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Abstract

Carbonate platforms are sedimentary archives rewpttle evolution of the global carbon cycle.
Their stratigraphic architecture depends on therad tectonics, controlling subsidence rates and
geometries, as well as the paleoceanography andtievary trends, controlling the different
organisms thriving at their margins, such as framigding corals or mound-building microbes. We
present an integrated bio- and chemostratigrapbdy<f the Aptian to Santonian interval of a
base-of-slope section located in the Southern afpsrtheastern Italy that we correlate with the
classic section representing the Friuli-Adriatial@mate Platform, one of the largest isolated
platforms of the low latitude Tethys. We show tffe@s of the end of the passive-margin stage and
the interaction between foreland flexuring duehi® growing Alps, to which the study area
represented the retroforeland, and the approaghrmgedge of the Dinarides. The Friuli-Adriatic
platform margin shows an abrupt change from reeimed to ramp, where abundant microbial
mounds provided the habitat for the rudists tov#hrirhis change occurred around the late Albian
and likely correlates with the Oceanic Anoxic EVEDAE) 1d. The previous OAE’s did not change
the structure of this platform, whose margins waastly rigid and colonized by corals and

calcareous sponges. Late Albian was a time of itapbchanges in paleoceanography in Tethys
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and North Atlantic Oceans. We propose that theqoaleanographic changes related to the OAE-
1d had more profound impacts on the Friuli-Adridlatform than the previous Cretaceous OAE's
since they co-occurred with the tectonic transifrem passive margin to foreland ramp. The
increased subsidence rates, in conjuction withrtip®rtant late Albian paleoceanographic changes,
created favourable conditions for a dramatic changlee platform margin physiography and

ecology.

Highlights

» Correlation of a carbonate platform with its basaslope by integrating nanno and
foraminifera bio- and chemostratigraphy.

» At the late Albian, the slope changed from sedingtatved to gravity flows supplied; the
platform margin changed from rimmed to ramp.

» Corals and calcareous sponges were replaced bstswdid microbes forming large
mounds.

» Alpine/Dinaric foreland tectonics and the enviromta¢ stress related to the OAE1d

controlled this abrupt change.

Keywords
Cretaceous Oceanic Anoxic Events; calcareous nassits; foraminifera; stable Carbon isotopes; ptaitf

margin; alpine/dinaric foreland basin.

*Corresponding authaiincenzo.picotti@erdw.ethz.ch

1. Introduction

The response of the carbonate platforms to the@nélaceous Oceanic Anoxic Events (OAEs, e.g.
Schlanger and Jenkyns 1976) was not univocal, andd/depending on their paleoceanographic
and tectonic setting. The most common responsésd@@latform drowning, more or less patrtially,
or simply carbonate factory shift from Photozoai&ierozoan (e.g. Schlager, 2003; Mutti and
Hallock, 2003). These important changes in thecstre and architecture of carbonate platforms
are considered as a consequence of the strongampaghic perturbations associated to OAEs,
including ocean temperature and acidity and nutiigyut (e.g. Jenkyns, 1991; Phelps et al., 2015).
The Tethyan isolated platforms were less sensitiga rimmed platforms to the hyperthermal
conditions and associated perturbations (e.g. Weist al., 1998; Amodio and Weissert, 2017).

Some authors proposed a "kettle effect” on shallaer banks (e.g. Skelton and Gili, 2012), when
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ocean acidification trends were compensated byrthe€Q expulsion from the extremely warm
surface waters.
For this study, we selected the Tethyan CretacEBauB-Adriatic Carbonate Platform margin
(northwestern Italy) for an investigation of retatships between platform growth, tectonics and
global climate. The Friuli-Adriatic Carbonate Ftain (Fig. 1) is of particular interest as it
represents the northwest edge of one of the lafgresaceous Tethyan platforms, the Adriatic
Carbonate Platform (AdCP - Vlahaéwet al., 2005). Its northwest margins and slopenaaié
exposed in the Southern Alps of Italy (Picotti &wbianchi, 2017) and its northeast margin in
central Croatia (e.g. Patnet al., 1998). On the contrary, the southeastege ef the platform is
recorded in the subsurface Adriatic area (e.g. Miasteal., 2012). The time interval selected is of
particular interest as the Cretaceous is knowreagjmarked by significant changes in the global
carbon cycle and related paleoceanographic evestified by widespread deposition of organic-
rich shales that are the sedimentary expressi@Ads (Schlanger and Jenkyns, 1976). The OAEs,
according to available data (e.g. Bralower etl&195; Larson and Erba, 1999; Weissert and Erba,
2004; Follmi et al., 2006; Follmi 2012; Jenkynskt 2017; Jenkyns, 2018), were largely triggered
by massive pulses of submarine mafic volcanismmapamying the emplacement of Large Igneous
Provinces (LIPs), especially intense for the Aptid@AE1a (Selli event) and the latest Cenomanian
OAE2 (Bonarelli event) (e.g. Kidder and Worsley1@0 Volcanic activity turned the climate into a
hothouse mode (sensu Kidder and Worsley, 2010¢l@@ting continental weathering and
increasing nutrient transfer from continents toasteresulting in higher marine fertility (Weissert,
1989).
During the Cretaceous, growth and demise of catteguiatforms have been indeed related to
carbon cycle pertubations as documented by bubbocete carbon isotope recoiC) (e.g.
Follmi et al., 2006; Jenkyns, 2010). Specificatlygmatic plaform demise and drowning events
have been assigned to episodes of rapid increasenokpheric Cg) leading to ocean acidification
that critically decreased saturation of calciunboaiate, which is essential for construction of
marine organism shells, and enhanced nutrient ifggt, Weissert et al., 1998; Wisler et al., 2003;
Erba, 2004; Skelton and Gili, 2012: Honisch et2012; Millan et al., 2014; Phelps et al., 2015).
The LIPs emplacement, degassing large amounts gfi@ducing sea-level rise and accelerated
continental runoff, are largely invoked as caushwmge carbonate platform growth crises (e.g.
Wissler et al., 2003; Weissert and Erba, 2004; vienkt al., 2017).

Our goal thereby is to describe the Cretaceousdamrolution of the Friuli-Adriatic platform
and slope to unravel the possible impacts of th&©an its evolution. Papers dealing with the

Cretaceous evolution of the Friuli Platform margimd adjacent Belluno Basin (Fig. 1) are
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relatively scarce and difficult to find (Ferasir®5B; Ghetti, 1987; Schindler and Conrad, 1994;
Woodfine, 2002).

