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ABSTRACT

The range of Bachmayerella tenuis and Incertae sedis, forma A, allows a remarkable improvement of the stratigraphic reso-
lution of the Pleistocene interval spanning the Globigerina cariacoensis and Truncorotalia truncatulinoides excelsa Zones.
Bachmayerella tenuis last occurs in the lower part of the calcareous nannofossil Zone NMNN19a. Incertae sedis, forma A, last
occurs in the lower part of Zone MNN19f. An informal zonation incorporating planktonic foraminifer bioevents and the last
occurrence (LO) of these two forms, probably belonging to the calcdinocyst group, is proposed as follows: Subzone A (Bach-
mayerella tenuis) spans the interval from the increasing abundance of N. pachyderma sinistral to the LO of B. tenuis. Subzone
B (Incertae sedis, forma A) spans the interval from the LO of Bachmayerella tenuis and the LO of the Incertae sedis, forma A.
Subzone C (T. truncatulinoides excelsa) spans the interval from the LO of the Incertae sedis, forma A, and the modern seafloor.

The new form, Incertae sedis, forma A, is informally described. The isotopic composition of the Incertae sedis, forma A,
tests is similar to the isotopic composition of the benthic foraminifer Oridorsalis stellatus. Further studies, including a light
optical investigation on the wall texture, are currently underway to clarify its taxonomic position.
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INTRODUCTION

Dinoflagellates are monocellular organisms belonging to the ma-
rine phytoplankton. During their life cycle, these organisms may
have a “resting stage” and produce benthic cysts, which allow for 
vival during time periods when physical or chemical conditions
the planktonic habitat are beyond the physiological tolerance of
vegetative cells (Dale, 1983; Sandgren, 1983). When the cysts
composed by silica or carbonate (calcdinocysts), they can be fo
ized. These cysts are very common in both Mesozoic and Ceno
sediments (Keupp, 1990; Hildebrand-Habel and Willems, 1996).

During Ocean Drilling Program (ODP) Leg 160, 11 sites (Si
963−973) were drilled in the Eastern Mediterranean (Fig. 1). Th
holes display rather extended and continuous sedimentary sequ
spanning the Pliocene–Pleistocene interval. Table 1 shows geog
ic coordinates, water depth, and penetration at each hole. Bachmay-
erella tenuis and Incertae sedis, forma A, a problematic microfos
that possibly belongs to the calcdinocysts, were found at all of th
sites. Bachmayerella tenuis was described by Rögl and Franz (197
and Szczechura (1986) as a problematic middle Miocene microfo
of the Paratethys. However, based on the microcrystalline wall 
ture with elongated calcite microcrystals that are oriented perpen
ular to the surface of the cyst, it is currently considered a calcdino
(Kohring, 1993; this paper).

In the Eastern Mediterranean, Pliocene–Pleistocene sedime
sequences were previously recovered during Deep Sea Dri
Project (DSDP) Legs 13 and 42A (Ryan, Hsü, et al., 1973; Hsü, M
tadert, et al., 1978) and ODP Leg 107 (Kastens, Mascle, Aurou
al., 1987). However, B. tenuis and Incertae sedis, forma A, were ne
er described for this area.

This paper deals also with the distribution and stable isotope c
position of Incertae sedis, forma A, recovered in Pliocene and P
tocene sediments from Holes 965A, 966A, 967A, and 969A.

1Robertson, A.H.F., Emeis, K.-C., Richter, C., and Camerlenghi, A. (Eds.), 1998.
Proc. ODP, Sci. Results, 160: College Station, TX (Ocean Drilling Program).

2ETH-Zentrum, Geologisches Institut, Sonneggstrasse 5, 8092 Zurich, Switzerland.
silvia@erdw.ethz.ch

3Geomar Research Center for Marine Geosciences, Wischhofstrasse 1-3, Building
4, 24148 Kiel, Federal Republic of Germany.
r-
f
e
re
il-
ic

s
e
ces
ph-

l
se

sil
x-
ic-
st

ry
g

n-
et

-
is-

MATERIALS AND METHODS

Foraminifer samples were also used for B. tenuis and Incertae se-
dis, forma A, studies. Core catchers and 1–5 samples of 10 cm3 per
section of each core were analyzed. Forty-two samples were stu
for Hole 965A, from 0.33 to 28.8 meters below seafloor (mbsf; Sa
ples 160-965A-1H-1, 32−34 cm, through 4H-CC). Fifty-four sam-
ples were studied for Hole 966A, from 1.24 rmcd (revised me
composite depth; see Sakamoto et al. [Chap. 4, this volume], for 
version tables) to ~80 rmcd (Samples 160-966A-1H-1, 110−112 cm,
to 9H-1, 47−48 cm). One hundred and twenty-one samples were s
ied for Hole 967A, from 1.07 to 126.41 rmcd (Samples 160-967
1H-1, 106−108 cm, to 13H-3, 113−115 cm). Forty-six samples were
studied for Hole 969A, from 0.65 to 128.85 rmcd (Samples 16
969A-1H-1, 63−65 cm, through 11H-CC). List of samples, ranges
B. tenuis and Incertae sedis, forma A (rmcd or mbsf), plotted v
planktonic foraminifer and calcareous nannofossil zones and age
given in Tables 2 through 5. Composite depth is used, when a
able, to facilitate correlation with other studies presented in this v
ume.
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Figure 1. Location of Sites 963−973 in the Eastern Mediterranean. The inves-
tigated holes are marked in bold.
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Sediments were soaked in distilled water and then washed under
running water through a 40-µm mesh sieve. Therefore, specim
smaller than 40 µm in diameter were not investigated. Samples w
then dried at room temperature for stable isotope analyses. The s
imens of B. tenuis and Incertae sedis, forma A, were picked from th
40- to 160-µm size fractions. The abundance of these forms show
the range charts is based on quantitative estimates as follows: V

Table 1. Geographic coordinates, water depth, and depth penetration of
the holes drilled during Leg 160.

