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Abstract: Calcareous nannofossil biostratigraphy was conducted in the Toarcian-lower Bajocian interval at 
Colle di Sogno (Lombardy Basin, Southern Alps, Northern Italy) where the type-section of  the Sogno Formation 
consisting of  pelagic marly limestone, marlstone and marly claystone was established. Semiquantitative analyses of  
calcareous nannofossil assemblages allowed to achieve a high-resolution biostratigraphy based on several biohorizons, 
including zonal/subzonal markers and additional events. The NJT5 to NJT9 Zones of  the standard nannofossil 
zonation established for the Mediterranean Province were identified. The biostratigraphy obtained at Colle di Sogno 
was compared to published nannofossil events calibrated with ammonite zones in sections from SE Spain, S France, 
Portugal and N Algeria. This assessment evidenced some discrepancies in the succession of  events of  the standard 
zonation and, furthermore, resulted in the revision of  the age of  a few datums. Moreover, some new/additional nan-
nofossil biohorizons are proposed as subzonal markers. 

A morphometric analysis of  the genus Watznaueria was conducted to identify diagnostic features for unambi-
guous species identification. The species W. colacicchii and W. contracta are distinguished on the basis of  the coccolith 
width/central area width ratio, whereas W. britannica britannica is discriminated by the size - as in the original defini-
tion of  the species - relative to the new subspecies W. britannica minor. The new species W. gaetanii differs from all 
other Watznaueria taxa by the bridge ultrastructure. In the Toarcian-Aalenian interval a progressive increase in size of  
Watznaueria specimens is paralleled by the progressive closure of  the central area and the modification of  the central 
area structure passing from a cross (W. colacicchii and W. contracta) to a double-button bridge (W. gaetanii) to a single-
button bridge (W. britannica). These intrageneric evolutionary innovations accelerated in the Aalenian under stable 
paleoceanographic conditions and an oligotrophic regime.
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IntroductIon

Pelagic sedimentary successions consist of  
biogenic particles with minor to absent contribution 
by siliciclastic input. Since Jurassic times, pelagic mi-
crites have been accumulated on the sea-floor as the 
result of  calcareous nannoplankton production and 
their sinking through the water column after death. 
During the Early-Middle Jurassic nannofloras ex-
perienced major speciation episodes and some of  
the most common Jurassic and Cretaceous genera 
(Biscutum, Lotharingius, Discorhabdus and Watznaueria) 
appeared and evolved (Bown 1987; Mattioli & Erba 
1999; Bown et al. 2004; Erba 2006; Suchéras-Marx 
et al. 2015). The abundance, taxonomic diversity, 
rapid evolution and wide distribution of  Jurassic 
calcareous nannofossils in marine environments 
were recognized as instrumental for biostratigra-
phy. Indeed, the considerable number of  calcare-
ous nannofossil biohorizons characterizing the late 
Pliensbachian-early Bajocian time interval resulted 
in high-resolution biozonations. However, Jurassic 
nannoplankton paleoprovincialism has determined 
the establishment of  different biostratigraphic 
schemes applicable in the Boreal Realm (Bown & 
Cooper 1998), the Tethyan area (Mattioli & Erba 
1999) and Portugal (Ferreira et al. 2019). 

Biostratigraphic investigations of  hemipe-
lagic-pelagic sections in the western Tethys Ocean 
have shown that the biozonation of  Mattioli & 
Erba (1999), although still fully valid, can be im-
proved both in terms of  stratigraphic resolution 
and revision of  event ages (e.g. Casellato & Erba 
2015; Ferreira et al. 2019; Visentin & Erba 2021). 
Furthermore, a reexamination of  the events used 
for the standard Tethyan biozonation (Mattioli & 
Erba 1999) is required following the revised tax-
onomy of  some genera and species (Giraud et al. 
2006; Giraud 2009; Visentin et al. 2021a).

We investigated calcareous nannofossils in 
the Toarcian-lower Bajocian interval of  the Colle di 
Sogno section located in the Lombardy Basin with-
in the Southern Alps (Northern Italy) (Fig.1). This 
outcrop is the type-section of  the Sogno Formation 
(Gaetani & Poliani 1978) consisting of  pelagic marly 
limestone, marlstone and marly claystone. The Colle 
di Sogno succession was previously characterized 
with calcareous nannofossil biostratigraphy gained 
for the uppermost Pliensbachian-lower Toarcian 
portion (Casellato & Erba 2015). The same interval 

was also recovered with the Sogno Core (Erba et 
al. 2019a; Erba et al. 2022) that was investigated for 
high-resolution nannofossil biostratigraphy (Visen-
tin & Erba 2021). In this study, we extend the nan-
nofloral characterization up to the lower Bajocian 
portion of  the Colle di Sogno section to gain a de-
tailed nannofossil biostratigraphy of  the Toarcian-
lower Bajocian interval. The expected high-resolu-
tion nannofossil biostratigraphy will be the basis for 
a reevaluation of  the Mattioli & Erba (1999) stan-
dard Tethyan zonation. 

Giraud et al. (2006) characterized the mor-
phological variability of  Watznaueria britannica that 
is a marker species in the standard biozonations. 
Some of  the morphogroups identified in the Ox-
fordian were applied in biostratigraphic studies of  
Toarcian-Aalenian sections (Ferreira et al. 2019) 
resulting in a revised age of  the appearance level 
of  W. britannica and, accordingly, of  the nominal 
zone. However, some diagnostic differences of  the 
six morphotypes, namely size ranges, are elusive 
and difficult to objectively identify. The same prob-
lem also arose for W. colacicchii and W. contracta (see 
comments of  the nannotax website https://www.
mikrotax.org/system/index.php?id=10595), which 
are also biostratigraphic markers of  the standard 
zonations. For these reasons, we conducted a mor-
phometric analysis of  the genus Watznaueria aimed 
at the identification of  diagnostic features for clari-
fication of  species differences and determination. 
This is particularly crucial for the investigated inter-
val because it was the time of  emergence and early 
diversification of  the genus Watznaueria.

GeoloGIcal settInG and 
lIthostratIGraphy

The Lombardy Basin was part of  the unde-
formed portion of  the margin of  the Adria micro-
plate in the western Tethys Ocean (Gaetani 2010) 
(Fig. 1). During the latest Triassic to earliest Juras-
sic time interval rifting pulses disrupted an exten-
sive shallow-water carbonate platform producing a 
a bathymetry shaped by synsedimentary horst and 
graben structures in a pelagic setting (Bernoulli & 
Jenkyns 1974, 2009; Winterer & Bosellini 1981; 
Bosence et al. 2009; Santantonio & Carminati 2011; 
Jenkyns 2020). As a consequence, during the Juras-
sic different sedimentary regimes characterized the 
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deeper zones with thick, complete and continuous 
successions, whereas structural highs with con-
densed and incomplete sequences (Gaetani 1975, 
2010). Since the Early Jurassic the Lombardy Ba-
sin became a pelagic area between the Lugano High 
to the west and the Trento Plateau to the east, fur-
ther subdivided into intrabasinal troughs and pal-
aeohighs that are, from west to east: Monte Nudo 
Trough, Lugano High, Generoso Trough, Corni di 
Canzo High, Albenza Plateau, Monte Cavallo High, 
Sebino Trough, Botticino High. 