Specifically, we examine the relationships betwenenevolution of the platform margin and
the carbon cycle perturbations, as expressed tysealimen®™C record. Available Cretaceous
marined™3C curves (e.g., Scholle and Arthur, 1980; Schlaeget., 1987; Menegatti et al., 1998;
Weissert et al., 1998; Stoll and Schrag, 2000; &nicet al., 2004; Jarvis et al., 2006; Voigt et al.
2010; Millan et al., 2009 and 2014; Coccioni andrRoli Silva, 2015; Thibault et al., 2016) show
consistent trends among several provinces andgemound basis for global correlation. Several
positive and negativ@>C shifts have been labelled (e.g., Jarvis et @062 and linked to sea level
changes and OAEs perturbations. A further aimasdifinition of the main tectonic processes
controlling the geometry and subsidence patteth@platform, indeed considered as a good tracer
of long-term tectonic regimes.

To attain our goals, we correlate the Val Cellieat®n (hereafter CE), a well-known
platform succession (Cuvillier et al., 1968; Wooeéfi 2002), with the base-of-slope Casso section
(hereafter CS). The CE section has a solid bibgtegohic frame based on calcareous algae and
benthic foraminifera (Bruni in Woodfine, 2002). time following paragraphs, we present a new
integrated stratigrahy of the CS section, previpdsgiscribed by Gnaccolini (1968) and Costacurta
et al. (1979). We combine calcareous nannofodsihkpic and benthic foraminifera stratigraphy
with bulk carbon and oxygen stable isotope strapigy. At the base of slope, resedimented
periplatform deposits repeatedly interrupted thagie sedimentation. Pelagic sediments provide
biostratigraphic information for dating resedimehtieposits thus enabling the chronologically
constrain of the platform events.

In detail, we focus on: 1 — an integrated bio- enedmostratigraphy at the base-of-slope of the
Friuli- AACP, to provide a frame of correlation ithe platform and to highlight the Aptian,

Albian and Cenomanian — Turonian Oceanic Anoxicriisiein absence of black shales preservation
in the CS section; 2 — the tectonic evolution @f patform margin, including variations in the
subsidence rates and the transition from passivgimto foreland ramp, and their consequences
for the geometry of platform margin; 3 — the changgthe carbonate factory across the mid-
Cretaceous and their relationships with the OAEs.

We demonstrate that the Friuli-Adriatic platformngia has been influenced by the transition from
passive margin to foreland ramp (e.g. Pomar, 2006 to the encroaching Alps and Dinarides. On
the other hand, these tectonic changes have béanesd by the abrupt variations of biota in the

carbonate platform, forced by global paleoceandygcaghanges related to the OAEs.
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2. Geological setting

The Friuli Platform (Fig. 1), westernmost promontof the AJACP, bordered by the Belluno and
Tolmin-Slovenian Basins, is a persistent shalloviewdomain that developed at the proximal
passive margin of the Adria microplate since theelTxiassic (e.g. Bernoulli and Jenkyns, 1974;
Vlahovi¢ et al., 2005, Picotti and Cobianchi, 2017).

The western margin of the Adria microplate wasngftoff Eurasia during the breakup of Pangea,
eventually leading to the spreading of the Piedridgdirian Ocean in the Middle Jurassic (Bertotti
et al., 1993). The eastern margin of Adria, locaederal hundreds of km from the AdCP, was
subducting since the Early Jurassic under Eurasip Picotti and Cobianchi, 2017). This
subduction of Adriatic lithosphere progressivelgated the Dinaric-Hellenic belt that encroached
the AdCP in the Late Cretaceous to PaleogeneAelgpin, 1970, Pandiet al., 1998). The Friuli-
Adriatic Platform was involved first in the Dinarficld and thrust belt, with flexuring, flysch
deposition and thrusting toward the southwest @exius to Paleogene, e.g. Otani 2007), and
subsequently (Neogene) into the Alpine belt, widhteeastward directed shortening (e.g. Mellere
et al., 2000). The Friuli - Adriatic Platform dugrits passive margin stage in the Late Jurassic and
Early Cretaceous underwent a homogenous subsidesicereated an overall continuous
succession all over its paleogeographic boundarsd@sle in Fig. 1. From the end Albian to
Cenomanian, associated to the passive margin étafat transition, the subsidence in the southern
and western sector of the Friuli - Adriatic Platfoabruptly stopped, as it is demonstrated by the
persistent post Albian gap in the subsurface (Wédlsresa, Cesarolo) and outcrops in western Istria
(Otonkar, 2007; Bki¢ et al., 2017), whereas other wells to the northeast show a more
continuous Upper Cretaceous succession (CargnaccGedo, see VIDEPI and Cimolino et al.,
2010). Underlying a prominent unconformity, covebgdupper Oligocene to Lower Miocene
glauconitic carbonates (Cavanella Group of the widase, e.g. Cimolino et al., 2010), the well
Nervesa 001 at 2437 m from the rotary show lateahllages with the occurrence@ineolina
pavonia parva (ViDEPI). At Cesarolo 001, the same unconformitgurs at 727 m from the rotary,
and the late Albian (early Cenomanian?) carborattése top still belong to théuneolina pavonia
parva biozone (VIDEPI). The well Cargnacco 001 showsaercontinuous Upper Cretaceous
interval overlying the Albian carbonates, from 133@030 referred to the rotary. The shallow
water carbonates continued in the Paleocene arig [Eacene, until they got covered by the
terrigenous Flysch. At Grado, Cimolino et al. (2pd6cument a situation similar to Cargnacco
001, with Upper Cretaceous rudist carbonates fahbly Paleocene to Eocene shallow water
carbonates at 1015 to 622 m from rotary. Theretmaised on these subsurface data and the

outcrops in Istria, it is possible to tentativehsti a boundary in the Friuli - Adriatic Platform,
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named post-Albian coastal onlap in Fig. 1, betwiberarea with continuous upper Cretaceous and
even Paleocene shallow-water sedimentation, argesnsouth and west of it, where the
sedimentation stopped at the end of the Albian.

The studied sections Casso and Cellina (Fig. 13eparated by thrusts and folds, whose minimum
shortening was considered when providing the p&egphic reconstructions in the next chapters,
following available maps and sections (e.g. Rivalgt1990).

