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Abstract
The black shales of lower Toarcian (Schistes Carton in France, Jet Rock in England, Posidonia Shale in Germany) are sediments
formed by fine alternations of millimetric to sub/millimetric clear and dark laminae. A study of polished core surfaces
(Dotternhausen core, SW Germany) was carried out in SEM in order to characterize the micro‐fabrics of different laminae and their
content in nannofossils. Two main intervals were recognized where fabrics and nannofossil content are significantly different. In
the clay‐rich interval, characterized by high wt.%TOC and a large negative carbon isotope excursion (both in carbonates and
organic matter) the dominant micro‐fabrics are well foliated or lumpy, giving evidence of the absence or reduction of benthic life.
Nannofossils are scarce and only concentrated in discrete laminae separated by large, abiotic intervals. Assemblages are indicative
of a deep nutricline, but sporadic nutrient inputs occurred, as demonstrated by fluctuation in abundance of specimens of the
Biscutaceae. Nutrients were probably delivered to the German basin via riverine influx. Different sized framboids of pyrite were
recognized in this interval, the smallest ones (∼ 2 μm) being probably precipitated in an anoxic and sulphidic water column. The
clay‐rich interval was likely deposited during low sea level in a restricted basin. These conditions were followed by a sea‐level rise
and better water‐mass circulation within the German basin. Sedimentation records an increase in carbonate deposition, organic
matter content decreased, and carbon isotopes came back to pre‐excursion values. Micro‐fabrics became less markedly laminated,
pyrite framboids nearly disappeared, and rich and diversified nannofossil assemblages are recorded. Sea‐water conditions were
probably highly fluctuating, as indicated by alternation of intervals dominated in turn by Schizosphaerella spp., flourishing under
generally oligotrophic conditions, where nutrients were temporarily available in surface waters due to storms, and by Crepidolithus
spp., a deep‐dweller. The results of this work fit well with a silled‐basin model.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction
An increasing interest is devoted to the study of the
Early Toarcian anoxic event and much effort has being
done to understand the causes and mechanisms driving
such event. Studies on geochemistry (Hesselbo et al.,
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2000; Schouten et al., 2000; Röhl et al., 2001; Schmid‐
Röhl et al., 2002; Jenkyns et al., 2002) indicate an
important negative excursion in δ13C values recorded
both in bulk rock, organic matter and fossil wood.
Conversely, the δ13C record from belemnite rostra does
not show the large negative excursion (McArthur et al.,
2000; van de Schootbrugge et al., 2005). Two models
are discussed by the different authors to explain such
isotope anomaly, namely a Küspert (1982) mechanism
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(recycling of DIC from the deeper layers of a stratified
water column; Saelen et al., 1996; Schouten et al., 2000;
van de Schootbrugge et al., 2005), and a mechanism
implying methane release in the atmosphere/hydrosphere system and its subsequent oxidation to isotopically light CO2 (Hesselbo et al., 2000; Jenkyns et al.,
2002; McElwain et al., 2005; Kemp et al., 2005). Some
of the previous studies measured bulk rock isotopes in
considering that bulk carbonates were produced by
nannofossils (Saelen et al., 1996; Röhl et al., 2001;
Schmid‐Röhl et al., 2002; van de Schootbrugge et al.,
2005). However, studies on absolute and relative
nannofossil abundances indicate that the carbonate
fraction provided by nannofossils is variable in rocks
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of Toarcian age and very limited during the negative
carbon isotope excursion (Bucefalo Palliani et al., 2002;
Mattioli and Pittet, 2002; Mattioli et al., 2004).
Nannofossil assemblages of Toarcian age are
increasingly used to interpret paleoenvironmental
conditions in the photic zone of ancient oceans
(Bucefalo Palliani et al., 1998, 2002; Erba, 2004;
Mattioli and Pittet, 2004; Tremolada et al., 2005), and
in particular to decipher nutricline depth as function of
stratification vs. mixing of surface waters. Different
taxa seem to flourish under peculiar ecological
conditions, and changes in assemblage composition
translate environmental fluctuations with a certain
degree of confidence.

Fig. 1. (a) Paleogeography of the western Tethys in the Toarcian and location of the Dotternhausen core (Modified after Bassoullet et al., 1993). (b)
Litho‐ and biostratigraphy of the Dotternhausen core. Ammonite zones are from Riegraf, 1984. The C. superbus nannofossil zone is placed according
to Mattioli et al. (2004). The stratigraphic position of main carbonate banks is also displayed. Carbon isotope values measured on bulk rock and
organic matter, and Total Organic Carbon (TOC) are after Röhl et al., 2001.
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Goal of this study is to describe nannofacies in
SEM in order to 1) document if the fine fraction
carbonates of Toarcian rocks are actually formed by
nannofossil accumulation, and 2) analyse the temporal
(i.e., stratigraphical) evolution of assemblages in order
to reconstruct paleoenvironmental changes across the
Early Toarcian anoxic event. This second point is here
approached by coupling nannofossil analysis with the
description of the ultrastructure of sediments in
nannofacies. The section selected for this high‐
resolution study is Dotternhausen (SW Germany)
where a continuous core was drilled across the
Posidonia Shales. The Dotternhausen section was
located from a palaeogeographic point of view in the
SW German basin that was part of a vast system of
epi‐continental basins bordering the north side of the
western Tethys ocean (Fig. 1a). This section has been
the object of several detailed studies dealing with
ammonite biostratigraphy (Riegraf, 1984), sedimentology (Röhl et al., 2001; Röhl and Schmid-Röhl, 2005),
geochemistry (Schouten et al., 2000; Röhl et al., 2001;
Schmid‐Röhl et al., 2002; van de Schootbrugge et al.,
2005), and microfossils (Mattioli et al., 2004).
Although Röhl et al. (2001) illustrated some SEM
ultrastructural images of the Posidonia Shales from
Dotternhausen, a systematic study of the evolution
through time of nannofacies was never performed. This
kind of analysis seems to be a powerful tool to
understand high‐resolution environmental changes, as
demonstrated by Thomsen (1989) and more recently
by Lees et al. (2004). These authors were able to
recognize changes in nannofossil assemblage related to
seasonal cycles for the Cretaceous and Upper Jurassic,
respectively. Concerning the Toarcian, only Goy et al.
(1979) has analysed nannofossils in SEM in cores from
the Schistes Carton of the Paris basin. His goals,
however, mainly concerned taxonomy and only
marginally the description of nannofacies.
2. Materials and methods
The Dotternhausen section (Rohrbach Cement
Quarry, SW Germany) is well dated by ammonites,
several zones and subzones being defined by Riegraf
(1984; Figs. 1a and 2). The H. falciferum ammonite
Zone is characterized by an important negative excursion in δ13C, and an increase in organic matter preserved
in the sediments, as testified by high wt.%TOC (up to
∼ 15%), likely linked to environmental anoxia (Röhl
et al., 2001). Our study focuses on the interval
comprised between the D. tenuicostatum and H.
falciferum ammonite Zones (Fig. 1b).

