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A biostratigraphical treatment of the top of the Middle Oligocene
Viborg Formation of Sofienlund (central Jylland) is made on the
basis of Foraminifera. The sequence is divided into three zonules, on
the basis of an essentially three-fold variation of 11 faunal groups,
together with smaller variations of some of the species.

The fauna is dominated by benthonic calcareous species, of which
at least 40 % is composed of the three species: Turrilina alsatica,
Nonion affine and Pullenia bulloides. 112 species are documented of
which 21 are treated systematically, including the most frequent spe-
cies together with unidentified common specimens. Among Gyroi-
dinoides spp., two unidentified species, G. soldanii forma 1 and G?
sp. 1 are frequently met. The three species Guttulina frankei, Gyro-
idinoides soldanii forma girardanus and Cibicides aknerianus show
wide morphological variation.

Kaare Ulleberg, Norwegian Petroleum Directorate, Lagdrdsveien 80,
N-4000 Stavanger, Norway, July, 13th, 1974.

Preliminary remarks on the sediments and foraminifers of the 27 m sequence
of the uppermost part of the Middle Oligocene Viborg Formation in Sofien-
lund have been made by Christensen & Ulleberg (1973). The part of the
formation examined is a sticky clay sequence; the Viborg Clay member (Chri-
stensen & Ulleberg, 1974), containing pyrite, some mica and locally some
lenses of silt. The investigation is based upon two sections, 1 and 2, from
which 28 and 9 samples have been examined respectively. Fig. 1 shows the
vertical depth of samples below the top of the formation.

The sequence is overlain transgressively by the Upper Oligocene Sofien-
lund -Formation. Its lower limit has not been observed because of the re-
stricted range of the boring equipment. Christensen & Ulleberg (1973) re-
ferred the sequence to a Middle Oligocene age, and biostratigraphically to
the Turrilina alsatica zone. Furthermore, they state that the foraminiferal
fauna consists mainly of calcareous benthonic tests, where Turrilina alsatica,
Nonion affine and Pullenia bulloides dominate. They divided the fauna into
the following 11 groups on the basis of stability of species composition:
Agglutinated tests, Porcelaineous tests, “Dentalina”-like tests, Nodosariacea,
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Fig. 1. Distribution chart for Section 1 & 2, Viborg Clay of Sofienlund.
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Cibicides spp., Gyroidinoides spp., Globigerinacea, Turrilina alsatica, Nonion
affine, Pullenia bulloides and “Others”, and these are the basis of the
stratigraphic interpretation presented in this paper.

Palacoecologically, the Viborg Clay in the Sofienlund area probably re-
presents environments comparable to the present-day outer continental shelf
area. See Christensen and Ulleberg (1973) for description of locality, methods
and the 11 foraminiferal groups. The present Sections 1 and 2 are identical
with their Boring 1 and excavation section, and Boring 2 respectively.

The Foraminiferal fauna

Fig. 1 shows, for each sample examined, the relative frequency of the 11
foraminiferal groups, the faunal diversity, as defined by Walton (1964), and
the number of species and specimens in each sample, i.e. in 100 g sediment.

The foraminiferal fauna consists almost exclusively of calcareous benthonic
tests. The representation of planktonic specimens is very low, usually less
than Q.5 %, whereas agglutinated tests are more or less missing (Fig. 1).
The fauna is dominated by three species, Turrilina alsatica, Nonion affine
and Pullenia bulloides. Less common, but still well represented in the fauna
are: Quinqueloculina impressa, Glandulina aequalis, G. dimorpha, Stilosto-
mella hirsuta, S. longiscata, Epistominella oveyi, Eponides pygmeus, Cibicid-
es aknerianus, C. telegdi, Pullenia quinqueloba, Alabamina tangentialis,
Gyroidinoides cf. angustiumbilicata, G. soldanii forma girardanus, G. soldanii
forma 1. G? sp. 1 and Ceratobulimina contraria. These species are observed
more or less in all samples. Their relative frequency usually exceeds 1 %,
but only some of them may exceed 5 %o of the fauna.

In total, 112 species and varieties of foraminifers have been observed
in the present material. They are all listed below with reference to the 11
foraminiferal groups. Species marked with * are treated in the systematic part.

. AGGLUTINATED TESTS: Spiroplectammina deperdita (d’Orbigny), Martinottiella
miinsteri (Cushman).

PORCELAINEOQUS TESTS: Cyclogyra involvens (Reuss), Spiroloculina dorsata Reuss,
*Quinqueloculina impressa Reuss, Q. Iudwigi Reuss, Q. triangularis d’Orbigny, Pyrgo
inornata (d’Orbigny), *Sigmoilina tenuis (Czjzek), Triloculina tricarinata d’Orbigny, T.
aff. turgida Reuss, Miliolinella enoplostoma (Reuss), Scutuloris oblongus (Montagu).
»DENTALINA«-LIKE TESTS: Nodosaria? anomala (Reuss), N. cf. calomorpha, Reuss,
Dentalina? acuticauda (Reuss), D. approximata (Reuss), D. emaciata, Reuss, D. inter-
mittens (Roemer), D. oligosphaerica Reuss, D, pauperata d’Orbigny, D? retrorsa
(Reuss), D. soluta Reuss, *Stilostomella adolphina (d’Orbigny), *S. hirsuta (d’Orbigny),
*S. longiscata (d’Orbigny), S. pyrula (d’Orbigny), *S. spinescens (Reuss), S. sp. 1.
NODOSARIACEA: Frondicularia budensis (Hantken), Lagena? apiculata (Reuss).
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L? globosa (Montagu), L. hexagona (Williamson), L. hispida Reuss, L. hystrix Reuss,
L. hystrix longicolla Matthes, L. isabella (d’Orbigny), L. laevis (Montagu), L, rivata
Matthes, L. striata (d'Orbigny), L. tenuis (Bornemann), L. sp. 1, Lenticulina arcuata
(d’Orbigny), L. articulata, (Reuss), L. conferta (Reuss), L. convergens (Bornemann),
L. crepidula (Fichtel & Moll), L. deformis (Reuss), L. cf. hauerina (d'Orbigny), L. ex.
gr. incompta (Reuss), L. ex. gr. inornata (d’Orbigny), L. sp. 1, L. sp. 2, Globulina
inaequalis Reuss, G. minuta (Roemer), G. miinsteri (Reuss), G. rotundata (Bornemann),
“*Guttulina frankei Cushman & Ozawa, G. irregularis (d’Orbigny), Paradentalina sp. 1,
Pseudopolymorphina obscura (Roemer), P. subcylindrica (Hantken), Pyrulina cylindro-
ides (Roemer), P. fusiformis (Roemer), *Glandulina aequalis Reuss, G. dimorpha (Bor-
nemann), G. laevigata (d’Orbigny), G. ozawai Cushman, G. sp. 1, Fissurina cf. casta-
nea (Flint), F. modesta (Matthes), F. sp. 1, Parafissurina lateralis (Cushman), P, sp. 1,
CIBICIDES SSP.: *Cibicides aknerianus (d’Orbigny), C. amphisyliensis (Andreae), *C.
telegdi Grossheide & Trunkd, C. ungerianus (d’Orbigny).

GYROIDINOIDES SSP.: *Gyroidinoides cf. angustiumbilicata (Ten Dam), *G. soldanii
forma girardanus (Reuss), *G. soldanii forma 1, *G. octocamerata (Cushman & Hanna),
*G? sp. 1.

GLOBIGERINACEA: Pseudohastigerina wilcoxensis (Cushman & Ponton) (reworked),
Acarinina sp. 1, Globigerina cf. officinalis Subbotina, G. ouachitaensis (Howe & Wal-
lace), G. praebulloides Blow, G. angiporoides Hornibrook.

TURRILINA ALSATICA: *Turrilina alsatica Andreae.

NONION AFFINE: *Nonion affine (Reuss).

PULLENIA BULLOIDES: *Puilenia bulloides (d'Orbigny).