Hole Latitude Longitude
Water depth 

(m)
Penetration 

(m)

965A 33°55.080′N 32°42.785′E 1506.6 250.4
966A 33°47.799′N 32°42.095′E 926.6 106.8
967A 34°04.098′N 32°43.523′E 2553 141.3
969A 33°50.399′N 24°53.065′E 2200.3 108.3
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Core, section,
interval (cm)
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1H-1, 32-34 0.33 - - MNN21b
1H-1, 43-46 0.45 - - MNN21a
1H-CC 0.60 - -
2H-1, 20-22 1.01 - -
2H-2, 31-33 2.62 - -

MNN20
2H-2, 67-71 2.98 - -
2H-2, 105-107 3.36 - -
2H-3, 9-11 3.90 - -
2H-3, 21-23 4.04 - -
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2H-3, 64-66 4.45 - -
MNN19f2H-3, 119-121 5.00 - -

2H-4, 9-11 5.40 - VR
2H-4, 22-24 5.53 - -
2H-4, 57-59 5.85 - VR
2H-4, 124-126 6.65 - -
2H-5, 27-29 7.08 - VR
2H-5, 60-62 7.41 - R
2H-5, 81-83 7.61 - R
2H-5, 139-141 8.20 - VR MNN19e
2H-6, 21-23 8.52 - R
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2H-6, 59-61 8.90 R R
2H-6, 104-106 9.35 - VR
2H-6, 131-133 9.62 - R
2H-7, 2-4 9.83 R R/C
2H-7, 32-34 10.12 VR C MNN19d
2H-CC 10.65 R R/C
3H-1, 69-71 11.00 R C
3H-2, 7-9 11.88 VR C
3H-2, 67-69 12.48 R A MPl5b MNN18
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3H-2, 129-131 13.10 R R/C
3H-3, 17-19 13.48 R/C C/A
3H-4, 17-19 14.98 R/C R
3H-4, 32-34 15.13 VR R
3H-4, 135-137 16.16 C
3H-5, 29-31 16.50 VR C MNN17/16b
3H-5, 35-37 16.66 - C
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3H-6, 9-11 17.90 - R/C
3H-6, 123-125 19.04 - C/A

MPl5a

MNN16a
3H-CC 20.00 - VR
4H-1, 95-97 20.76 - VR MNN14/15
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4H-6, 29-31 27.6 - - MPl4a
4H-CC 28.8 - - MNN13/12?
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Notes: Depth in meters below seafloor. See text for legend.

Table 2. Samples and occurrences of Bachmayerella tenuis and Incertae
sedis, forma A, plotted vs. planktonic foraminifer and calcareous nanno-
fossil zones identified in Hole 965A.
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very abundant, >20 specimens/field of view; A = abundant, >10 sp
imens/field of view; C = common, 1−10 specimens/field of view; R
= rare, 1 specimen/2−10 fields of view; and VR = very rare, 1 spec
men/>field of view. The preservation of specimens is moderate
good throughout the sequences.

About 100 to 200 specimens of Incertae sedis, forma A, w
picked in selected samples for isotope analyses. About 20 speci

A
ge

D
ep

th
 (

rm
cd

)

MPl6

- -

1.24

In
ce

rt
ae

 s
ed

is
, f

or
m

a 
A

B
. 

te
nu

is

Pl
an

kt
on

ic
 F

or
am

. Z
on

es

C
al

c.
 N

an
no

pl
. Z

on
es

1H-1, 110-112 - - MNN21a
1H-2, 110-112 2.79 - - MNN21b
1H-3, 52-54 3.69 - -
1H-4, 35-37 5.03 - -
1H-CC   7.60 - -

MNN202H-1, 30-32 7.98 - - C
2H-1, 126-128 9.00 - -
2H-2, 30-32 9.59 - -
2H-2, 126-128 10.68 - -
2H-3, 30-32 11.25
2H-3, 126-128 12.32 - -
2H-4, 82-84 13.53 - - MNN19f
2H-4, 125-127 14.06 - -
2H-5, 29-31 14.74 - -
2H-5, 125-127 15.99 - -
2H-6, 19-21 16.51 - R
2H-CC 17.06 - -
3H-1, 56-58 19.23 - -
3H-1, 129-131 20.06 - B
3H-2, 56-58 20.83 - cf MNN19e
3H-2, 129-131 21.80 - -
3H-3, 56-58 22.63 - R
3H-3, 129-131 23.44 - R
3H-4, 14-16 23.87 VR R/C
3H-4, 139-141 25.48 R R/C MNN19d
3H-5, 14-16 25.78 R R/C
3H-5, 129-131 27.09 R/C R A
3H-6, 7-9 27.48 R/C R MNN19c-b
3H-6, 129-131 28.74 R/C R
3H-CC 28.78 R/C R/C
4H-1, 29-31 30.18 R R/C MNN19a
4H-2, 29-31 31.78 R C
4H-3, 63-65 33.79 R/C C

MPl5b MNN184H-4, 80-82 35.70 R C
4H-5, 80-82 37.56 R C/A
4H-6, 37-39 38.69 R VR

MNN17-16b4H-CC 39.78 - C MPl5a
5H-1, 98-100 42.38 R A
5H-3, 130-132 45.81 - A
5H-5, 61-63 48.22 - A
5H-6, 45-49 49.49 - C MPl4b MNN16a
5H-CC 50.28 - -
6H-1, 93-95 53.69 VR R
6H-3, 46-48 56.68 R R/C MPl4a
6H-4, 114-116 59.15 VR VR

MNN14-156H-6, 25-27 61.60 - A
6H-CC 64.06 - R

MPl37H-1, 94-96 66.31 - R/C MNN13 ?
7H-3, 71-73 66.98 - R/C
7H-5, 47-48 67.02 - R
7H-5, 81-83 67.03 - -
7H-CC ? - - MNN12 ?

8H-CC ? - VR MPl2
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Note: Depth in revised meters composite depth.

Table 3. Samples and occurrences of Bachmayerella tenuis and Incertae
sedis, forma A, plotted vs. planktonic foraminifer and calcareous nanno-
fossil zones identified in Hole 966A.
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Table 4. Samples and occurrences of Bachmayerella tenuis and Incertae sedis, forma A, plotted vs. planktonic foraminifer and calcareous nannofossil
zones identified in Hole 967A.