The sediments analysed in this work result from a
coring of mixed siliciclastic‐carbonate rocks (Fig. 2).
The nine cores correspond to a total thickness of three
meters. The whole core covers the interval corresponding to the Early Toarcian anoxic event and the negative
excursion in δ13C, followed by the return of δ13C to
more positive values (Fig. 1b). Macroscopic analysis of
the cores reveals a quite homogeneous facies. Rocks are
mainly dark brown‐coloured mudstones. Lamination
(subcentimetric to infra millimetric) is well preserved
and easily visible in the black shale interval thanks to
alternations of light and dark laminae, correlating with
variable carbonate content. Light laminae are formed by
carbonates partly produced by the accumulation of the
nannofossils; dark laminae result from the accumulation
of organic matter and clay (Röhl et al., 2001).
Millimetric pyrite nodules are observed within some
laminae. These nodules are widespread in the argillaceous matrix and their lengthening due to the compaction
coincides with the direction of stratification. A few
carbonate levels interrupt the monotony of the mudrock.
These carbonate‐rich horizons (Steinplatte, Oberer
Stein, Obere Bank) are well lithified. Some of these
levels display normally sorted silts and a lamination
being interpreted as indicative of storm deposit.
The interval analysed here lacks of macrofossils,
both epi‐ and endobenthic fauna. Only the carbonate‐
rich levels contain very rare fossil remains of juvenile
bivalves (Röhl et al., 2001).
2.1. Preparation of samples for nannofacies analysis
The Dotternhausen core was cut longitudinally into
two subsamples. Different core intervals were selected
for a study of the laminae composition in SEM,
according to lithology, geochemistry as well as
abundance in nannofossils (Röhl et al., 2001; Mattioli
et al., 2004). The different selected subsamples were cut
with a saw with an angle of approximately 50° with
respect to the microlamination. This technique makes it
possible to increase the surface of observation of
microlaminae, and was used for the preparation of the
majority of the samples. Alternatively, in the carbonate‐
rich facies, freshly exposed surfaces were obtained by
using a hammer and a chisel to detach small chips (3–
5 cm2) that were blown free of fine debris. Freshly
exposed surfaces provided better results in SEM than
surfaces cut with a saw. The relief of particles was
enhanced in freshly exposed surfaced, conversely the
surfaces obtained by sawing presented in some cases
crushed nannofossils as well as the infilling of the
residual porosity of the sample by detached debris. As a
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Fig. 2. Picture of the analysed cores and their stratigraphic position. Dark/white laminae are well visible in different cores, although in some intervals lamination is tenuous. The black lines at the right
of the stratigraphic column represent the intervals studied in SEM.
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consequence, textural characters and microstructures
appear much cleaner in freshly exposed surfaces. These
two methods of sample preparation are rather complementary in the analysis of the ultrastructure of clay‐rich
carbonates. Cut surfaces better display the arrangement
of the elements or laminae in the space; freshly exposed
surfaces better preserve the relief and structure of rock
samples. Slabs were then cut parallel to the first surface

in order to reduce the thickness of the samples (less than
1.5 cm) and have a horizontal surface to be studied in
SEM. Each slab and chip was washed with water in
order to eliminate clay debris. After being dried 24 h in
an oven at 50 °C, the samples were ready to be coated
with gold–palladium in a sputter‐coater (here we used a
Technics Hummer II sputter‐coater). Coating consists of
vaporizing the surface of the slabs with a very thin layer

Plate I. In this plate and the following, arrows indicate the stratigraphic polarity. Scale bars are shown in each microphotograph. (see on page 63)
1–3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Composite sketch showing the foliated fabric. Magnification is weak (see scale bar).
Valve of a relatively well‐preserved schizosphere.
Proximal view of Crepidolithus crassus draped by clay minerals.
Framboid pyrite sandwiched between two clay layers. It is well visible in this frame the different size of the framboids, and of the crystallites
composing them.
Distal view of Calyculus and a valve of Schizosphaerella partly draped by clays.
Very small coccolith of Zeugrhabdotus erectus (distal view).
Zeugrhabdotus partly draped by clays.
Rest of a discolith–coccolith (probably a Mitrolithus) in lateral view.
Small Biscutum (distal view) and rests of a schizosphere.
Distal view of Similiscutum cruciulum draped by clay.

Plate II. (see on page 64)
1–3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Composite frame of the lumpy fabric.
A badly preserved specimen of Staurorhabdus quadriarcullus.
Picture showing the presence of a microlamination in this fabric. Rests of broken schizospheres are visible, as well as framboid pyrite and
fragments of coccoliths.
Fragment of a badly preserved coccolith.
Small “island” formed by chaotically arranged clays.
Microlamination visible at a magnification of 300×.
Framboid formed by octahedral pyrite crystals more or less connected (and probably infilling) a schizosphere valve.
Framboids infilling the two, in place valves of a schizosphere.
Two badly preserved coccoliths; the one in the top of the picture is probably a Calyculus.
A small coccolith (probably a Similiscutum) draped by clay; pyrite framboids.

Plate III. (see on page 65)
1–3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Composite sketch at a weak magnification (see scale bar) of the mixed fabric.
A relatively well‐preserved schizosphere and three Similiscutums.
Rests of broken Schizospheres and fragments of coccoliths. In the top right, a Calyculus depressus in distal view.
Mechanically broken coccoliths.
Various coccoliths in an argillaceous matrix.
Three Similiscutums surrounded by elements of fragmented schizospheres.
Distal view of Biscutum surrounded by elements of fragmented schizospheres.
Coccoliths (a probable Bussonius) with pyrite framboids.
A Lotharingius barozii (distal view) draped by clays.
Different fragments of coccoliths, and a mould of a coccolith (in the centre).

Plate IV. (see on page 66)
1.
2.
3, 4.
5.
6.
7.