OTHERS: Buliminella carteri Bhatia, Bulimina alsatica Cushman & Parker, B. aksua-
tica (Morozova), Uvigerina gracilis forma tenuistriata (Reuss), U. rugosa Terquem,
*Epistominella oveyi (Bhatia), Pararotalia fallax (Steuer), *Eponides pygmeus (Hantken,
E. umbonatus (Reuss), Cassidulina carapitana Hedberg, Globocassidulina oblonga
(Reuss), Chilostomella ovoidea Reuss, Quadrimorphina petrolei (Andreae), Astrononion
perfossum (Clodius), Nonionella jacksonensis Cushman, N. lobsannensis (Andreae),
Pullenia quinqueloba (Reuss), Alabamina tangentialis (Clodius), *Ceratobulimina con-
traria (Reuss), Robertina declivis (Reuss). '

Only 21 species are treated systematically, i.e. those which are more or less
well represented in the material, the problematic specimens, and some be-
cause of their great morphological variation.- Some introductory remarks
are given concerning the systematic treatment of each species. The “dimen-
sion” of the tests does not refer to statistical calculations but to approximate
values of a mean-sized test. Smallest and largest specimens are measured in
species showing great variation in size. The following abbreviations are used
for the measured dimensions of the test: L (length), B (width), D (thickness),
H( height) and @ (diameter). These units are as used, described, and illustrat-
ed by Kiimmerle (1963, p. 24, fig. 1).

The relative frequency of the species in each sample is presented in the
chart of Fig. 2, except for the three dominant ones, which are shown in Fig. 1.

In order to make the list of synonyms as short as possible, only more
recent references and the original one are given. A more detailed list may
be found in some of the recent references, especially in Hausmann (1964).
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Fig. 2. The relative frequency of the described species of the.Viborg Clay in Sofien-
lund. (See Fig. 1 for the frequency of Turrilina alsatica, Nonion affine and Pullenia
bulloides).
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The distribution of the systematically treated species in Tertiary deposits
in NW Europe (i.e. around the North Sea Basin) is presented in Fig. 3.

Quinqueloculina impressa Reuss (PL. 6, Figs. 1-2)

1851. Quinqueloculina impressa Reuss, p. 87, pl. 7, fig. 59.

1958. Q. impressa Reuss — Batjes, p. 103, pl. 1, fig. 13.

1961. Q. impressa Reuss — Kaasschieter, p. 151, pl. 3, fig. 4-6.

1962. Q. impressa Reuss —~ Kiese), p. 17, pl. 2, fig. 4.

1964. Q. impressa impressa Reuss — Hausmann, p. 328, pl. 2, fig. 4.
1964. Q. impressa cognata Bornemann — Hausmann, p. 329, pl. 2, fig. 5.

Type stratum: Septarian Clay, Hermsdorf (Germany).

Remarks: All specimens show a smooth surface. No coating by grains as reported by
Kaasschieter (1961) has been observed. Both subspecies described by Hausmann (1964)
occur in the material, but because of heavy fragmentation and a strong secondary
pyritic effect, they have not been separated and are dealt with under the same species.
A distinct bifid tooth may be seen in the aperture (Pl 6, Fig. 2).

Dimensions: L: 0.30 mm., B: 0.175 mm., D: 0.15 mm.

Sigmoilina tenuis (Czjzek) — (PL. 6, Fig. 5 & Pl. 9, Fig. 1)
1848. Quinqueloculina tenuis Czjzek, p. 149, pl. 13, fig. 31-34,

1958. Sigmoilina tenuis (Czjzek) — Batjes, p. 106.
1960. »S«. tenuis (Czjzek) — Barker, pl. 10, fig. 7, 8, 11.

1961. S. tenuis (Czjzek) — Kaasschieter, p. 157, pl. 4, fig. 9, 10.

1962. S. tenuis (Czjzek) — Kiesel, p. 20, pl. 2, fig. 8.

1962. S. tenuis (Czjzek) — Indans, p. 38, pl. 2, fig. 8.

1964. S. tenuis (Czjzek) — Hausmann, p. 331, pl. 2, fig. 8.

1969. S. tenuis (Czjzek) ~ Voorthuysen & Toering, p. 106, pl. 7, fig. 14.

Fig. 3. The distribution of the described species in Tertiary deposits in NW Europe,
plotted with reference to lithological units and to their chronostratigraphic position
in Lower (L), Middle (M), and Upper (U) parts of the Tertiary epochs. The following
numbers are used for lithological units: 1 (Heller Schichten), 2 (Sands of Mons-en
Pévéle), 3 (Lower Panisel beds), 4 (Clays of Ieper), 5 (Clays of Roubaix), 6 (Clays
of Ronq), 7 (London Clay), 8 (Zerbener Schichten), 9 (Mahlpfuhler Schichten), 10
(Sands of Aalter), 11 (Sands of Briissel), 12 (Lillebzlt Clay), 13 (Sands of Lede), 14
(Sands of Wemmel), 15 (Clays of Asse), 16 (Upper Bracklesham beds), 17 (Barton
beds), 18 (Obere Sernoer Schichten), 19 (Untere Schinewalder Schichten), 20 (Obere
Schonewalder Schichten), 21 (Latdorf Schichten), 22 (Sgvind Marl), 23 (Lower Ton-
geren beds), 24 (Upper Tongeren beds), 25 (Brockenhurst beds), 26 (Boom Clay), 27
(Septarian Clay), 28 (Nucula Clay), 29 (Berg Sand), 30 (Hamstead Corbula beds), 31
{(Viborg Clay), 32 (Sand of Voort), 33 (Kassecler Meeressand), 34 (Vejle Fjord For-
mation), 35 (Sofienlund Formation), 36 (Sable d’Edegem), 37 (Sable d’Anvers), 38 (Hem-
moor), 39 (Reinbek), 40 (Klintinghoved Formation), 41 (Arnum Formation), 42 (Hodde
Formation), 43 (Gram Formation), 44 (Szd Formation), and 45 (Sables de Kallo).
Record of species with no lithological reference is marked by +.
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Type stratum: Badener Tegel (Tortonian), Baden (Vienna Basin).

Remarks: Only the two youngest chambers have a smooth surface, The inner whorls
are covered by a granular mass, which in the SEM was shown to consist of spicules
and tests of coccoliths (P1. 9, Fig. 1).

Dimensions: L: 0.40 mm., B: 0.18 mm., D: 0.07 mm.

Guttulina frankei Gushman & Ozawa (Pl. 1, Figs. 1-6)

1930. Guttulina frankei Cushman & Ozawa, p. 28, pl. 4, fig. la-c.

1958. G. problema d’Orbigny var. frankei Cushman & Ozawa — Batjes, p. 121, pl. 4,
fig. 11.

1961. G. problema d’Orbigny — Kaasschieter, p. 181, pl. 8, fig. 1 (not pl. 7, fig. 30-32).

1962. G. frankei Cushman & Ozawa — Kiesel, p. 45, pl. 7, fig. 3.

1964. G. frankei Cushman & Ozawa — Hausmann, p. 359, pl. 5, fig. 11.

Type stratum: Middle Oligocene deposit, S6llingen (Germany).

Remarks: The illustrated specimens are arranged to show the wide variation of this
species. They are all characterized by their more or less parallelogram-like outline,
acute and pointed initial and apertural parts, and subtriangular, more or less rounded
cross section.

Among the illustrated specimens, P1. 1, Figs. 2a-b shows a typical G. frankei. One
part of the variation is iffustrated in Pl 1, Fig. 3 to Fig. 6. Here, -the width (B) of
the tests decreases compared to the length (L) of the tests. The gradual variation ends
in the almost oval test of Pl. 1, Fig. 6 where the arrangement of chambers, the acute
initial and apertural ends, and the subtriangular cross section are maintained more
or less intact. The others pattern of variation is shown in PL 1, Figs. la-b, Here, the
parallelogram-like outline has become somewhat less obvious, It is due to the more
rounded initial end which is still pointed. The other characters remain more or less
intact.