D
ep

th
 (

rm
cd

)

B
. 

te
nu

is

Pl
an

kt
on

ic
 F

or
am

. Z
on

es

C
al

c.
 N

an
no

pl
. Z

on
es

A
ge

1H-1, 106-108 1.07 - -
1H-2, 77-79 2.18 - - MNN21b
1H-3, 83-85 3.76 - -
1H-4, 33-35 4.92 - -

MNN21a1H-5, 77-79 6.75 - -
1H-6, 52-54 8.11 - -
1H-7, 25-27 8.94 - -
1H-CC 9.26 - -
2H-2, 62-64 12.04 - -
2H-2, 81-83 12.20 - -

C2H-3, 77-79 13.54 - -
2H-4, 69-71 14.88 - -

MNN20

2H-5-CC 15.55 - -
2H-6, 35-37 17.40 - -
2H-7, 35-37 18.80 - -
2H-CC 18.94 - -
3H-1, 77-79 20.34 - -
3H-2, 96-98 22.03 - -
3H-3, 68-70 23.25 - -
3H-4, 81-83 24.88 - -
3H-5, 84-86 26.41 - -
3H-6, 62-64 27.69 - -

MNN19f

3H-7, 16-18 28.63 - -
3H-CC 28.44 - VR
4H-1, 88-90 30.70 - -
4H-2, 103-106 32.26 - C
4H-3, 74-76 33.49 - VR
4H-4, 66-67 34.91 - R B
4H-5, 50-53 36.27 - A
4H-6, 28-30 37.53 - VR MNN19e
4H-7, 42-45 39.16 - VR
4H-CC 39.32 - -
5H-1, 67-70 40.86 VR -
5H-2, 91-93 42.52 VR -
5H-3, 67-70 43.76 R VR
5H-4, 78-81 45.48 VR VR MNN19d
5H-5, 96-98 47.10 - - A
5H-6, 59-61 48.16 - -
5H-7, 22-26 49.05 - -
5H-CC 49.46 - -
6H-1, 79-81 50.46 R C MNN19c-b
6H-2, 79-81 51.96 - R/C
6H-3, 59-61 53.26 R/C VR
6H-4, 109-111 55.26 R/C R MPl6 MNN19a
6H-5, 89-91 56.56 C R/C MNN18?
6H-6, 79-81 57.96 R/C VA
6H-CC 59.30 - -
7H-1, 97-99 60.26 R A
7H-2, 59-61 61.38 - A
7H-3, 135-137 63.64 R C
7H-4, 71-73 64.65 - A
7H-5, 123-125 66.52 C VR

MPl5b

MNN18
7H-6, 117-119 67.96 C/R C
7H-CC 69.28 - VR
8H-1, 55-57 70.12 - C
8H-4, 55-57 74.48 R -
8H-5, 55-57 75.98 - A
8H-6, 55-57 77.48 R C
8H-CC, 78.98 - -

MPl5a

9H-1, 35-37 79.76 - R
MNN17-16b9H-2, 90-92 81.83 R R/C

9H-3, 9-11 82.50 R A
9H-4, 55-57 84.46 R R/C
9H-5, 90-92 86.31 - C
9H-6, 40-42 87.31 R C/A
9H-CC 88.98 - VR MNN16a
10H-1, 92-94 90.18 R A
10H-2, 69-71 91.34 - A
10H-3, 69-71 92.84 R C/A
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10H-4, 69-71 94.34 - -
10H-5, 74-76 95.89 - VA
10H-6, 122-124 97.87 VR VA

MNN16a

10H-7, 8-10 98.23 VR R
10H-CC 98.86 - - MPl4b
11H-1, 65-67 101.25 - -
11H-1, 73-75 101.33 VR VR
11H-2, 24-26 102.55 VR VR
11H-2, 71-73 103.02 R R
11H-3, 87-89 104.67 R A
11H-4, 51-53 105.80 R R
11H-5, 54-56 107.31 - -

MPl4a11H-5, 68-70 107.45 - VR
11H-5, 128-130 108.01 - -
11H-6, 37-39 108.56 - VR
11H-7, 32-34 109.99 VR VR
11H-CC 110.40 VR R
12H-1, 26-28 110.81 VR C
12H-1, 112-114 111.41 - R

MNN14-15

12H-2, 33-35 112.16 - -
12H-2, 61-63 112.48 VR R
12H-2, 124-126 113.11 - - MPl3
12H-3, 32-34 113.69 - -
12H-3, 50-52 113.89 - R
12H-3, 131-133 114.68 - -
12H-4, 36-38 115.20 - -
12H-4, 71-73 115.58 - VR
12H-5, 38-40 116.75 R C
12H-5, 61-63 116.98 - R/C MNN13
12H-5, 94-96 117.31 - VR
12H-6, 39-41 118.27 VR VR
12H-6, 77-79 118.64 - -

MNN12
12H-6, 99-101 118.81 - -
12H-CC 118.92 - -
12H-CC, 42-44 119.35 R R MPl2

13H-1, 27-29 122.97 R VR
13H-1, 35-37 123.06 C VR
13H-1, 77-79 123.40 R -
13H-1, 107-109 123.66 - -
13H-1, 117-119 123.74 VR -
13H-2, 19-21 124.17 R -
13H-2, 35-37 124.32 - -
13H-2, 67-69 124.61 - - MPl1
13H-2, 94-96 124.86 - - ?
13H-2, 106-108 124.97 - -
13H-3, 25-27 125.60 R -
13H-3, 33-35 125.68 R R/C MPl1
13H-3, 69-71 125.99 VR R Sphaer.
13H-3, 105-107 126.34 - R acme
13H-3, 113-115 126.41 - R
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Note: Depth in revised meters composite depth.
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72,
of the planktonic foraminifer Globigerinoides obliquus and about 10
specimens of the benthic foraminifer Oridorsalis stellatus were also
picked from the same samples for comparison. Oxygen and carbon
isotopes were measured using a PRISM Mass Spectrometer at ETH-
Zürich. The isotope data, corrected following the procedure of C
(1957), modified for a triple collector and relative to the internatio
standard Peedee Belemnite (PDB), are given in Table 6.

MPl4b
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1H-1, 63-65 0.65 - -
1H-3, 65-67 3.22 - - MNN21b
1H-5, 67-69 6.06 - - MNN21a
1H-CC 6.76 - -
2H-1, 122-124 8.09 - -

MNN202H-3, 35-36 9.89 - - C
2H-4, 40-41 11.74 - -
2H-5, 110-112 13.97 - -

MNN19f
2H-6, 70-71 16.89 - -
2H-7, 10-12 17.69 - -
2H-CC 18.20 - -
3H-1, 21-22 19.00 - R
3H-1, 60-61 19.30 - VR B
3H-2, 15-17 20.26 - R
3H-3, 115-117 25.76 - - MNN19e
3H-5, 31-33 28.63 R/C -
3H-6, 2-4 29.50 R C MNN19d
3H-CC 32.32 R/C R
4H-1, 131-133 35.41 R C A
4H-3, 9-11 37.61 R A
4H-4, 9-11 39.53 R/C C MNN19a
4H-5, 3-5 42.03 R/C C/A
4H-6, 5-7 44.60 R/C C MPl6
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4H-CC 47.78 R R/C MNN18 to
5H-CC 61.35 R R MPl5b MNN16b
6H-CC 74.02 - -
7H-1, 121-123 77.03 R C/A
7H-2, 116-120 79.34 - VR MPl5a
7H-3, 120-122 81.05 R C MNN16a
7H-4, 117-119 82.76 - C/A
7H-5, 122-124 84.25 - C/A
7H-6, 83-85 85.15 - - MPl4a
7H-CC 85.69 - -
8H-5, 43-45 93.35 - -
8H-CC 97.03 R R/C MNN14-15
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9H-1, 110-112 99.70 VR R/C
MPl39H-3, 48-50 102.58 R R/C