The Colle di Sogno section is exposed along 
the road SP 179 on the northern slope of  Mt. 
Brughetto (45° 47’ 29’’ N, 9° 28’ 44’’ E) (Gaetani 
& Poliani 1978; Jenkyns & Clayton 1986; Gaetani & 
Erba 1990; Hinnov et al. 2000; Muttoni et al. 2005; 
Channell et al. 2010; Casellato & Erba 2015) (Fig. 
1). The Sinemurian-lower Bajocian interval consists 
of  pelagic limestone, marly limestone, marlstone 
and marly claystone, followed by stratified chert and 
cherty limestone of  Bajoacian-Kimmeridgian age 
(Muttoni et al. 2005). The sequence of  the Colle di 
Sogno section deposited on a pelagic plateau (Al-
benza Plateau) (Gaetani & Erba 1990; Pasquini & 
Vercesi 2002; Gaetani 2010) at a paleowater depth 
of  about 1500 metres during the Early-Middle Ju-
rassic (Erba et al. 2022). 

For the present study, calcareous nannofossils 
were investigated with respect to their abundance 

and diversity patterns, revisiting the uppermost 
Pliensbachian-lowermost Toarcian interval docu-
mented by Casellato & Erba (2015) and extending 
the analyses upwards to the lower Bajocian (basal 
part of  the Radiolarite Formation). The Sogno 
Formation, sandwiched by the underlying Domaro 
Limestone and the overlying Radiolarite forma-
tions, was lithostratigraphically subdivided into 
three lithozones. These can be further split into 
sub-units (a-c), from bottom to top:

Lithozone 1: this lithozone has a thickness 
of  31.20 m. The lowermost 27 cm of  this unit 
consist of  greenish marly claystone followed by 8 
metres of  greenish and reddish marlstone and limy 
marlstone in 25 to 5 cm-thick beds (Lithozone 1a). 
A slumped interval was detected between 2.90 m 
and 4.75 m. A carbonate-poor, black shale interval 
named Fish Level (Gaetani & Poliani 1978; Casel-
lato & Erba 2015; Erba et al. 2022) consists of  dark 
greenish-grey marly claystone in the lower portion 
(8.27-10.73 m) and dark brown marly claystone to 
fissile black shale in the upper part (10.73-12.98 
m) (Lithozone 1b = Fish Level = 4.71 m). Above 
the Fish Level a 18.22 m interval comprises light 
brownish grey marlstone and limy marlstone orga-
nized in 20 to 40 cm-thick strata (Lithozone 1c).

Lithozone 2: this lithozone has a thickness 
of  31.20 m. The lowermost part consists of  regu-
lar alternations of  grey marly limestone in 20 to 60 

50 km

MILAN

Pavia

Brescia

Bergamo
Como

Sondrio

Cremona
Mantova

Maggiore Lake Como Lake

Iseo Lake
Garda Lake

COLLE di SOGNO

Tethys
Ocean

Viking
Corridor

Hispanic
Corridor

40°N

30°N

20°N

Laurentia
Eurasia

Northern
Gondwana

Continental land

Shallow water clastics

Carbonate platform

Shallow marine

Medium deep marine

Deep marine

Lombardy B.
Colle di Sogno

ca

b

d

B
aj

oc
ia

n 
 to

K
im

m
er

ig
ia

n
P

lie
.

To
ar

ci
an

A
al

en
ia

n

D
O

M
.

S
O

G
N

O
 F

O
R

M
A

TI
O

N
Li

th
oz

on
e 

3
Li

th
oz

on
e 

2
Li

th
oz

on
e 

1
R

A
D

IO
LA

R
IT

I

re
d

gr
ee

n

m

0

20

40

a

b

a

b

c

c

d

a

b

Colle di Sogno

c

section

Fig.1 -  A) Present-day location of  the Colle di Sogno section. B, C) Paleogeographic location of  the studied section during the Toarcian (~180 
Ma) (modified after Scotese 2011). D) Simplified lithostratigraphy of  the uppermost Pliensbachian to Kimmeridgian Colle di Sogno 
section.



Visentin S., Faucher G. & Erba E.210

cm-thick beds and light grey clayey marlstone, of-
ten laminated, in 20-30 cm thick beds (Lithozone 
2a = 29.2 m). It is followed by a 8.6 m interval of  
grey marly limestone (30-40 cm beds) characterized 
by frequent chert lenses alternated with 10-20 cm 
thick grey marlstone (Lithozone 2b). The overlying 
interval comprises 15 metres of  light grey to red-
dish limy marlstone and intercalated dark red clayey 
marlstone. Chert is absent in the Lithozone 2c. The 
upper part of  the Lithozone 2 is characterized by 
light grey limy marlstone in 20-40 cm thick beds 
regularly intercalated with marly claystone in 5-10 
cm thick beds. Chert nodules (5-10 cm long) and 
elongated lenses (2-4 cm thick) are frequent in the 
limy layers (Lithozone 2d = 27.5 m).

Lithozone 3: this lithozone has a thickness 
of  24.10 m. The lower 8.5 meters (Lithozone 3a) 
comprise reddish grey marly limestone in 10-30 
cm thick beds alternated with reddish marlstones 
to marly claystone in 5-8 cm thick layers. Dark red 
chert nodules and lenses are common in the limy 
beds. The overlying Lithozone 3b consists of  red 
marly limestone and marlstone in 10-30 cm thick 
beds alternated with dark red marly claystone 
(Lithozone 3b = 8.8 m). Lithozone 3c comprises 
6.3 metres of  reddish marly limestone in 10-25 cm 
thick beds alternated with dark red marlstones to 
marly claystone in 3-10 cm thick layers. Dark red 
chert nodules and lenses are common in the limy 
beds. The uppermost part of  Lithozone 3c consists 
of  50 cm of  red to dark red clayey marlstone and 
siliceous claystone with Fe-Mn dendrites and coat-
ings (Lithozone 3c = 6.8 m).

MaterIals and Methods 

A total of  179 samples were investigated 
for nannofossil biostratigraphy, with an average 
sampling rate of  ca. 1 sample/65 cm through the 
studied interval. Samples were prepared from marly 
limestones, limy marlstones, and clayey marlstones 
of  the Sogno Fm. (Lithozones 1, 2 and 3) and from 
marly claystone in the lowermost Radiolarite Fm. 
Standard smear slides were prepared following the 
method of  Monechi & Thierstein (1985). For each 
sample, a total of  12 longitudinal traverses (corre-
sponding to 1800 fields of  views) were investigated 
using a light polarizing microscope Leitz Laborlux 
12 POL S, at 1250X magnification. The preserva-

tion of  calcareous nannofossils was evaluated us-
ing the visual criteria of  Roth & Thierstein (1972) 
and Roth (1983) for assessment of  etching (E) and 
overgrowth (O), with E1/O1 standing for minor, 
E2/O2 for moderate and E3/O3 for major etch-
ing/overgrowth. Both the total nannofloral abun-
dance and the abundance of  individual taxa were 
estimated.  Calcareous nannofossil taxa recognized 
are listed in Appendix 1 and illustrated in Plates 1 
and 2.  The semiquantitative range chart with ex-
planation of  total and individual nannofossil abun-
dances is reported in Appendix 2. 

results

Calcareous nannofossil abundance and 
preservation

Calcareous nannofossil preservation is gen-
erally moderate, varying from poor to moderate/
good through the studied section. The degree of  
etching/overgrowth fluctuates from E1/O1 to E3/
O3, and a general higher level of  overgrowth was 
observed compared to dissolution. 

Nannofossil total abundance fluctuates from 
rare to frequent/common across the Sogno Fm. 
Very few samples in the topmost part of  the Sogno 
Fm. (top of  Lithozone 3) and lowermost Radiola-
rite Fm. contain extremely rare specimens or are 
(virtually) barren of  nannofossils (Appendix 2). 