Some writers (Batjes, 1958; Kaasschieter, 1961; Grossheide & Trunkd, 1965) have
assumed that this species falls within the range of variation of G. problema. However,
typical specimens of the latter species were not observed in the present material. It
is assumed that it differs from G. frankei mainly in showing a distinct, rounded initial
part and strongly elevated chambers separated by deeply depressed sutures. G. frankei
closely resembles G. irregularis. The latter differs in its broadly rounded initial end,
giving oval to subdeltoidal tests. -

Dimensions: L: 0.65 mm., B: 0.45 mm. (Pl. 1, Fig. 2). (The relationship L:B has an
observed range of 1.3-2.2).

Glandulina aequalis Reuss — (Pl. 1, Figs. 7-9)

1863. Glandulina aequalis Reuss, p. 48, pl. 3, fig. 28.
1958. G. aequalis Reuss — Batjes, p. 123, pl. 4, fig. 5,6.
1964. G. aequalis Reuss — Hausmann, p. 365, pl. 6, fig. 5.

Type stratum: Septarian Clay (Oligocene), Offenbach (Germany).

Remarks: Both microspheric and macrospheric generations are represented in the
present material. The former (Pl 1, Fig. 9) is characterized by an acute initial part
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with a biserial arrangement of chambers which ends uniserially in the younger part.
No initial spine is observed. The latter varies in outline from almost cylindrical (Pl
1, Fig. 7) to distinctly oval (P1. 1, Fig. 8), and the arrangement of chambers is strictly
uniserial.

G. dimorpha differs from G. aequalis in possessing a fusiform outline and an irregu-
lar arrangement of chambers. ‘

Dimensions: L: 0.31 mm., @: 0.18 mm,

Turrilina alsatica Andreae — (P1. 6, Figs. 3—4)

1884. Turrilina alsatica Andreae, p. 120, pl. 8, fig. 18a—c.
1958. T. alsatica Andreae — Batjes, p. 125, pl. 4, fig. 15.
1960. T. alsatica Andreae — Ellermann, p. 669, pl. 53, fig. 5.
1962, T. alsatica Andreae — Kiesel, p. 52, pl. 8, fig. 2.

1964. T. alsatica Andreae — Hausmann, p. 371, pl. 6, fig. 16,
1970. T. alsatica Andreae — Kiesel, p. 255, pl. 12, fig. 6.

Type stratum: Septarian Clay (Middle Oligocene), Barr (Germany).

Remarks: Small specimens are often difficult to distinguish morphologically from the
Eocene species T. brevispira Ten Dam. Hansen (1972) stated that these species can be
distinguished from each other only by their wall structure, which in the Sofienlund
specimens is radiate.

Dimensions: L: (0.15-0.40) mm., @: (0.113-0.188) mm.

Stilostomella adolphina (d’Orbigny) — (Pl. 2, Fig. 1 & Pl. 6, Fig. 7)

1846, Dentalina adolphina d’Orbigny, p. 51, pl. 2, fig. 18-20.
1942. D. adolphina d’Orbigny — Ten Dam & Reinhold, p. 59.
1951. Nodogenerina adolphina (d'Orbigny) — Marks, p. 54.

Type stratum: Marl (Miocene), Baden area (Vienna Basin).

Remarks: The test is always more or less fragmented. The number of specimens is
calculated by counting initial ends. This species differs from §. spinescens in showing
more elevated and rounded chambers, which are separated by broader and deeper
sutural areas (Pl. 6, Fig. 7 contra Fig. 8).

Dimensions: L: 0.825 mm., ¢ 0.15 mm,. (An 8-chambered broken test).

Stilostomella hirsuta (d’Orbigny) — (PL. 2, Figs. 5-6)

1826. Nodosaria hirsuta @’Orbigny, p. 252, no. 7.

1846. N. hispida d’Orbigny — d’ Orbigny, p. 35, pl. 1, fig. 24, 25.

1923, N. hispida d’Orbigny — Cushman, p. 92, pl. 16, fig. 6.

1951. Nodogenerina hirsuta (Soldanii) ~ Marks, p. 56, pl. 7, fig. 7.

1958. Siphonodosaria hirsuta (d’Orbigny) — Batjes, p. 120, pl. 3, fig. 12.

1960. Amphicoryna hirsuta (€'Orbigny) — Barker, pl. 63, fig. 16, not fig. 10-15.
1964. Stilostomella hirsuta (4’Orbigny) — Hausmann, p. 381, pl. 3, fig. 12,

Type stratum: Adriatic Sea (Recent).
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Remarks: The number of chambers varies from two to five. Two and four chambered
specimens are most frequently met,

Dimensions: L: 1.40 mm., @: 0.275 mm. (4-chambered specimen).

Stilostomella longiscata (d’Orbigny) — (Pl. 2, Figs. 3-4)
1846. Nodosaria longiscata d’Orbigny, p. 32, pl. 1, fig. 10-12.

1851. N. ewaldi Reuss — Reuss, p. 58, pl. 3, fig. 2.

1951. N. longiscata d’Orbigny — Friese, p. 25, pl. 11, fig. 26-30. ’
1958. N. ewaldi Reuss — Batjes, p. 117.

1959. N. longiscata d’Orbigny — Larsen & Dinesen, p. 67.

1962. N. ewaldi Reuss — Kiesel, p. 23, pl. 3, fig. 7.

1962. N. ewaldi Reuss — Bettenstaedt, et al,, p. 389, pl. 57, fig. 3, tabl, 22.
1963. N. ewaldi Reuss — Kiimmerle, p. 30, pl. 2, fig. 5.

1964. Stilostomella longiscata (d’Orbigny) ~ Hausmann, p. 380, pl. 3, fig. 11.
1968. S? longiscata (d’Orbigny) — Schickor, p. 135, pl. 1, fig. 19.
1969. Nodosaria ewaldi Reuss — Voorthuysen & Toering, p. 107, pl. 8, fig. 5.

Type stratum: Marl (Miocene), Baden area (Vienna Basin).

Remarks: Only one unbroken test of a small specimen observed (PL 2, Fig. 3). The
frequency of S. longiscata is calculated by counting the number of apertural tubes.

Dimensions: L: 1,05 mm., @: 0.05 mm. (The illustrated unbroken specimen).

Stilostomella spinescens (Reuss) — (Pl, 2, Fig. 2 & Pl. 6, Fig. 8)

1851. Dentalina spinescens Reuss, p. 62, pl, 3, fig. 10.

1958. Nodosaria spinescens (Reuss) — Batjes, p. 116, pl. 3, fig. 13.
1962. Stilostomella spinescens (Reuss) — Kiesel, p. 59, pl. 9, fig. 4.
1964. S. spinescens (Reuss) — Hausmann, p. 381, pl. 3, fig. 13, 14.
1970. S. spinescens (Reuss) — Kiesel, p. 271, pl. 14, fig. 2.

Type stratum: Septarian Clay, Hermsdorf (Germany).

Remarks: No unbroken specimens observed. Both macrospheric and microspheric
generations are represented, as described by Hausmann (1964).

Dimensions: L: 1.09 mm., @: 0.17 mm. (The illustrated specimen of Pl. 2, Fig. 2).

Epistominella oveyi (Bhatia) — (Pl. 1, Figs. 10a—-b & Pl. 6, Figs. 6a-b)

1955. Pseudoparella oveyi Bhatia, p. 684, pl. 66, fig. 29, textfig. 7.
1958. P. oveyi Bhatia — Batjes, p. 158, pl. 8, fig. 10.

1959. P. sp. — Larsen & Dinesen, p. 83, pl. 6, fig. 7.

1961. Epistominella oveyi (Bhatia) — Kaasschieter, p. 229, pl. 15 fig. 1.
1970. E. oveyi (Bhatia) — Kiesel, p. 299,

Type stratum: Hamstead Corbula beds (Middle Oligocene), Hamstead Hill (England).

