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Abstract. The onset of pelagic biomineralization was a mile-
stone in the history of the long-term inorganic carbon cy-
cle: as soon as calcareous nannofossils became major lime-
stone producers, the pH and supersaturation state of the
global ocean were stabilized (the so-called mid-Mesozoic
revolution). But although it is known that calcareous nan-
nofossils were abundant already by the end of the Triassic,
no estimates exist on their contribution to hemipelagic car-
bonate sedimentation. With this work, we estimate the vol-
ume proportion ofPrinsiosphaera, the dominant late Trias-
sic calcareous nannofossil, in hemipelagic and pelagic car-
bonates of western Tethys. The investigated Upper Trias-
sic lime mudstones are composed essentially of microspar
and tests of calcareous nannofossils, plus minor bioclasts.
Prinsiosphaerahad become a significant component of lime
mudstones since the late Norian, and was contributing up to
ca. 60 % of the carbonate by the late Rhaetian in periplat-
form environments with hemipelagic sedimentation. The in-
creasing proportion ofPrinsiosphaerain upper Rhaetian
hemipelagic lime mudstones is paralleled by an increase of
theδ13C of bulk carbonate. We interpreted this isotopic trend
as related to the diagenesis of microspar, which incorporated
respired organic carbon with a lowδ13C when it formed dur-
ing shallow burial. As the proportion of nannofossil tests
increased, the contribution of microspar with lowδ13C di-
minished, determining the isotopic trend. We suggest that a
similar diagenetic effect may be observed in many Mesozoic
limestones with a significant, but not yet dominant, propor-
tion of calcareous plankton.

1 Introduction

Calcareous nannofossils have contributed significantly to
pelagic sedimentation starting in the late Triassic (Bellanca
et al., 1995; Bralower et al., 1991; Bown, 1998; Bown et al.,
2004; Gardin et al., 2012; Preto et al., 2013). The spread-
ing of calcareous nannofossils had a major consequence on
seawater chemistry, as well as on the long-term carbon cycle.
Before pelagic biomineralization by calcareous nannofossils,
carbon was sequestrated, in the form of calcium carbonate,
only in platform areas, i.e., in areally limited portions of the
global ocean. This implied a poor stabilization of carbonate
species concentrations in seawater and, consequently, a vari-
able seawater pH before the Triassic. An ocean in this state
is, according to Zeebe and Westbroeck (2003), in “Neritan”
mode. From the Jurassic on, precipitation of carbonates oc-
curred both on platforms and in open oceans in the form of
calcitic tests of planktonic organisms (nannoliths, coccoliths,
calcareous dinocysts, and, later on, planktonic foraminifers).
An ocean in this state buffers the carbonic acid and the prod-
ucts of its dissociation more efficiently, resulting in a more
stable seawater pH through geological times. It is called an
ocean in “Cretan” mode (Zeebe and Westbroeck, 2003), and
is similar, for what the carbonate chemistry is concerned, to
the modern oceans. Clearly, the switch from the “Neritan” to
the “Cretan” mode was a milestone in the evolution of ocean
chemistry, and was thus baptized the “mid-Mesozoic revolu-
tion” (Ridgwell, 2005).
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But while the importance of this event is widely recog-
nized, its temporal allocation is still vague. Ridgwell (2005)
dates this event to sometime within the Jurassic, although
with a high degree of uncertainty. However, it is usually un-
derstood that abundant calcareous nannofossils first appear
in the late Triassic (e.g., Bown, 1998; Erba, 2004; Furin et
al., 2006).

Calcareous nannofossils were first described from the
hemipelagic carbonates of the Tethys realm by Di Nocera and
Scandone (1977) and then by Bellanca et al. (1993, 1995).
These authors mostly illustrated unidentified calcispheres,
whose structure and diagenetic alteration was subsequently
illustrated by Preto et al. (2013). Preto et al. (2012) illustrated
coccoliths and nannoliths from Pizzo Mondello in Sicily. In
this localityPrinsiosphaerais abundant in the Rhaetian, with
other calcareous planktonic forms (coccoliths and calcare-
ous dinocysts) being largely subordinated. A Lower Jurassic
(Pliensbachian) portion of the section instead yielded a rich
coccolith flora and abundant calcispheres.

Gardin et al. (2012) attempted to pin down precisely the
first (common) occurrence of key late Triassic nannofossil
taxa asPrinsiosphaeraand “coccolithophores”. These taxa
apparently become common only from the latest Sevatian
(upper Norian), i.e., much later than Bralower et al. (1991)
suggested for ODP sites 759–761 and 764 on the Wombat
Plateau offshore of northwest Australia. The study of Gardin
et al. (2012) is based on condensed successions of the North-
ern Calcareous Alps in Austria, and for the first time provides
semi-quantitative estimation of calcareous nannofossil abun-
dances in the Triassic, tightly constrained by conodont bios-
tratigraphy. The quantification approach followed by Gardin
et al. (2012), however, can only identify trends in nannofossil
abundances, and gives little information on the volume con-
tribution of nannofossils to carbonate sedimentation. Preto
et al. (2013) showed that “calcispheres” of uncertain taxo-
nomic affinity become significant components of limestone
from the base of the upper Carnian, but their contribution to
deep-water carbonate sedimentation is hard to quantify due
to strong epitaxial calcite overgrowth.

In this contribution, we examine the distribution of the
most common late Triassic nannolith,Prinsiosphaera, in se-
lected successions of the southern Apennines and Sicily. The
occurrence of commonPrinsiosphaerain Sicily was doc-
umented by Preto et al. (2012). Our aim is to provide a
quantification of nannofossils’ contribution to pelagic and
hemipelagic carbonates. This study should thus be consid-
ered complementary to that of Gardin et al. (2012), both
in terms of methods and because of the different paleogeo-
graphical position of the studied successions.

Analyses of the carbon stable isotope composition of bulk
carbonate (δ13Ccarb) were also performed in order to iden-
tify possible correlations between nannofossil abundance and
perturbations of the global carbon cycle. The effect of diage-
nesis was assessed with a combination of geochemical data
and petrographic observations.

2 Geological setting

For this study, western Tethysian hemipelagic to pelagic car-
bonates and siliceous carbonates from the basinal domains of
the southern Apennines (Lagonegro Basin) and Sicily (Sica-
nian Basin) were sampled in two representative stratigraphic
sections (Fig. 1) that apparently correlate with the increase
in abundance ofPrinsiosphaeraobserved in the late Norian
by Gardin et al. (2012). The Norian facies are similar in the
two areas: nodular cherty limestones with calcified radio-
larian molds and thin-shelled bivalves. However, significant
differences in the sedimentation between the Lagonegro and
Sicanian basins are observed in the late Norian and Rhaetian
(latest Triassic), which is our interval of interest. We shall
thus describe the typical succession of the two basins sepa-
rately, also providing the current biostratigraphies.