9H-5, 38-40 105.68 R - MNN13
9H-CC 109.25 - -
10H-3, 100-102 115.64 VR -
10H-4, 134-136 117.51 VR -
10H-6, 91-93 120.06 - - MPl2

MNN1210H-CC 121.23 - -
11H-2, 14-16 123.08 VR -
11H-4, 27-31 126.20 VR - MPl1
11H-CC 129.95 - -

160-969A
Core, section,
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Note: Depth in revised meters composite depth.

Table 5. Samples and occurrences of Bachmayerella tenuis and Incertae
sedis, forma A, plotted vs. planktonic foraminifer and calcareous nanno-
fossil zones identified in Hole 969A.
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TAXONOMY

Bachmayerella tenuis Rögl and Franz, 1979
Plate 1, Figs. 4−9

Bachmayerella tenuis Rögl and Franz, 1979, p. 90, pl. 1, figs. 9−14, pl. 4, figs.
35−39, pl. 5, figs. 39−40. Szczechura, 1986, p. 225, pl. 22, figs. 3−4, pl.
27, figs. 1, 2, 4−8.

Description: The calcareous cyst is strictly spherical, 110−130 µm in di-
ameter, with an apical circular archaeophyle of 25−35 µm in diameter. Cyst
surface is covered all over by a regular pattern of 5- to 6-edged reticulat
There are 10–11 reticulations per test diameter. Some distinct pore
present on the intersection of the ridges, forming the reticulations. Pore
irregularly distributed over the test. The single-layered wall of 10 µm thi
ness consists of elongated calcite microcrystals, oriented perpendicular 
surface of the cyst.

Remarks: In Leg 160 material, B. tenuis sensu strictu occurs togethe
with specimens that display a bigger test (diameter 140−170 µm), a diameter
of apicale circular archaeophyle of ~35 µm, coarser and more irregular r
ulations of the wall texture (~9 per test diameter), and bigger pores and p
on the ridges and between the reticulations. In this paper, these specime
informally called Bachmayerella cf. tenuis (Plate 1, Figs. 1−3). However, fur-
ther studies on the wall texture are in progress to clarify their taxonomic
sition.

Occurrence: ODP Leg 160 Sites 963–969, 972, and 973: Pliocene–e
Pleistocene Zone MPl1 to Globigerina cariacoensis–Truncorotalia truncatu
linoides excelsa interval (planktonic foraminifers); Zone MNN12 to the base
of Zone MNN19e (calcareous nannofossils).

Austria: Middle Miocene, upper part of the middle Badenian of the Vien-
na Basin, Walbersdorf, Buliminen-Bolivinen Zone (benthic foraminifers);
Zone NN6 (calcareous nannofossils); Bolboforma badenensis Zone (Bolbo-
forma).

Poland: Middle Miocene, middle Badenian of the Carpathian Foredeep,
Korythnica region.

Bulgaria: Middle Miocene, lower Badenian of the Dacian Basin,
Opanetz, northwest of Pleven, Zones NN5/6 (calcareous nannofossils); upper
Bolboforma reticulata Zone (Bolboforma).

Incertae sedis, forma A, new form
Plate 2, Figs. 1−11

Description: The calcareous cyst is round to elongate. The length ranges
from 100 to 150 µm, and the diameter of the round portion is from 60 to
µm. Wall texture is smooth, an elongated neck is almost always pre
(length 35−45 µm), and the archaeophyle, if present, is concealed, term
and probably circular (further investigations are needed to confirm the p
ence of this structure). Some specimens may show remains of paracing
(Pl. 2, Fig. 3). Further studies on the wall texture are currently underwa
clarify its taxonomic position. However, the wall texture resembles tha
calcdinocysts (Pl. 2, Figs. 10−11).

Remarks: In the studied material, this form shows a wide range of s
and shape. Most of the studied specimens have calcareous infilling insid
test (Pl. 2, Fig. 10). However, no information on the origin of this calcare
infilling are currently available.

Occurrence: Eastern Mediterranean, ODP Leg 160 Sites 963–969, 9
and 973: Pliocene–early Pleistocene Zone MPL1 to G. cariacoensis–T. trun-
catulinoides excelsa interval (planktonic foraminifers); Zone MNN12 to the
base of Zone MNN19f (calcareous nannofossils).

BIOSTRATIGRAPHY

Preliminary biostratigraphic data on Holes 965A, 966A, 967A,
and 969A are reported in Emeis, Robertson, Richter, et al. (1996) and
summarized below. Age determination for the Pliocene and Pleis-
tocene sequences identified in this study are based on the planktonic
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foraminifer zonal schemes proposed by Cita (1975), as amended by
Sprovieri (1992, 1993). Calcareous nannofossils zones are those pro-
posed by Rio et al. (1990). However, the top of Zone MNN16 is iden-
tified in base of the last common occurrence (LCO) of Discoaster ta-
malis following Sprovieri (1993). Figure 2 reports the planktonic for-
aminifer and calcareous nannofossil zones and events and the ranges
of B. tenuis and Incertae sedis, forma A, plotted vs. the geomagnetic
time scale.

Hole 965A

Hole 965A is located on the upper slope of the Eratosthenes Sea-
mount. Forty-two cores were retrieved. The advanced piston corer
(APC) was used down to 29.3 mbsf, and the extended core barrel
(XCB) was used down to 221.1 mbsf (with a total core recovery of
17.0%). The upper part of the condensed sedimentary sequence com-
prises ~29 m of Pliocene–Quaternary nannofossil muds and o
with rare sapropels.