Taxonomic notes
The revision of  the samples previously inves-

tigated by Casellato & Erba (2015) from the upper-
most Pliensbachian-lower Toarcian interval allowed 
the full application of  the taxonomic subdivision 
of  the genus Carinolithus (Visentin et al. 2021a). All 
subspecies were identified resulting in an updated 
biostratigraphy also based on Carinolithus subspecies 
(Fig. 2).

In the middle Toarcian – lowermost Bajocian 
interval the Watznaueria species W. colacicchii, W. con-
tracta and W. britannica have their first occurrence. In 
the studied section, along with specimens unequivo-
cally attributable to the species above, several speci-
mens show some characters not fully corresponding 
to the diagnostic features, as described in the species 
definitions. For this reason, a morphometric study 
was conducted for identifying quantitative criteria 
to be used for the objective identification of  the 
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Watznaueria species. This morphometric study was 
conducted on photographs taken with a Q imaging 
Micropublisher 5.0 RTV digital camera mounted on 
a Leitz Laborlux optical polarizing microscope, at 
1250X magnification. Images were analysed using a 
PC with Q-capture Pro suite software adapted for 
nannofossil analyses. Measurements were taken us-
ing ImageJ software, with an error of  ± 0.08 µm. 

Morphometry of the W. colacicchii – W. 
contracta group

Morphometric analyses were performed on 
all specimens encountered in 4 traverses (corre-
sponding to 600 fields of  view) from 118 samples. 
A total of  172 specimens were found and photo-
graphed. The following parameters were measured: 
the coccolith length (L) and width (W) of  the distal 
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shield and the length (l) and width (w) of  the cen-
tral area. Moreover, the ellipticity of  the coccolith 
(L/W) and the W/w ratio were calculated.

Statistical parameters (average size, median, 
and mode), were computed for all measured pa-
rameters. The coefficient determinations were also 
calculated among different parameters. The fre-
quency distribution of  W/w of  W. contracta and W. 
colacicchii was calculated with the histogram function 
in R, considering each measured specimen. Each 
class interval includes all values that fall within the 
range between the minimum and maximum and 
is graphically represented by a bar in a histogram. 
The bin size is 0.1 µm and the considered interval 
goes from 2 to 6 µm. To evaluate the evolution of  
sizes through time, the variability of  sizes has been 
also represented in stratigraphic order (size versus 
depth) considering all measured specimens and/or 
the average size of  every sample. 

The species W. contracta was originally as-
signed to the genus Lotharingius as Lotharingius con-
tractus by Bown & Cooper (1989) who gave a range 
of  L = 5.7-7.5 µm and W = 4.8-6.9 µm. The ho-
lotype has L = 7.2 µm and W = 6.0 µm, l = 2.2 
µm, w = 1.5 µm. Cobianchi et al. (1992) moved 
the taxon to the genus Watznaueria and described a 
coccolith L range of  5.7-7.0 µm that was later re-
ported also by Mattioli & Erba (1999), Tiraboschi 
& Erba (2010), Ferreira et al. (2019), and Fantasia 
et al. (2021). These dimensions are, thus, different 
from the original description and smaller than the 
holotype.

The species W. colacicchii was established by 
Mattioli (1996) who described a size variability of  
L = 5.2-7.0 µm and W = 4.5-6.0 µm; the holotype 
has L = 6.0 µm and W = 5.0 µm, l = 2.2 µm, w = 
1.5 µm. Mattioli & Erba (1999) reported slightly 
smaller ranges for L = 5.2-6.0 µm and W = 4.5-
5.5 µm. Mattioli (1996) compared W. colacicchii to 
W. contracta and highlighted as diagnostic differen-
tiating characters a more open central area and an 
overall smaller size of  W. colacicchii specimens.

The taxonomy of  the Lower Jurassic 
Watznaueria species was discussed during the Ju-
rassic nannofossil workshop held in Lyon in 
2016 with the conclusion that W. colacicchii and 
W. contracta are not significantly different (see 
Nannotax website https://www.mikrotax.org/
Nannotax3/index.php?taxon=Watznaueria%20
contracta&module=ntax_mesozoic). 

However, also in recent papers the two spe-
cies are distinguished (Aguado et al. 2008; Sandoval 
et al. 2008, 2012; Ferreira et al. 2019; Fantasia et al. 
2022) implying the presence of  diagnostic differ-
ences. With the central area structure of  W. colacic-
chii and W. contracta the same (a cross aligned along 
the ellipse axes) and the size (L and W) ranges over-
lapping, the species attribution is not obvious.

In the Colle di Sogno section, some speci-
mens are not unambiguously attributable to W. co-
lacicchii or W. contracta. Therefore, during the initial 
qualitative (biostratigraphic) analysis we separated 
the two taxa and then proceeded with quantitative 
measurements as suggested by Mattioli (1996) of  
the coccolith size (L and W) and the dimensions of  
the central area (l and w).
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Figure 3A illustrates the Pearson’s correlation 
coefficient calculated for L and W of  W. colacicchii 
and W. contracta specimens, showing a strong rela-
tionship for both taxa (R2 = 0.85 for both species). 
It is clear that the dimensional variability of  the two 
taxa overlaps widely through the investigated inter-
val (Fig. 3B), invalidating the use of  this parameter 
for the taxonomic separation of  W. colacicchii from 
W. contracta. 

In the uppermost part of  the Colle di Sogno 
section (from 118.3 m), a few W. contracta specimens 
bigger than 7.5 µm were observed. In previous 
papers (Cobianchi et al. 1992; Tiraboschi & Erba 
2010; Ferreira et al. 2019; Fantasia et al. 2022), a 
W. aff. W. contracta group was used for specimens > 
7 µm. This dimensional distinction is contradictory 
relative to the original description of  the species 
(Bown & Cooper 1989) and we, therefore, follow 
Erba (1990) in separating the specimens with L > 
8.5 µm as W. aff. W. contracta (Fig. 3). 

As far as the size of  the central area is con-
cerned (Fig. 4), W. colacicchii and W. contracta speci-
mens show largely overlapping dimensions, indicat-
ing that also this parameter is not species-diagnostic. 
We, therefore, considered the size of  the central 
area relative to the coccolith size as quantified by 
the W/w ratio (Fig. 5) showing a clear separation 
of  the two species: W. colacicchii specimens have a 
W/w ratio ranging from 2.2 to 3.4 and W. contracta 
specimens display a W/w ratio varying between 3.8 
and 5.2. Pragmatically, we think that species attribu-
tion should be feasible/practicable during routine 
biostratigraphic investigation. For this reason, we 
measured a subset of  W. colacicchii and W. contracta 
specimens using the micrometer scale inserted in 
the eyepieces of  the polarizing microscope. Al-
though inevitably the obtained measurements are 
less accurate, the results (Fig. 5B) are fully consis-
tent with data obtained through image analyses (Fig. 
5A) and confirm the reliability of  the W/w ratio 
to separate W. colacicchii from W. contracta (W/w < 
3.5 for the former and W/w ≥ 4.0 for the latter). 
In Figure 5C the W/w ratio is plotted through the 
investigated interval: it is evident that the difference 
in W/w ratio for W. colacicchii and W. contracta speci-
mens remains unchanged stratigraphically, allowing 
the unambiguous identification of  the first occur-
rence of  the two taxa (Fig. 2).