Granular fabric only recorded in the Unterer Stein. Different kinds of micarbs are visible.
Typical grid structure of Schizosphaerella valve.
Similiscutums (distal view) in a clay matrix.
Pyrite framboid surrounded by the rests of a collapsed schizosphere.
Distal view of Crepidolitus crassus.
Tiny Lotharingius (distal view) within a mass of different‐sized micarbs.
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Plate I (caption on page 62).
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Plate II (caption on page 62).
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Plate III (caption on page 62).
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Plate IV (caption on page 62).
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of gold evaporated by ionisation in vacuum conditions
(less than 130 mTorr). The quality of coating is
dependent on several parameters, such as the distance
sample–cathode, the time of exposure to the gold–
palladium rain, the amperage coupled with the voltage
of the sputter‐coater. These different parameters control
the thickness of coating that is dependent on the
following parameters:
Th ¼ mA⁎kV⁎t ⁎K
The physical parameters of coating used in this work are
the following: mA = 10, kV = 1.5, t = 4 min, and K
(constant of Argon used for the vacuum) = 5. Th being
the thickness of coating in ängstrom.
The thickness of coating is a major parameter
controlling the quality of the image in SEM. After
different tests, a thickness of coating between 270 and
300 Å was found ideal to observe objects in the size
range of coccoliths. To obtain this thickness, the
distance sample–cathode used in the sputter‐coater
was 3 cm. Coated samples were then stored in an
oven at 50 °C in order to avoid the absorption of
humidity by clay minerals. Humidity makes difficult
and long‐lasting the vacuum setting in the room of the
SEM. Slabs and chips were temporarily mounted to a
3 × 4 cm stubs, coated surface upwards. Nannofacies
analysis was carried out in a Hitachi s800 SEM, in the
Microscopy Centre of University Claude Bernard,
Lyon1. Analyses in the SEM were carried out with an
emission of 15 kV, which provides the frame grabbing
with a good contrast and prevents the effects of
“parasitic snow” appearing with high magnification.
Size and porosity of the sample control the time to
obtain the vacuum in the room of the microscope. This
time can be reduced by addition of liquid nitrogen in the
reservoir surrounding the SEM room. The nitrogen
drives a reduction of temperature (lower than − 100 °C)
that favours the lowering of the pressure in the SEM
room and makes steady the vacuum. This makes it
possible a good transmission of the electrons.
The various slabs were scanned perpendicularly to
the microlaminae. For routine observations, a magnification of 3000× was chosen. With this magnification,
the scanned surface corresponds to 30 μm in width.
Each nannofossil or peculiar structure was photographed at higher magnification (until 20,000×) and
the distances with respect to the edge of the slab were
systematically measured. These measurements, corrected by the 50° angle of the cut, were used to
estimate the distance between the levels in which
nannofossils were recognized along the studied core
interval.
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In order to obtain a significant nannofossil dataset,
several hundreds of microphotographs on different core
sections were achieved. As observations in the SEM are
very long, we could study small intervals in each slab, a
window comprised between 3 mm (corresponding to a
surface of 9 ⁎ 104 μm2) and 12 mm (36 ⁎ 104 μm2) of
length, according to the abundance of the fossil material
in different samples. Please, note that in order to obtain
powder to produce smear slides, normally a surface
comprised between 1 and 3 mm2 (or more) is normally
crushed. The entire set of characters observed on the
surface of different samples (nannofossil abundance,
textures and minerals) was used to define different
nannofacies.
3. Results
3.1. Description of the different nannofacies
Two main facies were recognized macroscopically:
an argillaceous facies, observed in the majority of the
studied core, and a carbonate facies, characterizing the
Steinplatte, Oberer Stein, Obere Bank beds. Essentially,
clay‐rich sediments dominate the interval of the core
that corresponds to the anoxic event.
3.1.1. Argillaceous facies (Plates I–IV)
The analysis in SEM shows that the clay fraction is
dominating. Laminae are variably preserved and very
often they appear as amalgamated layers. Lamination is
sometimes not visible macroscopically but it may
appear under magnification. An abundant component
in this facies is framboid pyrite. Pyrite ‘framboids’
(Rust, 1935) are minute raspberry‐shaped sub‐spherical
aggregates, 2–50 μm in diameter, composed of
assemblages of tiny crystallites of 0.5–2μm, often in
geometrical arrays. Each crystallite is euhedral and
looks like a truncated octahedral (Plates I,6 and II,9).
These framboids are more or less abundant according to
the different fabrics. Laminae that contain abundant
pyrite framboids, as well as small millimetre‐length
pyrite nodules, display two sizes of crystals, measuring
few to some tens of microns respectively (Plate I,6). The
spherical framboids present two ranges of size, around
6 μm and 2 μm. The 6 μm‐sized framboids are
sometimes observed to infill the internal porosity of
the hemi‐valves of Schizosphaerella (a probable calcareous dinoflagellate; Kälin and Bernoulli, 1984). The
crystallites forming these larger framboids are bigger in
size (∼ 1 μm; Plate II,9) than those found in the smaller
framboids (less than 0.5 μm; Plate I,6). Occasionally,
pyrite crystallites were also observed as more or less
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regular plates, mainly observed within inter‐laminae
porosity.
Nannofossils (coccolithophorids and schizospheres)
constitute the majority of the fine calcareous fraction.
The dimensions of the observed nannofossils are
sometimes reduced compared to the sizes inferred in
the literature (Bown, 1987). Nannofossils do not appear

to be randomly or continuously distributed in the
sediment, they only occur in some laminae that seem
quite continuous laterally. The smallest coccoliths,
mainly the tiny discoliths of the Zeugrhabdotus and
Crucirhabdus genera, bear sometimes signs of etching.
Overgrowth of coccoliths and schizospheres was never
observed in this facies.

Fig. 3. Diagram illustrating the abundance of nannofossils per mm, quantified in the scanned core in SEM. Nannofacies are also reported next to the
abundance bars. Nannofossil quantities are low in the interval where a negative δ13C excursion occurs, whilst they recover when carbon isotope
values become more positive.
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Microlaminae in the argillaceous facies can seldom
show light lateral irregularities that can be related to: (1)
a development of bacterial films, (2) the sporadic
development of sea‐bottom currents producing micro‐
rides, (3) the effect of storm waves attaining the sea‐
bottom, (4) the product of distal turbidites, or (5) as in
the case of nannofossil‐bearing microlaminae the
accumulation of faecal pellets.
Different fabrics were recognized in the argillaceous
facies (Plates I–IV).
(1) Foliated fabric (Plate I): it is observed in various
stratigraphic intervals with respect to the negative
δ13C excursion, namely below, in the intermediate
part, and at the top of the negative shift (Fig. 3).
Texture is foliated as the clay minerals are arranged
in a parallel way. Microlamination is very well
preserved in this kind of fabric and a sort of
micrometric foliation characterizes the sediment,
with clay minerals parallel to the bedding plane
(Plate I,2). Sporadically, such as at the base of the H.
falciferum ammonite zone or in the sample BS 99
(Fig. 3), the foliated fabric can be chaotic and show a
certain degree of porosity. The size range of the clay
minerals may vary between several tens to few
microns. Their margins are irregular (Plate I,2).
Nannofossils often appear draped by clay that masks
the original coccolith structures, thus making difficult the identification at a specific level. However, a
determination to the genus level stays possible. The
foliated fabric often displays interbedded, carbonate‐
rich microlaminae made up of clusters of disarticulated schizospheres. This kind of microlaminae rich
in schizospheres was observed in the levels below the
negative δ13C excursion (Fig. 3).
(2) Lumpy fabric (Plate II): it is recorded at the base
of the Steinplatte bank as well as at the base of the
negative carbon isotope shift (Fig. 3). This fabric is
composed of calcite micro‐grains with variable shape
and of fine clay layers (micrometric to intra‐
micrometric) forming a more or less coalescent
matrix. The resulting texture is more compact and
less layered compared to the foliated fabric, with the
exception of few, clay‐rich islands preserving a
micro‐laminated feature (Plate II,7). Lamination, still
visible at 2000× (Plate II,8), becomes difficult to be
observed at a higher magnification. Nannofossils are
rather scarce in this facies (Fig. 3), and are very often
masked by argillaceous particles. Pyrite framboids
are quite abundant (Plate II,9–10).
(3) Intermediate foliated/lumpy fabric (Plate III): it is
the most widespread in the interval corresponding to