2.1 Pizzo Mondello section in the Sicanian Basin

A periplatform carbonate succession of late Carnian to Juras-
sic age, belonging to the Sicanian Basin, crops out at Pizzo
Mondello in central Sicily (Di Stefano, 1990; Gullo, 1996)
(Fig. 1). Its lower portion is exposed on the walls of an
abandoned quarry, and was proposed as type section for the
Global Boundary Stratotype Section and Point (GSSP) of the
Norian (e.g., Muttoni et al., 2004; Balini et al., 2012; Mazza
et al., 2012). The upper part is not similarly well exposed,
but large intervals of the late Norian to early Jurassic suc-
cession can be logged and sampled (Gullo, 1996; Mazza et
al., 2012; Preto et al., 2012), and there is no evidence of dis-
continuities between the measured tracts of the section. For
this study, we focused on the late Norian, Rhaetian and early
Jurassic portions of the succession (Fig. 2), which are well
constrained by conodont biostratigraphy (Mazza et al., 2010,
2012), calcareous nannofossils and radiolarians (Preto et al.,
2012). In this interval, the succession is comprised of chert-
poor, cream to whitish nodular limestones, passing upward
to whitish porous plane-bedded limestones (chalks). Green-
ish clay interlayers occur, but are rare and thin (about 1 cm):
the succession is thus nearly completely carbonate.

2.2 Pignola-Abriola section in the Lagonegro Basin

The Carnian and Norian of the Lagonegro Basin (Fig. 1)
are comprised of a thick succession of nodular limestones
with chert nodules and beds, rich in radiolarian molds and
thin-shelled bivalves mainly assignable to the genusHalo-
bia (e.g., Scandone, 1967; Rigo et al., 2005, 2012a). Start-
ing from the upper Norian (Sevatian) and continuing into
the Rhaetian, the succession gradually becomes richer in
shales and radiolarites through a ca. 30–40 m thick transi-
tional interval (Amodeo, 1999; Passeri et al., 2005; Rigo et
al., 2005, 2012a). The base of this transitional interval is
marked by a ca. 3 m thick red shale horizon, dated to the late
NorianMockina bidentataconodont biochronozone (Rigo et
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al., 2005, 2012a). A radiolaritic succession of late Rhaetian
to late Jurassic age follows. The transition from deep-water
carbonate sedimentation to shale radiolarites that occurs bas-
inwide in the late Norian–Rhaetian interval is interpreted as
the deepening of the basin below the carbonate compensa-
tion depth (CCD) (e.g., Amodeo, 1999; Passeri et al., 2005;
Giordano et al., 2011).

The studied succession at Pignola-Abriola (Fig. 3) encom-
passes most of the transitional interval above the basal red
shale horizon, which is not documented, and the very base
of the overlying shales and radiolarites. Conodont and radi-
olarian biostratigraphies constrain the succession to the late
Norian–Rhaetian interval (Bazzucchi et al., 2005; Rigo et al.,
2005, 2012a; Giordano et al., 2010).

3 Materials and methods

The proportion ofPrinsiosphaerain the hemipelagic carbon-
ates of this study was evaluated via point counting of SEM

images. The use of thin sections was excluded, becausePrin-
siosphaeracan break down into single elements (scales or
calcite plates) about 1 µm large that could not be seen under
the optical microscope, not even in ultrathin sections (e.g.,
Erba and Tremolada, 2004). Methods for volume or flux es-
timation based on counts of individuals in a given area or vol-
ume (Young and Ziveri, 2000) are routinely applied for the
volume estimation of nannofossils, especially if numerous
taxa have to be distinguished, but modal analysis is the most
adequate method for unbiased volume estimation of a sin-
gle component in a consolidated rock (Chayes, 1951, 1954).
Point counting provides an unbiased estimation under some
assumptions that are commonly met in petrographic modal
analysis: (a) point counting is performed on a surface, and
(b) the sampling step is wider than the largest rock compo-
nent (Van der Plas and Tobi, 1965).

Sixty-three samples of lime mudstone, silicified lime mud-
stone and intraclastic grainstone and breccia were prepared
from Pignola-Abriola (Lagonegro Basin in the southern
Apennines), while the 47 samples from Pizzo Mondello were

www.biogeosciences.net/10/6053/2013/ Biogeosciences, 10, 6053–6068, 2013
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all lime mudstone. Of the 63 samples from the Lagonegro
Basin, only 20 were preserved well enough to allow for point
counting. The most common diagenetic alteration that made
impossible to perform significant point counting was silicifi-
cation (Fig. 4).

All samples were cut in blocks of ca. 5 mm× 5 mm,
polished with borcarbid powder (500 and then 800 mesh
per inch), etched for 20–30 s in 0.3 % hydrochloric acid,
cleaned shortly in an ultrasonic bath, rinsed with deionized
(Millipore) water, dried and gold coated. We analyzed sur-
faces perpendicular to bedding in order to minimize the ef-
fects of sample heterogeneity (Chayes, 1954). SEM images
were taken at high magnification (ca. 2000× to 3000× and
higher) with the Zeiss SUPRA 40 of the Department of Geo-
sciences, University of Bremen. Etching was necessary to
highlight crystal boundaries (Preto et al., 2013).

Point counting was performed by superimposing a regular
grid of 28 columns and 19 rows (making up for 532 cross
points) to SEM images (Fig. 5a–e). The grid spacing was
chosen as to be larger than a single scale ofPrinsiosphaera.
A minimum of 2 up to 8 frames per sample were point
counted, equaling 1064 to 4256 points counted per sample.
This preparation ensured that estimations were made on a
substantially flat surface. The point counting grid was de-
signed in order to maintain two-sigma errors within less than
5 %, implying that> 400 points per frame must be counted
(Van der Plas and Toby, 1965). In a few cases, variability be-
tween frames of the same sample exceeded the error bounds
(e.g., in sample at 39.75 m of Pizzo Mondello section, Fig. 2).
This was attributed to sample heterogeneity (e.g., because of
discontinuous bioturbation or preserved lamination).