Remarks: The specimens are all characterized by small size and glassy appearence.
They differ from the listed synonyms in showing a distinct, convex spiral side (Pl 6,
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Fig. 6b). No conical spiral side observed. Kaasschieter (1961) reported great variation
in the convexity of the spiral side, and conical specimens were very scarce in his
material.

The chamber sutures on the spiral side are limbate, straight and run obliquely
backwards, more or less tangential to the earlier spiral suture, Cursory observations
in the sieve fraction 0.1-0.06 mm indicated that the representation of E. oveyi may
be underestimated. It was very frequently encountered in this finer fraction, and is
probably one of the dominant species.

Dimensions: D: 0.225 mm., H: 0.1_0 mm.

Eponides pygmeus (Hantken) — (Pl. 1, Figs. 11a-b & Pl. 6, Figs. 9a-b)

1875. Pulvinulina pygmea Hantken, p. 78, pl. 10, fig. 8a, b.

21915, Truncatulina pygmea (Hantken) ~ Cushman, p. 38, fig. 41.

71955. Eponides cf. E. pygmeus (Hantken) — Bhatia, p. 683, pl. 67, fig. 7a-c.
1958. E. pygmeus (Hantken) — Batjes, p. 146, pl. 7, fig. 11,

?1961. Cibicides pygmeus (Hantken) — Kaasschieter, p. 219, pl. 14, fig, 1.
1963. Eporides pygmeus (Hantken) — Kiimmerle, p. 49, pl. 7, fig. 9a—c.
1964. E. pygmeus (Hantken) — Hausmann, p. 387, pl. 7, fig. 16.

?1970. Cibicides pygmeus (Hantken) ~ Kiesel, p. 307, pl. 20, fig. 2.

Type stratum: Clavulina szaboi-beds (Oligocene), Budapest area (Hungary).

Remarks: It is characterized by its small size, glassy appearance, and large number
of whorls on the spiral side, usually 4 to 4%2. The number of chambers in the youngest
whorl is 6 to 7. The umbilicus if often filled with a glassy mass.

1t is very doubtful whether the species described by Cushman (1915), Bhatia (1955),
Kaasschieter (1961), or Kiesel (1970) are identical to the specimens observed in the
Sofienlund material. These »synonyms« all lack the high number of whorls on the
spiral side, and even the inner whorls are not visible, The development of »Cibicides<—
aperture in adult specimens (Kaasschieter, 1961) is not observed.

The species is probably under-represented in the material for the same reason as
Epistominella oveyi.

Dimensions: L: 0.20 mm., H: 0.10 mm.

Cibicides aknerianus (d’Orbigny) — (Pl. 3, Figs. 1-6,
Pl. 4, Figs. 1-5 & Pl. 7, Figs. 1-2)
1846. Rotalina akneriana A’Orbigny, p. 156, pl. 8, fig. 13-15,
1942, Cibicides aknerianus (d’Orbigny) — Ten Dam & Reinhold, p. 99, pl. 8, fig. 7.
pars 1949, C. tallahattensis Bandy, p. 110, pl. 20, fig. 5.
1955, C. aknerianus (d'Orbigny) — Bhatia, p. 685, pl. 67, fig. Sa—c.
1958. C. lobatulus (Walker & Jacob) — Batjes, p. 153, pl. 9, fig. 8, not fig. 7.
1963. C. aknerianus (d’Orbigny) — Kiimmerle, p. 55, pl. 9, fig. 3a—-c.

Type stratum: Sticky clay (Tertiary), Nussdorf area (Vienna Basin).

Remarks: A great number of tests of this species occur in the material, representing
all transitions from small (young) to large (adult) specimens. They are all characterized
by a convex umbilical side, usually showing 8% chambers, and a flat (small specimens)
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to concave (large specimens) spiral. side, where only the chambers of the youngest
whorl are visible. The inner whorls are covered by coarse hyaline material (not gra-
nular as in C. ungerianus). Other characteristics are a gradual increase in chamber
size, and regular curved sutures.

The smallest specimens (Pl. 3, Figs. 1-4) have a hyaline filling in the umbilicus.
It is restricted like a knob in the smallest tests (Pl. 3, Figs. 1-2), but become more
diffuse in the larger ones (Pl. 3, Figs. 3—4). The small specimens are also characterized
by limbate sutures flush with the surface. The sutures become threadlike and some-
what depressed only in the youngest part, particularly on the umbilical side, and
this represents the initiation of a lobulate periphery. The older part of the periphery
remains non-lobulate with an imperforate, thickened rim. The flat spiral side may
have a small convex central area due to the covering of the inner whorls, The surface
of these small tests is smooth, finely perforated on the umbilical side and coarsely
perforated on the spiral side. C. tallahattensis shows close morphological resemblance
to these small specimens of C. aknerianus.

The growth of the test (Pl. 3, Figs. 5-6 & Pl 4, Figs. 1-3) gives rise to increasingly
inflated chambers. At the same time, the coarse perforation on the spiral side gradu-
ally spreads onto the umbilical side (P1. 3, Figs. 5-6, P1. 4, Figs. 1-2 & Pl 7, Fig. 1a),
and finally covers the whole test (Pl. 4, Figs. 3-5 & PL. 7, Fig. 2a), Thus the tests gra-
dually develop a more lobulate periphery, more deeply depressed sutures (most clearly
seen on the umbilical side), a more open umbilicus (resulting in the disappearance of
the hyaline filling), a partly involute umbilical side, and a more or less concave
spiral side.

The largest tests (P1. 4, Figs. 4-5 & Pl. 7, Figs. 2a-b) represent the typical C. akne-
rianus with strong convex and partly involute umbilical side and coarse perforation.
These C. aknerianus — affinities are also discernible in the younger parts of the
smaller specimens, whereas in their older parts the characteristics of the smaller spe-
cimens are seen, such as limbate undepressed sutures, hyaline filling of umbilicus,
and thickened imperforate peripheral rim. The smaller specimens show some affinity
to C. tenellus (Reuss) because of the distinct hyaline filling of the umbilicus. However,
the latter species is distinguished by a greater number of chambers in the final whorl
(usually 12), distinct depressed sutures and by all chambers being visible on the spiral
side, Compared with C. lobatulus (Walker & Jacob), Kiimmerle (1963) assumed that
these species may be separated by their test-thickness : test-height (D:H) ratio. Gross-
heide & Trunké (1965) assumed that the C. aknerianus falls within the range of
variation of C. lobatulus. In the Sofienlund material, the test-height of larger speci-
mens is approximately half the test-thickness,

Concerning the frequency of the different forms of C. aknerianus in the present
material, smallest and largest specimens are rare, whereas tests of mean size are
most frequent.

Dimensions: D: (0.174-0.64) mm., H: (0.095-0.37) mm.

Cibicides telegdi Grossheide & Trunké — (Pl. 2, Figs. 9a, b, & Pl. 7,
Figs. 3,4) '
1965. Cibicides telegdi Grossheide & Trunké, p. 157, pl. 14, fig. 10a~c.

Type stratum: Upper Oligocene deposits, Doberg (Germany).

Remarks: The outlines and sizes of the tests are more or less constant, The large
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number of chambers in the final whorl, the almost straight and obliquely directed
sutures and the large hyaline filling of the umbilicus are characteristic features.

The specimens of the Sofienlund material differ from the holotype in possessing
fewer chambers in the final whorl, Usually 10 to 12 chambers occur, compared with
12 to 15 described by Grossheide & Trunké (1965). Furthermore, the spiral side,
having all chambers visible, does not have any opaque covering of the inner whorls.
Some specimens, however, have a cover of milk-like calcite, especially along the spiral
suture. This is assumed to be of secondary origin and is probably a weathering effect.

Dimensions: D: 0.225 mm., H: 0.11 mm.