69

the negative carbon isotope excursion (Fig. 3). This
mixed fabric can alternate with the purely foliated
fabric, forming very thin microlaminae (∼ 20 μm).
Nannofossils are relatively more abundant in this
facies than in other fabrics, as well as pyrite
framboids (Fig. 3). Nannofossils seem to be better
preserved than in the other argillaceous facies.
Microlamination is easily visible (Plate III,1–3).
Locally, submillimetric calcite lenses are observed
that are very stretched probably due to compaction
effects. These lenses very probably correspond to
faecal pellets, reported to as common in the
Dotternhausen section by Röhl et al. (2001). Studies
in progress (Mattioli, personal communication) show
that faecal pellets are very abundant in the interval
corresponding to the negative shift in δ13C, and
nannofossils are abundantly found inside them.
These lenses contain coccoliths and variably fragmented schizospheres, sometimes almost completely
fragmented into micarbs (1–2 mm sized calcite
crystals, likely produced by fragmentation of nannofossils or small planktonic foraminifers; Cook and
Egbert, 1983; Plate III.9). In certain levels, imprints
of nannofossils on clays are observed (Plate III,12).
(4) Granular fabric (Plate IV): this texture is
exclusively recorded in the carbonate Unterer Stein
bed (Fig. 3). This bed is interpreted as diagenetic in
origin and corresponds to the most negative values of
the δ13Cbulk (Fig. 2). Macroscopically, light laminae
(millimetre‐thick) are observed. In SEM, the fabric is
composed of fine calcite grains (micarbs) of variable
ahedral form, showing a chaotic arrangement (Plate
IV,1). The size of grains is rather homogeneous (sub‐
micrometric to micrometric). Microlamination is
very weak because of a relatively isotropic arrangement of the elements. Clay rich layers are observed
very rarely. Nannofossils are very scarce in this fabric
(Plate IV,1).
3.1.2. Carbonate‐rich facies (Plate V)
The carbonate‐rich facies, in which the carbonate‐
rich fabric (5) was defined, is found stratigraphically at
the end of the δ13C negative excursion, where values
come back to more positive (Fig. 3). Nannofossils are
very abundant, and are better preserved than in the facies
with an important argillaceous fraction. The observed
specimens do not display strong etching/overgrowth,
even if they appear included in cements. Some small
forms of coccoliths or protococcoliths (i.e., incomplete
coccoliths, dimension of about 3–4 μm) are nicely
preserved (Plate V), although some other nannofossils
appear slightly overgrown. In this calcareous facies,
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schizospheres are very abundant (Plate V,1–3). Their
preservation state is variable, it may vary from quite
pristine with still joint valves, to almost completely

fragmented valves. This fragmentation seems to be
mechanical and contributes to produce a part of the fine
carbonate fraction, i.e. the micarbs (Plate V,8). Three
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different types of micarbs are distinguished on the basis
of their shape and size. The fragmentation of schizospheres produces square plates whose size corresponds
to 0.5–0.8 μm. Cubic calcite crystals are sometimes
observed as infilling the porosity of the grid forming the
schizosphere valves. The cubic, euhedral micarb
(smaller than 1 μm) correspond therefore to cements
that are released after fragmentation of the valves. The
third type of micarb is formed by ahedral, irregular
calcite crystals (0.5–1.5 μm), of uncertain origin. The
different kinds of micarbs are rare in the clay‐rich facies,
with the exception of the granular fabric that is
essentially composed by ahedral micarbs. Pyrite framboids are present in relatively small proportion in the
carbonate‐rich facies.
This facies is also characterized by the development
of cements, composed of large, fibrous calcite crystals.
The chaotic arrangement of cements in SEM is
probably responsible for the absence of a perceptible
microlamination. Occasionally, some rhombohedral
dolomite crystals are observed. These present sometimes the shape of a residual annular skeleton,
indicating a probably diagenetic de‐dolomitization
process.
3.2. Calcareous nannofossils
Relative abundance of calcareous nannofossils (coccoliths and schizospheres) was evaluated in SEM
(Fig. 3). The SEM analysis allowed identification of 15
genera and 19 species. Identification at a species level
was sometimes prevented by a relatively poor preservation state of the coccoliths; protococcoliths could not be
easily attributed to a precise species. The stratigraphic
distribution of nannofossils and nannofacies is illustrated
in Fig. 3. Each interval of the clay‐rich portion of the core
observed in SEM provided a species richness between 4,
for the poorest levels, and 12 taxa. The assemblage
composition and fossil abundance little fluctuate strati-
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graphically. However, a clear alternation (at a micrometric scale) is observed between levels where no
nannofossils were found (mean thickness 100–500 μm)
and thin levels (20–30 μm), laterally continuous,
enriched in nannofossils.
3.2.1. Correlation between nannofacies and nannofossil assemblage
Coccolithophorids and Schizosphaerella are the
major microfossil components of the sediments studied.
Their distribution is more or less related to the
nannofacies (Table 1) and may reflect primary environmental conditions. Schizospheres are the most widespread specimens in the studied samples, and they are
abundant in the carbonate‐rich banks, where they are
included in faecal pellets, and within the intermediate
foliated/lumpy fabric. The genera Crepidolithus, Calyculus, Lotharingius and the Biscutaceae are found
throughout more frequently than other coccolith genera
that are rare (i.e., Crucirhabdus, Bussonius, Mitrolithus, Zeugrhabdotus) or very rare (Parhabdolithus,
Mazaganella, Tubirhabdus, Staurorhabdus, Sollasites).
Some taxa, such as the Biscutaceae, tend to be present in
higher proportion in the interval where carbonate‐rich
levels occur. Some intervals were nearly barren in
nannofossils (samples 3a and 7b; Table 1, Figs. 2 and 3).
In order to better constrain the relationships between
nannofacies and nannofossil content, a Factorial Correspondence Analysis (FCA) was carried out using the
logarithm of percentages of the most abundant genera
(Fig. 4). Percentages were calculated using the number
of specimens of the same genus found in each facies.
Large framboids (∼6 μm) were also introduced in the
analysis, because most of them represent the infilling of
empty schizosphere valves. The totality of nannofossils
and framboids recorded in each facies corresponds to
100% of the assemblage. FCA was applied after a χ2 test,
in order to see whether the values of the table of
contingency deviate significantly from a random

