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Bathonian and Lower Callovian ostracods of Albstadt-Pfeffingen

(Middle Jurassic, Baden-Wiirttemberg, Germany)

ELkE BEHER, ErRicH BRAND & MATTHIAS FRANZ

Abstract

The study of ostracods in 13 samples from the Bathonian and Lower Callovian of Albstadt-Pfeffingen (Baden-
Wiirttemberg, southern Germany) yielded five faunal assemblages. The assemblages in the Bathonian are in gener-
al more diverse than in the Lower Callovian; at the Bathonian/Callovian boundary a significant number of last oc-
currences of taxa are recorded (15). In the Keppleri subzone of the Lower Callovian poor microfaunal assemblages
indicate unfavourable bottom water conditions. In the upper Herveyi and the lower Koenigi zone the number of in-
dividuals and the diversity both increase again.

Keywords: Ostracods, faunal assemblages, Bathonian, Callovian.

Zusammenfassung

Die Untersuchung von 13 Proben aus dem Bathonium und Unter-Callovium von Albstadt-Pfeffingen (Baden-
Wiirttemberg, S-Deutschland) ergab fiinf Faunen-Gemeinschaften. Die Assoziationen im Bathonium zeigen im
Allgemeinen eine hohere Diversitét als die im Callovium. An der Grenze Bathonium/Callovium wurde eine gro-
Bere Anzahl von Taxa (15) letztmalig beobachtet. Stark verarmte Mikrofaunen in der Keppleri-Subzone des Unter-
Callovium deuten auf ungiinstige Lebensbedingungen am Meeresboden hin. In der oberen Herveyi- und der unte-
ren Koenigi-Zone steigen die Individuenzahl und die Diversitét wieder an.

Contents

43

Lo IIETOMUCTION 1.ttt b b et ettt b e bt eb e eb e eb e es e en b et e bt eb e ebeeb e eseen b e b e b enbenbenbeebeeneane 43

2. Geographical location and geologiCal SETHING........c.ccueriiririeieieieieieeeiet ettt ssesseesessesreeseesnens 44

3. Description of the section Albstadt-PTeffingen ..........c.cocoiviiiiniiiiiiice e 44

A IMALETIAL .ttt b bbb bt h e h et b bbbt h e bt e a b ea e et et e b e b e benheebeeneene 47

5. Vertical distribution of the 0STIACOUS. . ..c.coueuiiiiiiiiieiet ettt 47
5.1, Zigzag zone (aSSeMDBIAZE ) ....cc.eoiiuiiiiiiiiiiiiiic ettt 47
5.2. Progracilis zone (aSssemblage I1) ........coueriiririiiiiiieieeee ettt 47
5.3. Orbis zone (asSEMDBIAZE T1L) ...c.veiiiiiiiiiiciicieieietet ettt ettt be et sa e s et essesesseesesseesaesnens 47
5.4. Herveyi zone, keppleri horizon (assemblage IV) .......ccocoiiiiriiiiniiniieeccee e 48
5.5. Herveyi zone, suevicum horizon and Koenigi zone (assemblage V) .......cccccoevirininiiiiiiieieneneneneneeene 48

6. BioStratigraphiCal TEMATKS ........ceiieeieieieieieiectee ettt ettt te ettt et e s e s e sbeeseeseeseessessessessessessasseesaesnans 48

T CONCIUSIONS ..ttt ettt b e bbbt e bbbtk b et ettt ettt ettt et ettt eeaeneenen

8. References....

AAPDCIIAIX ettt ettt et et e e et et et e seeteete e st e st e st e st e st et e ab e ek e eReeRees e e Rt e st en s e seseeReeReeRe e Rt eRtense st ensense s eeteereereeseenaens

1. Introduction

The Pfeffingen section in the Swabian Alb (S-Germa-
ny) is an outstanding, ammonite-rich section, which has
been proposed as Callovian Global Stratotype Section and
Point (GSSP). This proposal is based on the complete and
continuous succession of ammonite zones and subzones
of the Upper Bathonian and Lower Callovian. Strontium
isotope stratigraphy, magnetostratigraphy and palynology
have been carried out, but did not yield unambiguous re-
sults (CarLomoN & DietL 1990, 2000, Dietr 1990). Until
now, no detailed studies on the Bathonian and Lower Call-
ovian ostracods of this section have been published.

