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ABSTRACT
In the aftermath of major Phanerozoic biocrises, diverse metazoan-dominated reef eco-

systems were commonly replaced by microbial carbonate-producing communities. Apart 
from the loss of metazoan competitors, the factors causing pervasive microbial carbonate 
production in shallow-water platform settings are not completely understood. Amongst 
 others, outstanding warm temperatures coupled with low-oxygen waters were proposed as 
possible triggers. This study focuses on late Aptian shallow marine carbonates deposited on 
the Apennine carbonate platform (ACP) in the central Tethys. By establishing an integrated 
high-resolution chemostratigraphic framework for two sections of the ACP, the coeval onset 
of pervasive bacinelloid growth is discovered, indicating a platform-wide shift from a meta-
zoan-dominated ecosystem to microbial carbonate production. The initial phase of microbial 
proliferation coincides with the final stage of the so-called late Aptian “cold snap” and the 
subsequent temperature increase, which was paralleled by a significant sea-level rise. Our 
results contrast with observations from the early Aptian Oceanic Anoxic Event 1a, where a 
similar shift toward microbial “bacinelloid” carbonate production has been linked to excep-
tionally warm conditions and hypoxia.

INTRODUCTION
Most Phanerozoic reefal and carbonate 

platform ecosystems were composed of both 
microbial and skeletal organisms in a  mutually 
beneficial relationship (Webb, 1996). In the 
after math of major biocrises, however, bio
diverse metazoandominated reef ecosys
tems were commonly replaced by microbial 
carbonate producing communities (e.g., Pomar 
and Hallock, 2008). Following the endPermian 
mass extinction, for instance, the delayed re
covery of metazoan grazers caused widespread 
microbialite formation in subtidal settings 
(Schubert and Bottjer, 1992). This reorganiza
tion of shallowwater carbonate ecosystems is 
seen as a biological feedback to environmental 
pressure caused by Siberian Traps volcanism 
(Pietsch and Bottjer, 2014). It seems likely that 
the exclusive dominance of neritic microbialite 
production was fostered by low dissolved oxy
gen levels in combination with enhanced nutri
ent availability, exceptionally warm seasurface 
temperatures (SSTs), and high pCO2 levels (e.g., 
Sun et al., 2012; Kershaw et al., 2012).

A similar set of environmental stressors may 
have acted on marine calcifying organisms dur

ing the midCretaceous emplacement of the 
 Ontong Java Plateau large igneous province 
(OJPLIP; Erba et al., 2015). Biotic feedbacks 
to early Aptian OJPLIP–related environmen
tal perturbations include a crisis amongst cal
careous nannoplankton (Erba et al., 2010), the 
demise and drowning of subtropical carbonate 
platforms (Föllmi et al., 1994), the widespread 
burial of organic matter (e.g., Jenkyns, 2010) 
during the Oceanic Anoxic Event (OAE) 1a, and 
the coeval dominance of LithocodiumBacinella 
microencrusters in Tethyan shallowwater set
tings at the expense of coralrudist platform 
communities (Immenhauser et al., 2005; Huck 
et al., 2010). The taxonomic position of Litho
codium aggregatum, Bacinella irregularis, and 
“lithocodoid” and “bacinelloid” fabrics is still 
under debate, but it is widely accepted that these 
microproblematica (problematic fossil bodies 
of organic origin but unknown classification) 
should be attributed to encrusting algal (L. ag
gregatum) and calcimicrobial (B. irregularis) 
communities (Huck et al., 2012), respectively.

Mass occurrences of shallowwater Litho
codiumBacinella microencrusters have been 
linked to shortlived global warming (hyper

thermal) events, probably in combination with 
platform hypoxia (Huck et al., 2012; Hüter et al., 
2019) as suggested for comparable microbial 
episodes during times of mass extinctions. Iso
lated Lithocodium and/or Bacinella occurrences, 
however, were also reported from various late 
Aptian and early–middle Albian shallowwater 
settings (e.g., Neuweiler and Reitner, 1992; 
Gréselle and Pittet, 2005; Waite et al., 2007; Di 
Lucia et al., 2012), but these microbial episodes 
commonly lack a precise stratigraphic assign
ment, which would enable their placement into 
a global context of environmental change.