Morphometry of the W. britannica group
W. britannica was originally established as Coc-

colithus britannicus by Stradner (1963), subsequently 
Reinhardt (1964) included it in the genus Watznau-
eria. The taxon was described as an elliptical cocco-
lith consisting of  two closely appressed plates with 
an oval central opening transversally spanned by a 
short sturdy bridge. The illustrated holotype has L 
and W of  7.8 mm and 6.1 mm, respectively, as mea-
sured on the original drawing (Stradner 1963). 
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In the Colle di Sogno section, specimens sig-
nificantly different from the holotype were detect-
ed: they are smaller, thinner and generally more el-
liptical than the holotype. Moreover, under crossed 
nicols, these specimens show very low interference 
colors. In the literature, W. britannica specimens 
have been described with a wide dimensional range 
of  coccolith L and W, and a variety of  morpholo-
gies of  the bridge spanning the central area. Pittet 
& Mattioli (2002) distinguished three W. britannica 
morphogroups based on L, namely < 6 µm, 6-8 µm, 
> 8 µm. Oliver et al. (2004) applied a slightly dif-
ferent subdivision of  W. britannica specimens with 
L < 5.5 µm, 5.5-8 µm, > 8 µm. Tremolada et al. 
(2006) labelled the morphogroup with L < 5.5 µm 
as “small W. britannica”. Giraud et al. (2006, 2009) 
distinguished seven morphotypes (labelled as A, B, 
C, D, E, F and G) based on the general shape, coc-
colith size, central area dimensions and morphol-
ogy of  the bridge. The study by Giraud et al. (2006) 
is based on Oxfordian W. britannica specimens, and 
provide criteria partly overlapping thus not unam-
biguously applicable. Uncertainties, in particular, 
arise when considering morphotypes A, B and F, 

as they all possess a button-shaped bridge and size 
ranges of  L and W, as well as ellipticity (L/W) par-
tially overlapping. Moreover, as also stressed by Gi-
raud et al. (2006), diagenesis may alter the original 
structure in the central area and, thus, the shape of  
the bridge is not a good diagnostic character.

Following the original description and illustra-
tion of  Stradner (1963), during the biostratigraphic 
investigation we attributed the specimens with a 
coccolith L > 8 mm to W. britannica and grouped the 
specimens with a L < 8 mm into small W. britannica 
showing a coccolith L between 4 and 7 mm. Then, 
a morphometric study of  the W. britannica group 
was conducted on 51 samples. In each sample, 80 
traverses (corresponding to 12,000 fields of  views) 
were investigated: all encountered specimens (241) 
were photographed and coccolith L and W, as well 
as central area l and w were measured.

Figure 6 illustrates the variability of  L and W 
of  W. britannica coccoliths. The Pearson coefficient 
shows a positive correlation between L and W for 
small W. britannica specimens (R2 = 0.69) but not 
for W. britannica specimens, possibly because of  the 
limited number of  individuals. The size variability 
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in the studied interval (Fig. 6B) shows that small 
W. britannica coccoliths increase in L upwards and 
that W. britannica specimens occur only in the up-
permost part of  the studied section.

The ellipticity (e = L/W ratio) shows the oc-
currence of  less elliptical specimens (decreasing e 
values) in the upper part of  the studied interval (Fig. 
6C). This is the result of  faster increasing W relative 
to L, leading to overall less elliptical coccoliths. 

The three types of  bridge morphologies de-
scribed by Giraud et al. (2006), namely button, bar 
and rhombohedral, were observed in both small W. 
britannica and W. britannica specimens. Out of  241 
specimens 221 display a central area almost entirely 
filled by a button-shaped bridge, 15 are character-
ized by a rhombohedral bridge and only 5 speci-
mens have a partially open central area with an oval-
shaped bridge. Our results document rhombohedral 
and oval bridges exclusively in the uppermost part 
of  the section and generally characteristic of  larger 
specimens (> 6.5 µm).

In the investigated interval, Watznaueria speci-
mens with a very small central area spanned by a 
bridge consisting of  two small buttons that are opti-
cally discontinuous relative to the coccolith rim were 
observed. This bridge ultrastructure is unambigu-
ously distinctive from other typologies and found 
in specimens characterized by a high W/w ratio (> 
4.7). Similar Watznaueria specimens have not been 
documented in previous works and we define here 
a new species (see below).

Implications for taxonomy of Watznaueria
Morphometric analyses turned out to be di-

agnostic to unambiguously separate Watznaueria 
taxa based on parameters summarized in Figure 7. 
Specifically, W. colacicchii and W. contracta are distin-
guished on the basis of  the W/w ratio, W. gaetanii 
is characterized by the bridge ultrastructure and W. 
britannica is discriminated by the coccolith size. Ac-
cordingly, the taxonomy of  Watznaueria species is 
revised below.

Genus Watznaueria Reinhardt (1964)

Watznaueria britannica subsp. minor  Erba n. subsp.
Plate 2, Figs. 7 - 18

Etymology: the name derives from the di-
agnostic small size of  the coccoliths relative to 
Watznaueria britannica subsp. britannica.

Diagnosis: a subspecies of  W. britannica com-
prising elliptical, small (L < 7.6 µm) and thin coc-
coliths with low interference colours (grey to white). 
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Specimens are observed to possess a wide variability 
of  bridge morphology (i.e., button, rhombohedral 
and oval). An oval-shaped bridge is only observed in 
specimens with a relatively larger central area while 
the other bridge shapes are characteristic of  a very 
small central area.

Remarks: morphometric analyses separate 
specimens with L of  4.2 – 7.6 µm, W of  3.5 – 6.4 
µm, ellipticity of  1.03 – 1.5. The illustration of  Rein-
hardt (1964; Plate 2, Fig. 3) pertains a coccolith with 
L = 6 µm which is therefore referable to Watznaueria 
britannica subsp. minor.

Differentation: Watznaueria britannica subsp. 
minor differs from Watznaueria britannica subsp. britan-
nica for its smaller size (L < 7.6 µm; average L = 6.5 
µm). Typically, coccoliths of  Watznaueria britannica 
subsp. minor show lower interference colours (grey 
to white) relative to coccoliths of  Watznaueria britan-
nica subsp. britannica (yellow to orange). 

Stratigraphic range: Watznaueria britannica 
subsp. minor was first observed in the middle Aale-
nian consistently with the stratigraphic position 
provided by Ferreira et al. (2019) for the FO of  W. 
britannica morphotype A. 

Holotype: Plate 2, Figs 7-8. Holotype L = 
4.6 µm; W = 3.5 µm.

Type locality: Colle di Sogno (Northern Italy).
Type level: Jurassic, middle-late Aalenian.
Depository: Department of  Earth Sciences 

“Ardito Desio” of  Milan (Reference MPUM 12568).

Watznaueria britannica subsp. britannica 
Stradner (1963) Reinhardt (1964) emend. Erba

Plate 2, Figs. 1 - 6

Basionym:
1963 Coccolithus britannicus Stradner, p. 10, figs. 10-10a.
Reference:
1964 Watznaueria britannica Stradner; Reinhardt, pp. 753-755. 
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Description: This subspecies comprises coc-
coliths with L > 7.8 µm, consistently with the origi-
nal description of  Stradner (1964). In the studied 
interval the coccolith size variability is: L 7.8 – 8.4 
µm, W 6.1 – 7.7 µm. In the light microscope under 
crossed nicols, specimens of  W. britannica subsp. 
britannica show relatively high interference colours 
(yellow to orange). The small central area is open 
and spanned by a button, rhombohedral or oval 
bridge.

Differentiation: Our morphometric analyses 
allowed the separation of  W. britannica subsp. bri-
tannica from W. britannica subsp. minor based on the 
coccolith L > 7.8 µm.