Studies on the microfauna of the upper Middle Jurassic
in southern Germany were performed by Brank (1990),
Buck (1954, 1959), Buck et al. (1966), Franz et al. (2009),
LieBau (1987), v. NostiTz (1949) and ZiEGLER (1959).
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2. Geographical location and geological setting

The section Albstadt-Pfeffingen, located in the upper
reaches of the Roschbachtal, 1 km west of the centre of
Pfeffingen in the Zollernalb, Western Swabian Alb, south-
ern Germany (Fig. 1) exposes the sedimentary sequence
from the uppermost Dentalienton to the lowermost Or-
natenton, representing the interval from the upper Zigzag
zone of the Early Bathonian to the Koenigi zone of the
Late Callovian (Fig. 2).

The upper Middle Jurassic in the Swabian Alb is a suc-
cession of mudstones (clay) with intercalations of a thin
limestone bed (Fuscusbank) and two iron-oolitic horizons:
the Macrocephalen-Oolith and the “Anceps-Oolith” (not
exposed in the Pfeffingen section).

Since the time of QUENSTEDT (1858) the iron oolites
have been used for the lithostratigraphical subdivision of
the south German Middle Jurassic: the Macrocephalen-
Oolith at the base of the Ornatenton Formation spans the

interval from the Late Bathonian to the Early Callovian.
To avoid any misunderstandings, we follow CALLOMON &
DietL (2000) and DietL (1994); but we would rather in-
clude the “Orbis-Oolith” in the Macrocephalen-Oolith,
because the oolitic facies continues without interruption
across the Bathonian/Callovian boundary.

In the greater part of the Swabian Alb the Middle Ba-
thonian is missing or only fragmentary (DieTr 2008: 14ff.);
in the Upper Bathonian the Hannoveranus and Hollandi
subzones are absent. Further regional gaps exist in the Call-
ovian, but are restricted to the level of faunal horizons.

3. Description of the section Albstadt-Pfeffingen

The Pfeffingen section, which was described in detail
by CaLLomoN & DietL (1990, 2000) and DietL (1990, 1991,
1994), exposes the uppermost Dentalienton Formation and
the Lower Ornatenton Formation. In the area of Pfeffingen
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Fig. 1. Location of the section Pfeffingen.



BEHER ET AL., MIDDLE JURASSIC OSTRACODS

the 10 cm thick Fuscusbank is overlain by 10—40 ¢cm blue-
grey mudstone, followed by 15 cm of an iron-oolitic marly
limestone with a 5—8 cm thick layer of limestone nodules at
its base. These nodules show Lithophaga-type bivalve bor-
ings on all sides and especially their lower surfaces are cov-
ered by serpulids (Fig. 2). The Lithophaga borings are filled
with iron-oolitic sediment, which is often observed as the
initial stage of iron-oolites in the Swabian Alb (see FrRaNz
1986). This nodule layer and the overlaying 1.5 m thick al-
ternation of iron-oolitic marls and limestones represent the
“Orbis-Oolith” and the Macrocephalen-Oolith, which is
overlain by 30—50 cm of grey mudstones of the Ornatenton.

The Dentalienton with the Fuscusbank in its upper part
belongs to the Zigzag zone of the Lower Bathonian (DieTL
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2007). According to CarLomon & DietL (1990, 2000) and
DietL (1994) the “Orbis-Oolith” represents the uppermost
Zigzag zone, the ? suspensum horizon of the Progracilis
zone of the Middle Bathonian and the Orbis zone of the
Upper Bathonian. The Macrocephalen-Oolith sensu DieTL
(1994) comprises the Discus zone of the Upper Bathonian
and the Herveyi zone of the Lower Callovian. The Batho-
nian/Callovian boundary is between the beds 6a and 6b
(CarLLomoN & DietL 2000). The boundary to the Koenigi
zone is at the base of a small nodule layer (“toricelli-Knol-
len”) on top of the section. The lowermost Ornatenton as
exposed in this section belongs to the Gowerianus subzone
of the Koenigi zone.

Fig. 2. Lithology of the section Pfeffingen, after CaLLomoN & DIETL (2000), slightly modified. — Blan. = Blanazense, Dis. = Discus,

Fus. = Fuscusbank, Progr. = Progracilis.
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4. Material

During the annual meeting of the German Subcom-
mission on Jurassic stratigraphy in 1991 we collected 11
(E. BranD) resp. 13 (M. Franz) samples for the study of
the ostracod fauna from the Pfeffingen section. Initially
we worked on the microfauna independently of each oth-
er. The relatively modest fossil content of some samples
led us to the decision to study the ostracods of this sec-
tion together.

The sampling was based on the ammonite faunal horizons
or subzones (CaLLoMoN & DIETL 1990, DIETL 1990, 1991) and
with regard to the changes of the lithologies. Thicker units
were sampled twice (at the base and near the top).