Plate V.
1 and 2. Composite sketch of the carbonate‐rich facies. Nannofossils (both schizospheres and coccoliths) are more abundant in this facies than in the
fabrics recorded in the clay‐rich interval.
3. Schizosphere valve with synthaxial recrystallization.
4. Zeugrhabdotus erectus in distal view.
5. Different Parhabdolithus liasicus in proximal view, probably the rest of a broken coccosphaere.
6. A probable Mazaganella in proximal view, the three superposed shield forming the coccolith are visible.
7. Crepidolitus cavus (proximal view) within spathic cement.
8. A probably broken Calyculus surrounded by cubic micarbs.
9. A partly broken Lotharingus barozii (on the left, distal view) and a probable Biscutum dubium (on the right).
10. A discolith–coccolith (probably a Zeugrhabdotus erectus).
11. Sollasites with a well‐preserved structure in the central area (proximal view).
12. Similiscutums and fragments of schizospheres.
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Table 1
Relative abundance (percentage) of dominating nannofossil taxa and
pyrite framboids in the different facies
Nannofossils
assemblage

% in
foliated
fabric

% in
lumpy
fabric

% in
mixed
fabric

% in
% in
granular carbonate‐
fabric
rich fabric

Schizosphaerella
Framboids
Calyculus
Crepidolithus
Similiscutum +
Biscutum
Sollasites
Lotharingius
Other coccoliths

18.62
20.00
18.18
11.32
17.39

6.90
23.53
40.91
3.77
4.35

22.07
36.47
22.73
33.96
26.09

2.76
9.41
0.00
1.89
13.04

49.66
10.59
18.18
49.06
39.13

0.00
25.00
14.37

0.00
0.00
8.05

0.00
50.00
29.31

0.00
6.25
5.17

100.00
18.75
43.10

distribution between taxa and facies. The results of the
χ2 test (calculated on the basis of data shown in Table 1)
indicate that the assemblages are statistically different in
the various nannofacies, with a χ2 of 99.5 for a degree of
freedom of 24. Therefore, nannofossils are not distributed randomly in the nannofacies. The effects of
autocorrelation between variables were automatically
eliminated before the FCA analysis by using the software
PAST. This operation makes the factorial axes independent. The graphic result of the FCA (Fig. 4) indicates the
existence of a first factor on which loaded in opposition
pyrite framboids (well represented in several clay‐rich
fabrics) and Sollasites (significantly present in the
carbonate‐rich facies). On the second factor species
with an important loading are Similiscutum and Biscu-

tum (present in all facies) opposed to Calyculus (absent
in the granular facies). This second factor is definitely
less strong than the former one.
4. Discussion
4.1. Diagenesis as deduced from nannofacies
Nannofossils of the Dotternhausen core are sometimes mechanically broken (Plate II,9), especially in the
clay‐rich facies with important organic matter content.
This mechanical fragmentation could be due to the
effect of sedimentary compaction. Alternatively, as in
the clay‐rich facies nannofossils are mainly found in
faecal pellets, their breaking may be due to digestion in
the stomach of the consuming zooplankton organisms
(mainly Copepods in modern oceans). Chemical corrosion of coccoliths does not occur during digestion, but a
mechanical fragmentation (Pilskaln and Honjo, 1987).
Etching is observed to affect mainly the tiny discoliths
of the clay‐rich facies (Plate I,10). Overgrowth is quite
limited, with the exception of the synthaxial recrystallization of some specimens of Schizosphaerella observed in
the carbonate‐rich facies. In the studied sediments,
particularly in the clay‐rich facies, the quantity of organic
matter is important (Röhl et al., 2001). The early
diagenetic decomposition of organic matter, mainly due
to bacterial activity (Curtis, 1980), produces a CO2
release within the interstitial, diagenetic fluids. These are
therefore enriched in carbonic acid, which causes a pH
decrease in the diagenetic environment. The tests of