The stratigraphy and sedimentology of the studg aras investigated in the past, allowing the
defininition of some relevant points for the arebture of the margin. Ferasin (1958) first desctibe
the main facies of platform, slope and basin, agp@sed a simple progradational geometry for the
northwestern margin of the Friuli - Adriatic platfio. Cuvillier et al. (1968) described for the first
time the Cellina section and established the littatigraphy of the Platform. Ghetti (1987) better
defined the slope units and described for the fiins¢ some around 30°dipping clinoforms at the
platform margin in the M. Cavallo group (Fig. 1)o<ta et al. (1992) described the occurrence of
mounds around 200 m wide and 50 m high in the U@petaceous of the edge of the Friuli
Platform, south of the M. Cavallo. Schindler anch@al (1994) provided an important stratigraphic
reconstruction of the margin of the Platform, megusections in the M. Cavallo group and dating
the succession through a detailed biostratigrapisgedh on integration of benthic forams and
Dasycladacean algae. Based on Schindler and C¢{I®8d) work, in Fig. 2 it is possible to
appreciate the margin stability between Berriasiath Aptian, with a slight progradation of around
500 m. The Albian is characterized by a backsteppiend of few hundreds of meters, possibly
culminating in the earliest Cenomanian, whereasrtbst important change in the stratigraphic
architecture occurred in the Cenomanian, whenltheforms (talus facies in Fig. 2) established
onto the underlying reef complex. This dramaticngjeais also visible in the changing
lithostratigraphy, with the start of a new unite tGalcareniti del Molassa (see Fig. 2).

So far, a comprehensive study on the stratigragitisitecture of the northwestern margin of the
Friuli - Adriatic platform, linking the platform tthe basin, is missing. With this contribution, we
intend to bridge this gap, by integrating the poergi knowledge and the new data into a coherent

frame.

3. Methods and materials

In the Friuli Prealps, the Upper Jurassic to Cextas platform margin is well outcropping (Fig. 1),
allowing to locate the chosen sections within a&pgéographic context. The CE section was
located 8 km inside the margin, it measures ard4i meters and is the most representative and
best-studied sections of the Friuli- Adriatic Pdauh (e.g., Cuvillier et al., 1968; Ghetti, 1987,
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Woodfine, 2002; Bernoulli, pers. comm.). Accordinghe biostratigraphy of the quoted authors,
refined by Bruni in Woodfine thesis work (2002)eitcompasses the Upper Jurassic
(Kimmeridgian) to the lowest Paleogene. In thisgrafhe literature data are summarised and
integrated with new stratigraphical and sedimermficlal data, derived from original observations.
The CE section was re-measured, taking advantatije afell signed benchmarks left by previous
scholars, and 50 thin sections were studied foatipg the microfacies. Standard XRD analysis on
three clay interbeds was performed at ETH.

The CS section, already studied by Gnaccolini ()28 Costacurta et al. (1979), was located at
the base of slope, connecting the platform to tekuBo Basin, around 15 km off-margin. Based on
new detailed sampling and measuring, we will déscits sedimentology and we analysed its
foraminiferal (31 thin sections) and calcareousnudossil content (52 samples), as well as the
carbon and oxygen isotope composition of bulk caalte® (134 samples, 99 of them presented as
supplementary material).

For the discussion on the local tectonic contnebs included two other stratigraphic sections (Fig.
1): the Istria composite section of Vlahéwet al. (2005), presently located some 80 km s@sthef
the studied area, and the Puez section of Luker{g@&0), located some 60 km to the northwest in
the Trento Plateau (Fig. 1). Although this lattectson is developed in a different paleogeographic
domain, it has been chosen since it started depgsit the Upper Jurassic after a long-standing
emersion, and rapidly evolved into an open se&alattherefore recording the subsidence in the

studied interval.

3.1. Calcareous plankton

New biostratigraphy and age calibration of the €&ien is based on calcareous nannofossils
and planktic foraminifera. Fitfty-two samples werlected from marly interbeds and pelagic
limestone for the calcareous nannofossil studyc&abus nannofossils were analysed using simple
smear slides and standard light-microscope tecksi@@own and Young, 1998). Nannofossil
assemblages are quantitatively estimated, couB@gspecimens for each sample; abundance and
preservation data are reported in the data repgsBiostratigraphy is described with reference to
the biozonation of Roth, 1978 (NC zones revise®@talower et al., 1995) integrated with Sissingh
(1997) and Burnett (1998; Fig. 3). Twenty-seven@asmwere collected for their planktic
foraminiferal content; biostratigraphy refers te #tonal schemes proposed by Coccioni and

Premoli Silva (2015). Chronostratigraphic calibvas are according to Ogg and Hinnov (2012).
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244 3.2. Bulk carbon and oxygen stableisotopes

245

246 Carbon and oxygen isotopic composition of the lmallbonate was measured on 134 samples using
247 a GasBench Il coupled to a Delta V mass spectrani@seh ThermoFischer Scientific, Bremen,
248 Germany) as described in Breitenbach and Berna¢26mil). Briefly, about 100ug of powdered
249 sample were placed in vacutainers, flushed witluhend were reacted with 5 drops of 104%
250 phosphoric acid at 70°C. In batch of 70 samplesungent was calibrated with the internal

251 standards MS2{C = +2.13 %o, O = -1.81 %0) and ETH-45tC = -10.19 %o, fO = -18.71
252 %), which are calibrated to the international refere materials NBS 18'¢C = +1.95%., 40 = -
253  2.2%o) and NBS 185{°C = -5.01%., d°O = -23.00%0; Bernasconi et al., 2018). Values aported

254  in the conventional delta notation with respecVRDB.

255

256 4. Results

257

258 We describe below lithostratigraphy, biostratignapdtable isotope data and results from CS.

259 The stratigraphy of the CE section is syntheticdégcribed by integrating new observations and
260 previous literature (Woodfine, 2002). Finally, ghlatform margin subsidence at CE is analysed in
261 comparison to the composite sections of Istrialf@ia et al., 2005) and the measured section
262 Puez (Lukeneder, 2010) (see Fig. 1). This allowmwes/aluate the local factors controlling the
263 main changes in the stratigraphic architecturedascliss them in the frame of global OAEs.

264

265 4.1. Casso section lithostratigraphy

266

267 The CS section (Fig. 4), 115 m thick, here desdribats Aptian to Santonian interval, represents

268 the base-of-slope succession where periplatformsiepare interbedded with normal to condensed
269 pelagic, locally nodular, calcareous intervalss Mvell exposed on the northern side of the Vajont
270 valley, near the main road, in a cliff undernedih village of Casso (northeastern lItaly), presently
271 used as rock climbing wall. It has been measuradisg) from a hardground that separates the

272 white porcellanaceous lime mudstones of the Madlearly to mid-Barremian in age) from the
273 overlying grey and reddish limestone/marlstone tetspthoroughly described by Costacurta et al.
274  (1979).