From each sample 0.5-1 kg were dried, treated with
hydrogen peroxide (H,0,) and subsequently washed on a
0.1 mm sieve. The picking of the residues and the study of
the microfauna — foraminifera were also selected, but not
studied in detail — was carried out under the binocular mi-
croscope and under the SEM, respectively.

The slides are stored in the collection of the Landesamt
fiir Geologie, Rohstoffe und Bergbau in the Regierungs-
Préasidium Freiburg, the specimens figured in Pl. 1 and 2
are stored under no. Em 361-Em 387.

5. Vertical distribution of the ostracods

From 10 samples, a total of 260 specimens have been
obtained, corresponding to 4 suborders, 14 families and
40 genera. Samples no. 4, 8 and 10 yielded no ostracods.
The stratigraphically important species are represented in
Pls. 1 and 2. 63 taxa were distinguished, but some badly
or fragmentarily preserved specimens as well as some ju-
venile individuals remain identified only on a generic lev-
el. The composition of the ostracod assemblages and the
number of individuals found is shown in Fig. 2.

Based on the distribution of ostracod species five dif-
ferent assemblages were established, reflecting the major
stratigraphic units of the section:

I — the Lower Bathonian (Zigzag zone)
I — the Middle Bathonian belonging to the Prograci-
lis zone

III - the Upper Bathonian of the Orbis zone (the Dis-
cus zone was not sampled)

IV — the Lower Callovian belonging to the Herveyi
zone, keppleri horizon
V  — the Lower Callovian belonging to the Herveyi

zone, suevicum horizon and the Koenigi zone.

5.1. Zigzag zone (assemblage I)

Samples no. 9, 10. — From two samples that were tak-
en in the Zigzag zone (Tenuiplicatus subzone), only sam-

ple no. 9 yielded Ostracoda: 33 specimens representing
13 species. The majority of specimens correspond to the
families Trachyleberididae (13) and Progonocytheridae
(9). The majority of species persist through the Middle
and Upper Bathonian. The assemblage is characterized
by the occurrence of Oligocythereis capreolata SHEPPARD
in BrRanD, Morkhovenicythereis bouvadensis (DEPECHE),
M. polita BrRanp, Blaszykina pulcherrima (Branp), Glyp-
tocythere obtusa Lutze and Palaeocytheridea blaszyki-
na Franz et al. According to Franz et al. (2009) Oligo-
cythereis capreolata is the index species of the Capreolata
subzone of the Pleurocythere connexa ostracod zone.

5.2. Progracilis zone (assemblage 1)

Sample no. 7¢ (bottom). — The fauna from the suspen-
sum horizon of the Progracilis zone is composed by 11
species from 11 genera (a total of 18 specimens), with a
dominance of the family Progonocytheridae (seven speci-
mens). Seven species are represented by only one individ-
ual, eight species appeared for the first time in this sample:
Progonocythere polonica BLaszyk, Blaszykina convexa
(Braszyk), Procytheropteron aff. gramanni BRanp, Cayto-
nidea aff. faveolata BATE, Marslatourella woodi SHEPPARD,
Palaeocytheridea sp., Nodophthalmocythere sp. and Balo-
wella sp. However, the number of samples in this part of
the section and the size of this particular sample are too
small to interpret these “first appearances” stratigraphi-
cally.

5.3. Orbis zone (assemblage I11)

Samples no. 7a, 7c (top). — The assemblage of the Up-
per Bathonian Orbis zone (two samples) is significantly
different from those of the Lower and Middle Bathonian.
The number of individuals increases to 74 resp. 51, corre-
sponding to 42 (33/19) species, the highest number in the
whole section. The majority of specimens correspond to
the families Progonocytheridae (11/30), Protocytheridae
(16/3), Cytheruridae (9/3) and Schulerideidae (11/7).

The Upper Bathonian is characterized by the first ap-
pearance of several new species, e. g. Neurocythere ple-
na (TrRiEBEL), Cytherella limpida Braszyk, Procytherura
ovaliformis BRAND, Eucytherura parairregularis (BRAND)
and Pleurocythere kurskensis Tesakova. According to
Franz et al. (2009) Neurocythere plena is the index spe-
cies of the N. plena ostracod zone. 25 species were found
only in the Orbis zone, 17 of which are represented by a
single specimen (see above). Nine further species of the
genera Blaszykina, Glyptocythere, Morkhovenicythereis
and Oligocythereis have their last occurrences in the Up-
per Bathonian.
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5.4. Herveyi zone, keppleri horizon (assemblage 1V)

Samples no. 5 (bottom and top), 6. — From the three
samples a total of only 13 specimens was obtained, not al-
lowing us to interpret the assemblage in detail.