The current study documents multiple pulses 
of pervasive bacinelloid microencruster growth 
in two Tethyan carbonate platform sections 
(Apennines, Italy) covering the AptianAlbian 
boundary interval. The overall aim is to chemo
stratigraphically (C, Sr) pinpoint the onset of 
bacinelloid mass occurrences and to capture the 
spatial and temporal patterns of carbonate plat
form ecology change.

GEOLOGICAL SETTING
During the midCretaceous, the Apennine 

carbonate platform (ACP; Fig. 1A) was one of 
several isolated central Tethyan carbonate plat
forms bordered by the MoliseSannioLago
negro basin in the north (Fig. 1B) at a paleo
latitude of ~15°N. The studied 153mthick 
Santa Lucia (41°31′00.6″N 13°46′40.0″E) and 
166mthick Monte La Costa (41°28′12.4″N 
14°29′50.0″E) shallowwater successions rep
resent backreef and platformmargin settings 
of the ACP, respectively, and are largely com
posed of thickbedded peloidalbioclastic and 
foraminiferal grain and rudstones with mud
supported intercalations. The typical platform 
biota comprises radiolitid rudists, chondrodonts, 
gastropods, benthic foraminifers including 
orbito linids, dasycladacean algae, and solitary 
corals. A remarkable feature characterizing both 
the Santa Lucia and Monte La Costa sections 
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is the repeated pervasive growth of bacinel
loid micro encrusters. Biostratigraphically, the 
studied limestone deposits are assigned to the 
Aptian–Albian “calcari con requienie e gastero
podi” formation (Di Stefano et al., 2011).

METHODS
Samples for microfacies and geochemi

cal investigations were taken at a spacing of 
~0.5–1 m. Bacinelloid microencrusters were 
studied and semiquantitatively analyzed in 55 
petrographic thin sections. The differentiation of 
bacinelloid morphotypes is based on the clas
sification scheme of Rameil et al. (2010) and 
Huck et al. (2012).

The most finegrained portion of 436 bulk 
carbonate samples was sampled with a hand
held microdrill and measured for its carbon 
and oxygen isotope composition at the Institute 
of Geology at Leibniz University Hannover, 
Germany (Tables DR1 and DR2 in the GSA 
Data Repository1). Certified carbonate stan
dards (NBS 19 [limestone], NBS 18 [calcite], 
IAEACO1 [marble]) produce an external re
producibility of 0.08‰ for δ18O and 0.06‰ 
for δ13C. All isotope results are reported in per 
mil relative to the Vienna Pee Dee belemnite 
(VPDB) standard in the conventional delta no
tation. For Srisotope analyses, the preservation 
state of outer shell layers of lowMg calcite 
bivalve shells (rudists: n = 5; chondrodonts: 
n = 3) was assessed by elemental composi
tions (Ca, Mg, Sr, Fe, and Mn) provided by 
inductively coupled plasma–atomic emission 
spectrometry at the Institute of Geology, Min
eralogy and Geophysics at RuhrUniversity 
Bochum (RUB), Germany. In total, five rudist 
and three chondrodont shells were analyzed at 
RUB for 87Sr/86Sr ratios using a Finnigan MAT 

262 thermal ionization mass spectrometer in 
dynamic mode. Refer to Huck et al. (2010) 
for more details of the analytical procedure.

RESULTS
Bacinelloid fabrics are characterized by dif

ferently sized and shaped sparitefilled vesicles 
or “cells” (Schlagintweit et al., 2010) that form 
either (I) oncoids (layered structures formed by 
cyanobacterial growth) (diameter, Ø, 250 μm 
to 5 cm), (II) irregular shaped centimetersized 
patches, or (III) massive crusts (Fig. 2). In the 
inner carbonate platform domain—covered by 
the Santa Lucia section—the dominance of ba
cinelloid microencrusters is demonstrated by the 
intermittent occurrence of meterthick beds of 
float and rudstones bearing bacinelloid morpho
types I and II (Fig. 3, 58–75 m, 124–148 m). The 
size and volumetric abundance of morphotype I 
are strongly variable, the distribution of which 
includes stratigraphic levels comprising small
sized, dispersed or centimetersized amalga mated 
(condensed) and partly reworked oncoids. At the 
platform margin represented by the Monte La 

Costa section, massive bacinelloid boundstone fa
cies types (morphotype III) occur at several strati
graphic intervals (Fig. 3, 27–74 m, 124–140 m). 
In contrast to the Santa Lucia locality, morpho
types I and II are rare or absent.

