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Holocene paleoenvironmental changes have been interpreted on the basis of benthic foraminifera and
calcareous nannofossils recovered in samples from Napostd Grande Stream, Bahia Blanca estuary,
southern Buenos Aires Province. Samples are fine sands and clay sediments from a Holocene outcrop and
were studied with quantitative techniques. The benthic foraminiferal assemblage is dominated by
Ammonia parkinsoniana, Ammonia tepida, Bolivina pseudoplicata, Bolivina striatula, Bolivina sp., Buccella
peruviana, and Elphidium spp. The calcareous nannofossil assemblage recovered is a typical cold-water
association, dominated by Calcidiscus leptoporus, Coccolithus pelagicus, Emiliana huxleyi and Gephyr-
ocapsa oceanica. A dendrogram classification by cluster analysis was made for each microfossil group. The
results of these analyses were coincident, showing a liaison between changes in the assemblages of
benthic foraminifera and calcareous nannofossils. Those results, jointly with the sedimentological in-
formation, lead to the identification of three different paleoenvironments along the Naposta N1 site. The
lower part of the succession represents an estuarine environment with larger marine connection. The
middle part represents a gradual passage to a more restricted estuarine environment, and the upper part
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represents the establishment of the modern continental fresh-water environment.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Foraminifers are well known for their remarkable fossil record
and for their variety and abundance in almost all modern marine
environments. These minute organisms constitute the most
diverse group of testate protists in modern oceans, and are one of
the fossil groups capable of provide reliable analogs for the
understanding of marine environmental changes in the past
(Scott, 2006). The advantage of using benthic foraminifers in
paleoecology lies in their substantial abundance in marine sedi-
ments and in the exceptional preservation of their tests. Because
their distributions and ecological preferences are fairly well
known from the studies conducted in modern habitats, these
assemblages can be used as proxies, and as reliable tools for
paleoenvironmental reconstructions and environmental charac-
terization (Sen Gupta, 1999).
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Calcareous nannofossils on their part, have proved to be
very useful on paleoceanographic and paleoenvironmental re-
constructions during the Quaternary (Houghton, 1993; Winter
et al., 1994; Roth, 1994; Jordan, 2002). They show sensibility
to different environmental parameters as water temperature,
availability of macro and micronutrients, salinity, light penetra-
tion, turbulence, and water depth (Jordan, 2002). While some
species show low-adaptation capability, others exhibit differen-
tial toleration or preference for diverse environmental conditions
and are key-species for paleoenvironmental interpretation. A
series of studies and experiments were carried out with selected
cultured species (mainly Emiliania huxleyi and Gephyrocapsa
oceanica) to test their response to different environmental factors
(Watabe and Wilbur, 1966; Wilbur and Watabe, 1967; Okada and
Honjo, 1975; Kleijne, 1990, 1991; Fisher and Honjo, 1991; Hagino
et al., 2000; Takahashi and Okada, 2000, among others).

Since Quaternary species are almost the same as modern
living species, recent biogeographic distribution and composition
of the assemblages could be extrapolated for paleoenvironmental
and paleoceanographic reconstruction (McIntyre, 1967; McIntyre
and Bé, 1967; Mcintyre et al., 1970; Bukry, 1974; Dudley et al.,
1980; Giunta et al., 2003; Alday et al., 2006).
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A paleoenvironmental reconstruction is presented after
combining benthic foraminifera and calcareous nannofossil data.
This contribution provides alternative evidence using multiple
proxy analysis (sedimentology, benthic foraminifera and calcareous
nannofossils) of the paleoenvironmental conditions during the
beginning of the last Holocene transgression within the Bahia
Blanca estuary. The objective of this contribution is to increase the
knowledge about the Holocene transgression and environmental
responses of the coastal area of the Bahia Blanca estuary; in order to
reconstruct regional Holocene sea-level changes and to adjust the
chronology of these events.

2. Study area

The Bahia Blanca estuary is a mesotidal environment located in
the south of Buenos Aires Province and occupies a wide coastal
stripe (Fig. 1). Its regional setting is determined by the presence of a
complex web of meandering channels of different dimensions. Lots
of low islands, extensive tidal flats and salt marshes described the
physiography of the area. While the estuary has no significant
watershed, is home of one of the major deep-water port systems of
Argentina (Cuadrado et al., 2007).

From the point of view of their morphology, the estuary has a
funnel configuration, with the main channels, Bermejo, Bahia Falsa,
Bahia Verde and Caleta Brightman oriented NW-SE. It also has two
tributary channels located on the north coast, which are the main
freshwater inputs to the system (Fig. 1). Towards the head of the
estuary is located the Sauce Chico River and a 1.6 km southeast
of Ingeniero White lays the Naposta Grande Stream. Both small
tributaries are also incorporating water in local rainfall runoff
(Cuadrado et al., 2007).

The total area is 2300 km? 410 km? correspond to regions
permanently emerged as islands; 1150 km? are occupied by inter-
tidal zones and 740 km? correspond to subtidal areas (Montesarchio
and Lizasoain, 1981). The largest intertidal areas are located in the
northern portion; while in the southern sector the proportion is
much lower (Piccolo and Perillo, 1999). Mean depth is 10 m,
although values of 22 m were registered at the mouth of the estuary
(Aliotta and Perillo, 1990). Mean annual surface temperature is of

13 °C varying from 21.6 °C in summer to 8.5 °C in winter (Piccolo
et al, 1988). The distribution of mean surface salinity shows an
exponential growth from the head up to the middle reach of the
estuary. In the middle portion, the average salinity has a local
minimum influence by the Naposta Grande stream and the Bahia
Blanca city sewage discharge.

As for the balance of sediment in the Bahia Blanca estuary, it
can be said that it is negative, since the amount of sediment
leaving the estuary is higher than the input. However, it is
necessary to note that this does not mean that the entire estuary is
under erosion, as there are intertidal areas where eroded mud is
retained mainly caused by stabilization due intertidal vegetation
(Spartina alterniflora Loiseleur-Deslongchamps, 1807); while the
sand eroded from channel banks and exiting the estuary usually
forms internal, sub and intertidal, sand banks (Codignotto et al.,
1993). The size distribution of sediments in the estuary is a
direct consequence of environmental dynamics (Borel and G6mez,
2006).