In this assemblage only six taxa were identified, out
of which one was already present in the Lower Bathonian
and two in the Upper Bathonian. The most significant ge-
nus is Neurocythere (five specimens), represented by three
subspecies of N. cruciata. Neurocythere cruciata cruciata
(TrieBEL), which according to Buck et al. (1966: 43) char-
acterizes the Bathonian/Callovian boundary, appears in a
thin marly layer immediately above the Bathonian/Callo-
vian boundary at the base of the keppleri horizon, but is
very scarce. FRaNz et al. (2009) recently defined a Neuro-
cythere cruciata ostracod zone for the basal Callovian.

5.5. Herveyi zone, suevicum horizon and Koenigi zone
(assemblage V)

Samples no. 1 (bottom and top), 3. — One sample from
the suevicum horizon and only two samples from the
Koenigi zone were studied, because the exposed thick-
ness of the latter is only 30—50 cm. The three samples to-
gether yielded 77 specimens (26, 38 and 13). The fauna
of the uppermost sample may be reduced by weathering.
The assemblage as a whole is also dominated by the fam-
ily Progonocytheridae represented by 44 specimens, 31 of
which belong to the genus Neurocythere. The Bairdiidae
play a subdominant role, represented by 11 specimens.

Micropneumatocythere aff. convexa BATE and
Progonocythere polonica have their last occurrenc-
es in the suevicum horizon. Neurocythere caesa caesa
(TRIEBEL), Bythoceratina stimulea (SCHWAGER), Hutsonia
sp. and Pontocyprella atypica (KayE) appear for the first
time in the Koenigi zone.

6. Biostratigraphical remarks

The distribution and the relative abundance of the os-
tracods allow us to distinguish the following four groups
of ostracods:

The first group is composed of species which are rep-
resented by a greater number of specimens and that are re-
stricted to the Bathonian: Trachyleberididae like Morkhov-
enicythereis bouvadensis, M. polita, Oligocythereis
capreolata, some Progonocytheridae like Blaszykina con-
vexa, Bl. pulcherrima, the representatives of the genus
Glyptocythere and some Schulerideidae, e. g. Schuleridea
(Eoschuleridea) aff. batei DEPECHE.

The second group includes the majority of the Cytheru-
ridae, which are also restricted to the Bathonian, but al-
most all were found only as single specimens. The major-

ity of species appear in the Orbis zone, where the highest
number of species in the whole section was identified (42).

The genus Neurocythere with N. plena and the sub-
species of N. cruciata forms the third group. N. plena ap-
pears for the first time in the Orbis zone, N. cruciata (and
its subspecies) appears in the Herveyi zone and then is the
dominant species throughout the Lower Callovian as ex-
posed in Pfeffingen.

The fourth group includes species with a wide vertical
range with a variable, mostly small number of specimens
throughout the section.

In general the ostracod zonation shows a lower strati-
graphical resolution than the ammonite zonation (see e. g.
BATE 2009, BRAND & MONNIG 2009, BODERGAT 1997, FRANZ
etal. 2009, WiLkiNsON & WHATLEY 2009). In Pfeffingen the
most prominent boundary is at the transition Upper Ba-
thonian/Lower Callovian. Twenty two species have their
last occurrences in the Orbis zone — not including taxa,
which are represented by single specimens. Neurocythere
cruciata cruciata, N. cruciata franconica (TRIEBEL), Prae-
schuleridea subtrigona (JONES & SHERBORN) and Terquem-
ula flexicosta (TRIEBEL) have their first occurrences in the
Herveyi zone.

7. Conclusions

The ostracod assemblages of the Bathonian and Low-
er Callovian in the section Albstadt-Pfeffingen are ful-
ly marine, but in general are made up of a small number
of specimens. The scarcity of specimens in the samples
might be due to unfavourable bottom water conditions, but
this needs further studies.

Specimens of the family Progonocytheridae dominate
all the studied samples. However, in the Bathonian they
are accompanied by the subdominant families Cytheru-
ridae, Trachyleberididae, Schulerideidae and, less impor-
tant, Protocytheridae, all of which show a remarkable de-
crease at the Bathonian/Callovian boundary.

The ostracod zonation as established by Franz et al.
(2009) — Connexa zone, Capreolata subzone, Plena zone
and Cruciata zone — is recognizable in the Bathonian and
the Callovian of Pfeffingen.