275 The lowermost 9.7 m consist of thinly bedded griegrty lime wackestone with radiolarian
276 and planktic foraminifera, locally nodular at thesk, interbedded with marlstones and black to red
277 radiolarian chert layers. This succession tendseetmme reddish in the upper 5 meters, with

278 upward increasing bioturbation. Towards the topnfga CSS 1), lime packstone contains pelagic

8
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bivalves, pelagic crinoid$noceramus remains, rare lagenids and lituolids and abungeamiktic
foraminifera. Separated by a downcutting erositwasle, a 4.1 m thick massive greyish angular
pebbly grainstone occurs. The matrix tends to becorare micritic toward the top. The gravel
sized clasts, coarser upward, consist of rudisisradist-rich wacke- packstones, angular black and
orange cherts and rounded lime wackestones, efogmdhe underlying succession. In thin
section, we observed fragments of rudists, coradiscalcareous sponge, as well as orbitolinid
foraminifera Conicorbitolina conica andNeoiragia insolita). Over this deposit, 2.8 m of medium
bedded dark grey, nodular cherty lime wackestomemevith thin to absent marly interbeds and
rich planktic foraminifera fauna.

Floored by a sharp surface, 9.5 m of medium tkthedded amalgamated lime grain/packstones
follow. The microfacies is dominated by platformrgled clasts including rudists, peloids, echinids
and benthic foraminifera, and very rare plankticrfe. Shear planes are visible, rooted at the base
of this interval, with clear compressional movememtard the west. The whole interval, therefore,
is considered as a slumped mass, although thegsatty is preserved. This latter is covered by
3.15 m of reddish, slightly nodular and thinly beddherty lime packstone, rich of planktic
foraminifera.

The following 14 m show a unique slumped mass wingltwo intervals. The lower 4 —5 m
consist of grey medium-bedded cherty lime wackekgmne. The overlying interval consists of
poorly and thick bedded lime grainstones, mostiynked by rudist fragments, micritized grains
(pellettoids) and benthic foraminifera, includi@gneolina parva. The slump is formed by
asymmetric folds, sheared limbs and unrooted hirgjesving a clear vergence towards the west.
It is overlain by a 18-m-thick interval of lightey nodular limestones, passing upward to medium
beds, consisting of thin amalgamated layers archimgbundles of 30 — 40 cm, with black chert in
nodules. In thin section, they are foraminifer aattareous dinocyst rich lime wacke- packstone
with evidences of bioturbation. With a sharp plac@amtact, a 3.15 m thick lime pebbly grainstone
follows, showing inverse grading and water escapéures. The sandy matrix, similar to the
overlying grainstone beds (sample CSS 17), consisioarse mixture of rudist fragments,
pelagic crinoids and peloids/pelletoids. The settldes consist of lime wacke- packstones with
Pithonella calcareous dynocysts, planktic foraminifera, ta@athic foraminifera and thin-shelled
bivalves. This facies is very similar and probatiyrelates with the coeval Sveti Duh Fm,
outcropping some 80 km to the southeast in Istréh@almatia (e.g. Bi¢ et al., 2017, see Fig. 1).
Above, we identified a 18.8 m thick interval ofaatiating thin to medium bedded grey foraminifer-
rich lime packestones with abundant medium to thiettded greyish lime pack- to grainstones with

white chert nodules. The grainstone beds show planaoss lamination. The following 24 m
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consist of grey medium bedded lime wacke- packstovith dark chert nodules, interbedded with
marls and alternating with thin layers of graingenocally laminated. The final 8.7 m consist of
prevailing light grey lime grainstones, with plaarconvolute lamination, in medium to thick beds
with white chert nodules, alternating with thintiere wackestones rich in planktic foraminifera

and minor marly interlayers.

4.2 Casso section biostratigraphy

Considering the base-of-slope setting where the€e8on was deposited, resedimented layers
containing shallow-water fauna are interbedded wélagic intervals, so that the presence of
calcareous plankton is mostly restricted to theetdieds. The precise location of most zonal and
stage boundaries is therefore prevented by thewliswios occurrence of planktic assemblages and
by hiatuses due to non-deposition and erosioneabéise of coarser gravity-driven deposits.
Nevertheless, the biostratigraphic analysis allog/$o recontruct a complete chronological frame

of the succession.

4.2.1 Calcareous nannofossils

A number of calcareous nannofossil bioevents apemgmized through the CS (Fig. 4),
according to the standard calcareous nannofossdobations (Fig. 3), even though nannofossil
assemblages are heavily selected by diagenesisioftmsils are mainly rare, only the dissolution-
resistant species are preserved and some strdtigragervals, characterized by nodular or massive
limestones rich in pressure-solution structures campletely barren.

The base of the section is characterized by theromece ofRucinolithus irregularis. At
sample CS5, the first occurence Eprolithus floralis is documented, wherea&ediscopshaera
columnata, more dissolution susceptible, is recorded onlthnree samples: CS15, CS19 and CS26.
It should be noted that the interval between CS12@S14 is affected by pressure solution seams
and samples are often barren in calcareous narsilsfo$he base oAxopodorhabdus albianus
occursfrom sample CS9; thus, its occurrence in sample CS9 points out thatolumnata should
have been found at least before this event (FigaB4). The base diffellithus turriseiffelii is
noted in sample CS1Microrhabdus decoratus is documented from sample CS18, but it becomes
more frequent and continuously distributed from gleMCS35 up to sample CS50. Again, the
stratigraphic interval from CS16 to CS28 is mainlydular and affected by frequent pressure-
solution seams. In spite of that, the bas@uaddrum gartneri occurs in sample CS21. This species
is very rare and occurs only sporadically, themf@ome degree of uncertainty about the position
of this event exists. The base Eifffellithus eximius occursin sample CS25; although rare, it is
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distributed continuously up to the section top. Tdese ofMicula staurophora is recorded in
sample CS29, after that it displays a continuougeaAlthough the relative abundances remain
low, this marker displays a continuity in the rangjetribution probably due to the dissolution
resistant behavior typical of the gendscula. In sample C32 the base ladicianorhabdus cayeuxii

is found. From sample CS 35 to sample CS 37 itrdscan abundance acnggalculites obscurus is
observed from sample CS35. The bas@minsonia sp. (cfr.B. parca parca) is recorded in the
sample CS37.