Nonion affine (Reuss) — (Pl. 1, Fig. 12 & Pl. 9, Fig. 2)

1851. Nonionina affinis Reuss, p. 72, pl. 5, fig. 32a-b.

1958. Nornion affine (Reuss) — Batjes, p. 140, pl. 6, fig. 12. .

1959. N. umbilicatulum (Walker & Jacob) — Larsen & Dinesen, p. 88, pl. 8, fig. 4.

1962. N. affine (Reuss) — Kiesel, p. 65, pl. 9, fig. 14.

1962. N. affine (Reuss) — Indans, p. 53, pl. 7, fig. 7.

1962. N. affine (Reuss) -~ Bettenstaedt, et al., p. 367, pl. 53, fig. 17a, b, tabl 21.
1963. N. umbilicatulum (Walker & Jacob) — Kiimmerle, p. 45, pl. 6, fig. 7a, b.

1964. N. affine (Reuss) — Hausmann, p. 367, pl. 6, fig. 10.

1964. N. affine (Reuss) — Smith, p. 41, pl. 4, fig. 1a, b.

1965. N. affine (Reuss) — Grossheide & Trunké, p. 130.
1969. Melonis affine (Reuss) — Voorthuysen & Toering, p. 107, pl. 6, fig. 6.
1970. M. affine (Reuss) — Kiesel, p. 283, pl. 15, fig. 7.

Type stratum: Septarian Clay, Berlin area (Germany).

Remarks: Large specimens show a well-developed ring around the open umbilicus
(P1. 9, Fig. 2). In smaller specimens the umbilicus is more or less closed by a hyaline
mass, which often covers most of the umbilical area. Weathered tests show closed
umbilicus, limbate and often slightly elevated sutures.

Dimensions: L: (0.185-0.475) mm., B: (0.150-0.385) mm., D: (0.085-0.185) mm.

Pullenia bulloides (d’Orbigny) - (Pl. 7, Fig. 5)

1826. Nonionina bulloides d’Orbigny, p. 293, no. 2. )

1846. N. bulloides d’Orbigny ~ d’Orbigny, p. 107, pl. 5, fig. 9-10.
1914, Pullenia spheroides (4’Orbigny) — Cushman, p. 20, pl. 11, fig. 2.

1924. P. sphaeroides (d’Orbigny) — Cushman, p. 40, pl. 8, fig. 3, 4.
1958. P. bulloides (d’Orbigny) — Batjes, p. 139, pl. 6, fig. 9.

1962. P. sphaeroides (’Orbigny) —~ Kiesel, p. 66, pl. 9, fig. 17.
1964. P. bulloides (4’Orbigny) — Hausmann, p. 394, pl. 7, fig. 10a, b,
1964. P. bulloides (d’Orbigny) ~ Smith, p. 40.

1968. P. bulloides (d’Orbigny) — Schickor, p. 168, pl. 5, fig. 9, 10.
1970. P. sphaeroides (d’Orbigny) — Kiesel, p. 280, pl. 15, fig. 1.

Type stratum: Sticky clay (Tertiary), Nussdorf area (Vienna Basin).

Remarks: The axial section varies from circular to broadly elliptical. The number of
visible chambers is 4 to 51%.

Dimensions: L: (0.15-0.41) mm., B: (0.13-0.375) mm., D: (0.11-0.375) mm.
26 D.gF.23
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Gyroidinoides cf. angustiumbilicata (Ten Dam)
Pl. 2, Figs. 8a,b, Pl. 7, Figs. 6.7 & Pl. 9, Fig. 4)

1944. Gyroidina angustiumbilicata Ten Dam, p. 117, pl. 4, fig. 7.
1961. G. angustiumbilicata Ten Dam — Kaasschieter, p. 212, pl. 12, fig. 4.
1968. G. angustiumbilicata Ten Dam — Schickor, p, 170.

pars 1970. G. angustiumbilicata Ten Dam - Kiesel, p. 290, pl. 16, fig. 5.

Type stratum: Marl (Paleocene), Deep Bore »Americae, Peel area (Holland),

Remarks: The specimens are biconvex, the umbilical side being more convex than the
spiral one. The number of chambers in the last whorl is 8 to 8%2. The specimens are
differentiated from the listed synonyms by the distinct convex spiral side and by
limbate sutures which are flush with the surface. In large specimens the two youngest
sutures may be slightly depressed. In small specimens, the depressed umbilical area is
often filled by a glassy mass. In large specimens, a narrow open umbilicus may be
seen. It is partly filled by a fine-grained material.

The aperture is a typical »Gyroidinoidess aperture, i, e. an extraumbilical-umbilical
slit with a thickened rim as a lip. Along the base of the apertural slit, a granular
glassy mass may be observed in large specimens, which in the SEM (Pl 9, Fig. 4) is-
an area of small conical spines.

The Sofienlund specimens differ from ths specimens described by Kiesel (1970) in
that they possess a narrow rounded periphery and curved sutures on the spiral side.

Dimensions: D: (0.21-0.40) mm., H: (0.11-0.21) mm.,

Gyroidinoides soldanii forma girardanus (Reuss) —
(Pl 5, Figs. 1-5 & Pl. 7, Figs. 8,9)

1851. Rotalia girardana Reuss, p. 73, pl. 5, fig. 34.

1958. Gyroidina soldanii d’Orbigny var, girardana (Reuss) — Batjes, p. 147, pl. 7,
fig. 12.

1962. G. soldanii girardana (Reuss) — Kiesel, p. 69, pl. 10, fig. 7. _

'1962. G. soldanii girardana (Reuss) — Bettenstaedt, et al,, p. 372, pl. 53, fig, 12a, b,
tabl. 21.

1962. Gyroidinoides girardanus (Reuss) — Liihr, p. 144, pl. 5, fig. 10a—c, pl. 9, fig. 3.

1964. Gyroidina soldanii girardana (Reuss) — Hausmann, p. 384, pl. 7, fig. 7.

1965. G. girardana (Reuss) — Spiegler, p. 473, pl. 22, fig. 7.

1970. Gyroidinoides girardanus (Reuss) — Kiesel, p. 288, pl. 16, fig. 2.

Type stratum: Septarian Clay, Berlin area (Germany),

Remarks: The figures of Pl. 5 show the variation from small to large tests, They all
have in common the main characters of the typical Gyroidina soldanii d’Orbigny:
plano-convex test, open umbilicus and acute periphery. The form girardanus differs
from G. soldanii by a stronger convex umbilical side. Hausmann (1964) assumed the
ration D:H is about 1.8 in G. soldanii, whereas it is less than 1.64, usually around 1.3
in the girardanus form. In the Sofienlund material, this ratio varies from 1.6 in small
specimens to about 1.4 in large specimens.

The specimens are referred to the genus Gyroidinoides because of the extraum-
bilical-umbilical apertural slit, extending at least 3 of the distance from the umbilicus
to the periphery. Furthermore, umbilical flaps from younger chambers are often seen
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in the open umbilicus in large specimens (Pl. 7, Fig. 9a), In smaller specimens, the
middle part of the apertural slit is often broadened into the centra] area of the aper-
tural face (Pl. 5, Figs. 1b & PL 7, Fig. 8). This often coincides with a secondary
filling of the umbilical connection with the apertural slit, resulting superficially in an
extraumbilical situation for the aperture. The chamber sutures on the spiral side differ
from the sutures of the listed synonyms in running obliquely backwards, resulting in
a close resemblance to Gyroidina altiformis (R. E. & K. C. Stewart), The latter is
distinguished by greater number of chambers in the last whorl, usually 10 to 11, and
by its slithtly rounded periphery.

Dimensions: D: (0.18-0.57) mm., H: (0.13-0.39) mm.

Gyroidinoides soldanii forma 1 ~ (Pl. 8, Figs: 1-2 & Pl. 9, Fig. 3)

Description: The test is plano-convex, the umbilical side is strongly convex and the
spiral side is plane, or convex in a few specimens, Periphery is rounded, non-lobulate
in small tests, slightly lobulate in large specimens especially in the youngest part.