Stable isotope analyses were performed on carbonate pow-
ders obtained with a dental drill from clean limestone sur-
faces, and carried out in two phases, first with Kiel- and
Bremen-type Finnigan MAT mass spectrometers, reacting
powders with H3PO4, at MARUM (University of Bremen),
then by automated continuous-flow carbonate preparation
GasBenchII device (Spötl and Vennemann, 2003) and Ther-
moElectron Delta Plus XP mass spectrometer at the IAMC-
CNR (Trapani, Italy) isotope geochemistry laboratory.

No systematic bias was recognized between samples from
the same sections run in different laboratories. Care was
taken to avoid late fractures, but it was impossible to sepa-
rate calcareous nannofossils from their microsparitic matrix.

4 Results

4.1 SEM petrology of nannofossil-bearing limestones

The samples chosen for this study come from well-bedded
lime mudstones and wackestones, with the exception of one
sample from Pignola-Abriola, from a meter-scale calcitur-
bidite bed. In this case, the ultrafacies and calcareous nanno-
fossil abundance are referred to the reworked lime mudstone

Fig. 4. Examples of diagenetic alteration of micrite and mi-
crosparite.(A) Slightly silicified sample with minor terrigenous
component (mica crystal in the center of the frame). Calcareous
nannofossils are easily visible. Silicified patches (Si) stick out of the
sample plain because of etching. Pignola-Abriola section,Parvigon-
dolella andrusovi–Misikella hernsteiniconodont zone, late No-
rian, 33.3 m in Fig. 3.(B) Dolomite rhombohedrons (Dol) in mi-
crosparitic lime mudstone. Pignola-Abriola section,Misikella ul-
tima conodont zone, Rhaetian, 58.8 m in Fig. 3.(C) Silicified lime
mudstone. Silica (Si) occupies a large part of the rock volume in
this frame, and can be found in interstitial position between car-
bonate crystals or as patches. Pignola-Abriola section,Parvigon-
dolella andrusovi–Misikella hernsteiniconodont zone, late No-
rian, 40.7 m in Fig. 3.(D) Strongly silicified sample. Carbonate
(Carb) is only present as a few crystals that partially engulf sil-
ica with spheroidal shape (chalcedony?). Locally, carbonate crys-
tal faces are instead preserved. Pignola-Abriola section,Parvigon-
dolella andrusovi–Misikella hernsteiniconodont zone, late Norian,
45.1 m in Fig. 3.

lithoclasts that make up the coarse portion of the calcitur-
bidite.

In all samples, carbonates are given by an admixture of rel-
atively large (5–15 µm on average) pitted microspar crystals
and small (1 µm or less) platy calcite crystals (Figs. 5 and
6). The latter are interpreted as elements of the calcareous
nannofossilsPrinsiosphaera, which can break down in loose
scales (Figs. 5c, g and 6a). Often, however, these micron-
scale platy calcite crystals or scales are still connected to
form stacked groups of calcite plates and eventually spher-
ical, solid nannoliths or “calcispheres” sensu lato assignable
to Prinsiosphaera(Fig. 6).

Microspar crystals may vary in dimensions between sam-
ples, and are generally larger whenPrinsiosphaerais scarce.
In the Rhaetian samples of Pizzo Mondello, where calcare-
ous nannofossils often reach> 50 % of the rock volume, mi-
crospar crystals are mostly< 10 µm in diameter (Fig. 5e).
The preservation of complete specimens ofPrinsiosphaera
is, however, not related to the dimension of microspar crys-
tals: complete “calcispheres” are in fact found irrespective of

Biogeosciences, 10, 6053–6068, 2013 www.biogeosciences.net/10/6053/2013/
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Fig. 5. Ultrafacies of late Norian and Rhaetian lime mudstones
from Pignola-Abriola and Pizzo Mondello, as seen under the SEM.
All samples of this figure were prepared with polishing and etch-
ing. In (A–E), SEM images are compared with the results of point
counting. Three examples with scarce, abundant and dominantPrin-
siosphaeraare shown.(A) and(B) Sample from theMockina biden-
tata conodont zone, late Norian of Pizzo Mondello, 9.71 m in
Fig. 2. Note large microspar crystals with pits highlighted by etch-
ing. Pr =Prinsiosphaera. (C) and(D) Sample from theParvigondo-
lella andrusovi–Misikella hernsteiniconodont zone, late Norian of
Pizzo Mondello, 23.74 m in Fig. 2. In this sample, complete speci-
mens ofPrinsiosphaeraare associated with isolated scales (Sc) of
disaggregatedPrinsiosphaera“calcispheres”.(E) and (F) Sample
from theMisikella ultimaconodont zone, Rhaetian of Pizzo Mon-
dello, 54.5 m in Fig. 2.Prinsiosphaerais here the dominant rock
component. Single specimens are compacted and indistinguishable.
Note the fine microspar, with crystals always smaller than 10 µm.
(G) Sample from theMockina bidentataconodont zone, late No-
rian of Pignola-Abriola, 23.7 m in Fig. 3. Complete specimens of
Prinsiosphaerawith well-developed piles of scales are here asso-
ciated with isolated scales (Sc), often engulfed by the surrounding
microspar.(J) Sample from theMisikella posthernsteiniconodont
zone, Rhaetian of Pignola-Abriola, 52.1 m in Fig. 3. Silification
formed in this sample’s patches of amorphous silica or chert (Si) in
interstitial positions that stick out of the sample surface after etch-
ing. The large, subrounded patch in the center may be a substituted
radiolarian test.Prinsiosphaera(Pr) are still well recognizable and
some microspar is also observed.

their abundance or microspar crystal dimensions, and sam-
ples with abundantPrinsiosphaeraand microspar< 10 µm
may be mostly formed by fragmented “calcispheres”. Scales
of brokenPrinsiosphaeraare often engulfed by microspar
crystals (Fig. 5).

Isolated dolomite rhombohedrons may also occur in sam-
ples from both sections (Fig. 4), similar to those described
by Bellanca et al. (1995). Dolomite only constitutes a minor
component of the rock volume, and was only rarely framed
in the SEM images used for volume estimation of calcareous
nannofossils.

Silicification is common at Pignola-Abriola (Figs. 4, 5j
and 6g, j). Patches of amorphous silica or of unidentified sil-
ica minerals stick out on prepared SEM samples, because
they are unaffected by etching. The proportion of sample
that was silicified may vary from a few percent to nearly
all the rock volume (Fig. 4). Generally, point counting was
still possible with a proportion of silica up to ca. 25 %. Sil-
ica does not appear to substitute the small calcite crystals of
Prinsiosphaera; instead, it occupies intracrystalline spaces.
Spaces that are normally occupied by microspar in other
samples may be taken over by silica in silicified samples
(Fig. 4c and d).