Due to both the poor nannofossil preservation &edféw biostratigraphic events recorded,
the most useful biostratigraphic scheme to appBra&ower et al. (1995), with some integration by
Sissingh (1977) and Burnett (1998). The lowermoStm of the section is attributed to the NC6
Zone. Above, the interval from 4.5 m to 7.5 m isigsed to the indistinct NC7 and NC8 Zones,
being the specie® columnata recorded afterA. albianus. From 7.5 m to 14 m (LO oE.
turriseiffelii), the section is ascribed to the NC9 zone. Theeuppundary of the NC10 cannot be
identified, due to the absencelafacutus. The same holds fahe NC11 to NC12 Zone boundary,
being the top oA. albianus andP. asper not clearly identified in the studied samples.r&k7 m to
82.5 m no markers used by Bralower et al. (199%)efne their zone’s boundaries are recorded. On
the contrary, the bases Quadrum gartneri andEiffellithus eximius, recorded in the section at 47 m
and 61 mrespectively, were used by Sissingh (1977) to ifletite lower and upper boundaries of
the CC11 zone, which corresponds to the UC7 zon8urhett (1998). The bases ®ficula
staurophora at 82.5 m andL.ucianorhabdus cayeuxii at 90 m allow us to recognize the NC16 zone

of Bralower et al. (1995). Above the interval fr@d m to 113 m is assigned to the NC 17 zone.

4.2.2 Planktic foraminifera

According to the planktic foraminiferal zonal schesmporposed by Coccioni and Premoli
Silva (2015) the studied succession spans Rbeudothalmanninella ticinensis Zone to the
Dicarinella asymetrica Zone. Planktic foraminifera are generally abundarmugh and adequately
preserved in the thin sections examined to provinde lateral views intersecting the proloculus,
useful for species identification.

Pseudothalmanninella ticinensis Zone. This zone, that is the interval between libse of
Pseudothalmanninella ticinensis and the base d?arathalmanninella appenninica, was identified in
sample CSS1 that contains, besides the zonal maeegral ticinellids (e.gTicinella primula, T.
roberti, T. madecassiana) in absence ofParathalmanninella appenninica. The presence of

Planomalina praebuxtorfi refers the sample to the upper part of the zone.
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Parathalmanninella appenninica Zone. Sample CSS6, that includes also echinoigsieats,
contains a planktic foraminiferal assemblage tyjpp¢ahe P. appenninica Zone which is defined as
the interval between the baseRarathalmanninella appenninica and the base dfhalmanninella
globotruncanoides. The taxa recognized arfearathalmanninella appenninica, Heterohelix sp.,
Ticinella madecassiana, T. praeticinensis, T. primula, T. raynaudi, Planomalina buxtorfi and
Biticinella breggiensis. The occurrence of ticinellidsndB. breggiensisrefers this level to the
lower-middle part of the zone.

Rotalipora cushmani Zone. Sample CSS7 contains rare planktic foraeviaifHowever, the
occurrence of typicdR. cushmani allows us to identify this total range zone. Theaes
Dicarinella algeriana, D. canaliculata andWhiteinella baltica are also present.

Whiteinella archeocretacea Zone. Samples CSS8-CSS9 show a relatively riatkpila
foraminiferal assemblages typical of Méarcheocretacea Zone. This interval is dominated by
whiteinellids:Whiteinella archaeocretacea, W. aprica, W. brittonensis, W. baltica andW.
paradubia. The specie®icarinella algeriana, D. hagni, D. imbricata, Praegloboruncana gibba
also occur, in absence of rotaliporids iavetogl obotruncana helvetica, according to the zonal
definition. The presence dhhiteinella praehelvetica, common in sample CSS9, indicates the upper
part of the zone.

Dicarinela primitiva/Marginotruncana sigali (Marginotruncana schneegansi Auct.) Zone.
This zone was identified in samples CSS12 to CSfs®ao the occurrence of common
marginotruncanids (e.g\. coronata, M. renzi, M. sigali, M. schneegansi) anddicarinellids (e.g.,
D. canaliculata, D. hagni) in absence dfielvetoglobotrunaca helvetica andDicarinella concavata,
according to the zonal definition

Dicarinella concavata Zone The occurence in the planktic foraminiferal asskg,
dominated by marginotruncanids, of the zonal markesibsence dDicarinella asymetrica, allows
us the identification of this zone in sample CSS19.

Dicarinella asymetrica Zone. This total range zone was recognized frampéa CSS20 up to
the top of the section due to the presence ofd@halanarker. The planktic foraminiferal

assemblages include also marginotruncari@ighotruncana linneiana, G. stuartiformis andSgalia

sp.

4.2.3 Integrated cal careous plankton stratigraphy
The correlation between the main calcareous nassibfand planktic foraminiferal
biostratigraphic events and biozones is indicatdeig. 4. As mentioned before, the two fossil

groups investigated are not evenly distributedughmut the section. Nevertheless, we are able to
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highlight analogies and differences with the pregischemes of Bralower et al. (1995), Sissingh
(1977), Burnett (1998) and Coccioni and Premolk&{2015), as it can be better appreciated by a
comparison with Fig. 3.

At least the stratigraphic interval ranging fronto®.7 meters from the bottom is assigned to the
foraminiferalPseudothalmanninella ticinensis Zone, which correlates with the upper part of the
nannofossil NC8 and lower part of the NC9 zoneBrafower et al. (1995), corresponding to the
CC8 zone of Sissingh (1977). Above, the foramimif@arathal manninella appenninica Zone is
identified: the correlation of this interval witheé nannofossil NC10 Zone of Bralower et al. (1995)
testifies that only the upper part of tharathalmanninella appenninica Zone is preserved (Figs. 2
and 3). The lower slumped calcarenite is attribitetthe upper part of the foraminifefbtalipora
cushmani Zone. This biozone in the CS section correlatél thie lower part of a long interval,
which includes the nannofossil NC10-NC12 combinedes corresponding to the CC9-CC10
zones interval. Thevhiteinella archeocretacea Zone (from 26.1 to 29.25 m) correlates with the
long stratigraphic interval corresponding to theldENC12 (CC 9-CC10) Zones. It is worth
pointing out however that theel vetoglobotruncana helvetica Zone was not detected in the CS.
Above the upper slumped interval (Fig. 4), Diearinella primitiva/Marginotruncana sigali
(Marginotruncana schneegansi Auct.) Zone can be identified from 43 to 67.5 m, even giowe

are not able to precisely locate the boundariese Heere is a strong correlation problem with the
nannofossil biozones because the observed firstramwes of. gartneri andE. eximius are
probably younger than their FADs. For this reasba,CC11 Zone of Sissingh (1977)
corresponding to Burnett's (1998) UC 7 that shauoldelate théH. helvetica Zone, correlates in
this case with the overlyinQicarinella primitiva/Marginotruncana sigali Zone.