3. Previous work on the Bahia Blanca estuary

Holocene sea level fluctuations for Buenos Aires Province have
been analyzed by numerous authors, suggesting several environ-
mental schemes based on studies of regional geology, paleontology
and radiocarbon dates (Fray and Ewing, 1963; Parker and Violante,
1982; Codignotto et al., 1992; Codignotto and Aguirre, 1993;
Cavallotto, 1995; Violante et al., 2001; Gémez et al., 2005; Schnack
et al., 2005). In general terms the Holocene environmental setting
for this area would have developed as follows:

At about 17000 yr BP, the peak of the last glaciation occurred. Sea
level would have been located at about 170 km east of the existing
shoreline, with a depth of —115 m. During the Late Pleistocene-Early
Holocene transition (11000 yr BP); there was a progressive rise in
sea level (Aguirre, 1995). Towards 9500 and about 7500 yr BP sea-
level continued to rise to altitudes between —12 and —18 m
(Aliotta and Perillo, 1990).

At 7000 years BP the increasing sea level, would reached similar
values to the current ones and then surpassed them as proposed by
Cavallotto et al. (2004) for the La Plata River. At ca. 6000 yr BP the

Fig. 1. Location map of Bahia Blanca estuary and Naposta N1 analyzed section.
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sea level reached a high-stand with the maximum level located
between +3.5 and 4.5 m above the present level, then a progressive
and gradual drop at different rates would have occurred (Laprida
et al,, 2007). Gémez et al. (2005, 2006), after analyzing subma-
rine sequences in the outer area of the Bahia Blanca estuary, pro-
posed the development of negative pulses with a decrease in sea
level, several meters below the present one (ca. 6350 and ca. 2500
years BP). As a consequence, this last transgressive—regressive
cycle is still matter of controversy.

Concerning previous studies conducted in the Bahia Blanca
estuary, they recently started on the basis of modern and Holo-
cene samples (Guerstein et al., 1992; Cusminsky et al., 1995, 2006,
2009; Gémez et al., 1992, 2005, 2006; Calvo-Marcilese et al., 2007,
2009, 2011; Calvo-Marcilese, 2008, 2011; Calvo-Marcilese and
Pérez Panera, 2008; Calvo-Marcilese and Cusminsky, 2009;
Calvo-Marcilese and Pratolongo, 2009; Calvo-Marcilese and
Langer, 2010; Calvo-Marcilese and Langer, 2012). These studies
include, sedimentological and micropaleontological analysis
(foraminifera, ostracods, palynomorphs and diatoms) of samples
representing modern deposits of inner and external areas of the
of Bahia Blanca estuary. Between these publications the first re-
sults combining data from benthic foraminifera and calcareous
nannofossils have been obtained, presenting comparisons be-
tween fossil and recent material from the Arroyo Naposta area
(Calvo-Marcilese and Pérez Panera, 2008). Several disciplines
have contributed to the understanding of the current dynamics of
the Bahia Blanca estuary, providing information on its coastal
evolution during the Holocene. Piccolo and Perillo (1999) and
Perillo et al. (1987, 2007) have studied the physical characteristics,
geomorphology, hydrography and circulation within the estuary
of Bahia Blanca. Gémez et al. (2005, 2006) analyzed variations in
sea level during the Holocene in the study area determining the
paleoenvironmental conditions and chronological significance of
the features described in the PS2B2 core, as the most represen-
tative of submarine regional outcrops. Gémez and Perillo (1995)
described at the external area of the estuary, the occurrence of
fine-stratified layers with great quantities of mud that was
determined by means of bathymetric and side scan sonar surveys.
Borel and Gémez (2006) studied palynological samples from the
Canal del Medio, at ca. 3500 '“C yr BP, characterizing Holocene
deposits in the middle area of the estuary, and determining that
mean sea level was located at a similar position than the current
one. Meanwhile Freije and Marcovecchio (2007) monitored
chemical parameters such as temperature, salinity, oxygen and
nutrients, conducting studies of environmental pollution. The
analysis of ostracods in the vicinity of Bahia Blanca corresponds to
the studies conducted by Bertels and Martinez (1990, 1997),
Martinez (2002) and Cusminsky et al. (2006), on modern and
fossil samples. Most of these results match perfectly with what
has been proposed for foraminiferal assemblages on the same
study area, reflecting the response of the microorganisms to sea
level fluctuations.

4. Material and methods
4.1. Napostd N1 site profile

The analyzed samples come from an outcrop located at 38°
46'16” S and 62° 13'58” W, 3 km from the mouth of the Naposta
Grande stream and were taken in March 2006 (Figs. 1 and 2). This
two meters thickness holocene succession overlies a hard rock layer
attributed to a unit mostly composed of loessoid deposits of late
Miocene to Mid-Pleistocene age (De Francesco, 1992; Borel et al.,
submitted for publication). At the base, it starts with a 10 cm of
medium to coarse sand deposit with abundant marine shells such
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as Tagelus plebeius (Lightfoot), Heleobia australis (d’Orbigny), Pitar
rostratus (Koch) and Nucula semiornata (d’Orbigny) interpreted as a
shallow infralittoral to intertidal environment (Borel et al,
submitted for publication).

Overlying the sand layer, there is a 145 cm deposit of sandy
silty-clay and silty-clay sediments with sparse organic-rich
layers. These sediments yield scarce H. australis and T. plebeius,
and at 60 and 115 cm from the top of the profile, there are
two local guide-horizons with T. plebeius in life position. One
lenticular bedding was recognized at 70—80 cm, these deposits
are typical of the tidal flats found along all Bahia Blanca
estuary (Calvo-Marcilese et al., 2011; Borel et al., submitted for
publication) (Fig. 2).

Towards the top of the succession, the sandy-silt layers are cut
by a channel fill deposit of medium to coarse sand and gravel, with
laminar trough cross-bedding sedimentary structure, grading up-
ward to a silty-clay horizon (Fig. 2).