Stratigraphic range: the FO of  W. britan-
nica subsp. britannica was found in the uppermost 
Aalenian, at a stratigraphic level consistent with that 
reported in the zonal scheme of  Mattioli & Erba 
(1999) for W. britannica.

Holotype: Stradner (1963, figs. 10-10a). Ho-
lotype L: 7.8 µm.

Watznaueria colacicchii Mattioli (1996)

Original diagnosis: A broadly elliptical to 
sub-circular species of  the genus Watznaueria, with 
a reduced central area crossed by a system of  bars 
forming a cross, aligned with the axes of  the coc-
colith (Mattioli, 1996).

Remarks: Based on the morphometric analy-
ses conducted here, this species is typified by a W/w 
ratio < 3.5 that unambiguously separates W. colacic-
chii from W. contracta.

Stratigraphic range: The FO of  this species 
was detected in the middle Toarcian at Colle di Sog-
no, at a stratigraphic level consistent with that pro-
posed in the zonal scheme of  Ferreira et al. (2019). 
Mattioli & Erba (1999), instead, placed this event in 
the upper lower Toarcian.

Watznaueria contracta Bown & Cooper (1989) 
Cobianchi et al. (1992)
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Original diagnosis: A species of  Lotharingius 
with a very small central area almost entirely filled 
by cross bars orientated along the principal axes of  
the ellipse; few or no lateral bars (Bown & Cooper 
1989). Cobianchi et al. (1992) moved the species 
within the genus Watznaueria.

Remarks: Based on the morphometric analy-
ses conducted here, this species is characterized by 
a W/w ratio > 4 that unambiguously separates W. 
contracta from W. colacicchii. In the present work the 
morphotype labelled as W. aff. W. contracta includes 
the specimens with a length of  the distal shield L > 
8.5 µm following Erba (1990).  

Stratigraphic range: The FO of  W. contracta 
was found before the FO of  C. magharensis minor 
in the uppermost Toarcian at a stratigraphic level 
consistent with the zonal scheme of  Ferreira et al. 
(2019). At Colle di Sogno, the W. aff. W. contracta 
group was identified in the lowermost Bajocian 
consistently with the scheme of  Mattioli & Erba 
(1999).

Watznaueria gaetanii Erba n. sp. (Plate 2, 
micrographs 19-32)

Etimology: honor of  the late Maurizio 
Gaetani, former full professor at the Dept. of  Earth 
Sciences, University of  Milan (Italy), geologist and 
stratigrapher (1940-2017).

Diagnosis: species of  Watznaueria with a 
small central area spanned by a bridge consisting of  
two button-like elements aligned along the minor 
axis of  the ellipse.

Description: relatively large coccolith with a 
typical watznaueriacean rim and a very small central 
area spanned by a bridge consisting of  two button-
shaped elements aligned along the minor axis of  
the ellipse. The two bridge elements display optical 
discontinuity relative to the inner cycle of  the coc-
colith rim. 

Remarks: on available data, the coccolith L 
and W are 3.9 – 8.2 µm and 3.4 – 7.4 µm, respec-
tively, with an ellipticity (e) of  1.05 – 1.35. The cen-
tral area l and w are 0.7 – 1.6 µm and 0.6 – 1.5 µm, 
respectively. The L/l and the W/w ratios range be-
tween 4.0 – 6.8 and 4.7 – 6.9, respectively.

Stratigraphic range: the FO of  W. gaetanii 
was detected in the middle Aalenian, slightly after 
the FO of  W. contracta.

Differentiation: Watznaueria gaetanii differs 

from the other species of  the genus for its peculiar 
bridge. 

Holotype: Plate 2, 19-22. Holotype L: 7.2 
µm; W: 6.4 µm; e: 1.13; l: 1.4 µm; w: 1.3 µm; L/l: 
5.1; W/w: 5.1.

Type locality: Colle di Sogno, Lombardy Ba-
sin (Southern Alps, Northern Italy)

Type level: Jurassic, middle Aalenian
Depository: Dept. of  Earth Sciences “Ar-

dito Desio”, Univ. of  Milan (Reference MPUM n. 
12537)

Plate 1

Figs. 1-2 – C. magharensis magharensis top view (TV), 1) cross-polar-
ized light, 2) quartz lamina, sample JET (131.75 m).

Figs. 3-4 – C. magharensis magharensis top view (TV), 3) cross-polar-
ized light, 4) quartz lamina, sample JET (122.80 m).

Figs. 5-6 – C. magharensis minor top view (TV), 5) cross-polarized 
light, 6) quartz lamina, sample JET (123.75 m).

Figs. 7-8 – C. magharensis minor side view (SV), 7) cross-polarized 
light, 8) quartz lamina, sample CSS#189 (98.75 m).

Figs. 9-10 – C. superbus crassus side view (SV), 9) cross-polarized light, 
10) quartz lamina, sample CSS#96 (24.35 m).

Figs. 11-12 – C. superbus superbus side view (DV), 11) cross-polarized 
light, 12) quartz lamina, sample CSS#189 (98.75 m).

Figs. 13-14 - C. crassus, 13) cross-polarized light, 14) quartz lamina, 
sample CSS#173 (90.85 m).

Figs. 15-16 – D. criotus, 15) cross-polarized light, 16) quartz lamina, 
sample CSS#173 (90.85 m).

Figs. 17-18 – D. ignotus, 17) cross-polarized light, 18) quartz lamina, 
sample CSS#221 (123.30 m).

Figs. 19-20 – D. striatus, 19) cross-polarized light, 20) quartz lamina, 
sample CSS#119 (52.40 m).

Figs. 21-22 – L. crucicentralis, 21) cross-polarized light, 22) quartz 
lamina, sample CSS#189 (98.75 m).

Figs. 23-24 – L. frodoi, 23) cross-polarized light, 24) quartz lamina, 
sample JET#101 (32.75 m).

Figs. 25-26 – L. hauffii, 25) cross-polarized light, 26) quartz lamina, 
sample CSS#90 (19.90 m).

Figs. 27-28 – M. lenticularis, 27) cross-polarized light, 28) quartz lam-
ina, sample CSS#94 (21.95 m).

Figs. 29-30 – R. incompta, 29) cross-polarized light, 30) quartz lamina, 
sample CSS#139 (67.25 m).

Figs. 31-32 – S. punctulata, 31) cross-polarized light, 32) quartz lami-
na, sample CSS#93 (20.25).

Figs. 33-34 – “encrusted” S. punctulata, 33) cross-polarized light, 34) 
quartz lamina, sample JET#181 (94.60 m).

Figs. 35-36 – T. sullivanii, 35) cross-polarized light, 36) quartz lamina, 
sample CSS#189 (98.75 m).

Scale bars represent 2 µm.
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Biostratigraphy of  the Colle di Sogno 
section

Biostratigraphic investigation of  the lower 
part of  the section, from -11.97 m to 19.14 m, cov-
ering the uppermost Domaro Limestone Fm. and 
the lowermost Lithozone 1 of  the Sogno Fm., was 

previously carried out by Casellato & Erba (2015). 
We revisited this interval to apply the updated tax-
onomy of  the genus Carinolithus (Visentin et al. 
2021a). The new analyses confirmed most events 
(and their m level) documented by Casellato & Erba 
(2015) with the exception of  the FO of  L. sigillatus 

C. magharensis magharensis (TV)

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

25 26 27 28

C. magharensis magharensis (TV) C. magharensis minor (TV)

C. magharensis minor (SV) C. superbus crassus (SV) C. superbus superbus (SV)

C. crassus D. criotus D. ignotus

D. striatus L. crucicentralis L. frodoi

L. hauffii M. lenticularis
29 30

31 32 33 34 35 36

R. incompta

 S. punctulata “encrusted” S. punctulata T. sullivanii

Plate 1
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in the topmost sample from the Domaro Limestone 
Fm. (-0.15 m) and the FO of  C. superbus crassus (C. 
superbus in Casellato & Erba 2015) at 8.4 m (35 cm 
below the record of  Casellato & Erba 2015). The 
base of  the NJT6 Zone is thus placed accordingly 
(Fig. 2). 