4.2 Calcareous nannofossils of the Sicanian and
Lagonegro basins

The dominant calcareous nannofossil in the two examined
sections is by farPrinsiosphaera.Other calcareous nanno-
fossil taxa such as thoracospherids (Fig. 6b) do not contribute
substantially to hemipelagic carbonate sedimentation in the
Triassic, while the Jurassic assemblages of Pizzo Mondello
are fairly diverse (Preto et al., 2012).

Prinsiosphaera is a still enigmatic nannolith, whose
features are strongly influenced by diagenetic alteration
(Bralower et al., 1991). Its inner part is made of piles of
micron-size scales that describe a full sphere. This inner part
is the most easily preserved, it and was these micron-size
scales that were recognized and point counted in this study
(Fig. 6). Differently from older calcispheres that tend to de-
velop an epitaxial overgrowth (Gardin et al., 2012; Preto et
al., 2013),Prinsiosphaerais always easy to tell from the sur-
rounding sediment. However, spheres were found to break
down easily, and scales are thus often found disarticulated in
a microspar matrix (Figs. 5c, g and 6a). Also in these cases,
the distinction between scales ofPrinsiosphaeraand small
crystals of the matrix is rarely equivocal, as epitaxial over-
growths never occur.

4.3 Distribution of Prinsiosphaera

The firstPrinsiosphaerawe documented at Pizzo Mondello
is within theMockina bidentataconodont zone, i.e., in the
uppermost Norian (Fig. 2; Table 1). At Pignola-Abriola,
the first Prinsiosphaerais observed immediately above a

www.biogeosciences.net/10/6053/2013/ Biogeosciences, 10, 6053–6068, 2013
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Fig. 6. Calcareous nannofossils from the late Norian and Rhaetian
of the southern Apennines and Sicily.(A) Scales ofPrinsiosphaera
from theMisikella ultimaconodont zone, Rhaetian of Pizzo Mon-
dello, 54.5 m in Fig. 2: fresh broken sample. In this example,Prin-
siosphaera“calcispheres” cannot be discerned either because they
were disarticulated, or because they have been compacted during
burial. (B) Thoracosphaera geometricafrom theMisikella ultima
conodont zone, Rhaetian of Pizzo Mondello, 54.5 m in Fig. 2: fresh
broken sample. This and other nannofossils, different fromPrin-
siosphaera, are minor constituents of the carbonate sediment at
Pizzo Mondello and were not recognized at Pignola-Abriola.(C)
Prinsiosphaerafrom the Misikella posthernsteiniconodont zone,
Rhaetian of Pizzo Mondello, 40.25 m in Fig. 2: surface of “cal-
cispheres” within a primary cavity of the sediment.(D) Prin-
siosphaerafrom the Parvigondolella andrusovi–Misikella hern-
steini conodont zone, late Norian of Pizzo Mondello, 19.95 m in
Fig. 2: polished and etched sample.(E, F) Prinsiosphaerafrom
the Mockina bidentataconodont zone, late Norian of Pizzo Mon-
dello, 13.1 m in Fig. 2: comparison of the freshly broken sample
(E) and polished and etched sample(F). (G) Three specimens of
Prinsiosphaerawith different diameters from theMockina biden-
tataconodont zone, late Norian of Pignola-Abriola, 23.7 m in Fig. 3.
This sample was polished and etched. Silicification (Si) is visible.
(J) Prinsiosphaera(Pr) and silicified patches (Si) from theMisikella
posthernsteiniconodont zone, Rhaetian of Pignola-Abriola, 52.1 m
in Fig. 3. Polished and etched sample.

dolomitized interval present in the lower part of the succes-
sion within the upper NorianMockina bidentataconodont
zone (Fig. 3; Table 2).

Prinsiosphaerais overall more common at Pizzo Mon-
dello, where its abundance in limestones reaches 50–60 %
by the late Rhaetian in theMisikella ultimaconodont zone.
Because of the high proportion of calcareous nannofossils
with respect to carbonate constituents of the rock and incom-
plete cementation, the Rhaetian limestones of Pizzo Mon-
dello (Portella Gebbia limestone) are in fact chalks. The up-
permost few meters of the Portella Gebbia limestone crop-
ping out in the Pizzo Mondello section belong to the Lower
Jurassic (Pliensbachian; Preto et al., 2012). These limestones
contain abundant calcareous nannofossils, constituting ca.
20–40 % of the rock volume.

At Pignola-Abriola, limestones are alternated to domi-
nant shales, silicified claystones and cherts, and thus consti-
tute only a minor part of the rock volume. Furthermore, the
amount of carbonate produced by calcareous nannofossils is
proportionally minor within limestones, ranging between 2.5
and 15 % (Fig. 3; Table 2). A trend of increasing nannofos-
sil abundance is again observed in the Rhaetian, within the
Misikella ultimaconodont zone, wherePrinsiosphaeracon-
stitutes up to 12–13 % of carbonate volume.

4.4 Carbon isotope composition of carbonate

The stable isotope composition of calcium carbonate
(Tables 3 and 4) shows different values in the two an-
alyzed sections, with a mean ofδ13C = 1.71± 0.70 ‰,
δ18O =−0.22± 0.60 ‰ at Pizzo Mondello and
δ13C = 1.00± 1.00 ‰, δ18O =−3.10± 1.84 ‰ at Pignola-
Abriola. The stable isotope composition of samples from
Pizzo Mondell is within the range of seawaterδ13C es-
timated by Korte et al. (2005) for the Rhaetian (ca. 1 to
2.5 ‰), and in agreement with results of stable isotopic
analyses on unaltered brachiopod shells from the Rhaetian
of the Northern Calcareous Alps (Mette et al., 2012).

The δ13C and δ18O are strongly correlated at Pignola-
Abriola, while only a small and negative correlation coef-
ficient is found at Pizzo Mondello (Fig. 7). A few samples
from Pignola-Abriola come from a thick bed of coarse cal-
citurbidite, and exhibit the highestδ13C values. All of these
values are necessarily derived from bulk carbonate samples,
which include both calcareous nannofossils and microspar.
Contributions of minor carbonate components, as dolomite
crystals or unidentified macrofossils, can be neglected on the
basis of petrographic observations.