Both sections, although distributed ~60 km 
apart, show a remarkably similar stratigraphic 
δ13C pattern (Fig. 3) characterized by a double 
peaked positive carbon isotope excursion (CIE) 
reaching up to 4.5‰ (Monte La Costa). The 
CIE is followed by sinusoidal δ13C variations 
(amplitude of 1‰) that are superimposed on 
a gradual negative trend. Strontiumisotope 
 ratios recorded by bivalve shell calcite range 
between 0.707194 (± 5 × 10–6) and 0.707316 (± 
5 ×10–6), exhibiting a pattern indicative of the 
latest Aptian– earliest Albian interval (ca. 115–
111 Ma; McArthur et al., 2001). The pristine 
preservation state of considered bivalve shells is 
proven both by welldefined growth increments 
composed of fibrous lowMg calcite as well as 
elemental characteristics such as high Sr ( rudists 
mean: 1161 ppm; chondrodonts mean: 676 ppm) 
and low Mn (rudists mean: 4 ppm; chondrodonts 
mean: 5 ppm) and Fe ( rudists mean: 1 ppm; 
chondrodonts mean: 3 ppm) concentrations 
(Table DR3).

DISCUSSION

Platform-Wide Expansion of Microbial 
Carbonate Production

Considering the chemostratigraphic find
ings, a pronounced change in facies toward an 
overwhelming dominance of bacinelloid micro
encrusters starts in the upper part of the positive 
CIE at both sites (Fig. 3). This facies change 
marks the onset of rapid alternations between 
pervasive bacinelloid microencruster growth 
and typical photozoan carbonate production. At 
the Santa Lucia site, the initial onset and major 
phase of bacinelloid microencruster growth cor
responds to an ~17mthick package essentially 
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1GSA Data Repository item 2019279, isotope and 
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Figure 2. Microphotographs of massive (morphotype III) (A) and oncoidal (morphotype I) 
(B) bacinelloid morphotypes.
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composed of morphotypes I and II. Here, the 
dominance of large bacinelloid oncoids points 
to low hydrodynamic conditions coupled with 
reduced sedimentation rates in a lagoonal setting 
(Védrine et al., 2007). At the Monte La Costa 
site, the second peak of the CIE correlates with 
an ~47mthick unit composed of massive ba
cinelloid morphotype III. The dominance of 

massive crusts at the platform margin provides 
evidence that bacinelloid microencrusters devel
oped morphological strategies for growth under 
highenergy conditions. These interpretations are 
in line with early Aptian Lithocodium Bacinella 
microencruster morphotypes identified along 
the Arabian carbonate platform, where delicate, 
autochthonous morphotypes characterize calm 

deeperwater environments and more robust 
or reworked forms are typically found in high 
energy settings (Rameil et al., 2010). Following 
an initial phase of pronounced growth, the over
lying beds are characterized by more intermittent 
and successively declining bacinelloid occur
rence at both study sites.

A platformwide and synchronous ecosys
tem shift toward microbial dominance is sup
ported by comparison with existing studies from 
the ACP. Di Lucia et al. (2012) documented an 
upper most Aptian interval rich in Lithocodium
Bacinella nodules of subtidal open lagoon fa
cies from the Monte Tobenna section, located 
90 km south of the Monte La Costa site (Fig. 
1B). In the Sbregavitelli section in the vicinity 
of Monte La Costa (central ACP; Fig. 1B), large 
reworked LithocodiumBacinella oncoids form 
part of upper Aptian channelfill deposits (Ru
berti et al., 2013). In summary, the contempo
raneous invasion of bacinelloid microencrusters 
into lagoonal as well as marginal carbonate plat
form settings resulted in a fundamental change 
in shallowwater platform ecology and carbon
ate production mode and highlights their role as 
ecological generalists.

Implications for Mid-Cretaceous 
Lithocodium-Bacinella Mass Occurrences

The new geochemical results enable strati
graphic correlation with a welldated pelagic 
reference δ13C record from the Umbria Marche 
Basin in central Italy (Piobbico core, drilled in 
1982 by the Italian Consiglio Nazionale Delle 
Ricerche; Bottini et al., 2015) and show that the 
onset of pervasive bacinelloid microencruster 
growth on the ACP falls within the uppermost 
portion of a prolonged late Aptian positive CIE 
(Fig. 4). Strontium isotope  ratios indicate that 
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the platformwide ecosystem turnover slightly 
postdates the late Aptian minimum of the global 
marine 87Sr/86Sr composite record (McArthur 
et al., 2001). Considering the Geologic Time 
Scale 2012 (Ogg and Hinnov, 2012), the 87Sr/86Sr 
minimum can be placed at ca. 115 Ma (Hypa
canthoplites jacobi ammonite zone), strati
graphically positioned between the 113 ( Jacob) 
and Kilian blackshale levels of the OAE 1b 
multievent.