Planktonic Foraminifers

Faunal assemblages are generally very well preserved and 
dant throughout. The zonal boundary between the T. truncatulinoides
excelsa and G. cariacoensis Zones was not recognized because of
scarcity of T. truncatulinoides excelsa. The interval spanning the tw
zones was identified from Samples 160-965A-1H, 32−34 cm,
through 2H-CC (from the seafloor to 10.65 mbsf). This extended
zone accounts for about one third of the entire sedimentary seq
(10.65 meters). Zones MPl6 and MPl4a were not identified, sug
ing the presence of a possible hiatus between the lower Pleist
and the upper Pliocene and between the lower and mid-Pliocen
zes

un-
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iments, respectively. Zone MPl5b was identified from Samples 
965A-3H-1, 69−71 cm, to 3H-3, 17−19 cm (from 11 to 13.48 mbsf
Samples 160-965A-3H-4, 17−19 cm, through 3H-CC yield plankton
ic foraminifer assemblages attributed to Zone MPl5a (from 14.9
20 mbsf), whereas Zone MPl4a is identified from Samples 1
965A-4H-1, 95−97 cm, through 4H-CC (from 20.76 to 28.8 mbsf

Calcareous Nannofossils

Preservation of floral assemblages is very good for the P
tocene samples and diminishes to fair in the Pliocene samples.
ples 160-965A-1H-1, 4 cm, through 1H-CC contain calcareous 
nofossil assemblages attributed to Zone MNN21. Zone MNN2
identified from Samples 160-965A-2H-1, 8 cm, to 2H-2, 133 
Samples 160-965A-2H-3, 9 cm, to 2H-4, 104 cm, contain nanno
sils from Zone MNN19f, and Samples 160-965A-2H-4, 126 cm
2H-7, 4 cm, contain nannofossils from Zone MNN19e. Z
MNN19d is identified from Samples 160-965A-2H-7, 30 c
through 2H-CC. The assemblages from Sample 160-965A-3H-
cm, to Sample 3H-4, 20 cm, contain Discoaster brouweri and other
species associated with Zone MNN18. In accordance to plank
foraminifer data, a possible hiatus spans the interval between th
ly Pleistocene and the late Pliocene. The missing interval include
calcareous nannofossil Zones MNN19c through MNN19a. Base
the common presence of D. pentaradiatus and D. surculus, Samples
160-965A-3H-4, 32 cm, to 3H-6, 20 cm, are attributed to Zo
MNN17 through MNN16b. The LCO of D. tamalis marks the top of
Zone MNN16a, which is identified from Samples 160-965A-3H
80 cm, through 3H-CC. Samples 160-965A-4H-1, 95 cm, to 4H-3
cm, contain nannofossils belonging to Zones MNN14 thro
MNN15. The interval from Samples 160-965A-4H-3, 125 c
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Figure 2. Correlation of Pliocene and Pleistocene nan
nofossil, foraminifer, Bachmayerella tenuis, and 
Incertae sedis, forma A, zones, events, and ranges in 
the Eastern Mediterranean with the geomagnetic 
polarity time scale of Shackleton et al. (1990) and 
Cande and Kent (1995).
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through 4H-CC could not be confidently placed into a biozone be-
cause of poor preservation and a paucity of calcareous nannofossils.

Bachmayerella tenuis and Incertae sedis, forma A

Incertae sedis, forma A, occurs throughout the sequence. It is gen-
erally well preserved and very rare to abundant. It last occurs in Sam-
ple 160-965A-2H-4, 9−11 cm, within the T. truncatulinoides–G. car-
iacoensis Zones interval and in the lower part of Zone MNN19f.

Bachmayerella tenuis is rarer but also well preserved. It last oc-
curs in Sample 160-965A-2H-6, 59−61 cm, within the T. truncatuli-
noides–G. cariacoensis Zones interval and in the lower part of Zone
MNN19e (Table 2).

Hole 966A

Hole 966A is located on the northern edge of the plateau area of
the Eratosthenes Seamount. Thirteen cores were recovered, with a
core recovery of 68.5%. The APC was used down to 68.3 mbsf
(~72.5 rmcd). The XCB was used down to 106.8 mbsf. The upper
part of the sedimentary sequence comprises ~67 m of Plioce
Quaternary nannofossil muds and oozes with numerous saprope

Planktonic Foraminifers

Faunal assemblages are generally well preserved and abun
However, abundance and preservation decrease in the lower pa
the section. The T. truncatulinoides excelsa–G. cariacoensis Zones
interval spans the entire Pleistocene from Samples 160-966A-1H-1,
110−112 cm, to 4H-1, 29−31 cm (from the seafloor to 30.18 rmcd).
This extended zone accounts for about half of the entire sedimentary
sequence recovered in this hole. Pliocene Zone MPl6 was recognized
only in Sample 160-966A-4H-2, 29−31 cm (31.78 rmcd). Zone
MPl5b is identified from Samples 160-966A-4H-3, 63−65 cm, to 4H-
4, 80−82 cm (from 33.79 to 35.7 rmcd). Samples 160-966A-4H-5,
80−82 cm, to 5H-3, 130−132 cm, contain Globorotalia bononiensis
and are attributed to Zone MPl5a (from 37.56 to 45.81 rmcd). Zone
MPl4b is identified from Samples 160-966A-5H-5, 61−63 cm,
through 5H-CC (from 48.22 to 50.28 rmcd). Samples 160-966A-6H-
1, 93−95 cm, to 6H-4, 144−116 cm, contain planktonic foraminifer
assemblages attributed to Zone MPl4a, whereas Zone MPl3 is iden-
tified from Samples 160-966A-6H-6, 25−27 cm, to 7H-5, 81−83 cm
(from 53.69 to 59.15 rmcd and 61.6 to 67.03 rmcd, respectively).
Samples 160-966A-7H-CC and 8H-CC are attributed to Zone MPl2
based on the absence of Globorotalia puncticulata.

Calcareous Nannofossils

Calcareous nannofossil assemblages are generally diverse and
well preserved throughout the section; their abundance and preserva-
tion, however, decrease toward the lower part of the sequence. The
base of Zone MNN21 occurs in Sample 160-966A-1H-3, 140 cm.
Samples 160-966A-1H-4, 30 cm, to 2H-2, 30 cm, are placed into
Zone MNN20. Samples 160-966A-2H-2, 70 cm, to 2H-6, 55 cm,
contain nannofossils from Zone MNN19f. Zone MNN19e is identi-
fied from Samples 160-966A-2H-CC to 3H-4, 80 cm. Samples 160-
966A-3H-4, 85 cm, to 3H-5, 80 cm, contain nannofossils attributed
to Zone MNN19d. The interval spanning Zones MNN19c–MNN1
is identified from Samples 160-966A-3H-5, 85 cm, through 3H-C
Samples 160-966A-4H-1, 15 cm, to 4H-1, 80 cm, contain nanno
sils from Zone MNN19a. Samples 160-966A-4H-1, 130 cm, and 4
5, 130 cm, contain nannofossils from Zone MNN18. Zone MNN1
16 is identified from Samples 160-966A-4H-6, 10 cm, through 4
CC. Samples 160-966A-5H-1, 21 cm, to 6H-3, 149 cm contain n
nofossils belonging to Zones MNN16a. The interval spanning Zo
MNN14–15 is recognized from Samples 160-966A-6H-4, 42 cm
130
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6H-6, 68 cm. Samples 160-966A-6H-6, 146 cm, to 7H-4, 115 c
contain nannofossils belonging to the Zone MNN13. No nannofos
were identified in the sediments below.