Fig. 4. Graph displaying the results of the FCA applied to nannofacies, pyrite framboids (∼6 μm in size, infilling the empty hemi‐valve of
Schizosphaerella), and the genera dominating in the assemblages. Autocorrelation between axes was automatically eliminated by the software PAST.
Only two major factors resulted from this analysis: on the 1st one loaded Sollasites in opposition to pyrite framboids; the opposition of Calyculus and
Similiscutum + Biscutum genera characterizes the second axis.
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solution‐susceptible nannofossils are rarely observed to
be etched mainly along the suture lines between the
calcite platelets forming the coccoliths (genera Zeugrhabdotus or Crucirhabdus for example), producing the
partial or total fragmentation of coccoliths (Adelseck
et al., 1973). In the carbonate‐rich facies, one may think
that as carbonate dissolution progresses on delicate
coccoliths, resistant nannofossils (i.e., Crepidolithus or
Schizosphaerella) behave as receptor of the dissolved
carbonates (Adelseck et al., 1973) forming synthaxial
cements that reduce the sediment porosity. In this facies,
however, very small and fragile forms of protococcoliths
do not seem to have suffered of selective dissolution. The
source of the calcite precipitating as synthaxial cements is
likely not coccolithic in origin but stays unknown.
The results of the present study, namely a relatively
poorer nannofossil preservation in the clay‐rich sediments, enriched in organic matter, with respect to the
carbonate‐rich deposits, are partly different with respect
to what reported for other Toarcian black shales (Noël,
1973; Goy et al., 1979). The preservation state of
nannofossils is nearly pristine in the argillaceous facies
enriched in organic matter of the Schistes Carton (Paris
basin). Clay minerals and organic matter are interpreted
as reducing the diagenetic impact and preserve delicate
nannofossil structures, because they prevent migration
of the interstitial fluids (Noël, 1973; Goy et al., 1979).
Diagenesis is also responsible for the presence of
small, inframicrometric crystallites, the micarbs (Cook
and Egbert, 1983), mainly observed in the carbonate‐rich
banks and the calcite micro‐lenses of the clay‐rich
intervals. These small crystallites of a large variety of
shapes can result from various taphonomic mechanisms.
The micarb that have a variable and irregular shape have
probably origin from a bio‐induced precipitation via a
bacterial activity (Raiswell, 1988). Other micarbs have a
sub‐automorphic, prismatic (plates) or rhombohedric
shape, and are likely the result of mechanical breaking of
schizospheres and coccoliths. An early mechanical
fragmentation, probably occurring in the stomach of
zooplankton organisms, is here likely inferred because of
the absence of signs of dissolution on the crystallite
edges (Plates II,9 and III,6). A third type of micarbs is
formed by automorphic, cubic crystallites (Plate V,8).
Because of their shape and dimensions, this kind of
micarb seems to be the result of cement precipitation
within the small pores present in the grid structure of the
tests of Schizosphaerella, producing moulds of the
porosity (Plate V,8). The mechanical fragmentation of
this nannolith may eventually release the small cubic
crystallites. This kind of micarb is abundant in the
carbonate‐rich facies. Micarbs may then have various
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origins: they can be the product of (1) mechanical
fragmentation of the schizospheres and coccoliths; (2)
cement precipitation within the pores of the Schizosphaerella valves; (3) a bio‐induced precipitation via
bacterial activity. Contrarily to the assumptions of Cook
and Egbert (1983), who indicated a biologic (nannofossils or small foraminifers) origin for the micarbs,
different origins may be inferred for these calcite
crystallites. This hypothesis is further supported by the
isotopic signature of micarbs derived from measurements of sediments from the Cretaceous/Tertiary boundary (Minoletti et al., 2004) that is different from that of
nannofossils.
In the clay‐rich levels, where pyrite framboids are
abundant, early diagenetic conditions likely occurred,
linked to the degradation of important proportions of
organic matter. This process is linked to the activity of
sulphate‐reducing bacteria (Curtis, 1980) whose activity
promotes the nucleation of pyrite crystallites. Iron
present in the sediment combines with sulphur produced
by bacterial metabolism leading to the precipitation of
framboid pyrite. Two clusters of pyrite framboids are
observed at Dotternhausen. Most of the pyrite framboids
have a diameter of approximately 6μm and are formed
by larger crystallites. This kind of framboid is often
observed to infill the empty hemi‐valve of schizospheres
(Plates I,6 and II,10). Smaller framboids (∼ 2 μm)
formed by aggregation of smaller crystallites are also
recorded in the argillaceous sediments. Based upon
studies from modern to Proterozoic, framboids are
interpreted as the pyritized corpses of nannobacterial
cells (Folk, 2005). If correct, this indicates that dwarf
forms of bacteria often associated with decaying organic
matter performed precipitation of iron sulphide. According to Wilkin et al. (1997), framboids may be produced
by pyrite precipitation within anoxic and sulphidic water
column, followed by transport to the sediment‐water
interface, cessation of pyrite growth due to the exhaustion of reactive iron, and subsequent burial. These
framboids, characterized by a size smaller than 7 μm, are
smaller than those produced during burial diagenesis.
The record of small‐sized framboids of pyrite in
Dotternhausen black shales may argue for intermittent
water column anoxia. This hypothesis is further
supported by the presence of biomarkers derived from
green sulphur bacteria in the black shales of Dotternhausen, revealing that marine anoxia extended well into
the photic zone (Schouten et al., 2000; Schwark and
Frimmel, 2004). Short‐term oxygenated bottom‐water
conditions alternated with water column anoxia, as
indicated by intermittent benthic colonization and
bioturbation (Röhl et al., 2001).
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The sedimentary evolution observed in the Early
Toarcian at Dotternhausen is characterized by clay‐rich
facies enriched in organic matter in which nannofossils
are quite scarce, passing to facies richer in carbonates
and nannofossils at the end of the anoxic event (Mattioli
et al., 2004). Statistics applied to nannofacies and their
nannofossil content is used here in order to understand
the role of the environmental control on sedimentation.

where high proportions of organic matter are recorded,
dissolution of delicate calcareous nannofossils may take
place in the same diagenetic domain in which pyrite
precipitation occurred, i.e. the zone of reduction of
sulphates by bacterial activity (Curtis, 1980). Alternatively, the absence of Sollasites in argillaceous sediments, enriched in organic matter may translate hostile
environmental conditions for this taxon, followed by its
recovery in the carbonate‐rich facies where environmental restoration probably occurred.

4.2.1. Statistical relationships between taxon and facies
A Factorial Correspondence Analysis (FCA) was
applied to nannofossil record that is represented by data
acquired continuously, but observed in discrete levels of
the core analysed. This analysis indicated the existence
of two statistically significant factors, on which loaded
framboids opposed to Sollasites, and Biscutaceae
opposed to Calyculus. The different nannofacies form
a cluster in the barycentre of the FCA; this means that
there is not statistically significant difference in
distribution of various nannofossil taxa in particular
nannofacies. In spite of this statistic distribution, the χ2
test shows that the relationship between taxa and facies
is not random. Moreover, qualitative observations
indicate that Calyculus dominates in the lumpy fabric,
whereas Biscutaceae seem to occur in higher proportions in the mixed and carbonate‐rich fabrics. Calyculus
and Biscutaceae are forms that seem to be associated to
nutrients. Species of the genus Biscutum are often
considered to be good indicators of nutrient‐rich surface
waters in the Cretaceous (Roth and Bowdler, 1981; Roth
and Krumbach, 1986; Premoli Silva et al., 1989;
Watkins, 1989; Erba et al., 1992) as well as in the
Early Jurassic (Bucefalo Palliani and Mattioli, 1994;
Bucefalo Palliani et al., 2002; Erba, 2004; Mattioli and
Pittet, 2004; Tremolada et al., 2005). Calyculus has
been interpreted as a taxon flourishing under relatively
high trophic conditions (Mattioli and Pittet, 2004) or,
alternatively, as a species living in the intermediate
portion of the photic zone within the water column
(Erba, 2004). The opposition of these two taxa on Factor
2 may be interpreted as an effect of competition for
nutrients or, alternatively, of the nutricline depth. It is
not excluded, however, that another misunderstood
environmental factor may control the distribution of
these two taxa. The opposition on Factor 1 of Sollasites
(recorded essentially in the carbonate‐rich facies) with
pyrite framboids (present in quantity in the argillaceous
facies) may be related to diagenesis. Sollasites are thin
coccoliths with a very delicate structure, and are
solution‐susceptible taxa. In the clay‐rich interval,