The topmost of the sequence is represented by surface soil and
roots established over eolian deposits.
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Table 1
Benthic foraminifera abundance chart at Naposta N1 site.
Sample  Ammonia Ammonia Bolivina Bolivina Bolivina Buccella  Elphidium Elphidium Elphidium Elphidum Amphycorina Bolivina aff. Bolivina Bulimina Bulimina Bulimi
parkinsoniana tepida sp. pseudoplicata striatula peruviana aff. E. gunteri aff. E. aff. E. scalaris lomitensis  tortuosa sp. affinis marginata
clavatum poeyanum poeyanum
type | type II
N1-m25
N1-m24
N1-m23
N1-m22b 25 10
N1-m22 0
N1-m21 250 20 125 640 40
N1-m20 25 5 30 315 60
N1-m19 50 50 600 60
N1-m18 250 100 215 115 580 5
N1-m17 275 105 620 60 205
N1-m16 750 5 5 455 380 265
N1-m15 75 5 55 390 50 220 5
N1-m14 150 20 5 185 550 95 955 5
N1-m13 225 25 5 85 415 825 85 345
N1-m12 150 5 100 325 385 40 265
N1-m11 75 10 5 5 205 165 5 45
N1-m10 200 5 10 20 10 510 110 15 65 145
N1-m09 150 40 5 5 495 130 65 95 0
N1-m08 350 20 10 15 5 880 10 70 365
N1-m07 150 0 5 550 10 45 205 40
N1-m06 150 30 5 5 645 50 65 200
N1-m05 200 75 770 30 230 25 480
N1-m04 525 90 20 10 1120 10 175 30 560 5
N1-m03 1550 180 65 55 50 3335 440 1740 5 5 5
N1-m02 1150 35 35 15 1335 140 720 10
N1-mO01 225 5 10 20 425 65 20 0 5 20 5

4.2. Methods and radiocarbon dates

Sampling was performed at regular intervals of ~10 cm equi-
distance, from the base water level up to the top, giving a total of 26
samples. In order to define the height of the outcrop in relation to
the present sea level, the mean sea level (MSL) of the Ingeniero
White tidal gauge (placed 2 km away) was transported to the study

area by means of a double frequency geodesic RTK-GPS Sokkia
Radian IS. Microfaunal collection and analyses were conducted
following standard protocols of Boltovskoy (1965) for benthic
foraminifera. Dry sediment was processed and disaggregated using
tap water. Samples were then washed through a sieve of 63 pm
mesh and dried at room temperature. From the residue, 1 g of
material was extracted; the entire available tests were picked and

Table 2
Calcareous nannofossils abundance chart at Napostd N1 site.

Sample Preservation Abundance Fields Calcidiscus Coccolithus Emiliania Gephyrocapsa Gephyrocapsa Gephyrocapsa
(Not reworked of view leptoporus pelagicus huxleyi caribbeanica oceanica sinuosa
taxa)

N1-m25 P 0.0103 390

N1-m24 P 0.0103 390

N1-m23 P 0.0026 390

N1-m22b P 0.0103 390 2

N1-m22 — Barren 390

N1-m21 G 0.141 390 4 12 26 13

N1-m20 G 0.0769 390 2 5 17 4 1

N1-m19 G 0.1949 390 1 12 45 11 6

N1-m18 G 0.1718 390 3 17 37 7

N1-m17 G 0.3564 390 3 26 85 19 6

N1-m16 G 0.3282 390 19 58 33 2 11 4

N1-m15 G 0.3564 390 10 47 64 3 9 3

N1-m14 G 0.341 390 10 36 76 1 9

N1-m13 G 0.5308 390 10 76 92 4 16 8

N1-m12 G 0.4359 390 16 47 74 1 24 8

N1-m11 G 0.3128 390 11 68 14 29

N1-m10 G 0.541 390 23 92 51 4 30 11

N1-m09 G 0.3436 390 10 69 19 4 29 2

N1-m08 G 0.3718 390 6 111 9 18

N1-m07 G 0.5897 390 7 108 2 106 1

N1-m06 G 0.6821 390 12 158 3 88 2

N1-m05 G 0.741 390 15 171 5 91 5

N1-m04 G 1.2077 260 14 154 5 129 9

N1-m03 G 0.6897 390 11 115 7 135

N1-m02 G 09179 390 17 129 27 177 2

N1-moO1 G 0.1641 390 10 27 13 7
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Bulimina  Buliminella  Cibicides Fissurina Fissurina Glandulina Globulina Guttulina Lagena Lagena Lenticulina Nonionella Nonionella Oolina Pyrgo Quinqueloculina Species Total

patagonica elegantissima lobatulus sp. laevigata sp. australis ~ sp. laevis f. striata limbosa auricula  auris melo sp.  seminulum richness specimens
tenuis chiriguanoi

0 0

0 0

0 0

2 35

0 0

10 5 10 7 1100

5 6 440

5 5 765

5 5 8 1275

5 1265

5 7 1865

15 8 815

20 5 10 1990

5 9 2015

7 1270

8 515

5 10 12 1105

5 5 10 995

20 15 10 5 5 14 1780

5 8 1010

8 1150

5 10 9 1825

5 5 12 2555

20 50 25 5 10 15 18 7560

20 10 10 11 3480

5 13 805

studied under binocular microscope. Due to the small number of
individuals recovered in some samples, and in order to have
enough foraminifera for statistical calculations (>100) (Murray,
1991) the quantity recovered was weighted in 5 g of sediment.
All foraminiferal species collected were plotted on a range-chart
(including abundance and species diversity per sample), and are
listed in Table 1. Systematic determinations were based mainly on
Loeblich and Tappan (1988); Buzas-Stephens et al. (2002) and

Ferrero (2006, 2009). For the Elphidium species Boltovskoy (1954a,
1954b, 1957) and Boltovskoy et al. (1980) were followed.
Calcareous nannofossils samples were prepared for its study
under polarized light microscope according to the gravity settling
technique of Bramlette and Sullivan (1961). A total of 390 fields of
view were observed, and species identified were plotted on an
abundance-chart along with preservation, abundance and total
sum of specimens per sample (Table 2). The preservation criteria is

Helicosphaera Oolithotus Pontosphaera Reticulofenestra Thoracosphaera Thoracosphaera Umbilicosphaera Total (Not Reworked
carteri antillarum Jjaponica sp. heimii sp. sibogae reworked taxa) Cretaceous

taxa

4 4 0

4 4 0

1 1 0

2 4 8

0 1

55 34

1 30 21

1 76 58

3 67 47

139 72

1 128 58

2 1 139 112

1 133 63

1 207 108

170 49

122 37

211 67

1 134 37

1 145 14

2 4 230 19

1 2 266 29

2 289 20

1 2 314 36

1 269 15

4 358 25

1 1 1 2 2 64 54




152 L. Calvo-Marcilese et al. / Journal of South American Earth Sciences 45 (2013) 147—159

as follows: G: Good, most specimens exhibit little or no secondary
alteration; M: Moderate, specimens exhibit the effects of secondary
alteration from etching and/or overgrowth (identification of spe-
cies not impaired); P: Poor, specimens exhibit intense effects of
secondary alteration from etching and/or overgrowth (identifica-
tion of species impaired but possible in some cases). Mean abun-
dance was calculated dividing the total specimen count by the total
fields of view.