The umbilical side shows 6 to 8 chambers which are separated by radiate to slightly
curved sutures. In large specimens the youngest sutures are depressed. In the older part,
and in small specimens, the sutures are flush with surface. The umbilical area is de-
pressed with closed umbilicus.

The spiral side, which is plane in small specimens and convex in large specimens,
has all whorls and chambers visible, The number of chambers in the last whorl varies
from 6 to 7 in small tests, and from 8 to 9 in large tests, The chamber sutures
are radiate, flush with the surface; The two youngest are somewhat depressed in large
specimens. The aperture is an extraumbilical-umbilical slit along the base of the last
chamber, and does not cross the periphery. It has developed a thickened rim (Pl 9,
Fig. 3), which in some specimens continues in a small flap in the umbilical area. The
surface in smooth and very finely perforated.

Remarks: From the outline of the tests these specimens are referred to the Gyroidi-
noides soldanii — group. On the strong convex umbilical side especially, they are
much like G. soldanii forma girardanus. The ratio D:H of the tests varies from
approximately 1.3 to 1.5. This form differs from G. soldanii forma girardanus by its
closed umbilicus and the distinctly rounded periphery.

Specimens with a convex spiral side (Pl. 8, Fig. 2) show a close resemblance to
G. mamillata (Andreae) but differ in possessing a closed umbilicus, rounded peri-
phery and less convexity of the spiral side.

Dimensions: D: (0.19-0.29) mm., H: (0.14-0.225) mm.

Gyroidinoides octocamerata (Cushman & Hanna) — (PL. 8, Figs. 3,4
& PL 9, Fig. 5)

1927. Gyroidina soldanii var. octocamerata Cushman & Hanna, p. 223, pl. 14, fig. 1.

1949. Valvulineria octocamerata (Cushman & Hanna) — Bandy, p. 84, pl. 13, fig. 1.

1961. Gyroidina octocamerata Cushman & Hanna - Kasschieter, p. 212, pl. 13, fig. 2.

1962. Gyroidinoides soldanii octocameratus (Cushman & Hanna) ~ Hillebrandt, p. 108,
pl. 9, fig. 6a—c.

1970. G. octocamerata (Cushman & Hanna) — Hansen, p. 106, pl. 13, fig. 1-3.

26*
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Type stratum: Eocene deposit, north of Coalinga (California).

Remarks: The trochospiral tests are more or less plano-convex, with a strongly rounded
periphery. The convex umbilical side has 7 chambers, which are separated by de-
pressed and slightly curved sutures. The umbilical area is depressed with a narrow
open umbilicus. The spiral side is flat, having 8 chambers in the final whorl. The
chamber sutures are depressed and strongly curved. The broadly rounded periphery
is lobulate. The aperture is an extraumbilical-umbilical slit, running from umbilicus
to periphery along the base of the last chamber; it has developed a distinct lip which,
in some specimens, continues in a small umbilical flap, partly covering the umbilicus.
(PL. 9, Fig. 5).

Compared with the other species of Gyroidinoides in the present material, this species
is characterized and separated by its increased chamber-size, elevated chamber, and
distinctly depressed sutures.

Dimensions: D: 0.25 mm. H: 0.13 mm.

Gyroidinoides? sp. 1 — (Pl. 2, Fig. 7 & Pl. 8, Figs. 5,6)

Description: Test low trochospiral, biconvex with broadly rounded periphery. The um-
bilical side is more convex than the spiral side, involute, showing 7 to 8% chambers
separated by slightly limbate and faintly curved sutures flush with the surface. The
umbilical area is broadly and slightly depressed, often partly filled by glassy material.
The umbilicus is completely or partially completely closed. The almost' plane spiral
side is evolute, having all chambers visible, It usually shows 8% chambers in the
final whorl. Chamber sutures are slightly limbate and curved, They may be depressed
especially in the youngest part. ’

The aperture is a low slit, running from umbilicus to periphery along the base of

the last chamber. In some tests the aperture crosses the periphery, so that it may be
seen on the spiral side as an opening at the base of the youngest chamber at the oldest
part of the periphery, but it never extends along the spiral sutures, The aperture is
covered by a distinct lip. The surface is smooth with a relative coarse perforation
on both sides. Wall structure is granulate.
Remarks: The specimens show great affinity to small specimens of G. cf. angustium-
bilicata, but differ in showing a more rounded periphery, slight difference in degree
of convexity between the two sides of the test, and coarser perforation of the test.
The coarse perforation, closed umbilicus, and the low trochospiral (almost »plane«-
spiral) outline, make the reference to the genus Gyroidinoides very doubtful, The
specimens also show great affinity to the genus Anomalina but the apertural exten-
sion along the spiral suture is missing.

Dimensions: D: 0.25 mm., H: 0.13 mm,

Ceratobulimina contraria (Reuss) — (Pl. 8, Fig. 7 & Pl. 9, Fig. 6)

1851. Rotalina contraria Reuss, p. 76, pl. 5, fig. 37.

1958. Ceratobulimina contraria (Reuss) — Batjes, p. 160, pl. 10, fig. 4.

1962. C. contraria (Reuss) — Bettenstaedt, et al., p. 375, pl. 54, fig. 10-12, tabl. 21.
1962. C. contraria (Reuss) — Kiesel, p. 76, pl. 12, fig. 1.

1964. C. contraria (Reuss) — Hausmann, p. 393, pl. 7, fig. 15,
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1965. C. contraria (Reuss) — Spiegler, p. 475, pl. 22, fig. 15.
1970. C. (Ceratobulimina) contraria (Reuss) — Kiesel, p. 318, pl. 21, fig. 3.

Type stratum: Septarian Clay, Hermsdorf (Germany).

Remarks: Large specimens show teeth in the apertural depression, as observed by
Batjes (1958) (Pl 9, Fig. 6).

Dimensions: D: (0.19-0.45) mm., H: (0.125-0.275) mm.

Faunal and stratigraphical discussions

As mentioned above, the faunal species composition throughout the examin-
ed sequence is very uniform. However, some faunal variations, caused by
varying representation between the 11 foraminiferal groups and in some
of the registered species, have been observed. Looking at Fig. 1, the varia-
tions between the most frequent groups (Turrilina alsatica, Nonion affine,
Pullenia bulloides, Gyroidinoides spp., Nordosariacea, and partly Cibicides
spp.) may be characterized as a more or less three-fold repeated fluctuation,
where Turrilina alsatica varies reciprocally to the other groups. A biostrati-
graphical classification of the examined sequence into three zonules, Z 1, Z 2,
and Z 3, is suggested on this basis (Fig. 1). The classification is also supported
by variation in faunal diversity and in slight variations of some of the
register species. The shorter section, no. 2 (Fig. 1) supports this subdivision,
although only one of the repeated variations is found. It is referred to the
uppermost zonule of Section 1, because of its contact with the superimposed
Sofienlund Formation and by the common faunal variation, which differs
slightly from the underlying zonules (see later). The biostratigraphical clas-
sification, based on gradual variations in the fauna, makes distinct separa-
tion of the zonules impossible, so that only their approximate thickness may
be given.
In the following, a faunal description of the zonules together with the
observed variation in species representation is given.
Zonule 1 (Z 1): This consists of the lowermost part of the examined
sequence (Section 1, no. 28 — no. 16). Its lower limit has not been found
. because of the restricted range of the boring equipment used. Vertical thick-
ness is at least 10.4 m. Turrilina alsatica decreases strongly from about
809, at the base to 5-10%, at the top. The other frequent groups,
Nonion affine, Pullenia bulloides, Gyroidinoides spp., Nordosariacea, and
Cibicides spp., all gradually increase in relative frequency, from 59 to
26 %/, 1 9/, to 21 /o, 3 % to 15 %/, 2 %o to (12-15)%0, and 1 % to (5-10)%
respectively. The faunal diversity also increases, being approximately 15 at
“the base and rising to 30 or more in the upper part.
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Nonionelia lobsannensis is often met in this zone, where its maximum
relative frequency, 2.5 %o, is observed. This species is not usually represent-
ed in the samples from the two upper zonules, and if represented then it is
by less than %% % Furthermore, the zonule is also characterized by a
very small representation of the registered species. Other than the three
dominant species, Turrilina alsatica, Nonion affine and Pullenia bulloides,
only a few species are represented by more than 5% of the fauna. These
species, Cibicides aknerianus, Gyroidinoides cf. angustiumbilicata, G. soldanii
forma 1, and Ceratobulimina contraria, have their strongest representation
in the uppermost part of the zonule (Fig. 2). No divergence from the gradual
variation throughout the zonule has been observed. All register species more
or less increase from base to top of the zonule. :