The highest number of last occurrences is concentrat-
ed in the Upper Bathonian. This probably represents a
significant faunal turnover, which requires confirmation
through the study of ostracod assemblages from the same
time interval in other areas.
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Appendix. Taxonomic list of the ostracod taxa identified in the Bathonian — Lower Callovian from the section Pfeffingen-Albstadt
(Western Swabian Alb, S Germany), following the suprageneric classification proposed by Horne et al. (2000). Species are referred
with their author and year of publication. The identified taxa are:

Superclass Crustacea PENNANT, 1777
Class Ostracoda LATREILLE, 1806
Subclass Podocopa MULLER, 1894

Order Platycopida Sars, 1866
Suborder Platycopina Sars, 1866
Superfamily Cytherelloidea Sars, 1866
Family Cytherellidae Sars, 1866
Genus Cytherella Jongs, 1849

Cytherella limpida Braszyk, 1967

Material: 4 carapaces, 4 right valves, 2 left valves.
Layers:no. 1 (bottom), 3, 7a, 7c (top).
Distribution: Orbis zone — Koenigi zone.

Order Podocopida MULLER, 1894
Suborder Bairdiocopina Sars, 1866
Superfamily Bairdioidea Sars, 1866

Family Bairdiidae SArs, 1888
Genus Bairdia Mc Coy, 1844

Bairdia pumicosa SHEPPARD in FrRaNz et al., 2009

Material:5 carapaces.
Layers:no. 1 (bottom), 7c (top), 9.
Distribution: Zigzag — Koenigi zone.

Bairdia sp.
Material: 8 carapaces, 1 right valve, 2 left valves.
Layers:no. 1 (bottom), 7a, 7c (top).
Distribution: Orbis — Koenigi zone.

Family Bythocyprididae Mappox, 1969
Genus Bythocypris Brapy, 1880

Bythocypris sp.
Material:4 carapaces, 1 right valve, 1 left valve.

Layers:no.5 (bottom), 7c (top).
Distribution: Orbis — Herveyi zone.

Suborder Cypridocopina JonEs, 1901
Superfamily Macrocypridoidea MULLER, 1912
Family Macrocyprididae MULLER, 1912
Genus Macrocypris BRADY, 1868

Macrocypris sp.

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Pseudomacrocypris MICHELSEN, 1975

Pseudomacrocypris subtriangularis MICHELSEN, 1975

Material: 2 carapaces.
Layer:no. 7a.
Distribution: Orbis zone.

Superfamily Pontocypridoidea MULLER, 1894
Family Pontocyprididae MULLER, 1894
Genus Pontocyprella LiuBiMova, 1955

Pontocyprella atypica (KAYE, 1965)

Material: 2 carapaces, 1 right valve.
Layer:no. 1 (bottom and top).
Distribution: Koenigi zone.

Superfamily Cypridoidea BaIrp, 1845
Family Paracyprididae Sars, 1923
Genus Paracypris SARs, 1866

Paracypris sp.

Material: 6 carapaces.
Layer:no. 7c (top).
Distribution: Orbis zone.

Suborder Cytherocopina Bairp, 1850
Superfamily Cytheroidea Bairp, 1850
Family Bythocytheridae Sars, 1926
Genus Bythoceratina HORNIBROOK, 1952

Bythoceratina stimulea (SCHWAGER, 1866)
Pl. 2, Fig. 8

Material: 1 carapace.
Layer:no.1 (top).
Distribution: Koenigi zone.

Genus Nemoceratina GRONDEL & Kozur, 1971

Nemoceratina sp.

Material: 1 right valve.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Ljubimovella BRAND & MaLz, 1961

Ljubimovella sp.

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Family Protocytheridae LiuBimova, 1956
Genus Pleurocythere TRIEBEL, 1951

Pleurocythere elliptica BLaszyxk, 1967

Material:2right valves, 1 left valve.
Layers:no. 7a, 7c (bottom), 9.
Distribution: Zigzag — Orbis zone.

Pleurocythere kurskensis Tesakova, 2009
Pl. 2, Figs. 4, 11
Material: I carapace, 1 left valve.
Layers:no. 1 (bottom), 7a.
Distribution: Orbis — Koenigi zone.
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Genus Palaeocytheridea MANDELSTAM, 1947

Palaeocytheridea blaszykina Franz et al., 2009
Pl 1, Fig. 7

Material:2right valves, 1 left valve.
Layer:no.O.
Distribution: Zigzag zone.

Palaeocytheridea sp.
Pl 1, Fig. 4

Material: 2 carapaces, 1 right valve.
Layer:no. 7c (bottom).
Distribution:? Orbis zone.

Genus Ektyphocythere BATg, 1963

Ektyphocythere nucleopersica Braszyk, 1967
Pl 2, Fig. 2

Material: 8 right valves, 11 left valves.
Layers:no. 7a, 7c (top and bottom), 9.
Distribution: Zigzag — Orbis zone.

Ektyphocythere sp. ?