Based on the assemblages determined, two dendrogram
classifications by cluster analysis (one for each microfossil group)
were created using CONISS program, included in the statistic
package TILIA 2.0 (Grimm, 1991). Concerning foraminifera, these
analysis considered only species registered with a relative abun-
dance equal to, or greater than, 2% in at least two samples (Gémez
et al.,, 2005; Calvo-Marcilese et al., 2011). For calcareous nanno-
fossils all the available specimens were included. The coefficient
used corresponded to the Standardized Euclidian distance, and data
transformation by standardization to mean 0 and typical deviation
1, was applied (Grimm, 1991).

Radiocarbon dates consisting in organic matter and shells were
dated at Beta Analytic Inc. (USA), using accelerated mass spec-
trometry techniques (AMS) (Borel et al, submitted for
publication). The age of the sequence was 5610 + 40 years BP
(€.5960 cal yr BP) at the base (shells-197 cm); 5170 + 40 years BP
(5680 cal. BP) (organic matter-124 cm) and 4090 + 40 yr BP
(4330 cal yr BP) in the middle section (organic matter-76 cm)
(Borel and Gémez, 2006; Borel et al., submitted for publication)
(Fig. 2). For shell samples, the date was established on juvenile
articulated valves of Pitar rostratus (Koch), calendar calibration
followed the database and procedure given in Stuiver et al. (1986—
2010) using CALIB 6.0.1 (Stuiver et al., 1986—2010) and Marine04
(Hughen et al., 2004). Concerning the regional difference in
reservoir effect established for P. rostratus at the Bahia Blanca es-
tuary (Gomez et al., 2008), it was subtracted from '“C age previous
calibration.

Goémez et al. (2008) showed that the shells from various sec-
tors of the Buenos Aires cost presented very important and var-
iable AR values. Those are mainly caused by the mixture of hard
water of continental source (rivers and groundwater). However,
for the inner areas of the Bahia Blanca estuary these authors
obtained very low AR values, in the same order of magnitude
than the corresponding standard deviation, which was attributed
mainly to low local contribution waters of continental origin. This
suggests that, with some restrictions, the marine calibration
curve with standard parameters (AR = 0) could be used at this
location.

On sedimentary organic matter, calibration was made using the
cited program and the South Hemisphere Curve (McCormac et al.,
2004; see Goémez et al., 2008; Borel et al, submitted for
publication, for detailed information). The rest of the samples age
estimation was made by interpolation, assuming constant sedi-
mentation rates between points (Borel and Gémez, 2006).

5. Results
5.1. Benthic foraminifera

Benthic foraminifera were well preserved and abundant in
almost all samples. A total of 18 genera, represented by 32 species
were recovered. Abundance values ranged from 35 to 7560 and
species richness values (S) among 2—18 (Table 1).

Main foraminiferal species were Ammonia parkinsoniana,
Ammonia tepida, Bolivina pseudoplicata, Bolivina striatula, Bolivina
sp., Buccella peruviana, Elphidium sp. aff. E. clavatum, Elphidium

gunteri, Elphidium sp. aff. Elphidium poeyanum type I and Elphidium
sp. aff. E. poeyanum type IL

5.1.1. Benthic foraminiferal zones (N1-F)

From the information obtained by cluster analysis, the suc-
cession can be divided in two zones (Fig. 3). The first one includes
samples from the base to sample m11, the second from sample
m12 to sample m21. Samples m22 to m25 were considered sterile
because of the lack or the scarce individuals registered. The
relative abundance of each species (average) is indicated in
parentheses.

5.1.1.1. Zone N1-F1 (Samples m1—m11). It is characterized by the
dominance of B. peruviana (54%), seconded by E. sp. aff. E. poeyanum
type II (19%). The remaining species were recorded with abun-
dances lower than 10%: E. gunteri (7%), E. sp. aff. E. clavatum (7%), E.
sp. aff. E. poeyanum type 1 (2%); A. parkinsoniana (4.1%); Bolivina
pseudoplicata (1.2%); B. striatula (1%); A. tepida (2.6%) and Bolivina
sp. (0.3%).

5.1.1.2. Zone N1-F2 (Samples m12—m21). It shows a gradual change
in the dominance of the fauna, with increasing abundance of spe-
cies like E. sp. aff. E. clavatum (47.5%); E. sp. aff. E. poeyanum type II
(29%) and E. gunteri (13.8%), whereas B. peruviana (7.5%) decreases
towards the top of the section. Relative abundances of the rest of
the registered species were lower than 4%.

5.2. Calcareous nannofossils

Calcareous nannofossil assemblages were well preserved in
moderate abundance and low species richness (among 4—9). A total
of 13 taxa were recovered and Calcidiscus leptoporus, Coccolithus
pelagicus, Emiliania huxleyi and Gephyrocapsa oceanica are the most
abundant within the assemblages. The less abundant remaining taxa
recovered were: Gephyrocapsa sinuosa, G. caribbeanica, Helicosphaera
carteri, Oolithotus antillarum, Pontosphaera japonica, Reticulofenestra
sp., Thoracosphaera sp., Th. saxea and Umbilicosphaera sibogae
(Table 2).

5.2.1. Calcareous nannofossils zones (N1-CN)

For the cluster analysis, samples m22—m25 with abundance
indexes lower than 0.05, were considered to be barren (Table 2). It
is more likely that the scarce recovered specimens in those samples
are due to reworking and furthermore, they lack of any statistical
value. These “barren” samples produced a basal separation in the
dendrogram between fertile samples (m1—m21) and the barren
ones (m22—mz25). Within the fertile samples, dendrogram shows a
first separation in two major groups: Zone N1-CN1, samples m1-
m8; and Zone N1-CN2, samples m9—m21 (Fig. 4). This grouping
is mainly explained by an inversion in the relative abundance of
E. huxleyi and G. oceanica and, secondarily, by a progressive increase
in C. leptoporus abundance. In the following characterization of
these zones, the relative abundance of each species (average) is
indicated in parentheses.