Bachmayerella tenuis and Incertae sedis, forma A

Incertae sedis, forma A, is rather continuously distribut
throughout the sequence. It is generally well preserved and va
from level to level from very rare to abundant. Its last occurren
(LO) is observed in Sample 160-966A-2H-6, 19−21 cm, in the lower
part of Zone MNN19f.

Bachmayerella tenuis is rarer and absent in the lower part of th
sequence. It is generally well preserved even if some slightly cor
ed specimens occur throughout. It last occurs in Sample 160-96
3H-4, 14−16 cm, in the lowermost part of Zone MNN19e (Table 3

Hole 967A

Hole 967A is located on the lower northern slope of the E
tosthenes Seamount. Sixteen cores were recovered, with a cor
covery of 95.8%. The APC was used down to 123.3 mbsf (betw
127.83 and 137.57 rmcd). The XCB was used down to 141.3 m
The upper part of the sedimentary sequence comprises ~100 
Pliocene–Quaternary nannofossil oozes, nannofossil clays, with
merous sapropels.

Planktonic Foraminifers

Planktonic foraminifers range in abundance from absent in 
lower part of the section to dominant. They consist of diversified a
poorly to well-preserved Pleistocene and Pliocene faunas. The z
boundary between the T. truncatulinoides excelsa and G. cariacoen-
sis Zones was not recognized. The base of the interval spanning
two biozones is identified in Sample 160-967A-6H-2, 79−81 cm
(51.96 rmcd). This extended interval accounts for about one thir
the entire sedimentary sequence. Zone MPl6 is tentatively pla
from Samples 160-6H-3, 59−61 cm, to 6H-6, 79−81 cm (from 53.26
to 57.96 rmcd). However, its identification is based on the ass
blages only, rather than the presence of markers. Therefore, it ma
missing, as corroborated by the presence of debris flows within 
interval (Emeis, Robertson, Richter, et al., 1996). Zone MPl5b is t
tatively identified from Samples 160-967A-6H-CC to 160-967A-8H
4, 55−57 cm (from 59.3 to 74.48 rmcd). Samples 160-967A-8H
55−57 cm, to 10H-3, 69−61 cm, are attributed to Zone MPl5a (from
75.98 to 92.84 rmcd). Zone MPl4b is identified from Samples 16
967A-10H-4, 69−71 cm, to 11H-2, 71−73 cm (from 94.34 to 103.02
rmcd). Zone MPl4a is identified from Samples 160-967A-11H
87−89 cm, through 11H-CC (from 104.67 to 110.4 rmcd) and Zo
MPl3 from Samples 160-967A-12H-1, 26−28 cm, to 12H-4, 71−73
cm (from 110.81 to 115.58 rmcd). Samples 160-967A-12H-5, 38−40
cm, to 13H-2, 19−21 cm (from 116.75 to 124.17 rmcd), are attribute
to Zone MPl2 based on the absence of Globorotalia puncticulata.
Samples 160-967A-13H-2, 35−37 cm, to 13H-3, 113−115 cm, con-
tain Zone MPl1 (from 124.32 to 126.41 rmcd).

Calcareous Nannofossils

Calcareous nannofossils are abundant or common throughou
sequence. However, preservation varies from very good in the P
tocene and upper Pliocene sediments to poor in some oozes
chalks associated with the lower Pliocene. The base of the youn
biozone (MNN21) was detected in Sample 160-967A-1H-7, 53 c
Samples 160-967A-1H-CC to 2H-7, 35 cm, are placed into Zo
MNN20, whereas Samples 160-967A-2H-CC to 4H-3, 132 cm, c
tain nannofossils from Zone MNN19f. Samples 160-967A-4H-4, 
cm, to 5H-1, 67 cm, contain nannofossils from Zone MNN19e. Zo
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MNN19d is identified from Samples 160-967-5H-1, 135 cm, to 5H-
7, 45 cm. Samples 160-967A-5H-CC and 6H-2, 120 cm, contain nan-
nofossil assemblages attributed to Zones MNN19c–b. Samples 
967A-6H-3, 20 cm, to 6H-6, 130 cm, contain nannofossils fro
Zones MNN19a-MNN18? and Samples 160-967A-6H-7, 21 cm
8H-6, 55 cm, contain nannofossils from Zone MNN18. Samples 1
967A-8H-6, 120 cm, to 9H-4, 55 cm, contain nannofossils fro
Zones MNN17–16b. Zone MNN16a is identified from Samples 1
967A-9H-4, 130 cm, to 11H-6, 37 cm. Samples 160-976A-11H-7
cm, to 12H-4, 71 cm, contain nannofossils belonging to Zo
MNN14–15. Samples 160-967A-12H-5, 20 cm, to 12H-6, 30 c
contain nannofossils belonging to the Zone MNN13. Sample 1
967A-13H-1, 77 cm, is the lowermost sample that can be confide
placed into the Pliocene Zone MNN12.

Bachmayerella tenuis and Incertae sedis, forma A

Incertae sedis, forma A, is generally well preserved and va
from very rare to abundant. Its last occurrence is observed in Sa
160-967A-3H-CC in the lower part of Zone MNN19f.

Bachmayerella tenuis abundance varies from very rare to com
mon, and it is generally well preserved. It last occurs in Sample 1
967A-5H-1, 67−70 cm, in the lowermost part of Zone MNN19e (T
ble 4).

Hole 969A

Hole 969A is located on the Mediterranean Ridge. Thirteen co
were retrieved with a core recovery of 100%. The APC was u
from 0 to 108.3 mbsf (135.55 rmcd). The sedimentary sequenc
covered at this hole consists of Pliocene–Quaternary nannof
oozes and nannofossil clays, with more than 80 sapropels from
lower Pliocene through the Holocene.