4.2.2. Paleoenvironments of the clay‐rich facies
Within the argillaceous facies, four different fabrics
were recognised. These are characterized by different
nannofossil content. Schizospheres are rare and their
occurrence discontinuous in all the fabrics of the clay‐
rich facies. A similar trend is observed for Crepidolithus. The genera Lotharingius, Similiscutum/Biscutum
and Calyculus, although never abundant, dominate over
the other coccoliths.
The foliated fabric was likely deposited under
conditions of quite severe stratification of the water
column and absence of mixing. Benthic life was
virtually absent in this fabric, according to the complete
lack of bioturbation, probably due to sea‐bottom anoxia.
In this fabric, an important proportion of Biscutaceae is
recorded compared to Crepidolithus that are less
abundant. The genera Calyculus and Lotharingius are
slightly less abundant than the Biscutaceae, even if
present in not negligible proportions (Table 1). The
relative dominance in the foliated fabric of taxa related
to surface waters enriched in nutrients (Biscutaceae,
Lotharingius and Calyculus; Bucefalo Palliani and
Mattioli, 1994; Bucefalo Palliani et al., 2002; Mattioli
and Pittet, 2004; Tremolada et al., 2005) and, conversely, the scarcity of taxa interpreted as deep‐dwellers
(Crepidolithus crassus; Mattioli and Pittet, 2004) may
argue in favour of the presence of a shallow nutricline.
This observation coupled to the fact that a persistent
stratification of the water column and absence of mixing
is inferred on the basis of sedimentology (Röhl et al.,
2001) and nannofacies analysis (this work) may be
interpreted as the evidence of continent‐derived nutrients, delivered to the German basin by river input (Röhl
et al., 2001) in times of increased continental weathering
(Cohen et al., 2004).
In the lumpy fabric, the genus Calyculus is rather
common, whilst no specimens of the genus Lotharingius
were observed. As these two forms were probably both
sensitive to nutrient concentration in surface waters,
competition for nutrients might be invoked to explain
such record or, alternatively, the concomitant control on