The last occurrence (LO) of  Mitrolithus jansae at 
14.05 m was used to separate the NJT6a and NJT6b 
Subzones as proposed by Ferreira et al. (2019) and 
recently applied in the Tethyan domain (Visentin & 
Erba 2021b). The FO of  Discorhabdus striatus at 26.75 
m defines the NJT6/NJT7 zonal boundary. Within 
the NJT7 Zone, the FOs of C. superbus superbus (31.30 
m), Watznaueria colacicchii (39.15 m) and Discorhabdus 
criotus (47.30 m) were detected. Also, in the upper 
part of  the NJT7 Zone the LOs of  Mitrolithus lenticu-
laris and Crepidolithus cavus were observed at 52.40 m 
and 65.05 m, respectively (Fig. 2). 

In the Colle di Sogno section, Retecapsa incomp-
ta is extremely sporadic (see range chart in Appen-
dix 2) and, thus, cannot be used as zonal marker for 
the base of  the NJT8 Zone. The FO of  Watznaueria 
contracta was detected at 66.95 m and is used here 
to identify the NJT8 Zone. In the lowermost part 
of  this zone Carinolithus magharensis minor (top view 
= TV) first occurs at 69.65 m. Other biohorizons 
detected in the NJT8 Zone comprise the FOs of  
Watznaueria gaetanii at 81.80 m, W. britannica minor at 
90.85 m and W. communis at 96.05 m (Fig. 2). Speci-
mens of  Cyclagelosphaera margerelii were not observed 
in the Colle di Sogno section.

The FO of  Watznaueria britannica britannica de-
fines the base of  the NJT9 Zone at 122.80 m. In 
the same sample the FO of  Carinolithus magharensis 
magharensis (TV) was observed. Within the NJT9 
Zone the FOs of  W. aff. W. contracta and W. aff. W. 
manivitiae were detected at 126.80 m and 129.40 m, 
respectively. The uppermost investigated sample at 
136 m is still included in the NJT9 Zone due to the 
absence of  Watznaueria manivitiae, the zonal marker 
identifying the base of  the NJT10 Zone.

The distribution of  calcareous nannofossils 
in the Colle di Sogno section is documented in the 
range chart of  Appendix 2, and the marker spe-
cies are illustrated in Plates 1 and 2. Nannofossil 
assemblages characterizing the NJT6 Zone mainly 
consist of  genus Lotharingius (L. hauffii is the domi-
nant species, followed by L. frodoi and L. sigillatus). 
Other frequent-common genera are Schizosphaerella, 
Calyculus, Carinolithus and Crepidolithus (essentially C. 

crassus). Within the NJT7 Zone a decrease in abun-
dance of  genera Lotharingius, Calyculus, Carinolithus, 
Crepidolithus and Biscutum and a concomitant increase 
of  Discorhabdus is observed whereas Schizosphaerella 
remains a common component of  the assemblages. 
The nannofloral composition of  the NJT8 Zone is 
similar to that of  the NJT 7 Zone with a progressive 
increase in abundance of  the genus Watznaueria. The 
NJT9 Zone is characterized by common Schizosphae-
rella and frequent Watznaueria. Other frequent genera 

Plate 2

Figs. 1-2 – W. britannica britannica (button-shaped bridge), 1) cross-
polarized light, 2) quartz lamina, sample JET 122.8 (122.80 
m).

Figs. 3-4 - W. britannica britannica (oval-shaped bridge), 3) cross-pola-
rized light, 4) quartz lamina, sample JET 123.75 (123.75 m).

Figs. 5-6 - W. britannica britannica (rhombohedral-shaped bridge), 5) 
cross-polarized light, 6) quartz lamina, sample JET 130.19 
(130.19 m).

Figs. 7-8 - W. britannica minor (button-shaped bridge), 7) cross-pola-
rized light, 8) quartz lamina, sample JET 103.7 (103.70 m).

Figs. 9-10 - W. britannica minor (oval-shaped bridge), 9) cross-pola-
rized light, 10) quartz lamina, sample JET 122.8 (122.8 m).

Figs. 11-12 - W. britannica minor (rhombohedral-shaped bridge), 11) 
cross-polarized light, 12) quartz lamina, sample CSS#227 
(133.55 m).

Figs. 13-14 - W. britannica minor (button-shaped bridge), 13) cross-
polarized light, 14) quartz lamina, sample CSS#193 (133.55 
m) 101.4 m (CSS193).

Figs. 15-16 - W. britannica minor (button-shaped bridge), 15) cross-
polarized light, 16) quartz lamina, sample CSS#193 (101.4 
m).

Figs. 17-18 - W. britannica minor (button-shaped bridge), 17) cross-
polarized light, 18) quartz lamina, sample JET 122.8 (122.80 
m).

Figs. 19-20 – W. colacicchii, 19) cross-polarized light, 20) quartz lami-
na, sample JET 122.8 (122.80 m).

Figs. 21-22 – W. contracta, 21) cross-polarized light, 22) quartz lami-
na, sample JET (121.70 m).

Figs. 23-24 – W. aff. W. contracta, 23) cross-polarized light, 24) quartz 
lamina, sample CSS#227 (133.55 m)

Figs. 25-28 – W. gaetanii, 25, 27) cross-polarized light, 26, 28) quartz 
lamina, sample JET (131.40 m).

Figs. 29-30 - W. gaetanii, 29) cross-polarized light, 30) quartz lamina, 
sample JET (121.70 m).

Figs. 31-32 - W. gaetanii, 31) cross-polarized light, 32) quartz lamina, 
sample JET (121.70 m).

Figs. 33-34 - W. gaetanii, 33) cross-polarized light, 34) quartz lamina, 
sample JET (124.95 m).

Figs. 35-36 - W. gaetanii, 35) cross-polarized light, 36) quartz lamina, 
sample JET (124.95 m).

Figs. 37-38 - W. gaetanii, 37) cross-polarized light, 38) quartz lamina, 
sample JET (124.95 m).

Figs. 39-40 – W. communis, 39) cross-polarized light, 40) quartz lami-
na, sample CSS#200 (106.35 m).

Figs. 41-42 – W. fossacincta, 41) cross-polarized light, 42) quartz lam-
ina, sample JET (124.60 m).

Scale bars represent 2 µm.
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are Discorhabdus and Carinolithus. A further decrease 
of  the genus Lotharingius occurs whereas Biscutum 
and Calyculus become extremely rare and sporadic. 

Through the studied section, genera Mitrolithus, Tu-
birhabdus, Triscutum, Bussonius, Orthogonoides, Diazom-
atolithus and Retecapsa are rare to extremely rare.
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coMparIson wIth the bIozonatIon 
scheMes and publIshed lIterature 

The biozonation of  Mattioli & Erba (1999) 
represents the Jurassic reference scheme for Medi-
terranean sections (Italy, North and East Spain, 
South France, Hungary, Greece) and was applied in 
many studies in the last two decades. Recently, Fer-
reira et al. (2019) published a synthesis of  events 
based on sections from the Lusitanian Basin rep-
resenting the intersection area between the Boreal 
Realm and the Tethys Ocean, thus providing nan-
nofossil data for a comparison between the Boreal 
(Bown & Cooper 1998) and Tethyan (Mattioli & 
Erba 1999) events and zones. 

