dominance (% DOMINANCE) trends of the Eocene benthic foraminifera
cluster groupings, their associated paleodepths, and recent benthic
foraminiferal diversity (S) and dominance (EH(S)/S) trends of the
western North Atlantic (Buzas and Gibson, 1969). Eocene species

diversity trends of New Jersey compare well to that of the western
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North Atlantic and support the paleobathymetric interpretations of the
Eocene cluster groupings of this study. These trends include:

- an increase in diversity from shoreline to the outer continental
shelf (Groups 1, 3, 4, and 11).

- a peak in diversity between 100 and 200 meters (Groups 2, 3,4,
7, 10, and 11). “

- and a decrease in diversity across the shelf-slope boundary
(Groups 2, 5, 7, 8, and 10).
Below 200 meters, in the western North Atlantic, diversity values
decrease down the continental slope, whereas Eocene diversity values
for groups 6 and 9 show an increase. Group 9 is divided into two
subgroups to better illustrate the diversity-dominance trends with
increasing water depth. Since rotary‘well samples were used in the
determination of diversity values for groups 6 and 9, the increase in
diversity may represent downward mixing of foraminifera, and not an
ecological trend.

Species diversity and dominance patterns have been suggested to
be related to the degree of environmental stability (Valentine, 1971,
1972; Johnson, 1972; and others). In unstable environments only a
few generalized populations can be supported, and are characterized
by low species diversity and high dominance. Conversely, benthic
marine communities of stable environments are characterized by high
species diversity and low dominance. The low species diversity of
the Eocene middle shelf assemblage (Group 1) can be explained by the
instability of nearshore enviromments. The higher diversity values
on the outer continental shelf and continental slope indicate a

relative increase in stability for these environments.
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Faunal dominance is defined as the percentage occurrence of the
most common species in a foraminiferal population, and is inversely
proportional to diversity (Walton, 1964). Faunal dominance values
in the western North Atlantic, represented by species equitability
(EH(S)/S), have a large distributional range in most environments.
Eocene mean dominance values (% DOMINANCE) remain relatively the same
across the continental shelf and show little relationship to changes
in diversity. On the continental slope Eocene dominance values
(Groups 6 and 9) steadily decrease with increasing depth of water and
diversity. This decrease in dominance, though, may be due to downward
mixing of foraminifera in rotary well samples, and not an ecological
trend. The consistently high dominance values across the Eocene
continental shelf, and seemingly little relationship to changes in
diversity suggests that modern environmental stability models may

not be applicable to dominance trends during Eocene time.



Figure 16

Comparison of diversity (Fisher Alpha Index) and
dominance values (% dominance) of the Eocene
benthic foraminifera cluster groupings, and
recent benthic foraminiferal diversity (8) and
dominance (EH(S)/S; 1.0 = low dominance, 0.1 =
high dominance) trends of the western North
Atlantic.

A = Group l; B = Groups 3, 4, 11; C = Groups 2, 7,
10; D = Groups 5 and 8; E = Group 9; F = Groups 6

and 9.
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