Zoriule 2 (Z 2): The zone consists of the following samples: Section 1,
no. 15 —no. 8, and Section 2, no. 9. Its vertical thickness is 8 to 9.5 m. The
frequent foraminiferal groups show similar variations in relative frequencies
as in Z 1, except for Nonion affine which has its maximum relative fre-
quency in the middle part of the zone and decreases in the uppermost part.

Z 2 is characterized by lower frequency of Turrilina alsatica at the base
than in the two other zonules, viz., about 55 %o compared with 70 to 80 %o
in the other zonules. Furthermore, Glandulina aequalis has maximum re-
lative frequency in this zonule of 4.2 %, but is usually represented with
1.5 %0 to 3.5 %. In the other zonules, it seldom exceeds ¥2 % of the fauna.
As in Z. 1, only a few species may be represented by 5 °o or more (Fig. 2).
These “distinct” representations are all restricted to.the upper part of the
zone,

Zonule 3 (Z 3): This is the uppermost part of the examined sequence,
consisting of the following samples: No. 7 to no. 1 in both sections. Its
vertical thickness is approximately 7 m. The proximity to the surface, es-
pecially in Section 1 (see Christensen & Ulleberg, 1973, pl. 1) may give a
strong and varied secondary weathering effect, resulting in the possibility
of displaced faunas. It probably explains the small inconsistency in faunal
variations between the two sections (Fig. 1). However, the same faunal
variations of the most frequent groups are more or less equivalent in the
two sections. Again, Turrilina alsatica has a maximum relative frequency at
the base of the zonule, approximately (70-80 %), gradually decreasing to
approximately 109, in the middle part of the zonule, but increasing in
the uppermost part. All other frequent groups are more or less reciprocal
in their representation. They all increase upwards to the middle part and
then in the uppermost part show a tendency to decrease.

Z 3 has a small faunal diversity, usually less than 20, particularly at the
base of the zone, where a minimum of 4 was observed in sample no. 7 in
Section 1 (Fig. 1). Furthermore, the zonule is characterized by poor re-
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presentation of the following species, which are well represented in the two
lower zonules: Frondicularia budensis is represented by one specimen in the
complete zonule, whereas in Z 1 and Z 2 it occurs in every sample. Ap-
proximately the same proportions of Stilostomella adolphina, S. longiscata,
Glandulina aequalis (see Fig. 2), and G. dimorpha occur. This might be
explained by secondary pyritisation, because of the closeness to the surface.
Since these species all have relatively large-chambered test, they are probab-
ly susceptible to corrosion and destruction. However, Cibicides telegdi has its
greatest relative frequency in this zonule. It composes usually 212 to 52 %
of the fauna, whereas in the lower zonules it seldom exceed 1 %. Gyroidi-
noides? sp. 1 is also well represented in this zonule (Fig. 2), with its maxi-
mum occurrence, 13.7 % throughout the whole examined sequence (Sec-
tion 1, no. 4). In Section 2, the maximum relative frequency is observed in
no. 4 (13.2 %), indicating that these two samples correspond roughly in
stratigraphical terms.

The divergent faunal variation in the uppermost part of Z 3 compared with
Z 1 and Z 2, may be explained, as this level represents the gradual varia-
tion to a new biostratigraphic zonule, perhaps to a new repeated variation.
Sorgenfrei (1948) assumed that the boundary between Middle and Upper
Oligocene at this locality (i.e. between Viborg Formation and Sofienlund
Formation) indicates a new transgression. Christensen & Ulleberg (1973)
stated that the boundary represents a break. Furthermore, they assumed that
the Viborg Formation was deposited in environments like the present-day
outer continental shelf area. Neither the sediments (Christensen, pers. com.)
nor the foraminiferal fauna show any kind of regressional change in pa-
laeoenvironments in the uppermost part of the sequence. Therefore, it is
assumed that the boundary between the Viborg Formation and the Sofien-
lund Formation in this area represents a distinct hiatus during which erosion
of the top of the Viborg Formation took place. The divergent variation in
faunal composition in the uppermost part of Z 3 indicates the existence of a
biozone which is not represented (or perhaps only by its basal part) in the
clay to-day.

As mentioned earlier, the separation of the zonules is not distinct, be-
cause their junctions are gradual. In the present material, the fauna in sample
no. 8 of Section 2 (Fig. 1) is regarded as a transition fauna between Z 2
and Z 3.

The three-fold faunal displacements are probably due mainly to variations
in palaeoenvironments. Since no variation of planktonic foraminifers has
been observed (Fig. 1), it is probable that no large scale variations in open
marine conditions occurred. Sorgenfrei (1949) and Rasmussen (1961) stated
that the Middle/Upper Oligocene boundary in Denmark is interrupted by
changing conditions, probably of tectonic character. If tectonic events caused
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the repeated faunal zones in the Middle Oligocene sequence examined, they
would also probably effect the sediments. It is noteworthy that no sedimento-
logical variations have been observed (Christensen & Ulleberg, 1973, pl. 3;
Christensen, pers. com.). It is therefore assumed that the environmental va-
riations, which are very small, are probably very local and restricted to or
within the Danish Oligocene Embayment. Because of the central situation of
Sofienlund in the embayment, small variations in sea level could explain the
faunal variations. This idea is also supported by the varying representation
of Pullenia bulloides. According to Porkorny (1963), this species has experien-
ced a “depth-migration” throught time and is quite common in shallow-water
sediments of Miocene age, whereas today it is characteristic of deep-sea
assemblages. In the present material, the inversely proportional representa-
tion of Turrilina alsatica and Pullenia bulloides could indicate slight gradual
variations in sea level. Levels with high representation of Turrilina alsatica
would probably indicate some deeper environments,

To summarise our discussion, the examined sequence of the Viborg Clay
was probably deposited in environments like the present-day outer continental
shelf area. The extremely sparse representation of planktonic specimens
suggests that the palacoenvironment of the “Viborg”-sea was a more or
less strongly restricted (closed) shelf sea, Within this area, slight environ-
mental variations occurred which did not effect the sedimentology. It is re-
duced that at least a three-fold variation took place, probably representing
variation in depth which resulted in the three-fold displacement of the forami-
niferal fauna described here.
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Dansk sammendrag

I det foreliggende arbejde gives en beskrivelse af foraminiferfaunaen i en 27 m
megtig lagserie af det Mellem Oligoczne Viborg Ler fra den nu nedlagte teglveerks-
grav ved Sofienlund i Midtjylland. Lagserien opdeles biostratigrafisk i tre zonuler
baseret pa variationer i foraminiferfaunaens kvantitative sammensztning, Mindre
faunistiske varationer i artssammensatningen er ogsi observeret.