Casellato & Erba (2015) discussed lower Toar-
cian nannofossil events calibrated against ammonite 
biostratigraphy and/or C isotopic chemostratig-
raphy. Here, we extend the analysis to the middle 
Toarcian - lower Bajocian nannofossil events cali-
brated with ammonite zones in France, Spain, Por-
tugal and Algeria (Cresta et al. 2001; Aguado et al. 
2008; Sandoval et al. 2008, 2012; Molina et al. 2018; 

Ferreira et al. 2019; Menini et al. 2019; Baghli et al. 
2022; Fantasia et al. 2022), as synthetized in Figure 
8. In the following section, we discuss the events 
proposed by Mattioli & Erba (1999) as zonal and 
subzonal markers implemented with additional da-
tums recognized in recent papers.

The FO of  C. poulnabronei was reported only 
at Peniche from the topmost part of  the polymor-
phum Ammonite Zone (AZ).

The FO of  C. superbus crassus was recognized 
in all sections consistently in the upper part of  the 
tenuicostatum/polymorphum AZ.  The revised tax-
onomy of  Visentin et al. (2021a) was applied to the 
N Algeria sections (Baghli et al. 2022), whereas in 
other studies the FO of  C. superbus was reported. 

The LO of  M. jansae is documented in the 
middle of  the serpentinum/levisoni AZ, with the 
only exception of  the Raknet El-Kahla section 
(Baghli et al. 2022) where this event was found in 
the upper part of  this ammonite zone. Recent in-
vestigations confirm that the LO of  M. jansae is a 
reliable and reproducible event, as assessed by Fer-
reira et al. (2019).
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Unlike the zonation of  Mattioli & Erba (1999), 
the FO of  W. colacicchii was recognized in the bifrons 
AZ consistently with the datum in the zonation of  
Ferreira et al. (2019), although at slightly different 
stratigraphic levels. At Rabacal this event is report-
ed from the base of  the bifrons AZ (Ferreira et al. 
2019), whereas in the Cerro de Mahoma section it 
is documented from the middle part of  the bifrons 
AZ (Sandoval et al. 2008). 

The FO of  W. fossacincta was used only at Ra-
bacal in the middle part of  the levisonii AZ (Ferreira 
et al. 2019), similarly to the Mattioli & Erba (1999) 
zonation. 

The FO of  D. striatus was recognized in all 
sections within the serpentinum/levisonii AZ, at 
slightly older levels relative to the zonations of  Mat-
tioli & Erba (1999) and Ferreira et al. (2019). 

The FO of  C. superbus superbus was recognized 
at Rabacal in the lowermost bifrons AZ (reported 
as C. superbus “thin and long” in Ferreira et al. 2019). 
This is a new additional event proved to be repro-
ducible.

The FO of  D. criotus is documented in the mid-
dle part of  the bifrons AZ in all section suggesting 
an age older than that reported by Mattioli &Erba 
(1999) and consistent with Ferreira et al. (2019).

The LO of  M. lenticularis was not used in the 
analyzed biostratigraphies (Fig. 7) suggesting that 
this event is not reliable.

The FO of  R. incompta was not adopted as an 
event because this taxon is extremely rare in all ana-
lyzed sections. Thus, the datum proposed by Mattioli 
& Erba (1999) to place the base of  the NJT 8 nanno-
fossil zone cannot be used in Tethyan sections. The 
FO of  R. incompta is calibrated to the middle Toarcian 
(gradata AZ) in Portugal (Ferreira et al. 2019) and to 
the and late Toarcian (levesquei AZ) in the Boreal 
realm (Bown & Cooper 1998). We conclude that this 
datum is problematic and should not be used.

The LO of  C. cavus was not used in the ana-
lyzed biostratigraphic works suggesting that this 
event is not reliable.

The FO of  W. contracta was found in all sec-
tions within the aalensis AZ, with the only exception 
of  the Cerro de Mahoma section where this event 
was found in the lowermost opalinum AZ (Sando-
val et al. 2008) and the Djebel Chemarikh section 
where it is calibrated to the top of  the meneghini AZ 
(Baghli et al. 2022). These data are different from the 
age attribution of  Mattioli & Erba (1999) to the opa-
linum AZ and more consistent with Ferreira et al. 
(2019) who placed the FO of W. contracta at the base 
of  the aalensis AZ. We suggest here to use the FO 
of  W. contracta to place the base of  the NJT 8 nan-
nofossil Zone.

The FO of  C. magharensis minor (reported as 
C. magharensis or H. magharensis) was recognized in 
all sections in the opalinum AZ. This datum results 
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to be very reliable and confirms the previous age as-
signment of  Mattioli& Erba (1999) and Ferreira et 
al. (2019).

The FO of  C. margerelii was reported only 
at Le Brusquet in the opalinum AZ (Fantasia et al. 
2022). This taxon is absent in all other sections and 
not observed at Colle di Sogno. This event was not 
included in the zonation of  Ferreira et al. (2019) and 
we conclude that it is not a reproducible marker in 
the Aalenian-lower Bajocian interval.

The FO of  W. britannica minor is here equated 
to the FO of  the W. britannica morphotype A of  Gi-
raud et al. (2006) (see discussion in the taxonomic 
chapter). This event was reported at Le Brusquet 
and Cabo Mondego in the upper part of  the opa-
linum AZ and the middle part of  the murchisoniae 
AZ, respectively. Ferreira et al. (2019) used the FO 
of  W. britannica morphotype A to place the base of  
the NJT 9 nannofossil zone in the middle murchiso-
niae AZ. We suggest to use the FO of  W. britannica 
minor as an additional event within the NJT 8 nan-
nofossil zone. 

The FO of  C. magharensis magharensis was de-
tected at Colle di Sogno in the same sample with the 
FO of  W. britannica britannica. C. magharensis magha-
rensis was defined by Visentin et al. (2021a) and not 
used in the analyzed works.

The FO of  W. britannica britannica was reported 
at Cerro de Mahoma and Agua Larga (as W. britan-
nica, Sandoval et al. 2008) in the lowermost discites 
AZ. The definition is specifically discussed and ap-
plied to specimens with the diagnostic features of  the 
W. britannica holotype. Thus, the same criteria used 
here as well as by Mattioli & Erba (1999) were ad-
opted. We consider the FO of  W. britannica britannica 
a reliable event to place the base of  the NJT 9 nan-
nofossil zone in the latest Aalenian as proposed by 
Mattioli & Erba (1999). 

The FO of  W. communis was documented in 
the concavum AZ at Cerro de Mahoma (Sandoval 
et al., 2008), Le Brusquet (Fantasia et al. 2022) and 
Cabo Mondego (Ferreira et al. 2019). This is different 
from the age attribution of  Mattioli & Erba (1999) 
who placed this event in the discites AZ. In the zo-
nation of  the Lusitanian Basin, Ferreira et al. (2019) 
reported this event at the base of  the concavum AZ.

The critical evaluation of  nannofossil bio-
horizons calibrated against ammonite zones (Fig. 
8) evidences some discrepancies in the succession 
of  events of  the Mattioli & Erba (1999) zonation. 