5.2.1.1. Zone N1-CN1 (Samples m1—m8). This zone is dominated by
C. pelagicus (51%), G. oceanica (34%), E. huxleyi (5%) and C. leptoporus
(5%). It shows higher diversity due to the presence of open-shelf
species such as Helicosphaera carteri and U. sibogae.

5.2.1.2. Zone N1-CN2 (Samples m9—m21). This zone is dominated
by E. huxleyi (38%), C. pelagicus (33%) and G. oceanica (14%), and also
shows a slight increase of C. leptoporus (7%) relative abundance.
Species richness falls down due to the almost absence of open-shelf
species.



L. Calvo-Marcilese et al. / Journal of South American Earth Sciences 45 (2013) 147—159 153

. N N
d 4 o @ & o\’&
& S
QO

¢ L oV o « 2 & % CONISS

007 25 R I B I PP ST S I ISP S SO SV ST SPAT ) RPN ST S S IO | febobalotos

0.5

409040/4330 18 =

Zd"IN

A
&
]
I

104 14

@
T

||\|||"l'

n
3338y
T
[TTT I

517024015680 I EE I O

5610+40/5960 29
1.9 - L~ TR I O T L.

20 40 60 20 40 60 80 20 40 200 20 40 60 20 100 160 240

_.

o

1

wao o~
il bl )
T T
T
i |
'||||||
[EREY

Total Sum of Squares
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5.2.2. Reworked calcareous nannofossils this study. Their relative abundance compared with the autochtho-
Some Early and Late Cretaceous species were found along the nous taphocenosis randomly changes along the samples (Table 2)

samples, but they don’t seem to show any pattern related to and they are though to be air-transported contaminants from

reworking or environmental conditions and were not considered in Neuquén Basin Lower and Upper Cretaceous outcropping rocks.
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6. Discussion
6.1. Benthic foraminifera

For the foraminiferal analysis, this section is characterized by
the dominance of Buccella peruviana; Elphidium aff. E. poeyanum
type II; Elphidium gunteri; Elphidium sp. aff. E. clavatum, Elphidium
aff. E. poeyanum type 1, A. parkinsoniana, Bolivina pseudoplicata;
B. striatula, A. tepida and Bolivina sp. Bolivinids were found with
very low relative frequencies.

The genus Buccella has a wide distribution from 32° to 33°W to
57°—58°S occupying the Argentinian zoogeographic province
(Boltovskoy et al., 1980). It is undoubtedly the most common species
throughout the region under study and that is why the area has been
called the “Kingdom of Buccella” (Theyer, 1966; Boltovskoy, 1970,
1976). Its morphology is highly variable, and consequently it has
been named differently in Argentina and Brazil, being at the inter-
face between brackish and marine environments, such as the
mouths of estuaries and in the upper areas of bays (Hayward and
Hollis, 1994). According to Murray (1991) this genus inhabits in
inner shelf (0—100 m) and bathyal cold temperate waters. The
predominance of B. peruviana suggests higher marine influence
(Bernasconi and Cusminsky, 2005). Studies conducted by
Cusminsky et al. (2006) in areas surrounding the modern Tres
Brazas Channel, have recorded the presence of living specimens of B.
peruviana, but only associated with channel facies or channel edge,
in subtidal areas subjected to larger marine influence. Calvo-
Marcilese and Pratolongo (2009) have been studying recent salt
marshes and intertidal environments within the Bahia Blanca es-
tuary; just a few empty shells of B. peruviana were recorded around
the mouth of the estuary. It occurs both intertidally and subtidally at
shallow depths. Within the genus Elphidium; E. gunteri, E. sp. aff. E.
clavatum, E. sp. aff. E. poeyanum type I and type II, are the most
abundant. According to Murray (1991), this genus is typical of
coastal environments and has been found at depths ranging be-
tween 0 and 50 m in warm temperate environments. Boltovskoy
(1976) indicates that this genus is widely distributed along the in-
ner shelf of Argentina, and has been recognized worldwide (Murray,
2006). E. gunteri is characteristic of brackish environments in as-
sociation with Ammonia and its forms as Lagoa Dos Patos, Brazil; in
Rio Quequén, Argentina (Boltovskoy et al., 1980; Cusminsky et al.,
2006); and Florida Bay, USA (Ishman et al., 1996). Concerning the
Bahia Blanca estuary, E. gunteri is common and abundant in the
Holocene sections and it seems to be restricted to brackish envi-
ronments (Cusminsky et al., 2006; Calvo-Marcilese et al., 2011). It
has been recorded with variable abundance (total assemblages of
1—46 individuals) in modern samples from intertidal environments
at the same areas. Living specimens seems to prefer intertidal lo-
cations in the lower reaches of the estuary (Calvo-Marcilese and
Pratolongo, 2009). E. clavatum is characteristic of marginal-marine
environments, estuaries and fjords and is dominant in coastal la-
goons along the Atlantic coast from Canada to southern USA. It is
present in cold temperate waters of the Baltic Sea (Murray, 2006)
and is widely distributed in brackish and marginal marine envi-
ronments throughout New Zealand (Hayward and Hollis, 1994). It is
a common and abundant species and has been recorded in all the
studied sections (Calvo-Marcilese et al., 2011). It also occurs in
intertidal nearshore environments at the lower reaches of the Bahia
Blanca estuary, and it is represented for a few living specimens (1—
2) and some empty shells (1—22) (Calvo-Marcilese and Pratolongo,
2009).

Elphidium poeyanum is representative of coastal environments,
bays and estuaries, and is less common in inner shelf areas (Poag,
1978). It occurs in brackish and normal marine waters worldwide,
although it appears to be more common in mid to high latitudes

than in warmer waters. Concerning the Argentinian coastal waters
this species has been commonly assigned as E. discoidale but
recently reassigned as E. poeyanum in marginal marine and
restricted environments (Calvo-Marcilese, 2011; Calvo-Marcilese
et al, 2011). It is noteworthy that Boltovskoy (1957) made this
consideration, referring to specimens similar to those described
herein as E. poeyanum, establishing and describing the differences
with E. discoidale. The variability between characters leads to the
distinction between these two forms, and suggests the need for
further analysis. Within the Bahia Blanca estuary living specimens
are very rare, although a few empty tests have been collected from
modern samples along the lower reaches of the estuary (Calvo-
Marcilese and Pratolongo, 2009).