Foraminiferfaunaen domineres af bentoniske kalkskaller. Turrilina alsatica, Nonion
affine og Pullenia bulloides udger tilsammen minimum 40 % af foraminiferfaunaen.
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I det foreliggende materiale er der observeret 112 foraminiferformer. Heraf er 21
former behandlet i en systematisk del omfattende de hyppigste arter, samt nogle
hyppige ikke-bestemte arter og arter med stor morfologisk variation. Gyroidinoides
soldanii forma 1 og G? sp. 1 er to ikke-bestemte arter som er almindelige i materialet.
Arterne Guttulina frankei, Gyroidinoides soldanii forma girardanus og Cibicides ak-
nerianus viser store morfologiske variationer.
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Plate 1

Fig. 1. Guttulina frankei Cushman & Ozawa; a, side view X 75, b, apertural view
X 75.
"Fig. 2. Guttulina frankei Cushman & Ozawa; a, side view X 75, b, apertural view
X 75.

Fig. 3. Guttulina frankei Cushman & Ozawa; side view X 75.

Fig. 4. Gurtulina frankei Cushman & Ozawa; side view X 75.

Fig. 5. Gurtulina frankei Cushman & Ozawa; side view X 75.

Fig. 6. Gattulina frankei Cushman & Ozawa; side view X 75.

Fig. 7. Glandulina aequalis Reuss; side view X 75.

Fig. 8. Glandulina aequalis Reuss; side view X 75.
Fig. 9. Glandulina aequalis Reuss; side view X75.
Fig. 10. Epistominella oveyi (Bhatia); a, spiral side X 120, b, umbilical side X 120.
Fig. 11. Eponides pygmeus (Hantken); a, spiral side X 120, b, umbilical side X 120.
Fig. 12, Nonion affine (Reuss); side view X 90.
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Plate 2
Fig. 1. Stilostomella adolphina (d’Orbigny); side view X 90.

Fig. 2. Stilostomella spinescens (Reuss); side view X 75.

Fig. 3. Stilostomella longiscata (@’Orbigny); side view X 75.

Fig. 4. Stilostomella longiscata (4’'Orbigny); side view X 75.

Fig. 5. Stilostomella hirsuta (d’Orbigny); side view X 75,

Fig. 6. Stilostomella hirsuta (d’Orbigny); side view X 75.

Fig. 7. Gyroidinoides? sp. 1; a, spiral side X 120, b, umbilical side X 120.

Fig. 8. Gyroidinoides cf. angustiumbilicata (Ten Dam); a, spiral side X 75, b, umbili-

cal side X 75.
Fig. 9. Cibicides telegdi Grossheide & Trunko; a, spiral side X 90, b, umbilical side
X 90,
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Plate 3

Fig. 1. Cibicides aknerianus (d'Orbigny); a, spiral side X 105, b, peripheral view
X 105, ¢, umbilical side X 105. ‘

Fig. 2. Cibicides aknerianus (d’ Orbigny); a, spiral side X 105, b, peripheral view
X 105, ¢, umbilical side X 105.

Fig. 3. Cibicides aknerianus (d’Orbigny); a, spiral side X 105, b, peripheral view
X 105, c, spiral side X 105.

Fig. 4. Cibicides aknerianus (d'Orbigny); a, spiral side X 105, b, peripheral view
X 105, c, spiral side X 105,

Fig. 5. Cibicides aknerianus (’Orbigny); a, spiral side X 90, b, peripheral view X 90,
¢, spiral side X 90.

Fig. 6. Cibicides aknerianus (d’Orbigny); a, spiral side X 90, b, peripheral view X 90,
¢, spiral side X 90.
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Plate 4

Fig. 1. Cibicides aknerianus (d’Orbigny); a, spiral side X 75, b, peripheral view X 75,
¢, umbilical side X 75.

Fig. 2. Cibicides aknerianus (’Orbigny); a, spiral side X 75, b, peripheral view X 75,
¢, umbilical side X 75. )

Fig. 3. Cibicides aknerianus (d’Orbigny); a, spiral side X 75, b, peripheral view X 75,
¢, umbilical side X 75.

Fig. 4. Cibicides aknerianus (d'Orbigny); a, spiral side X 60, b, peripheral view X60,
¢, umbilical side X 75.

Fig. 5. Cibicides aknerianus (d’Orbigny); a, spiral side X 60, b, peripheral viesw X 60,
¢, umbilical side X 75.
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Plate 5

Fig. 1. Gyroidinoides soldanii forma girardanus (Reuss); a, umbilical side X 103,
b, peripheral view X 105, c, spiral side X 105.

Fig. 2. Gyroidinoides soldanii forma girardanus (Reuss); a, umbilical side X 105,
b, peripheral view X 105, c, spiral side X 105.

Fig. 3. Gyroidinoides soldanii forma girardanus (Reuss); a, umbilical side X 90,
b, peripheral view X 90, c, spiral side X 90.

Fig. 4. Gyroidinoides soldanii forma girardanus (Reuss); a, umbilical side X 90,
b, peripheral view X 90, c, spiral side X 90.

Fig. 5. Gyroidinoides soldanii forma girardanus (Reuss); a, umbilical side X 75,
b, peripheral view X 75, c, spiral side X 75.
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Plate 6

Fig. 1. Quinqueloculina impressa Reuss; X 225.

Fig. 2. Quinqueloculina impressa Reuss; X 230.

Fig. 3. Turrilina alsatica Andreae; side view X 170.

Fig. 4. Turrilina alsatica Andreae; side view X 275.

Fig. 5. Sigmoilina tenuis (Cjzek); side view X 225,

Fig. 6. Epistominella oveyi (Bhatia); a, oblique umbilical view X 280, b, peripheral
view X 280. ..

Fig. 7. Stilostomella adolphina (d’Orbigny); side view of three chambers X 115.

Fig. 8. Stilostomella spinescens (Reuss); side view of three chambers X 100,

Fig. 9. Eponides pygmeus (Hantken); a, umbilical side (slightly fragmented) X 283,
b, peripheral view X 285,
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Plate 7

Fig. 1. Cibicides aknerianus (d’Orbigny); a, umbilical side X110, b, peripheral side
X 110.

Fig.

2. Cibicides aknerianus (d’Orbigny); a, oblique umbilical view X 85, b, peri-

pheral view X 115.

Fig.

3. Cibicides telegdi Grossheide & Trunké; a, spiral side X 225, b, peripheral view

X 225.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

4. Cibicides telegdi Grossheide & Trunké; umbilical side X 220.

5. Pullenia bulloides (d’Orbigny); peripheral view X 200,

6. Gyroidinoides cf. angustiumbilicata (Ten Damy); umbilical side X 115.

7. Gyroidinoides cf. angustiumbilicata (Ten Dam); peripheral view X 110.

8. Gyroidinoides soldanii forma girardanus (Reuss); peripheral view X 230,

9. Gyroidinoides soldanii forma girardanus (Reuss); a, oblique umbilical view

X 85, b, peripheral view X 85.
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Plate 8

Fig. 1. Gyroidinoides soldanii forma 1; a, peripheral view X 120, b, umbilical side
X 120.

Fig. 2. Gyroidinoides soldanii forma 1; peripheral view X 170. ,

Fig. 3. Gyroidinoides octocamerata (Cushman & Hanna); a, umbilical side X 170, b,
peripheral view X 180.

Fiig. 4. Gyroidinoides octocamerata (Cushman & Hanna); spiral side X 170.

Fig. 5. Gyroidinoides? sp. 1; a, umbilical side X280, b, peripheral view X 280.

Fig. 6. Gyroidinoides? sp. 1; spiral side X 225.

Fig. 7. Ceratobulimina contraria (Reuss); a, peripheral view X 115, b, umbilical side
X 115,
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Plate 9

Fig. 1. Sigmailina tenuis (Czjzek); granular “coating” of inner whorls X 1100,

Fig. 2. Nonion affine (Reuss); umbilicus X 255,

Fig. 3. Gyroidinoides soldanii forma 1; apertural lip X 335,

Fig. 4. Gyroidinoides cf. angustiumbilicata (Ten Dam); apertural slit X 340.

Fig. 5. Gyroidinoides octocamerata (Cushman & Hanna); umbilicus and umbilical
area X 570.

Fig. 6. Ceratobulimina contraria (Reuss); aperture X 370.
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