The interval from the base B&f eximiusto thebase oM. staurophora (22 m thick) is within the
long range NC13-NC15 combined Zones (UC 8-10) whminelates the upper part of the
Dicarinedla primitiva/Marginotruncana sigali Zone and the lower part of ti@carinella concavata
Zone. Above, the nannofossil NC16 of Bralower e{H95) (CC14-15 of Sissingh, 1977) falls at
the transition between th& concavata andD. asymetrica Zones. Finally, the NC17 Zone (CC16
and CC17) correlates tie asymetrica Zone.

The correlation between planktic foraminiferal aatcareous nannofossil zones, except for the

above-mentioned interval, is consistent with tHeestes previously proposed.

4.3 Carbon isotope data
In the CS section, the measured bdC values span from a maximum of +4.0%o. in the Apti@n
a minimum of +2.1%. VPDB in the lower Santonian (g In the lower 10 meters of the section,
the 3"3C curve shows a very distinctive shape. The larsfeiftt of +1.6%o is measured in this part,

13



449
450
451
452
453
454
455
456
457
458
459
460
461

462
463
464
465

466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483

with a maximum of 4.0%0 at 4 m. After this positipeak, an interval from 8 to 17.5 m showing
lower 5°C values is recorded. One positive shift is idéeiin the middle part of this depression
(12.5 m from the bottom section). Above, anothstidctive large positive excursion, from 17 to 30
m, is detected with values between 3.2%. and 3.5%o.

The slump deposits have not been sampled for isadaplysis. In the overlying stratigraphic
interval, two distinctive negative shifts are olvsel, respectively at 47.5 m and 52.5 meters, with a
positive excursion in between. The minimaMC value in this part is in the upper negative pefak
2.13%o.

The characteristic features in the stratigraphieriral above are the general increase irotfi@

values from 2.13%o at 52.5 m to 3.15%o at 71 m, d&edfdllowing decrease trend to 2.12%o at 92 m.
From 92 to 110 m, th&°C values are relatively stable between 2.12%o aRf%. with weak
increasing and decreasing trends. In the uppempéne section, th&"*C values show a very

characteristic increase up to 3.0 %o at 115 m.

4.4 Val Cdlina section litho- and biostratigraphy

The CE section has been described in several papelksding Cuvillier et al. (1968), Ghetti
(1987) and Woodfine (2002). This latter authornksato the collaboration with R. Bruni (in
Woodfine, 2002), revised the biostratigraphy, basedasycladacean algae and benthic
foraminifera, and measured the C, O and Sr isotdfesse latter allowed the author to confirm the
results of the biostratigraphy. In this paper, wefgrmed a new biostratigraphic analysis, and
adopted the revised biostratigraphic scheme of €hiai et al. (2008). Our results have been
integrated with those of the previous authors, @sfig Woodfine (2002), and are shown in Fig. 5,
where we report the most diagnostic forms. ForlLiheer Cretaceous, we compared our data with
the results from Schindler and Conrad (1994) (Ejgwho analysed similar successions around 8
km to the west, at the platform margin. Betweentthe sections (Cellina and M. Cavallo), the
thickness of the various time intervals is in gaggeement (Figs 2 and 5).

The lower lithostratigraphic unit of this sectiaa 1025 m thick peritidal succession, known
as Calcare del Cellina (Cuvillier et al., 1968)c@mpassing the Upper Jurassic (?Oxfordian) to the
very base of the Upper Cretaceous (lower Cenomaniaronsists of a monotonous stacking of
tidal cycles including subtidal peloidal lime pagkainstone, often rich in green algae and benthic
foraminifera. Less developed are the inter/supahtidvzisions, locally with planar stromatolites or
aligned fenestrae. Bedding is thick to massive@aise grainstones are interbedded especially in
the lower 200 m (see Fig. 5). A unit of mediumedlby thin-bedded micritic limestones occurs

between 240 and 305 m. This interval is poor isifesand it contains an oligotypic ostracod fauna
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indicating brackish water conditions. It correlatagth an interval of similar age found by Schindler
and Conrad (1994, their pond facies) at the platforargin, around 8 km to the west. We confirm
the base of the Cretaceous at around 300 m thartke first occurrence @ctinoporella podolica
immediately above the brackish water facies (FjgThe interval between 341 and 370 m is
characterized by the occurence of cm-thick greapstbne cap topping most of the tidal cycles.
The same feature is recorded in the upper Barretoibower Aptian, between 768 and 812 m (see
also Woodfine, 2002). We analysed these clays bl dRd found that they consist of a mixture of
illite, kaolinite and vermiculite, with minor chlibe. The base of the Hauterivian has been
tentatively placed at 495 m, owing to the occureeoicthe firstCuneolina sp., followed by
Prechrysalidina infracretacea. This succession of events was used by SchindeCanrad (1994)
and Chiocchini et al. (2008) for the charactermatf the Hauterivian. Between 730 and 760 m,
the bedding is disturbed by soft sediment deforomatassociated with two opposite dipping normal
faults with a NE trend. The Aptian interval, betwessound 780 and 875 m is indicated by the co-
occurrence oSalpingoporella dinarica andPalorbitolina lenticularis, species reaching their acme
in the early Aptian (e.g. Chiocchini et al., 2008he Albian is well documented in its upper part,
owing to the presence bleoiragia convexa, Cuneolina parva andDyctioconus algerianus., but
especially thanks to the presence of the planktimmaminiferPa. appenninica. The Albian —
Cenomanian transition is peculiar, since we haweesplanktonic foraminifera typical of the late
Albian (sample CE BE, after Ghetti, 1987) at aro986 m, followed by the benthic foraminifera at
995 m defining the upper Cenomanian biozone of &iimi et al. (2008). This would suggest the
lower Cenomanian is reduced or even missing.