Moreover, the age of  a few datums has changed af-
ter more than two decades of  investigations. In Fig-
ure 8 we propose the revision of  the Tethyan zonal 
scheme (Mattioli & Erba 1999) on the basis of  re-
producibility of  single events and their ammonite-
calibrated age.

The NJT 5 and NJT 6 Zones remain as pro-
posed by Mattioli & Erba (1999) with the subdivi-
sion of  the NJT6a and NJT 6b Subzones based 
on the LO of  M.  jansae as suggested by Ferreira 
et al. (2019). The base of  the NJT 7 Zone is still 
defined by the FO of  D. striatus of  latest early To-
arcian age. Following the proposal of  Ferreira et 
al. (2019) we subdivide three subzones within the 
NJT 7 Zone using the FOs of  W. colacicchii (base 
of  NJT 7b Subzone) and D. criotus (base of  NJT 7c 
Subzone). According to the ammonite-calibrated 
ages of  these events, the NJT 7b Subzone is early 
middle Toarcian in age and the NJT 7c Subzone 
covers the middle middle Toarcian to upper Toar-
cian interval. 

As discussed above, R. incompta is extremely 
rare and sporadic in all Tethyan sections and should 
not be used as zonal marker. We suggest, instead, 
to adopt the FO of  W. contracta to place the base of  
the NJT 8 Zone in the uppermost Toarcian. Fur-
thermore, since the FOs of  C. magharensis minor and 
W. britannica minor were proved to be reliable and 
reproducible, we propose to use these events to fix 
the base of  the NJT 8b and NJT 8c Subzones, re-
spectively. The NJT 9 Zone remains defined by the 
FO of  W. britannica britannica of  latest Aalenian age 
as proposed by Mattioli & Erba (1999).

Ferreira et al. (2019) demonstrated that Ear-
ly-Middle Jurassic calcareous nannofossil events 
can provide a high-resolution chronostratigraphy 
through the identification of  stage and substage 
boundaries.   Thus, the revised nannofossil zona-
tion allows to place the Toarcian/Aalenian bound-
ary in the NJT 8a Subzone and the Aalenian/Bajo-
cian boundary in the lowermost part of  the NJT 
9 Zone. Furthermore, the early/middle Toarcian 
boundary falls within the NJT 7a Subzone and 
the middle/late Toarcian boundary in the middle 
part of  the NJT 7c Subzone. The early/middle and 
middle/late Aalenian boundaries correlates with 
the NJT 8b and NJT 8c Subzones, respectively. In 
Figure 9 the revised nannofossil zonation and de-
rived chronostratigraphy (Ferreira et al. 2019) is ap-
plied to the Colle di Sogno section.
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evolutIon of Genus Watznaueria In 
the toarcIan-early bajocIan Interval

The evolution of  genus Watznaueria was origi-
nally reconstructed by Cobianchi et al. (1992) who 
recognized a general increase in size paralleled by a 
reduction of  the central area in species subsequent-
ly appearing in the Toarcian-Bajocian interval. Su-
chéras-Marx et al. (2012) ascribed the initial diversi-
fication of  the genus Watznaueria (early Bajocian) to 
the beginning of  the coccolithophore lithogenetic 
contribution in the ocean, coeval with a major C cy-
cle perturbation evidenced by a positive d13C excur-
sion documented at supraregional scale (Bartolini 
et al. 1996, 1999; Hesselbo et al. 2003; O’Dogherty 
et al. 2006; Erba et al. 2019b). Suchéras-Marx et al. 
(2015) further discussed the emergence of  Watznau-
eria in the late Aalenian-early Bajocian interval, em-
phasizing the biogenic calcite contribution of  the 
genus due to its abundance dominance starting in 
the early Bajocian.

The works by Suchéras-Marx et al. (2012, 
2015) are focused on the biogenic calcite contribu-
tion by the genus Watznaueria, correlating its emer-
gence - in terms of  diversification and increase in 
abundance - with paleoceanographic/paleoclimatic 
changes in the early Bajocian. The current study ap-
plies the revised taxonomy and chronostratigraphy 
of  Watznaueria species, and we comment on the suc-
cessive morphometric modifications documented 
in the Toarcian-Aalenian interval, regardless of  the 
implications for the calcareous nannoplankton as-
semblages and micrite contribution.

The first Watznaueria species, namely W. fos-
sacincta appeared in the early Toarcian. It presents 
a small open central area and is followed by spe-
cies possessing a structure in the central area: first 
Watznaueria with a cross (W. colacicchii followed by 
W. contracta), then Watznaueria with a double-button 
bridge (W. gaetanii), and then Watznaueria with a sin-
gle bridge (W. britannica minor and W. britannica bri-
tannica).  As previously underlined by Cobianchi et 
al. (1992), a progressive increase in size of  Watznau-
eria specimens was measured both at generic and 
species levels (Fig. 10A). An increase of  the W/w 
ratio was detected in successive species indicating 
the progressive closure of  the central area passing 
from W. colacicchii to W. contracta, W. gaetanii, W. bri-
tannica minor and W. britannica britannica (Fig. 10B). 
Moreover, the structure in the central area shows 

a modification from a cross (W. colacicchii and W. 
contracta) to a double-button bridge (W. gaetanii) to 
a single-button bridge (W. britannica minor and W. 
britannica britannica) (Fig. 9). In the late Aalenian W. 
communis appeared; its thick bridge in the central 
area, optically continuous with the inner cycle of  
the coccolith, could be the transition to younger 
Watznaueria species with a closed central area such 
as W. manivitiae and W. barnesiae which first occur in 
the lower Bajocian and lowermost Bathonian, re-
spectively.

The morphometric variations here docu-
mented in Watznaueria coccoliths took place starting 
from the middle Toarcian through the late Aalen-
ian, with definitively faster evolutionary rates in the 
Aalenian, apparently during a stable and oligotro-
phic regime (e.g. Aguado et al. 2008). This is not 
surprising since other evolutionary innovations, es-
pecially intragenerically, in the Mesozoic history of  
calcareous nannoplankton correlate with times of  
paleoceanographic stability and low trophic levels 
(e.g. Erba 2006). 

conclusIons

High-resolution calcareous nannofossil bio-
stratigraphy of  the Colle di Sogno section allowed 
the identification of  24 events in the Toarcian-lower 
Bajocian interval. The general frequent to common 
abundance and poor to moderate preservation of  
nannofossil assemblages resulted in the recognition 
of  the NJT5 to NJT9 Zones, further subdivided 
in subzones. The biozonation of  Mattioli & Erba 
(1999) was revised taking into account new/addi-
tional nannofossil biohorizons and reassessed ages 
of  a few events. 

Morphometric investigations of  the genus 
Watznaueria allowed to differentiate W. colacicchii 
from W. contracta (W/w ratio), and W. britannica bri-
tannica from W. britannica minor (coccolith L).The 
new species W. gaetanii was described. In the Toar-
cian-Aalenian interval a progressive increase in size 
of  Watznaueria specimens was documented - both 
at generic and species levels - paralleled by the pro-
gressive closure of  the central area (increase of  the 
W/w ratio) passing from W. colacicchii to W. contracta, 
W. gaetanii and the W. britannica group. Moreover, 
the structure in the central area shows a modifica-
tion from a cross (W. colacicchii and W. contracta) to a 
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double-button bridge (W. gaetanii) to a single-button 
bridge (W. britannica minor and W. britannica britan-
nica). Such interspecific evolutionary innovations 
accelerated in the Aalenian characterized by a pale-
oceanographic stable and oligotrophic regime. 
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