Material: 1 right valve.
Layer:no. 7a.
Distribution: Orbis zone.

Family Progonocytheridae SYLVESTER-BRADLEY, 1948
Genus Neurocythere WHATLEY, 1970

Neurocythere caesa caesa (TRIEBEL, 1951)
Pl 2, Fig. 12

Material: 7 carapaces, 3 right valves, 6 left valves.
Layer:no. 1 (bottom and top).
Distribution:Koenigizone.

Neurocythere cruciata intermedia (LuTzg, 1960)
PL 2, Fig. 9

Material: 4 carapaces, 1 right valve, 3 left valves.
Layers:no. 1 (bottom and top), 3, 5 (top).
Distribution: Herveyi — Koenigi zone.

Neurocythere cruciata alata (WHATLEY, 1970)
Pl 2, Fig. 5

Material: 5right valves, 2 left valves.
Layers:no. 1 (bottom), 3.
Distribution: Herveyi — Koenigi zone.

Neurocythere cruciata franconica (TRIEBEL, 1951)

Material: 1 carapace, 1 right valve, 1 left valve.
Layers:no. 3,5 (bottom).
Distribution: Herveyi zone.

Neurocythere cruciata cruciata (TRIEBEL, 1951)
Pl 2, Fig. 6

Material: 2 carapaces.
Layer:no.6.
Distribution: Herveyi zone.

Neurocythere plena (TRIEBEL, 1951)
Pl. 2, Fig. 1

Material: 2 carapaces, 2 right valves, 4 left valves.
Layers:no.5 (top), 7a, 7c (top).
Distribution: Orbis — Herveyi zone.

Genus Lophocythere SYLVESTER-BRADLEY, 1948

Lophocythere interrupta TRIEBEL, 1951

Material: 1 left valve.
Layer:no. 7c (top).
Distribution: Orbis zone.

Lophocythere sp.

Material: 2 right valves.
Layer:no. 1 (bottom).
Distribution: Orbis — Koenigi zone.

Genus Nodophthalmocythere HILTERMANN, 1958

Nodophthalmocythere sp.

Material: 3 right valves, 1 left valve.
Layers:no. 1 (bottom), 7c (bottom).
Distribution: Progracilis — Koenigi zone.

Genus Terquemula Braszyk & MaLz, 1965

Terquemula flexicosta (TRIEBEL, 1951)
Pl. 2, Fig. 7
Material: 1right valve, 1 left valve.
Layers:no. 1 (bottom), 3.
Distribution: Herveyi — Koenigi zone.

Terquemula fuhrbergensis (TRIEBEL, 1951)

Material: 2 carapaces, 2 right valves, 1 left valve.
Layer:no. 7a.
Distribution: Orbis zone.

Genus Fissocythere MaLz, 1959

Fissocythere variabilis MaLz, 1959
PL. 2, Fig. 14

Material: 2 carapaces.
Layer:no. 7c (top).
Distribution: Orbis zone.

Fissocythere sp.

Material: 1 left valve.
Layer:no.3.
Distribution: Herveyi zone.

Genus Micropneumatocythere BATE, 1963

Micropneumatocythere aff. convexa BATE, 1963
Pl 2, Fig. 10

Material: 5 left valves, 2 right valves.
Layers:no. 3,5 (bottom), 7c (top), 9.
Distribution: Zigzag — Herveyi zone.
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Genus Progonocythere SYLVESTER-BRADLEY, 1948

Progonocythere polonica Braszyk, 1959
Pl. 1, Fig. 8
Material:4 carapaces, 5 right valves, 6 left valves.
Layers:no. 3, 7a, 7c (top and bottom).
Distribution: ? Orbis — Herveyi zone.

Genus Blaszykina BRanD, 1990

Blaszykina convexa (Braszyk, 1967)
Pl. 1, Fig. 13

Material: 1 carapace, 8 left valves.
Layers:no. 7a, 7c (bottom).
Distribution:? Orbis — Orbis zone.

Blaszykina pulcherrima (BRanD, 1990)
Pl 1, Fig. 6
Material: 1 carapace, 1 right valve, 6 left valves.
Layers:no. 7a, 7c (top), 9.
Distribution: Zigzag — Orbis zone.

Genus Caytonidea BATE, 1956

Caytonidea aff. faveolata BATE, 1965
PL 1, Fig. 9
Material:2right valves, 1 left valve.
Layer:no. 7c (bottom).
Distribution: ? Orbis zone.

Genus Glyptocythere BRAND & MaLz, 1962

Glyptocythere obtusa Lutzg, 1960
Pl 1, Fig. 3
Material: 3 carapaces, 1 right valve, 1 left valve.