A decrease of theδ13Ccarb, reaching the absolute mini-
mum value recorded in the Pignola-Abriola section, nearly
corresponds to the Norian–Rhaetian boundary. This strati-
graphic interval is not exposed at Pizzo Mondello, where,
however, the lowestδ13Ccarb values are recorded at about
the 29 m level in the highest outcropping beds belong-
ing to the Misikella hernsteini–Parvigondolella andrusovi
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Table 2.Nannofossil content of analyzed limestones at Pignola-Abriola. Stratigraphic heights (H ) as in Fig. 3. Each point count of column
2 (Nannofossils) refers to a framed SEM image; two-sigma confidence intervals are provided. The third column refers to the average of all
images on which point counting was made for that sample. A figure of statistical dispersion (two standard deviations) is given between square
brackets.

H Nannofossils Average [2 s] H Nannofossils Average [2 s] H Nannofossils Average [2 s] H Nannofossils Average [2 s]
(m) (% volume) (% volume) (m) (% volume) (% volume) (m) (% volume) (% volume) (m) (% volume) (% volume)

19.50 17.5± 3.3 15.1 [6.6] 33.30 4.0± 1.7 6.1 [4.6] 51.80 2.3± 1.3 1.7 [1.0] 57.90 9.8± 2.6 12.3 [8.9]
12.8± 2.9 7.5± 2.3 1.5± 1.1 15.8± 3.2

21.25 8.5± 2.4 10.0 [2.4] 4.0± 1.7 1.3± 1.0 16.5± 3.2
9.9± 2.6 5.8± 2.0 52.10 5.6± 2.0 6.1 [1.9] 5.8± 2.0
9.9± 2.6 6.4± 2.1 6.8± 2.2 13.5± 3.0
10.0± 2.6 3.6± 1.6 4.9± 1.9 58.30 12.8± 2.9 12.8 [4.2]
11.8± 2.8 7.1± 2.2 7.0± 2.2 14.1± 3.0

23.70 13.5± 3.0 14.4 [6.6] 10.3± 2.6 52.50 2.3± 1.3 3.6 [2.1] 16.4± 3.2
20.9± 3.5 37.40 3.6± 1.6 3.9 [1.2] 3.6± 1.6 9.8± 2.6
13.7± 3.0 4.0± 1.7 3.8± 1.6 13.4± 2.9
14.0± 3.0 4.7± 1.8 2.6± 1.4 11.1± 2.7
13.3± 2.9 3.4± 1.6 4.7± 1.8 12.4± 2.9
11.3± 2.7 37.70 4.9± 1.9 6.0 [3.2] 4.9± 1.9 58.80 12.4± 2.9 12.7 [5.0]

24.20 6.0± 2.1 8.4 [6.6] 7.1± 2.2 54.90 4.0± 1.7 4.5 [1.6] 17.5± 3.3
10.7± 2.7 40.70 1.5± 1.1 2.6 [1.7] 5.1± 1.9 11.7± 2.8

25.60 5.5± 2.0 4.4 [2.4] 3.6± 1.6 57.20 15.0± 3.1 11.0 [6.2] 12.2± 2.8
2.8± 1.4 2.6± 1.4 7.1± 2.2 10.2± 2.6
4.9± 1.9 2.6± 1.4 10.9± 2.7 12.4± 2.9
4.3± 1.8 50.90 6.4± 2.1 9.1 [5.1] 8.8± 2.5
4.7± 1.8 5.5± 2.0 9.8± 2.6
6.2± 2.1 8.8± 2.5 14.3± 3.0
4.0± 1.7 7.7± 2.3 57.30 4.9± 1.9 7.4[5.1]
2.6± 1.4 10.9± 2.7 5.6± 2.0

28.10 8.1± 2.4 9.3 [3.5] 9.0± 2.5 10.0± 2.6
10.5± 2.7 11.1± 2.7 9.2± 2.5

13.2± 2.9

-2

-1

0

2

1

δ1
3 C

 (‰
, v

P
D

B
)

r = -0.23 r = 0.70

A B

δ18O (‰, vPDB) δ18O (‰, vPDB)
10-1-2-3-4-5-610-1-2-3-4-5-6

Fig. 7.Crossplots of stable isotope analyses of bulk carbonate from
(A) Pizzo Mondello and(B) Pignola-Abriola. The samples marked
in red are from a thick calciturbidite in the uppermost Norian por-
tion of the Pignola-Abriola section. Correlation coefficients (r) are
both significantly different from zero at the 95 % level.

conodont zone (the youngest of the Norian). The base of
the Rhaetian is thus generally associated with a rising trend
of the δ13Ccarb values, which is best recorded at Pignola-
Abriola. Interestingly, the contribution of calcareous nanno-
fossils to carbonate production is also rising during the basal
part of the Rhaetian in both sections (Fig. 2). More specifi-
cally, δ13Ccarb was found to be positively correlated with the
content of calcareous nannofossils in both sections (Fig. 8).

5 Discussion

5.1 Contribution of calcareous nannofossils to
hemipelagic carbonate sedimentation in
western Tethys

In our Triassic samples, nearly all calcareous nannofossils
are assignable toPrinsiosphaera. The volume contribution of
calcareous nannofossils becomes detectable starting from the
upper Norian portion of the Pizzo Mondello section, within
the Sevatian substage, a few meters below the last occur-
rence of the conodontMockina bidentataand the first oc-
currence ofMisikella hernsteini. The methods used in this
study are not easily comparable to standard calcareous nan-
nofossil counts of biostratigraphic investigations, which con-
sist of semiquantitative counting performed on smear slides.
However, our data are roughly in agreement with the first
abundant occurrence of nannoliths and coccoliths in Tethys
in the late Norian according to Gardin et al. (2012). This
horizon is included at Pignola-Abriola within the basal in-
terval affected by dolomitization, and the first samples ana-
lyzed already contain a rather high proportion of nannofos-
sils,> 10 %.

Afterwards, the volume proportion of calcareous nanno-
fossils increases, reaching 64 % by the late Rhaetian at Pizzo
Mondello. In this locality, probably due to the high content
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Table 3.Stable isotope composition of oxygen and carbon in limestones of the Pizzo Mondello section. Stratigraphic heights (H ) as in Fig. 2.