Planktonic Foraminifers

Pleistocene and Pliocene foraminifers range in abundance 
absent to dominant and consist of diversified and generally w
preserved faunas. The lower part of the section was devoid of pl
tonic foraminifers, and abundant Cyprideis pannonica (ostracod)
were found. The interval spanning the T. truncatulinoides–G. caria-
coensis Zones was identified from Samples 160-969A-1H-1, 63−65
cm, to Sample 160-969A-4H-5, 3−5 cm (from 0.65 to 42.03 rmcd).
This extended interval accounts for about one third of the entire sed-
imentary sequence. Only Sample 160-969A-4H-6, 5−7 cm, was at-
tributed to Zone MPl6 (44.60 rmcd). Zone MPl5b is identified from
Samples 160-969A-4H-CC to 7H-1, 121−123 cm (from 47.78 to
77.03 rmcd). Only Sample 160-969A-7H-2, 116−120 cm (79.34
rmcd), belongs to Zone MPl5a. Sample 160-969A-7H-3, 120−122
cm, is attributed to Zone MPl4b (81.05 rmcd). Zone MPl4a is identi-
fied from Samples 160-969A-7H-4, 117−119 cm, to 8H-5, 43−45 cm
(from 82.76 to 93.35 rmcd). Zone MPl3 is recognized from Samples
160-969A-8H-CC through 9H-CC, whereas Zone MPl2 is identified
from Samples 160-969A-10H-3, 100−102 cm, through 10H-CC
(from 97.03 to 109.25 and from 115.64 to 121.23 rmcd, respectively).
The sedimentary section below is attributed to Zone MPl1 down to
Sample 160-969A-11H-CC (from 123.8 to 129.95 rmcd).

Calcareous Nannofossils

The base zone (MNN21) was detected in Sample 160-969A-1H-
CC. Samples 160-969A-2H-1, 70 cm, to 2H-3, 65 cm, are placed into
Zone MNN20. Samples 160-969A-2H-3, 65 cm, to 3H-1, 66 cm,
contain nannofossils from Zone MNN19f. Samples 160-969A-3H-2,
15 cm, to 3H-5, 31 cm, are attributed to Zone MNN19e. Samples
160-969A-3H-5, 70 cm, through 3H-CC contain nannofossils from
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Zone MNN19d. Samples 160-969A-4H-1, 76 cm, to 4H-2, 140 cm,
contain nannofossils from Zones MNN19c–b. Nannofossil asse
blages in Samples 160-969A-4H-3, 9 cm, to 4H-6, 5 cm, can be
tributed to Zone MNN19a. Samples 160-969A-4H-6, 68 cm, to 6
7, 70 cm, are attributed to the interval spanning Zones MNN18–1
Samples 160-969A-6H-7, 70 cm, to 8H-5, 120 cm, contain nanno
sils belonging to Zone MNN16a. Zones MNN14–15 is identifie
from Samples 160-969A-8H-6, 120 cm, to 9H-2, 120 cm. Samp
160-969A-9H-3, 48 cm, through 9H-CC contain nannofossils b
longing to Zone MNN13, and Samples 160-969A-10H-1, 120 c
through 11H-CC contain nannofossils belonging to Zone MNN1
The sediments below could not be placed into a zone because
paucity of nannofossils and significant reworking of older taxa.

Bachmayerella tenuis and Incertae sedis, forma A

Incertae sedis, forma A, is generally well preserved and var
from very rare to abundant. Its LO is observed in Sample 160-96
3H-1, 21−22 cm, at 19 rmcd in the lower part of Zone MNN19f, an
the first observation lies in Sample 160-969-9H-3, 48−50 cm, at
102.58 rmcd. Therefore, Incertae sedis, forma A, is missing in par
Zones MP13 through MP11.

Bachmayerella tenuis abundance varies from absent to commo
and is generally well preserved. It last occurs in Sample 160-96
3H-5, 31−33 cm, in the lowermost part of Zone MNN19e (Table 5

DISCUSSION

Biostratigraphy

The biostratigraphic resolution of planktonic foraminifers world
wide is usually very low in the Pleistocene. In addition, most of t
global markers commonly used are either absent or very rare in
Mediterranean geologic sequences from the Miocene to the 
locene. Although several zonations were developed for only 
Mediterranean area (Cita, 1975; Iaccarino, 1985; Sprovieri, 19
1993), the Pleistocene remains the most problematic interval 
planktonic foraminifer biostratigraphy.

In the Eastern Mediterranean sites, the zonal boundary betw
the T. truncatulinoides excelsa and G. cariacoensis Zones was never
clearly identified because of the scarcity of T. truncatulinoides. This
species, in fact, occurs very discontinuously, and its occurrenc
strongly influenced by environmental factors (Di Stefano a
Sprovieri, 1990).

The thickness of the T. truncatulinoides excelsa–G. cariacoens
Zones interval varies from site to site depending on the sedimentation
rate. In Holes 965A, 966A, 967A, and 969A, it is about 11, 30, 52,
and 42 m thick, respectively. To improve the biostratigraphic resolu-
tion of this extended problematic interval of 1.81 Ma, we informally
propose an integrated zonal scheme that incorporates planktonic for-
aminifer, B. tenuis and Incertae sedis, forma A, events. This interval
can be divided in three subzones from the bottom to the top as fol-
lows:

Subzone A (Bachmayerella tenuis)

Definition: Interval between the increasing abundance of Neogloboquad-
rina pachyderma sinistral to the LO of B. tenuis.

Remarks: The planktonic foraminifer assemblages in this subzone are
relatively uniform throughout. They consist of Orbulina universa, Globoro-
talia inflata, Globigerinoides ruber, Globorotalia scitula, Globigerina bul-
loides, Turborotalita quinqueloba, Globigerinita glutinata, Globigerinita
juvenilis, and Neogloboquadrina pachyderma (both dextral and sinistral
forms). Rare taxa include Globigerinoides sacculifer, Pulleniatina obliquiloc-
ulata, Globigerinoides gomitulus, Globigerinoides pyramidalis, and Globi-
gerinoides conglobatus. Bachmayerella tenuis and Incertae sedis, forma A,
characterize the 40- to 160-µm-size fraction.
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Subzone B (Incertae sedis, forma A)

Definition: Interval between the LO of B. tenuis and the LO of Incertae
sedis, forma A.