The genus Ammonia also has a wide distribution and great
morphological variety, bearing high salinity ranges. According to
Walton and Sloan (1990) two varieties, A. beccarii f. parkinsoniana,
A. beccarii f. tepida are present in brackish environments, bays, gulfs
and estuaries. Boltovskoy (1957) defined for the Rio de la Plata
estuary, different biofacies of A. beccarii f. parkinsoniana, which
would correspond to a middle river area with salinities ranging
from 0.5 to 25 depending on wind direction (Boltovskoy, 1957). In
this paper, for the specific level determination of specimens
included in the genus Ammonia, we decided to adopt the criterion
proposed by Buzas-Stephens et al. (2002), which suggests that the
name A. beccarii should be reserved exclusively to designate the
ornamented form of Ammonia, corresponding to the original
description. For its part, A. beccarii f. parkinsoniana and A. beccarii f.
tepida should be named as A. parkinsoniana and A. tepida respec-
tively, since evidence based on reproductive characteristics, genetic
and geographical distribution, indicates that the three forms of
Ammonia are different species (Calvo-Marcilese et al., 2011). In
modern samples collected through the Bahia Blanca estuary, this
species are very abundant and are well represented either in the
upper and lower reaches of the main channel (Calvo-Marcilese and
Pratolongo, 2009).

The Ammonia-Elphidium assemblage was mentioned by several
authors in estuarine environments as in the English Channel, North
Sea, in Puerto Deseado, in Nigeria, on the continental shelf in the
Caribbean, Florida and in the Gulf of Mexico (Ishman et al., 1996;
Sen Gupta, 2002). Most of Elphidium dominated assemblages, with
or without dominance of Ammonia, are typical of cold water,
temperate and tropical continental shelves with clastic substrate
and normal salinity (Sen Gupta, 2002). Studies in cores extracted in
the area of Florida, USA, suggest that the Ammonia-Elphidium
assemblage would indicate oligohaline to mesohaline conditions
with salinities of 5—18. A gradual increase in salinity would lead to
an Elphidium increase and a decrease in the number of individuals
of the genus Ammonia (Brewster-Wingard et al,, 1996). It is a
common assemblage in New Zealand and its surroundings, present
in intertidal mud and sand, mostly on tidal flats and beaches
(Hayward and Hollis, 1994). This assemblage occurs at shallow
subtidal depths and in the lower half of the intertidal zone in the
channels and tidal mud and sand flats at the seaward end of the
Bahia Blanca estuary (Calvo-Marcilese and Pratolongo, 2009).

It is important to mention the complete absence of agglutinated
specimens along the Holocene sections, which are very well
represented in modern samples of the same estuary (Calvo-
Marcilese and Pratolongo, 2009) and are typical in coastal envi-
ronments worldwide (Boltovskoy et al., 1980; Hayward and Hollis,
1994; Gehrels and Van de Plassche, 1999; de Rijk and Troelstra,
1999).

In modern environments from the Bahia Blanca estuary the
Trochammina inflata assemblage has a low diversity (>5 species)
and is dominated by Trochammina inflata and Jadammina macres-
cens. Other agglutinated species often present is Miliammina fusca,
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along with the calcareous forms Haynesina germanica, A. tepida, A.
parkinsoniana and Elphidium gunteri (Calvo-Marcilese and
Pratolongo, 2009). This assemblage appears to occur between
mean high water (MHW) and mean high water spring (MHWS) in
very sheltered, muddy environments with slightly lowered salinity.
The lack of this group in the fossil sections could be related to se-
lective preservation that leads to the disintegration of the tests, and
their subsequent loss in the sedimentary record (Goldstein and
Watkins, 1999). This absence could also be related to the fact that
the sampled sections would not have been ideal for the settlement
of agglutinated microfauna. Previous studies suggest that aggluti-
nated foraminifera have been found inhabiting very specific vertical
zones and occupying narrowly defined niches within the salt
marshes or the middle and upper intertidal (Scott and Medioli,
1978; Gehrels, 1994; de Rijk and Troelstra, 1999; Haslett et al.,
2001). It has been demonstrated as well that species as T. inflata
and J. macrescens have robust and resistant tests and therefore are
feasible preserved in the fossil record (de Rijk and Troelstra, 1999;
Gehrels and Van de Plassche, 1999). Consequently, if the environ-
ments were suitable for the settlement and development of these
species, the tests could have been preserved.

The low diversity (S) recorded in this section along the relatively
low abundances, would indicate the development of a marginal
marine environment subject to variations in environmental sta-
bility (Buzas and Gibson, 1969; Murray, 1991).

Variations in abundance of A. parkinsoniana, Buccella peruviana,
and Elphidium species reflect oscillations in the degree of marine
influence, as a result of environmental changes that occurred dur-
ing the deposition of the sequence (Marquez and Ferrero, 2011).
These considerations support the fact that the faunal assemblage
recovered in this section, is typical of a restricted marine environ-
ment (Cusminsky et al., 2006; Calvo-Marcilese and Pratolongo,
2009; Calvo-Marcilese et al., 2011).

According to the zonations established from cluster analysis,
qualitative and quantitative calculations, it was possible to recog-
nize the development of shallow marginal marine environments
with species characteristic of deeper waters, reflecting larger ma-
rine connection and significant flooding of the site (Zone N1-F1)
(Fig. 3). Then, the gradual passage to low energy brackish envi-
ronments (Zone N1-F2) was observed; with mixture of waters and
variable salinity (Fig. 3). This section is characterized by the pro-
gressive decrease in foraminifera with more marine-affinity, and an
increase in more restricted-estuarine species. Consequently it was
possible to recognize the development of shallow marginal marine
or estuarine environments, with predominantly mesohaline fauna,
characterized by the dominance of a few foraminiferal species able
to tolerate large salinity variations and environmental instability.