H (m) δ18O δ13C H (m) δ18O δ13C H (m) δ18O δ13C

Part 1 17.47 0.54 1.56 37.10 −0.41 1.93
5.00 −0.61 2.21 17.70 0.10 1.50 37.50−0.22 1.87
5.30 −0.79 1.95 19.20 0.14 1.59 37.90 0.08 2.07
6.02 −0.64 1.85 19.95 0.18 1.55 38.20−0.05 1.88
6.27 −0.26 1.67 20.50 −0.16 1.36 38.55 −0.33 1.92
6.90 −0.37 1.61 21.35 −0.09 1.18 39.25 −0.02 2.05
7.25 −1.02 1.76 22.19 −0.76 0.93 39.75 −0.30 2.04
7.95 −0.68 1.77 22.60 −0.64 1.30 40.25 −0.79 1.80
8.47 −0.27 1.72 23.47 0.18 1.41 41.85−0.16 2.13
9.71 0.10 1.52 24.00 −0.12 1.29 42.25 −0.18 2.14

10.01 −0.25 1.59 25.76 0.28 1.34 44.35−0.59 1.78
26.26 0.04 1.25 52.05 −0.37 1.85

Part 2 26.63 0.02 1.16 52.55 0.17 2.08
12.00 0.07 1.49 27.11 0.15 1.24 54.50−0.59 2.10
12.60 −0.47 2.00 27.41 −0.44 1.10 54.90 −0.35 2.16
13.10 −0.04 1.60 28.30 0.00 0.93 55.40−0.14 2.15
13.39 −0.29 1.11 28.72 0.08 1.19
13.80 −0.24 1.45 29.08 −0.16 1.27 Part 4
14.10 −0.20 1.50 60.00 −0.20 2.29
14.30 −0.15 1.38 Part 3 62.70 0.01 2.12
14.44 −0.22 1.72 35.00 −0.55 2.09 64.00 −0.37 2.07
15.73 −0.31 1.49 35.70 −0.04 1.99 65.10 −0.66 1.82
16.48 0.03 1.59 36.10 −0.17 1.98
17.07 0.28 1.56 36.60 −0.42 1.99

of low-Mg calcite nannofossils and consequent paucity of
metastable carbonate that could reprecipitate as microspar
cement during diagenesis, upper Rhaetian and Jurassic lime
mudstones retained high microporosity, and are thus true
chalk. The highest nannofossil abundances are reached in the
late Rhaetian. Five Jurassic (Pliensbachian) samples show
lower average volume contribution by calcareous nannofos-
sils of 28 %.

It is interesting to compare the contribution ofPrin-
siosphaerain the two localities, keeping in mind that the
facies of Pizzo Mondello are overall closer to a coastline,
and probably shallower, than those of Pignola-Abriola (Rigo
et al., 2012b). The Lagonegro Basin fell below the CCD
near the Triassic–Jurassic boundary, while Pizzo Mondello
always remained above it. At Pignola-Abriola, the passage
below the CCD is documented at the base of Jurassic ra-
diolarites of the Scisti Silicei formation, at the top of the
Pignola-Abriola section.

Prinsiosphaera is the dominant component of upper
Rhaetian sediments at Pizzo Mondello but remains only a
minor contributor in the more distal Pignola-Abriola section
(Fig. 9). Moreover, the limestone beds are diluted by a high
proportion of siliceous and clay beds at Pignola-Abriola,
while the coeval succession of Pizzo Mondello is practically
all limestone. We could not detect any obvious difference
in preservation of nannofossils between the two localities.
Specimens ofPrinsiosphaeraare always preserved as full
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Fig. 8. Carbon isotope composition (δ13C) of lime mudstone plot-
ted against the abundance of calcareous nannofossils at Pizzo Mon-
dello (A) and Pignola-Abriola(B). The δ13C is clearly correlated
with nannofossil abundance (see correlation coefficients (r)) which
are both significantly different from zero at the 95 % level. Lin-
ear fit is plotted with 90 % error bounds. Twelve samples of Pizzo
Mondello without nannofossils and one sample of Pignola from a
2 m thick coarse calciturbidite are marked in red and were excluded
from computation.

spheres or isolated scales, but, for instance, there is no sign
of a reduction of the volume of spheres due to dissolution.
We thus assume that the difference in abundance between
the two sections reflects a different original abundance of this
nannolith.Prinsiosphaerawas apparently more common in
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Table 4.Stable isotope composition of oxygen and carbon in limestones of the Pizzo Mondello section. Stratigraphic heights (H ) as in Fig. 3.

H (m) δ18O δ13C H (m) δ18O δ13C H (m) δ18O δ13C H (m) δ18O δ13C

18.31 −2.82 1.00 27.09 −2.56 1.29 42.06 −4.75 0.74 50.35 −3.38 0.51
19.06 −3.60 −0.05 27.26 −3.01 1.19 42.21 −3.67 0.66 50.88 −2.52 1.05
19.32 −4.29 −1.80 27.46 −2.27 1.28 42.27 −4.50 0.52 50.88 −3.31 0.81
19.52 −2.17 1.53 27.62 −2.12 1.14 42.44 −2.66 1.23 51.35 −3.08 1.02
19.81 −4.57 0.31 27.95 −1.94 1.37 42.65 −2.35 1.20 51.85 −3.42 0.73
20.06 −2.35 1.65 28.10 −1.94 1.42 42.93 −2.96 1.42 52.13 −3.00 0.74
20.18 −3.76 0.10 28.17 −1.90 1.47 43.17 −2.66 1.30 52.45 −3.24 0.81
20.59 −2.87 1.14 28.24 −2.72 1.09 43.57 −3.68 1.22 52.78 −2.46 1.29
20.96 −2.30 1.23 28.48 −2.32 1.20 43.91 −3.86 1.02 53.00 −3.08 1.03
21.30 −2.38 1.46 28.67 −2.34 1.24 44.22 −2.80 1.19 53.11 −3.28 0.92
21.36 −2.05 1.20 28.87 −2.54 1.02 44.37 −3.34 0.96 53.30 −3.83 0.76
21.74 −2.47 1.07 31.18 −2.44 0.99 44.44 −4.59 0.58 53.64 −3.44 0.82
21.83 −2.67 0.94 31.71 −2.04 1.17 44.53 −3.53 1.05 54.28 −3.79 0.90
21.98 −2.66 0.92 31.84 −2.31 1.17 44.68 −4.14 0.02 54.61 −3.86 1.18
22.12 −2.50 1.38 32.30 −2.56 0.84 44.79 −4.98 −0.22 54.61 −3.61 0.86
22.24 −3.29 1.08 32.39 −2.20 0.98 45.03 −4.34 0.29 54.75 −3.29 1.02
22.45 −2.33 1.13 32.59 −2.10 1.04 45.10 −6.09 −0.04 54.92 −2.30 1.59
22.66 −2.22 1.27 32.88 −1.91 1.31 45.38 −2.43 1.29 55.17 −1.97 1.52
23.03 −2.16 1.25 33.30 −1.24 1.42 46.00 −2.62 1.04 55.30 −2.91 1.20
23.17 −1.40 1.56 33.42 −2.29 1.16 46.09 −4.94 0.64 55.40 −4.01 1.18
23.54 −2.14 1.60 33.51 −3.96 0.88 46.19 −5.51 0.47 55.51 −3.63 1.09
23.72 −4.35 0.64 33.42 −1.85 1.44 46.28 −4.37 −0.69 55.73 −4.08 1.06
23.72 −2.26 1.57 33.94 −1.88 1.50 46.34 −3.81 0.32 55.73 −2.83 1.10
23.90 −3.54 1.22 33.80 −1.69 1.39 46.61 −5.18 0.48 55.93 −3.38 0.99
24.06 −2.50 1.31 34.22 −2.17 1.29 46.68 −3.44 0.68 56.25 −4.51 0.67
24.17 −2.53 1.42 34.53 −1.88 1.38 46.77 −3.24 0.47 56.35 −4.43 0.92
24.32 −2.65 1.24 34.60 −1.66 1.38 47.19 −3.30 0.36 56.47 −3.93 0.95
24.47 −3.82 1.26 37.13 −2.41 1.18 47.35 −3.66 0.27 56.71 −3.10 1.09
24.82 −2.83 1.14 37.34 −2.51 1.40 47.59 −4.01 −0.01 56.90 −3.70 1.21
25.00 −3.20 1.00 37.55 −2.02 2.02 47.88 −3.85 0.13 56.92 −3.27 1.12
25.17 −3.16 1.13 37.67 −2.99 1.40 48.03 −4.11 0.49 57.17 −3.59 0.98
25.48 −2.27 1.44 38.53 −1.98 2.05 48.73 −3.19 0.94 57.27 −4.19 1.26
25.64 −2.19 1.32 39.07 −2.17 2.07 48.86 −2.92 1.02 57.64 −2.82 0.95
25.73 −2.33 1.40 39.16 −3.85 1.03 48.96 −4.25 0.43 57.87 −3.96 1.26
26.10 −2.02 1.58 39.38 −2.80 1.30 49.13 −3.61 0.19 58.02 −3.66 1.23
26.27 −1.96 1.50 40.29 −2.48 1.48 49.26 −4.59 0.34 58.39 −4.50 1.15
26.34 −2.04 1.52 40.75 −4.22 1.23 49.26 −4.51 0.09 58.57 −2.92 1.14
26.49 −1.94 1.58 41.01 −4.85 0.52 49.44 −4.21 0.05 58.70 −2.58 1.41
26.78 −2.85 1.29 41.11 −4.14 0.80 49.90 −3.48 0.49
26.99 −2.65 1.36 41.57 −4.52 0.79 50.35 −3.00 0.88