Layers:no.7a,9.
Distribution: Zigzag — Orbis zone.

Glyptocythere tuberosa BLaszyk, 1967
Material: 2 left valves.

Layer:no. 7c (top).
Distribution: Orbis zone.

Family Cytheridae Bairp, 1850
Genus Marslatourella MaLz, 1959

Marslatourella woodi SHEPPARD, 1981
PL 1, Fig. 11
Material: 1 carapace.
Layer:no. 7c (bottom).
Distribution:? Orbis zone.

Family Cytherideidae Sars, 1925
Genus Aphelocythere TRIEBEL & KLINGLER, 1959

Aphelocythere sp.

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Homocytheridea BATE, 1963

Homocytheridea posteriohumilis (BLaszyk, 1967)
Pl. 2, Fig. 13

Material: 2 carapaces.
Layer:no. 7a.
Distribution: Orbis zone.

Family Schulerideidae MANDELSTAM, 1959
Genus Praeschuleridea BATE, 1963

Praeschuleridea subtrigona (JONES & SHERBORN, 1888)

Material: 5 right valves, 3 left valves.
Layer:no.3.
Distribution: Herveyi zone.

Praeschuleridea sp.

Material:5 carapaces, 1 right valve, 5 left valves.
Layers:no. 7a, 7c (top and bottom), 9.
Distribution: Zigzag — Orbis zone.

Genus Schuleridea SWARTS & SwaIN, 1946

Schuleridea (Eoschuleridea) aff. batei DEPECHE, 1969

Material: 5 right valves.
Layer:no. 7c (top).
Distribution: Orbis zone.

Schuleridea sp.

Material: 4 carapaces, 1 left valve.
Layer:no. 7c (top).
Distribution: Orbis zone.

Family Cytheruridae MULLER, 1894
Genus Balowella WieNHoLZ, 1967

Balowella sp.

Material: 1 carapace.
Layer:no. 7c (bottom).
Distribution: ? Orbis zone.

Genus Eucytherura MULLER, 1894

Eucytherura parairregularis (Branp, 1990)
Pl. 2, Fig. 3

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Hutsonia SWAIN, 1946

Hutsonia sp.
Material: 1 left valve.
Layer:no. 1 (top).
Distribution:Koenigi zone.
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Genus Procytherura WHATLEY, 1970

Procytherura ovaliformis BRaND, 1990

Material: 1 carapace.
Layer:no. 7a.
Distribution: Orbis zone.

Procytherura sp.

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Procytheropteron LiuBiMova, 1955

Procytheropteron aff. gramanni BRanND, 1990
Pl. 1, Fig. 12

Material: 2right valves, 1 left valve.
Layer:no. 7c (bottom).
Distribution:? Orbis zone.

Procytheropteron aff. infrasaxonicum Branp, 1990

Material: 1 right valve.
Layer:no.9.
Distribution: Zigzag zone.

Procytheropteron sp.
Pl 1, Fig. 10

Material: 1 left valve.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Renicytherura GRUNDEL, 1981

Renicytherura sp.

Material: 1 carapace.
Layer:no. 7a.
Distribution: Orbis zone.

Genus Tethysia Donzg, 1975

Tethysia bathonica SHEPPARD in BRAND, 1990

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Tethysia nuda BRaND, 1990

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Vesticytherura GRUNDEL, 1964

Vesticytherura acostata TEsakova, 2002

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Vesticytherura costaeirregularis (WHATLEY, 1970)

Material: 1 right valve.
Layer:no.9.
Distribution: Zigzag zone.

Vesticytherura sp. “Branp, 1990”

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Vesticytherura sp.

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Genus Wellandia Bate & COoLEMAN, 1975

Wellandia trituberosa BRAND, 1990

Material: 1 carapace.
Layer:no. 7c (top).
Distribution: Orbis zone.

Family Trachyleberididae SYLVESTER-BRADLEY, 1948
Genus Oligocythereis SYLVESTER-BRADLEY, 1948

Oligocythereis capreolata SHEPPARD in BRaND, 1990
Pl 1, Fig. 1

Material:5 carapaces, 4 right valves, 3 left valves.
Layers:no. 7a, 7c (top), 9.
Distribution: Zigzag — Orbis zone.

Genus Morkhovenicythereis GRUNDEL, 1975

Morkhovenicythereis bouvadensis (DEPECHE, 1969)
Pl. 1, Fig. 2

Material: 4 carapaces, 1 left valve.
Layers:no. 7c (top), 9.
Distribution: Zigzag — Orbis zone.