The initial expansion of bacinelloiddomi
nated facies occurred during a phase of pecu
liar climatic conditions referred to as the late 
Aptian “cold snap” (Mutterlose et al., 2009; 
Millán et al., 2014; Bodin et al., 2015; O’Brien 
et al., 2017). Openocean SST estimates based 
on TEX86 data from the eastern North Atlantic 
(Deep Sea Drilling Project Site 545: McAnena 
et al., 2013; Fig. 4) show a distinct drop from 
~32 °C during the early late Aptian (NC7B 
nanofossil zone) toward ~28 °C in the latest 
Aptian (NC8A), compared to exceptionally 
warm TEX86derived SST estimates of ~34 °C 
prevailing during the middle Albian (O’Brien 
et al., 2017). Additional but arguable evidence 
for global cooling during the late Aptian is pro
vided by the southward migration of boreal 
taxa (Mutterlose et al., 2009) and glendonite 
occurrences at high latitudes (Herrle et al., 2015; 
Grasby et al., 2017).

In the Piobbico core, the stratigraphic inter
val between the 113 and Kilian levels is com
posed of organicpoor, redcolored marlstone 
indicative of welloxygenated and probably cool 
bottom waters (Bottini and Erba, 2018). Chemo
stratigraphic correlation reveals that the main 
phase of bacinelloid growth on the ACP took 
place during the final stage of the late Aptian 
SST minimum and the subsequent temperature 
increase (Fig. 4). Individual blackshale levels 
indicative of basinal anoxia and associated with 
shortlived hyperthermal conditions (McAnena 
et al., 2013; Bottini and Erba, 2018) show no 
clear lithological expression in the shallow 
water deposits on the ACP. This clearly contrasts 
with early Aptian LithocodiumBacinella epi
sodes related to OAE 1a, which were proposed 
to be associated with shallowwater platform 
hypoxia during a phase of global ocean oxygen 
deficiency (Hüter et al., 2019).

At the Monte La Costa site, deposition of 
the bacinelloid interval postdates an uncon
formity, which marks a significant late Aptian 
hiatus (Graziano and Raspini, 2015). Evidence 
for widespread platform exposure due to a late 
Aptian sealevel drop of arguable glacioeustatic 
nature comes from Iberia and the Arabian plate, 
where deeply incised valley systems were back
filled with locally condensed ironrich siliciclas
tics (Gréselle and Pittet, 2005; Maurer et al., 
2013; BoverArnal et al., 2014; Millán et al., 
2014). According to Maurer et al. (2013), the 
longlasting late Aptian lowstand was followed 

by a rapid sealevel rise in the range of ~40 m. 
On the Arabian plate, this subsequent sealevel 
rise has been placed in the Aptian sequence 
APT6 (thirdorder sequence) which corresponds 
to the stratigraphic interval located between the 
113 (Jacob) and Paquier levels (H. jacobi am
monite zone). These observations indicate that 
the onset of sedimentation at the Monte La Costa 
site may reflect the APT6 sealevel rise, with 
the massive bacinelloid deposits representing 
a transgressive facies associated with lowered 
light and enhanced nutrient levels (Whalen 
et al., 2002; Huck et al., 2012).

Building on the hereestablished robust 
stratigraphic framework, pervasive bacinelloid 
microencruster growth on the ACP occurred dur
ing a phase of climatic transition at the end of 
the late Aptian cooling (TEX86 SSTs between 
27 and 32 °C). This observation contrasts with 
shallowwater LithocodiumBacinella microbial 
episodes during OAE 1a, the onset of which 
is considered a hyperthermal episode (TEX86 
SST <34 °C; Mutterlose et al. 2014; Jenkyns, 
2018). The rockforming dominance of micro
encrusters on the ACP is not primarily an expres
sion of exceptionally warm SSTs. In contrast, 
the platformwide shift to microbial bacinelloid 
carbonate production was likely governed by the 
flooding of platform tops by cool and nutrient
rich waters associated with a late Aptian third
order sealevel rise.
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