6.2. Calcareous nannofossils

Since there is no particular information about living calcareous
nannoplankton in the Bahia Blanca estuary, we are not able to
compare the fossil assemblages with their living counterparts.
However, the assemblages found in all samples are coincident to
the “cold-water association” that Mostajo (1985, 1986) defined for
the southwestern Atlantic Ocean, which is characterized by
C. leptoporus, C. pelagicus, E. huxleyi, G. oceanica, H. carteri and
U. sibogae. Differences observed between Zones N1-CN1 and N1-
CN2 were evaluated at the light of high-latitude Atlantic Ocean
analogs and what is known about the response of selected species
(E. huxleyi and G. oceanica) to environmental parameters. As it is
evidenced by the cluster analysis, the main difference in these two
zones is the inversion of relative abundance between G. oceanica
and E. huxleyi (Fig. 4). Two other patterns could be deduced along
Fig. 4 and these are: the slow but progressive decrease in

C. pelagicus relative abundance, and the slightly increase of
C. leptoporus relative abundance. We assume that these differences
respond to changes in the paleoenvironmental conditions, and in
estuarine environments one of the most variable parameters are
salinity and water stratification; due to fresh-water and nutrient
input, and tidal dynamics. Those parameters are probe to have a
direct impact on the assemblage composition of calcareous nan-
noplankton (Bukry, 1974; Houghton, 1993; Jordan, 2002). Both
E. huxleyi and G. oceanica share same ecological strategies and are
found in high abundance in nutrient-rich waters as upwelling areas
and along the outer continental shelves (Brand, 1994), but they also
compete with each other. In modern seas, G. oceanica dominates
eutrophic warm-water marginal seas, being more evident in the
Pacific Ocean, and E. huxleyi dominates in middle to high-latitude
marginal seas (McIntyre and Bé, 1967; Houghton, 1993; Winter
et al.,, 1994). In the Atlantic Ocean, the dominance of E. huxleyi
over G. oceanica is more manifest, but in some rich-nutrient seas as
the upwelling regions off northwestern and southwestern Africa,
and the continental slope off South America, G. oceanica can reach
high relative abundances (Houghton, 1993; Mostajo, 1985, 1986;
Baumann et al., 2004; Ziveri et al.,, 2004). Even when both are
considered to be eurytopic opportunistic species, E. huxleyi can
tolerate a wider range of salinity and temperature conditions than
G. oceanica (Brand, 1994; Winter et al., 1994; Jordan, 2002). Emi-
liania huxleyi can build up to 100% of the assemblage in low salinity
environments as the Norwegian fjords (Braarud, 1962; Berge, 1962),
the Black Sea (Bukry, 1974) and the Sea of Azov (Pitsky, 1963).

Zone N1-CN1 shows high relative abundance of C. pelagicus and
G. oceanica, and very low relative abundance of E. huxleyi. Zone N1-
CN2 shows high relative abundance of E. huxleyi and C. pelagicus
(Fig. 4). Zone N1-CN1 is thought to represent normal salinity
eutrophic conditions in the middle and deeper parts of the estuary
with similar composition and species richness as the cold-water
association described by Mostajo (1985, 1986) for the Argentinean
continental shelf. The sporadic occurrence of warm-water prefer-
ring species, like Pontosphaera japonica and Oolithotus antillarum in
the oldest sample could be explained due to the proximity of the
study area to the transitional zone (sensu Mostajo, 1985, 1986),
where warm-water and cold-water coccolithophore assemblages
are mixed. Zone N1-CN2 is interpreted as a restricted marine
environment with high fresh-water input representing inland parts
of the estuary dominated almost exclusively by E. huxleyi. Also, it is
quite interesting the presence of Gephyrocapsa caribbeanica in some
of the samples studied herein; a species with cold-water affinity. Its
low abundance, mainly if compared to the G. oceanica, may be due to
the better tolerance of the last one to coastal conditions. In North
Atlantic assemblages, G. caribbeanica replace G. oceanica at high
latitudes but it decreases towards near-shore environments
(Geitzenauer et al., 1977; Houghton, 1993). Moderate to high relative
abundance of C. pelagicus and C. leptoporus in Zone N1-CN2 seems to
have no reason since those species need normal marine conditions
to prosper (Ziveri et al., 2004). Our explanation is that those species
in Zone N1-CN2 represent a taphonomic-selected fraction, trans-
ported from outer areas of the estuary by tidal flows. Coccolithus
pelagicus and C. leptoporus have large and robust coccoliths that can
better resist traction and dissolution than G. oceanica. Moreover,
C. leptoporus is known to be one of the most dissolution resistant
species (Schneidermann, 1977) and that could explain its increasing
relative abundance compared to the decreasing relative abundance
of C. pelagicus up to the top of the succession.

6.3. Integrated approach

As already demonstrate Alday et al. (2006), the combination of
benthic foraminifera, calcareous nannofossils and sedimentological
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information serves as a robust proxy for the recognition and
identification of different paleoenvironmental stages, from marine
to estuarine. In this case, the benthic foraminifera and calcareous
nannofossils recovered along the succession at Naposta N1 site
show, together, a gradual passage from restricted marine condi-
tions to an estuarine to continental environment, similar to the
current Naposta Grande stream regime. On the basis of these two
independent approaches, and with the control of the sedimento-
logical data, it was possible to integrate the information and to
identify three estuarine paleoenvironmental stages throughout the
Naposta N1 site (Fig. 5).

The lower part of the succession (stage A) starts with marine
sands and silty-clays that contain a marine restricted benthic fora-
minifera assemblage and a low diversity mesotrophic calcareous
nannofossil assemblage (zones N1-F1 and N1-CN1). It is interpreted
as an estuarine environment with higher marine influence.

The middle part (stage B) continues with massive silty-clays and
sandy silty-clays with typical tidal flow lenticular bedding struc-
tures in the middle portion. It also shows a gradual change in the
composition of microfossil assemblages. The increasing relative
abundance of widely known opportunistic and marginal marine
benthic foraminifera species such as Buccella sp., Elphidium spp. and
Ammonia sp., and of the euryhaline and eurythermal opportunistic
calcareous nannofossil E. huxleyi (zones N1-F2 and N1-CN2) sug-
gests the establishment of more restricted estuarine conditions
with higher fresh-water input. Regardless of the lenticular bedding
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Fig. 5. Summary of sedimentology, micropaleontological zones and paleoenvir-
onmental stages throughout Naposta N1 site.

structure, lithologic features through stages A and B are almost the
same and it will be virtually impossible to delimitate the boundary
between both stages on the basis of sedimentary analysis by its
own. The boundary between stages A and B could be better iden-
tified on the basis of the microfossil assemblages. Even though
benthic foraminifers and calcareous nannofossils zonations show
some differences in their boundaries (N1-F1/N1-F2 limit between
samples 11 and 12 and N1-CN1/N1-CN2 limit between samples 8
and 9, see Fig. 5), it is believed that this situation, rather than being
an inconsistence, is a confirmation of the value of combining both
proxies to improve paleoenvironmental interpretation. If the whole
succession is considered, both benthic foraminifera and calcareous
nannofossils are showing a gradual passage from an estuarine
environment with higher marine influence to a more restricted
one. The differences in the boundary location might be due to
several aspects concerning the gradual passage from one stage to
the other, the differential ecological tolerances of these microfossils
groups, and their differential taphonomic responses linked to the
differences in their size, lifestyle and habitat preferences. For
practical purposes, the position of the stages A/B boundary in Fig. 5
has been selected according to the benthic foraminifera results
because, since they display infaunal positions of life, they are less
subject to transport and reworking, while calcareous nannofossil
must have had some transportation until the final burial through
the water column; and because there is plenty information on the
living benthic foraminifers of Bahia Blanca estuary compared to
that of living calcareous nannoplankton.