Morkhovenicythereis polita BRanD, 1990
Pl. 1, Fig. 5

Material: 2 carapaces, 3 left valves.
Layers:no. 7a, 7c (top), 9.
Distribution: Zigzag — Orbis zone.
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Plate 1
Ostracods from the Zigzag and Progracilis zones (assemblages I + I1), section Albstadt-Pfeffingen.

Fig. 1. Oligocythereis capreolata SHEPPARD in BrRaND, 1990; Em 361, carapace, right lateral view; sample no. 9, Zigzag zone.
Fig. 2. Morkhovenicythereis bouvadensis (DEPECHE, 1969); Em 362, carapace, left lateral view; sample no. 9, Zigzag zone.
Fig. 3. Glyptocythere obtusa Lutze, 1960; Em 363, carapax, right lateral view; sample no. 9, Zigzag zone.

Fig.4. Palaeocytheridea sp.; Em 364, right valve, external view; sample no. 9, Zigzag zone.

Fig.S. Morkhovenicythereis polita BRAND, 1990; Em 365, carapace, right lateral view; sample no. 7c,, Progracilis zone.
Fig. 6. Blaszykina pulcherrima (BraND, 1990); Em 366, right valve, external view; sample no. 7c,, Progracilis zone.
Fig.7. Palaeocytheridea blaszykina FrRanz et al., 2009; Em 367, right valve, external view; sample no. 9, Zigzag zone.
Fig. 8. Progonocythere polonica (BLAszyk, 1959); Em 368, right valve, external view; sample no. 7c,, Progracilis zone.
Fig.9. Caytonidea aff. faveolata Batg, 1965; Em 369, right valve, external view; sample no. 7c,, Progracilis zone.

Fig. 10. Procytheropteron sp.; Em 370, left valve, external view; sample no. 7c,, ? Orbis-zone.

Fig. 11. Marslatourella woodi SnEppARD, 1981; Em 371, carapace, left lateral view; sample no. 7c,, Progracilis zone.

Fig. 12. Procytheropteron aff. gramanni BRanp, 1990; Em 372, left valve, external view; sample no. 7c,, Progracilis zone.
Fig. 13. Blaszykina convexa (BLaszyk, 1967); Em 373, left valve, external view; sample no. 7c,, Progracilis zone.

Length of scale bar = 0.1 mm.
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Plate 2
Ostracods from the Orbis, Herveyi and Koenigi zones (assemblages 111 — V), section Albstadt-Pfeffingen.

Fig. 1. Neurocythere plena (TRIEBEL, 1951); Em 374, left valve, external view; sample no. 7a, Orbis zone.

Fig. 2. Ektyphocythere nucleopersica BLaszyk, 1967; Em 375, right valve, external view; sample no. 7a, Orbis zone.

Fig.3. Eucytherura parairregularis (BRanp, 1990); Em 376, carapace, left lateral view; sample no. 7c , ? Orbis zone.

Fig.4. Pleurocythere kurskensis Tesakova, 2009; Em 377, carapace, right lateral view; sample no. 7a, Orbis zone.

Fig. 5. Neurocythere cruciata alata (WHATLEY, 1970); Em 378, carapace, right lateral view; sample no. 3, Herveyi zone, suevicum horizon.
Fig. 6. Neurocythere cruciata cruciata (TRIEBEL, 1951); Em 379, carapace, left lateral view; sample no. 6, Herveyi zone, keppleri horizon.
Fig.7. Terquemula flexicosta (TRIEBEL, 1951); Em 380, left valve, external view; sample no. 1b, Koenigi zone.

Fig. 8. Bythoceratina stimulea (SCHWAGER, 1866); Em 381, carapace, left lateral view; sample no. la, Koenigi zone.

Fig.9. Neurocythere cruciata intermedia (Lutze, 1960); Em 382, right valve, external view; sample no. 3, Herveyi zone, suevicum
horizon.

Fig. 10. Micropneumatocythere aff. convexa Batg, 1963; Em 383, left valve, external view; sample no. 3, Herveyi zone, suevicum
horizon.

Fig. 11. Pleurocythere kurskensis Tesakova, 2009; Em 384, left valve, external view; sample no. 1b, Koenigi zone.

Fig. 12. Neurocythere caesa caesa (TRIEBEL, 1951); Em 385, right valve, external view; sample no. 1b, Koenigi zone.

Fig. 13. Homocytheridea posteriohumilis (BLaszyk, 1967); Em 386, carapace, left lateral view; sample no. 7a, Orbis zone.
Fig. 14. Fissocythere variabilis Mavrz, 1959; Em 387, carapace, right lateral view; sample no. 7c , ? Orbis zone.

Length of scale bar = 0.1 mm.
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