the shallower (proximal) periplatform basins of Sicily than
in the more open marine setting of the Lagonegro Basin.

The main observation is, however, that calcareous nanno-
fossils were a primary component of hemipelagic (or pelagic)
carbonates during the latest Triassic. At that time,Prin-
siosphaeramust have played already a role in stabilizing
the carbon cycle and thus in triggering the transition from
a “Neritan” to a “Cretan” ocean (Zeebe and Westbroeck,
2003). The success ofPrinsiosphaeraas planktonic carbon-
ate producer was, however, ephemeral: the Triassic/Jurassic
mass extinction severely hit marine carbonate-secreting or-
ganisms, includingPrinsiosphaera(Clémence et al., 2010),

and calcareous nannofossils started over with a prolonged re-
covery. At Pizzo Mondello, the proportion of carbonate pro-
duced by calcareous nannofossils in the Pliensbachian, some
10 Myr after the Triassic–Jurassic extinction, was not yet as
high as it was at the end of the Triassic.

5.2 Interpretation of δ13C values: admixture of
seawater and marine burial diagenetic signals

In fine-grained carbonate sediments as those of this study,
microspar forms during shallow burial as the metastable
aragonite dissolves and reprecipitates as low-Mg calcite.
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Fig. 9. Correlation of isotopic and nannofossil records between Pizzo Mondello, Pignola-Abriola and Steinbergkogel (Gardin et al., 2012).
The correlation with Steinbergkogel is only based on conodont biostratigraphy, and it could thus be inaccurate, as highlighted by Giordano
et al. (2010). Distribution ofPrinsiosphaeraand magnetostratigraphy at Steinbergkogel are reported as in Gardin et al. (2012). Blue dots are
obtained from Table 4 in Gardin et al. (2012). Stable carbon isotopes from Krystyn et al. (2007). FOV: fields of view.

This process is well documented on the periplatform car-
bonates off the Great Bahama Bank (Lasemi and Sandberg,
1984; Melim et al., 1995; Munnecke et al., 1997; Westphal,
2006) and was then recognized in numerous Phanerozoic
fine-grained limestone successions as, among others, the Sil-
urian of Gotland (Munnecke et al., 1997), the Upper Tri-
assic of southern Italy (Preto et al., 2009, 2013), the Up-
per Jurassic of southern Germany (Munnecke and Westphal,
2004; Munnecke et al., 2008). In the best-studied case of the
periplatform deposits of the Bahamas, aragonite derives from
shallow-water environments of the Great Bahama Bank plat-
form top, and is then exported in surrounding periplatform
successions by processes such as density cascading (Wil-
son and Roberts, 1995). Since aragonite derives from plat-
forms, while calcite derives mainly from tests of planktonic
organisms (coccolitophorids and planktonic foraminifera),
the aragonite / calcite ratio is a measure of platform-derived
sediment in these environments (e.g., Droxler and Schlager,
1985; Reijmer et al., 1988; Schlager et al., 1994) and since
carbonate sediment comes either from the carbonate platform

or from the photic zone of the open ocean, the carbon iso-
tope composition of the original sediments is inherited fully
from shallow waters. Also within the periplatform carbon-
ate sediments of the Bahamas, microspar was interpreted as
the product of dissolution of shallow-water aragonite, and its
immediate reprecipitation as calcite (Munnecke et al., 1997).
Here, microspar maintained the carbon isotope composition
of its precursor sediment (Melim et al., 2001) because repre-
cipitation occurred in pore waters whose composition was
not altered with respect to the initial seawater.

The sedimentation environment of the Lagonegro and
Sicanian basins should not have been different, especially
during the late Triassic, when calcareous nannofossils ex-
isted in rock-forming amounts (Preto et al., 2012; 2013;
Rigo et al., 2012a). There is evidence of nearby carbon-
ate platforms exporting carbonate into basins, both for the
Lagonegro Basin (e.g., Miconnet et al., 1983; Bertinelli et
al., 2005; Passeri et al., 2005; Rigo et al., 2007) and Pizzo
Mondello (Rigo et al., 2012b). We thus assume that the mi-
crosparitic component associated with calcareous nannofos-
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sils derived, in both sections, from shallow-water aragonitic
sediment, dissolved and reprecipitated in the marine burial
diagenetic environment (Melim et al., 1995). It cannot be as-
sumed that the isotopic composition of carbon in the pore
water was the same of seawater (as is the case in the Ba-
hamas, Melim et al., 2001), because organic matter has been
buried along with Triassic carbonate sediments.