The overlying unit, named Calcareniti del Molasgddetti (1987), clearly differs from the
underlying interval due to its massive banks amdpculiar geometries. The grain size is much
coarser, rudist fragments occur in coarse rudstogesnstones, with locally abundant benthic
foraminifera. The most peculiar facies, not recagdiby the previous authors, are the organic
buildups, showing elevations of 25 to 35 m and bdisaneters of around 50-70 m, visible between
1148 and 1350 m in the section (Figs. 4 and 5).nifeeofacies of these coalescent mounds shows
widespread evidence of microbial activity, such.akocodium-Bacinella boundstones (Fig. 6c¢,
with abundant fragments of rudists and benthicrfongera and encrusting micrite (i.e.
automicrite) that shows thrombolite and leiolitettees. The steep mounds flanks, around 25-30°
(Fig. 6a and 6b) document a very early diagenasis their elevation was likely controlled by the
storm waves. Whole specimens of rudists charaetéineg mounds, whereas only rudist debris
charachterized the intra-mound depressions. Thiglsecodium-Bacinella buildups are common in

the Lower Cretaceous of the southern Tethys, agyltiAve been associated to paleoenvironmental
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perturbations on the shallow water carbonates (snastund the Aptian OAE 1a, e.g. Rameil et al.,
2010).

The base of Turonian is placed at around 1250 mhedfirst occurrence d?seudolituenella
reicheli, Chrysalidina gradata andDyciclina schlumbergeri (Bruni, in Woodfine, 2002). A more
recent work (Frijia et al., 2015) considers thstftevo forms still Cenomanian, and the third
Coniacian. The isotope curve of Woodfine shows sitppe peak at around 1280 that could be
correlated with the top Cenomanian excursion.iff thtrue, then the Cenomanian - Turonian
boundary at CE should be shifted up by around 30hm.final 58 m of this unit consists of
structureless massive rudstones in thick banksn alganinated by rudists debris, and showing
fossils typical of the Coniacian — Santoni&adordiella conica at 1350 to 1375 m) and Campanian
— Maastrichtian@rbitoides tissoti, G. stuarti), up to 1408 m. Another peculiarity of the Upper
Cretaceous unit is the occurrence of planktic fon#fera, actually found already at the top of the
Calcari del Cellina at around 980 m. They are foumnstattered positions within the column, but
they could be determined only in sample CE 19B,revtieey confirm the age based on benthic
foraminifera. The Cretaceous platform ends witluaconformity, marked by few centimeters of a
yellowish grainstone including reworked rudist,dalene planktic foraminifera and fish teeth, and
the overlying Thanetian platform (Cuvillier et d968) consists of corals, red algae and

nummulitids.

4.5 Subsidence history of the northwestern margin of the Friuli-Adriatic Platform

In order to unravel the local factors controllitig tmain changes in the stratigraphic
architecture, we analysed the subsidence pattaireqgflatform margin at the CE section and
compared it with the composite section “Istriakea from Vlahow et al. (2005), and with the
Puez section (Lukeneder, 2010). This latter seatiops out in the Dolomites on a different
paleogeographic domain, the northern Trento Plateaarea that remained subaerially exposed
from the end of the Triassic until the Late Juragsig. Masetti et al., 2012). Late Jurassic iniage
also the oldest unit outcropping at the CE sedftog. 6).

The subsidence curves for Cellina and Istria hatdaen corrected for compaction or
water depth, since they were continuously depositgeritidal to upper neritic environment and
they underwent early diagenesis and lithificatioompto the deep burial. Features in outcrop and
thin sections document this early diagenesis, alitbent grain boundary pressure solution contacts
and very limited bed parallel solution seams. Gitrentemporal scale involved in our study, in the
order of around 100 My, also the sediment load aomept has not been considered, and the

sediment accumulation is shown to represent tla tittonic subsidence. In the case of Puez
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section, the water depth of this pelagic, ammonde-section could not be well established,
however, the unit starts from the prominent sulsernconformity with around 3 m of dolosparitic
carbonates, very likely representing shallow-waterditions, approximately 20 to 60 m. These
latter dolostones are followed by an Upper Jurassiower Cretaceous deepening upward
succession (Lukeneder, 2010). Since the paleobanyrof this succession is unknown, the curve
of the Puez section does not represent the tat@rte subsidence (Fig. 7), but only the sediment
accumulation. It has been drawn with a differemiesen order to compare the timing of the major
changes with those of the CE and Istria.

The subsidence in the Friuli-Adriatic Platform & €ection starts at quite high rates in the
Late Jurassic (around 30 m/Myr, Fig. 7), and thetecreases to around 7 m/Myr at the onset of the
Cretaceous. The Hauterivian to Barremian subsidenoee records a sharp increase, up to 44
m/Ma, followed by a deceleration in the Aptian tloi&n, with values again in the order of few
meters/Ma. The late Cenomanian shows the highbstidence rate (near 70 m/Myr), followed by a
gradually decreasing trend during the Turonian suaingly decelerating at Coniacian to
Maastrichtian. After a gap encompassing the ealgdtene, the subsidence resumed with around
10 m/Myr up to the end of the measured section.

The Istria section displays different Late Jurassigosidence history, but the overall pattern
is similar to CE, with a slight subsidence increatsthe Hauterivian to Barremian transition, low
rates in the Aptian to mid-Albian and a sharp iaseeup to 78 m/Myr throughout the mid Albian to
Santonian. The Campanian, Maastrichtian and eallyoeene are not represented in the Istria
section, whereas the sediments record a late Raledo Eocene recovery of subsidence (Fig. 7).

The Puez section starts with a Late Jurassic milsebsidence, not better defined, owing to
the lack of paleobathymetric indications, that weadatively assessed at the end Jurassic as 40+20
m, i.e. lower than the wave base, in a pelagicrgptHowever, the uncertainties could be much
higher, therefore we will describe only the seditrastumulation rates for a comparison with the
tectonic subsidence given on the Friuli-Adriatiatfdrm. The pattern of sediment accumulation in
the Puez section is very similar to the two platfaections, with an increase in the Hauterivian to
Barremian interval, a sharp decrease during theApand the abrupt increase during the Albian to
Cenomanian, until the end of the measured section.