The upper part of the succession (stage C) is composed of coarse
sands with sedimentary structures that show lateral migration of
channels that are nearly barren of calcareous microfossils. The
scarce foraminifers and calcareous nannofossils recovered within
this section are considered to be reworked. This part represents the
establishment of the modern continental freshwater conditions of
the Naposta Grande stream.

Considering the inner location of the site in relation to the
present day coastline and the geomorphologic constrain of the
system, the paleoenvironments identified here represent different
facies and estuarine stages of this area within the Bahia Blanca
estuary. Causes of these environmental changes may be due to sea-
level fluctuation as a forcing mechanism, but also shallowness of
main channels, development of sand barriers and lateral migrations
of fresh-water tributaries of the estuary could lead to limitations in
the marine influence on a given position of the estuary. However,
Isla (1989) and Cavallotto (2002), among others, proposed that at
ca. 6000 yrs BP the maximum of the transgressive event occurred.
Considering the radiocarbon dates, the transgression promoted a
landward migration of the present-day shoreline generating a wide
embayment. Between 5170 (5680 cal. BP) and 4090 (4330 cal. BP)
yrs BP euryhaline conditions prevailed in a restricted environment.
Afterwards, the marine influence kept dropping coincidently with
the regressive event developed at regional level, besides that the
lower reaches of the Naposta Grande stream were affected by
fluvial flooding events (Borel et al., submitted for publication). To-
wards the top of the section, continental evidences were registered.

7. Conclusions

From the study of the sedimentary succession at Naposta N1
site, two foraminiferal and two calcareous nannofossil zones were
defined. The information obtained after analyzing these microfossil
zones, jointly with the sedimentological information, allowed the
identification of three different paleoenvironments during the
Holocene.

The lower part of the succession (stage A, samples m1—m11)
represents an estuarine environment with larger marine
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connection. The middle part (stage B, samples m12—m21) repre-
sents a gradual passage to a more restricted estuarine environment,
and the upper part (stage C, samples m22—m25) represents the
establishment of the modern continental fresh-water environment
of Naposta Grande stream.

This contribution represents the first paleoenvironmental
reconstruction in the region, obtained after combining benthic
foraminifera and calcareous nannofossil data. It provides alterna-
tive evidence of the environmental conditions during the Holocene
in this part of the Bahia Blanca estuary and the accurate microfossils
response to sea level fluctuations.
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Appendix A. Holocene microfossils found in this study
Al: Foraminifera

Ammonia tepida (Cushman) = Rotalia beccarii (Linné) var. tepida
Cushman, 1926

Amphicoryna scalaris (Batsch) = Nautilus (Orthoceras) scalaris
Batsch, 1791

Bolivina pseudoplicata Heron-Allen and Earland = Bolivina
pseudoplicata

Heron-Allen and Earland, 1930

Bolivina striatula Cushman, 1922

Buccella peruviana d’Orbigny, 1839

Bulimina marginata d’Orbigny, 1826

Bulimina patagonica d’Orbigny, 1839

Buliminella elegantissima (d’Orbigny) = Bulimina elegantissima
d’Orbigny, 1839

Elphidium excavatum (Terquem) = Polystomella excavata Ter-
quem, 1876

Elphidium sp. aff. E. clavatum Cushman, 1930

Elphidium gunteri Cole = Elphidium gunteri Cole, 1931
Elphidium sp. aff. E. poeyanum (d’Orbigny, 1839) Tipo I
Elphidium sp. aff. E. poeyanum (d’Orbigny, 1839) Tipo II
Elphidium margaritaceum Cushman, 1930

Fissurina laevigata Reuss, 1850

Lagena aspera Reuss, 1861

Lagena laevis (Montagu) f. tenuis = Ovulina tenuis Bornemann,
1855

Lagena striata (d’Orbigny) = Oolina striata d’Orbigny, 1839
Lagena sp. aff. sulcata (Walker y Jacob) f. lyelli (Seguenza, 1862)
Miliolinella subrotunda (Montagu) = Vermiculum subrotundum
Montagu, 1803

Miliolina subrotunda Brady, 1884

Nonion depressulum (Walker y Jacob) = Nautilus depressulus
Walker and Jacob, 1798

Nonion pauperatum Balkwill y Wright = Nonion pauperata
Balkwill and Wright, 1885

Nonionella auris (d’Orbigny) = Valvulina auris d’Orbigny, 1839
Oolina melo d’Orbigny, 1839

Pyrgo nasuta Cushman, 1935

Pyrgo patagonica (d’Orbigny) = Biloculina patagonica d’Orbigny,
1839

Pyrgo peruviana = Biloculina peruviana d’Orbigny, 1839

Quinqueloculina seminula (Linné) = Serpula seminulum Linné,
1758

A2: Calcareous nannofossils

Calcidiscus leptoporus (Murray and Blackman, 1898) Loeblich
and Tappan, 1978

Coccolithus pelagicus (Wallich, 1817) Schiller, 1930

Emiliania huxleyi (Lohmann, 1902) Hay and Mohler in Hay et al.,
1967

Gephyrocapsa caribbeanica Boudreaux and Hay, 1967
Gephyrocapsa oceanica Kamptner, 1943

Gephyrocapsa sinuosa Hay and Beaudry, 1973

Helicosphaera carteri (Hay and Mohler in Hay et al., 1967) Locker,
1972

Oolithotus antillarum (Cohen, 1964) Reinhardt in Cohen and
Reinhardt, 1968

Pontosphaera japonica (Takayama, 1967) Nishida, 1971
Reticulofenestra sp. Hay et al., 1966

Thoracosphaera sp. Kamptner, 1927

Thoracosphaera heimii (Lohmann, 1919) Kamptner, 1941
Umbilicosphaera sibogae (Weber-van Bosse, 1901) Gaarder, 1970
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