The carbon isotope data of Pignola-Abriola show a nega-
tive excursion close to the Norian–Rhaetian boundary, fol-
lowed by an increase of theδ13Ccarb during the Rhaetian
(Fig. 3). This pattern is not in contradiction with the incom-
plete isotopic record of Pizzo Mondello, but was not identi-
fied in the Steinbergkogel section (Figs. 2 and 9), which has
been proposed for the GSSP of the Rhaetian stage (Krystyn et
al., 2007). Theδ13C of bulk lime mudstone (δ13Ccarb) is cor-
related with nannofossil abundance in both sections (Fig. 8).
We propose that this correlation reflects the admixture of car-
bonate from nannofossils, essentially carrying the unaltered
carbon isotope composition of sea-surface waters, with car-
bonate of the microspar, which incorporated respired organic
carbon during shallow burial, when microspar crystals pre-
cipitated.

If the microspar component of lime mudstone incorpo-
rated light carbon from the respiration of organic matter, this
would have lowered itsδ13C, and could explain the corre-
lation between the content of calcareous nannofossils and
the carbon isotope composition of limestones. Only calcare-
ous nannofossils retained a pristine seawaterδ13C, while the
bulk carbonate registered the admixture of a pristine car-
bon isotope signal of seawater (carried by calcareous nanno-
plankton) and aδ13C lowered by respired carbon (carried
by microspar). The lowerδ13C andδ18O values of Pignola-
Abriola, which are also strongly correlated, are explained by
a higher proportion of incorporated organic carbon and re-
precipitation that was completed at higher depths, and thus
higher burial temperatures, than at Pizzo Mondello. Higher
burial temperatures, which are also suggested by a higher
color alteration index (CAI) of conodonts at Pignola-Abriola
with respect to Pizzo Mondello (Giordano et al., 2010; Rigo
et al., 2012b), drove theδ18O to lower values (e.g., Allan and
Matthews, 1982; Marshall, 1992).

Alternative interpretations are possible. For example, the
increase ofδ13C in the upper part of the Pignola-Abriola
section and the highδ13C values (ca. 2 ‰) of the upper
Pizzo Mondello section may be due to a long-lasting rise
of sea-surface productivity during the late Rhaetian. High
sea-surface productivity conditions are able to store large
amounts of isotopically light organic carbon sinking through
the water column, eventually leaving surface waters enriched
in 13C. The13C-enriched isotopic signature of surface waters
is then recorded by calcareous nannofossils, such as, in this
case,Prinsiosphaera. The abundance ofPrinsiosphaeramir-
rors the increase inδ13C values and this could suggest a di-
rect relationship between sea-surface productivity and abun-
dance ofPrinsiosphaera, but a better understanding of the

paleoecological affinity ofPrinsiosphaerais needed to use
the abundance of this taxon as a proxy for sea-surface pro-
ductivity. Furthermore, this explanation cannot account for
the δ13C values of ca. 0 to 1.5 ‰ registered in the Pignola-
Abriola section, which are lower than the ca. 2 ‰ carbon iso-
tope composition of late Norian and Rhaetian Triassic seawa-
ter (Korte et al., 2005). Although changes in surface produc-
tivity may explain the carbon isotope excursions observed
in the studied sections, we believe that additional evidence
should be produced, as, for example, measurements of pre-
served organic matter in sediments (TOC) or other geochem-
ical proxies independent from the abundance of nannofossils,
because their uncertain taxonomic affinity renders them un-
reliable as proxies for oceanographic parameters in the late
Triassic.

In short, the δ13Ccarb record of Pizzo Mondello and
Pignola-Abriola mostly documents diagenetic processes.
All lime mudstones made of coarse (10–30 µm) microspar
should be considered with caution (Preto et al., 2009), as mi-
crospar forms during burial and most probably also incor-
porates a burial diagenetic carbon isotope signal. More gen-
erally, theδ13Ccarb of bulk rock should not be considered a
proxy for theδ13C of seawater unless a solid petrographic
study is provided in support of this assumption.

Stable isotope records of Triassic successions based on
bulk carbonate, as given by, to name a few, Payne et
al. (2004), Horacek et al. (2007), Muttoni et al. (2004) and
Mazza et al. (2010), and, in part, Korte et al. (2005), should
thus be interpreted with extreme caution in the absence of
an adequate discussion of diagenetic processes. Once the
precipitation of carbonate in the pelagic realm becomes
firmly established, deep-water lime mudstones may instead
be mostly made of calcareous plankton, and should retain
the seawaterδ13C more easily. Our study shows that the late
RhaetianMisikella ultimabiochronozone is perhaps the first
time in Earth history when this could have happened.

6 Conclusions

Prinsiosphaera, an incertae sedislate Triassic calcareous
nannofossil forming characteristic solid “calcispheres”, is a
major contributor to deep-water carbonate sedimentation in
western Tethys, and can constitute up to 60 % ca. of the rock
volume in hemipelagic lime mudstones of latest Triassic (late
Rhaetian) age. In the studied sections of southern Italy, its
first common occurrence in lime mudstones is dated to the
late Norian (late Triassic), within theMockina bidentatacon-
odont biochronozone.

Upper Rhaetian lime mudstones are constituted in signifi-
cant proportion byPrinsiosphaeraboth in the Lagonegro and
the Sicanian Basin sections (southern Italy). The latest Trias-
sic was thus the first time in Earth history when calcareous
plankton reached rock-forming abundances, a condition that
started up the so-called “mid-Mesozoic revolution” of Ridg-
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well (2005), i.e., the permanent stabilization of the long-term
carbon cycle in the oceans by the initiation of a pelagic car-
bonate factory.

The increase of calcareous nannofossils in the late Trias-
sic coincided with a positive shift of theδ13C of bulk car-
bonate. However, this does not represent a pristine seawa-
ter isotopic signal but rather a diminishing contribution of
microspar, which incorporated respired organic carbon dur-
ing diagenesis, as the proportion of nannofossils increases.
We suggest that a similar diagenetic influence should be ob-
served in most Mesozoic isotope records from bulk carbon-
ate, and could only be excluded by careful petrographic ex-
aminations.
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