Remarks: No significant changes occur in planktonic foraminifer assem-
blages in this subzone. Only exception is the presence of Incertae sedis, forma
A, in absence of B. tenuis in the 40- to 160-µm-size fraction.

Subzone C (T. truncatulinoides excelsa)

Definition: Interval between the LO of Incertae sedis, forma A, and 
modern seafloor.

Remarks: The planktonic foraminifer assemblages are generally unifo
in this subzone. Variations in relative abundance occur during clim
changes.

Stable isotopes

The isotopic composition of the marine biogenic carbonate (e.g.,
in shells of several species of planktonic and benthic foraminifers) is
a function of the δ18O and δ13C. The δ18O value reflects mainly the
temperature and the salinity of the water in which the foraminifers
lived and in which shells were calcified, whereas the δ13C is mostly
related to the primary production (Shackleton, 1967; Douglas and
Savin, 1973; Bender and Keigwin, 1979). Therefore, the stable iso-
tope composition of these marine fossils has been used for paleocean-
ographic and paleoclimatic reconstructions since the pioneering
study of Emiliani (1955).

On the contrary, the study of the isotopic composition of marine
microflora is relatively newer. Previous studies revealed that the cal-
careous nannoplankton may also be a major tool in both paleoceano-
graphic and paleoclimatic reconstruction (Anderson and Arthur
1983; Steinmetz, 1994). However, the vital effects during coccolith
formation play a very important role in the isotope fractionation
(Anderson and Steinmetz, 1983; Steinmetz and Anderson, 1984;
Steinmetz 1994). Dudley et al. (1986) demonstrated that the biologi-
cal fractionation is not consistent for all the species, and it may be re-
sponsible for an isotopic composition lighter or heavier with respect
to the CaCO3 precipitated at the equilibrium.

Another group of marine microfossils, Bolboforma (recently stud-
ied by Spiegler and Erlenkeuser [in press]), revealed that the carbon
and oxygen isotopic composition of the calcareous tests of these fos-
sils is remarkably heavier than that of coeval benthic and planktonic
foraminifers, and may reflect the isotopic composition of the bottom
water during the cold autumn–winter periods.

Very little is currently known on the isotopic composition of d
noflagellates. The study of the cysts of living dinoflagellates is a

Table 6. Oxygen and carbon isotopic composition of Globigerinoides
obliquus, Oridorsalis stellatus, and Incertae sedis, forma A. 

Note: All data expressed against the PDB standard.

Core, section, 
interval (cm)

Globigerinoides 
obliquus

Oridorsalis
stellatus

Incertae sedis,
forma A

δ13C δ18O δ13C δ18O δ13C δ18O

160-965A-
3H-2, 7-9 1.856 1.38 –0.714 2.286 –1.007 1.485
3H-4, 135-137 1.823 –0.494 –0.408 1.849 –0.615 1.542
3H-5, 29-31 1.822 –0.264 –0.703 1.79 –0.469 1.709
3H-5, 35-37 1.918 –1.031 –0.984 1.865 –1.291 1.218

160-967A-
11H-2, 71-73 1.172 –0.463 –0.915 1.044 –0.32 0.969
11H-3, 87-89 1.377 –0.271 –0.648 1.523 –0.217 1.358
12H-1, 26-28 1.505 –0.425 –0.965 0.495 –0.183 1.608
12H-5, 38-40 1.285 –0.404 –0.517 1.222 0.406 1.761
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relatively new. According to Dale (1983) and Sandgren (1983),
noflagellates produce benthic cysts, which may be interpreted 
survival strategy allowing them to survive under conditions adve
for the motile stage. The early stage of cyst formation begins wi
the photic zone, then cysts quickly sink in the water column to c
centrate in the unconsolidated or floculative upper layer of the bot
sediment (Dale, 1983). In comparing the isotopic composition of
planktonic foraminifer G. obliquus, the benthic foraminifer O. stella-
tus, and Incertae sedis, forma A (Fig. 3), we find evidence that
isotopic composition of the latter more closely resembles that of
benthic rather than that of the planktonic foraminifer.

If, as a working hypothesis, we assume that Incertae sedis, fo
A, belongs to the calcdinocyst group, this suggests that these f
may have completed the calcification of the test close to the seaf
However, no direct observations of living form are available to pro
or disprove this hypothesis.

Finally, the ongoing studies on Incertae sedis, forma A, will ho
fully clarify the nature of the calcareous infilling in the texts and 
possible influence on the isotopic composition.

SUMMARY AND CONCLUSIONS

Bachmayerella tenuis and Incertae sedis, forma A, occur in th
Pliocene–Pleistocene sediments from the Eastern Mediterranea
new form is informally described (Incertae sedis, forma A). It m
belong to the calcdinocysts group, but further light optical studies
the wall texture are needed.

The range of B. tenuis and Incertae sedis, forma A, allow a re
markable improvement of the stratigraphic resolution of the Pl
tocene interval of G. cariacoensis–T. truncatulinoides excelsa. An
informal zonation incorporating planktonic foraminifers and Bach-
mayerella tenuis and Incertae sedis, forma A, events is proposed.

The isotopic composition of the test of Incertae sedis, forma A, is
similar to that of the benthic foraminifer O. stellatus. This may indi-
cate that Incertae sedis, forma A, possibly completed the calcification
of the test close to the seafloor.
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Figure 3. Values of δ18O plotted vs. values of δ13C of Globigerinoides obliq-
uus, Oridorsalis stellatus, and Incertae sedis, forma A.
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Further taxonomic and isotopic studies are underway. They may
incorporate also the fraction smaller than 40 µm, because most
dinocysts occur in the size range of 15−90 µm.
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Plate 1. Bachmayerella tenuis from the Eastern Mediterranean. 1−3. Bachmayerella cf. tenuis Rögl and Franz. 4−7. Bachmayerella tenuis Rögl and Franz. 8−10.
Bachmayerella tenuis Rögl and Franz. Details of the wall texture. In Figure 8, note the elongated calcite microcrystals, oriented perpendicular to the surface of
the cyst. All figures from Sample 160-967A-11H-1, 73−75 cm.
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Plate 2. Incertae sedis, forma A, from the Eastern Mediterranean. 1−9. Incertae sedis, forma A, Sample 160-967A-11H-1, 73−75 cm. In Figures 3 and 4, note the
remains of a possible paracingulum. Figure 5 shows a broken specimen. In Figure 7, note the possible apical archaeophyle. 10–11. Details of Figure 5. Note the
probably single-layered wall texture that may consist of elongated calcite microcrystals, oriented perpendicular to surface of the cyst. 
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