4.2. Paleoenvironmental evolution
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nannoplankton assemblages of another ecological factor
that cannot be precisely identified in the present work.
The mixed fabric, mainly recorded in the interval
where anoxic conditions prevailed, presents a nannofossil assemblage that is generally richer than the other
fabrics of the clay‐rich interval, both in terms of number
of recorded species and of their relative abundance
(Table 1). The different taxa are also represented by
similar relative abundances (percentages). Lotharingius
is more abundant in this fabric than in the other recorded
facies. The high relative proportion of Lotharingius may
argue for a shallow nutricline (Bucefalo Palliani et al.,
2002; Mattioli and Pittet, 2004; Tremolada et al., 2005).
Pyrite framboids are present in high amounts in the
mixed fabric, probably related to an important content of
organic matter and its bacterial degradation and/or
anoxia shallowing into the photic zone. Photic zone
anoxia within the German basin is indicated during the
early Toarcian by biomarkers derived from green
sulphur bacteria (Schouten et al., 2000; Schwark and
Frimmel, 2004). The large quantity of organic matter
coupled to a temporarily shallow nutricline would be in
agreement with a model of sea‐water stratification,
favoured by fresh water and nutrient input from the
continents, in a way similar as in the laminated fabric.
However, the temporary loss of regular lamination may
be related to a sporadic destabilization of the water
column, and consequent oxygenation of sea‐bottom
waters supporting the temporary development of benthic
organisms (Röhl et al., 2001). These short‐term events
of colonization may be caused by tropical storms, which
would have mixed the normally stratified water mass,
reducing anoxia (Röhl et al., 2001).
The granular fabric is very poor in nannofossils. It
constitutes the pale microlaminae and the calcite lenses
visible macroscopically in the Unterer Stein bank. This
fabric is essentially formed by micarb that have a
variable and irregular shape and have a probable origin
from a bio‐induced precipitation via bacterial activity
(Raiswell, 1988) and, subordinately, elements of
fragmented schizospheres and coccoliths. Entire Biscutaceae coccoliths are also rarely found. The Unterer
Stein bank was interpreted as resulting from diagenetic
processes (Röhl et al., 2001), because of its nodular
shape and of the carbon and oxygen anomalous isotopic
signature. An equivalent nodular bank, in which calcite
microcrystals have a diagenetic origin (bacterially‐
induced precipitation), was also recorded in the Toarcian
Jet Rock of England (Raiswell, 1988).
The anoxic event corresponds to the interval of
deposition of the argillaceous facies that, according to
Röhl et al. (2001), would correspond to low sea‐level
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conditions (Fig. 5a). The south‐German basin corresponded to a euxinic environment, in which the
contribution of fresh, river‐derived waters was important compared to the Tethys seawaters (Röhl et al.,
2001). Consequently, a stratified water body may be
inferred in analogy with the current situation in the
Black Sea (Wignall, 1994). The argillaceous facies are
associated to carbonate‐rich microlaminae, composed
by crushed faecal pellet very rich in rests of schizospheres. This may indicate a short sequence of
conditions temporarily favourable to the development
of zooplankton organisms, which could have benefited
from episodically blooms of phytoplankton.
4.2.3. Paleoenvironments of the carbonate‐rich facies
The carbonate‐rich levels that formed above the
interval of black shales are richer in both coccoliths
(especially Crepidolithus) and schizospheres. Species
richness is also higher than in the argillaceous facies.
The higher nannofossil abundance recorded in this
interval testifies a recovery of nannoplankton productivity after the anoxic event. This is confirmed by
absolute nannofossil abundances measured in Dotternhausen that increased, on average, by a factor of 4
passing from the anoxic interval to the recovery interval
(Mattioli et al., 2004). An efficient mixing of the water
column may explain this rise in primary production of
nannoplankton. The carbonate‐rich levels recorded after
the anoxic event (Steinplatte, Oberer Stein, Obere Bank)
were deposited under high sea‐level conditions (Röhl
et al., 2001). A more efficient current circulation and
oxygenation of the water column occurred during the
high sea level (Fig. 5b). These conditions dominated at
the end of Early Toarcian and at H. faciferum–H.
bifrons transition (Fig. 1). Dissolved oxygen in sea‐
bottom waters allowed a benthic recolonization and the
oxidation of the organic matter (Röhl et al., 2001).
The schizospheres were probably calcareous dinoflagellates (Kälin and Bernoulli, 1984; Bown, 1987) that
flourished in environments favourable to carbonate
production, under oligotrophic conditions (Mattioli and
Pittet, 2004). This interpretation is supported by what is
observed in modern environments, where calcareous
dinocysts thrive in zones corresponding to warm and
oligotrophic surface waters (tropical climate; Kohring
et al., 2005). Schizospheres and Crepidolithus were
interpreted by Mattioli (1997) and Walsworth‐Bell,
(2001) like opportunists in ecological terms, flourishing
in times of efficient vertical mixing in surface waters,
where nutrients were recycled. However, according to
more recent interpretations, schizospheres develop
especially at the end of the phase of mixing of the
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Fig. 5. Sketch illustrating the probable environmental evolution of the German basin in the early Toarcian (modified after Röhl et al., 2001). (a) A low sea level occurred in the D. tenuicostatum and
part of the H. falciferum ammonite Zones. This produced a partial enclosure of the silled basin, in which anoxic condition temporarily shallowed up to the base of the photic zone, under persistent
water‐column stratification. Nannoplankton was scarce in this interval, and sporadic peaks in abundance of species of the Biscutaceae were probably triggered by periodic nutrient input, delivered to
the basin from surrounding lands via riverine input. A better water‐mass circulation was re‐established in the basin when sea level rose (upper part of early Toarcian), and anoxia was reduced.
Environmental conditions were highly fluctuating in this interval. A more efficient mixing probably occurred concomitant with periods characterized by intense storms (b). These conditions were
favourable to the development of schizospheres. Periods of relative sea‐water stratification saw conversely the dominance of Crepidolithus in the assemblages (c).
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water column, following storm events, when conditions
becomes oligotrophic again (Mattioli and Pittet, 2004).
Crepidolithus is a genus probably thriving in the lower
photic zone, where nutrients occur in higher proportions
under conditions of sea‐water stratification. It would be
thus a good indicator of oligotrophic conditions in
surface waters (Fig. 5c). Oligotrophic, stratified water
conditions probably were alternating with waters
turbulent because of storms, in which nutrients were
returned to surface layers.
In the carbonate‐rich levels, specimens of the genus
Sollasites are also recorded. This taxon is never observed
in the argillaceous facies. If not due to preservation, the
presence of Sollasites (cold, mesotroph form; Bucefalo
Palliani et al., 2002) alternating with the genera Crepidolithus and Schizosphaerella (warm, oligotrophic;
Mattioli and Pittet, 2004) could be interpreted in term
of highly fluctuating environment: oligotrophic conditions may have alternated with meso‐eutrophic conditions (more efficient mixing of the water column).
5. Conclusions
A very high‐resolution study of micro‐ and macro
lamination in the Toarcian black shales of the Dotternhausen core was performed in SEM. The studied
lithotypes corresponding to clay‐rich and carbonate‐
rich facies were deposited during a third order sea‐level
cycle (Röhl et al., 2001). Different nannofacies were
recognised in SEM presenting peculiar micro‐fabrics. In
the clay‐rich facies (corresponding to the negative δ13C
excursion, D. tenuicostatum H. falciferum Zones), three
of the four fabrics recorded (namely, foliated, lumpy,
mixed) are indicative of a euxinic environment, in which
benthic life was absent or very limited. This feature is
very likely related to anoxic conditions occurring in the
sea‐bottom waters. The presence in these facies of small
pyrite framboids is in agreement with the hypothesis of
anoxia temporarily attaining the lower photic zone
enriched in H2S, as inferred by van de Schouten et al.
(2000) on the basis of biomarker analysis. The partial
enclosure of the basin in times of low sea level, and
prolonged sea‐water stratification may be responsible
for this photic zone anoxia as well as for the scarcity of
nannofossils. Nannoplankton development was probably inhibited by the presence of a deep nutricline.
When nutricline settled in the lower photic zone, surface
waters were probably too oligotrophic to sustain the
shallow‐dweller producers, and deep‐dwellers were
inhibited by anoxic and sulphidic environmental conditions. The discontinuous occurrence of nannoplankton
taxa (such as Biscutum and Similiscutum) indicating
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surface water mesotrophy may be linked to a sporadic
input of nutrients, via riverine influx, from the emerged
lands surrounding the German basin. The fourth kind of
fabric (granular), only recorded in the Unterer Stein is
diagenetic in origin, as also testified by the very negative
carbon isotope, and very positive oxygen isotope
signature (Schmid‐Röhl et al., 2002).
The last fabric, found in the carbonate‐rich facies
(stratigraphically above the negative δ13C excursion, H.
falciferum p.p. Zone), is recorded in the interval where
carbon isotopes come back to more positive values, and
re‐oxygenation of the basin occurred due to a sea‐level
rise and more efficient sea‐water circulation. In this
interval, the highest nannofossil abundances were
recorded. Species richness is also more important than
in the intervals below. A significantly fluctuating
environment is inferred on the basis of the record of
levels enriched in Schizosphaerella alternating with
layers bearing high proportions of Crepidolithus. This
record is interpreted as translating fluctuations in
nutricline depth. Periods of intense storms produced a
mixing of the water column, generally oligotrophic but
temporarily enriched in nutriments, promoting the
development of Schizosphaerella. In absence of intense
storms, a deep nutricline profited to the taxa inhabiting
the lower photic zone (Crepidolithus).
It is well established that the Toarcian anoxic event
was globally recorded, and linked to major changes in
the atmosphere/hydrosphere system (Jenkyns et al.,
2002 and references therein). However, a variable
record of this event is found in the different basins
surrounding the western Tethys (van de Schootbrugge et
al., 2005), suggesting that there was a regional imprint
superimposed to the global signal. The data presented in
this work for the SW German basin are in agreement
with a model of a stratified, silled basin, in which a
shallow chemocline developed. Without the presumption of interpreting isotopic data, high‐resolution
nannofacies analysis and its nannofossil content match
with the Küspert model (Küspert, 1982; Schmid‐Röhl
et al., 2002; Schwark and Frimmel, 2004; van de
Schootbrugge et al., 2005). The peculiar environmental
conditions developed within the German basin would
have had as effect a local amplification of the global
early Toarcian event.
The discontinuous and discrete record of nannofossils in faecal pellets in the Dotternhausen core excludes
that it is the result of an annual deposit. The results of
this work differ, therefore, from the coccolith annual
cycles indicated for the Late Jurassic and Cretaceous by
Lees et al. (2004) and Thomsen (1989), respectively.
However, the discrete occurrence of laminae formed by
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nannofossil‐bearing faecal pellets may indicate short
periods of increased zooplankton development, probably triggered by temporarily enhanced phytoplankton
production in times of relatively high nutrient input.
The analysis of the fine carbonate fraction indicated
the presence of three different kinds of micarbs. Some of
them are the product of fragmentation (mainly mechanical in our samples) of nannofossils, but a part of micarb
is diagenetic in origin (cubic crystallites infilling the
pores of Schizosphaerella valves) or of uncertain origin.
The two first kinds of micarbs are mainly found in the
carbonate‐rich facies, whilst the micarb of uncertain
origin are found in all fabrics, and especially in the
diagenetic Unterer Stein. The different nature of the
carbonate mud (various species of nannofossils plus
micarbs), and the fact that micarbs may have a different
origin and isotopic signature, should be therefore taken
into consideration when interpreting isotope bulk rock
data.
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