Overall, it is worth noting the three sections shasimilar Hauterivian to Barremian pulse
of subsidence/sediment accumulation, whereas tkigpaiése is older in the northwest, at Puez
(Albian) and younger in the southeast, at CE (Cearoam). Istria shows an intermediate behaviour,
starting the new pulse at mid Albian. The AlbiarCenomanian is a time of major changes in the

architecture of the northwest Friuli-Adriatic Platih. Until the Albian, in fact, the whole domain
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was dominated by a large subsiding carbonate piatfahereas afterwards the sedimentation
focused only in some areas to the north and edstprnogressive important subsidence and the rest
of the platform emerged. The post-Albian coastépnhinge between emerging and subsiding

Platform, can be traced, based on surface anddat| as it is shown in Fig. 1.

5. Bio- and carbon isotope stratigraphy and record of global carbon cycle perturbationsin

the Casso section
Thes™C curve here provided for the CS section is caléigtavith calcareous nannofossil and
planktic foraminiferal biostratigraphy and allows & comparison with other Cretaceous curves
(e.g., Weissert et al., 1998; Stoll and Schragp20@rvis et al., 2006; Sprovieri et al., 2013;
Thibault et al., 2016). This comparison is howenather difficult for some intervals due to the
occurrence of gaps and condensations in the Ci®iseEurthermore, the scarce preservation of
nannofossil assemblages within the micritic limast prevents in some cases an accurate
biostratigraphy. In spite of that, we succeededetian our revised biostratigraphy, in recognizing
and correlating several major C-isotope shifts.

5.1 The Aptian- Cenomanian 3'°C events

At the base of the section, a positive carbon g®&xcursion occurs (Fig. 8A). It is the most
prominent of the entire CS curve (from 2.42%o. to44¢€) and falls immediately below the first
occurrence oEprolithusfloralis, which defines the lower boundary of the nannofd$€i7 zone.
The stratigraphic position of this peak is comgatibith the globally recognized positive carbon
excursion that follows a negative peak, relatetthéoOceanic Anoxic Event 1a (Menegatti et al.,
1998). In particular, ous **Cvalues are comparable with those recorded by Whtissal. (1998)

in other Italian Tethyan sections, Cismon and RimbfFig.7A). Most of the upper Aptian, lower
and middle Albian is not preserved in our sectmopably due to condensation and an erosional
gap below the slump breccia. Therefore, ®tiC curve does not contain the negative shifts rélate
to the OAE1b. A minor positive peak (Fig. 8B, vaiemm 2.3 to 2.9%o) is recorded at 11 m in the
pelagic matrix of the breccia body and is considex® of late Albian age (Zone NC10 dpal
appenninica Zone). This peak has a possible analogy to thdéigbnghalk carbon stable isotope
values of Jarvis et al. (2008gpresenting th©AE 1d. OAE 1d is a short positi¥é*C excursion in
the range of 1.7-2.3%o (Jarvis et al. et al., 2006)ow the Albian-Cenomanian boundary event.
Above it, the erosive nature of the calcarenite dred the occurrence at its top of foraminiferal
assemblage of late Cenomanian dgmdlipora cushmani Zone) suggest that large part of the lower

to middle Cenomanian interval is missing, as algbllghted by Costacurta et al. (1979). In the late
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CenomanianRotalipora cushmanii Zone, found within the calcarenite bed, a clear lamad
positived'*C interval, with values over 3% (Fig. 8), is recedd This positive excursion, found

also on other margins of the AdCP (Davey and Jesiki@99), can be correlated with Oceanic
Anoxic Event 2 interval. According to different hots (Jarvis et al., 2011; Gambacorta et al.,
2015; Jenkyns et al., 2017) the OAE 2 isotopic espans from the initial level of positive
excursion in5*C to the point of the definitive carbon isotopeptbat falls into the base of
Turonian. In the CS section (Fig. 8), the foramaral assemblages recorded above this peak belong
to theWhiteinella archaeocretacea Zone, which spans the topmost Cenomanian anaer |
Turonian. Therefore, we can assume that this pgadesents the Cenomanian/Turonian Boundary
Event (CTBE). It is worth noting that the black Esaof the Selli and Bonarelli Levels, the
sedimentary expression of the Oceanic Anoxic Ettardnd 2 in basinal successions of the western
Tethys (e.g. Schlanger and Jenkyns, 1976; Giorgiaali, 2015), do not occur in the CS section. In
the slope setting of the CS section, these pettiorizof the carbon cycle are only recorded in the

513C curve.
5.2 The Turonian 6°C events

Between 45 to 80 m of the CS section, four cheratigtaphic events have been found and match
the events recorded at Culver CIiff (Isle of Wigat)d Dover (Kent) (Jarvis et al., 20d€)gs. 8

and 9). The lower event is a positive peak of tBstC curve (2.5-2.8%o; Fig. 9) that correlates

the Caburn event (Jarvis et al., 2006). This cati@h is well costrained by its biostratigraphic
position within the middle Turoniaicarinella primitiva/Marginotruncana sigali Zone. The two
intervals of low values below and above this peaér section further support the correspondence
with the Caburn event (Fig. 9). Specifically, teadl negatived**C excursion with a minimum

value of 2.1%o. (peak 5) that occurs above the Capaak can be attributed to the Bridgewick event
(Jarvis et al., 2006). The peak at 73 m, followting long positive trend, is tentatively assigned to
the Hitch Wood event (Jarvis et al., 2006). Thetpmosof this peak in the CS section within the
Dicarinela primitiva/Marginotruncana sigali Zone agrees with the biostratigraphic positionhef t
Hitch Wood event (Jarvis et al., 2006). Furthermtre base oEiffellithus eximius occurs below

the Hitch Wood event, as recorded in the referencee, although its stratigraphic position could
be biased by the underlying occurrence of nodutagtones, nannofossil barren. Across the
Turonian/Coniacian boundary, a clear decreaseeif'fic values of nearly 1%. has been labelled as
the Navigation event in the Jarvis et al. (2006yelwand it falls at the base of tDecarinella

concavata Zone. The negativ&C excursion shift in the CS section (- 0.5 %o) relear at 80 m, is

less pronounced, but its position within the safaalgic foraminiferal zone suggests that it might
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represent the Turonian/Coniacian Boundary Event.
5.3 The Coniacian-Santonian 5*°C events

In Fig. 10, the Coniacian - Santonian chemostrapigy of the CS section is compared with the
reference curves of Jarvis et al. (2006), Sprowtal. (2013) and Thibault et al., (2016). The low
resolution of this part of the CS section, howepeeyvents a correlation based on individual peaks,
therefore we compared and highlighted the generatls of thé*C curve and the recorded
maximum and minimum values (Fig. 10). The Coniaéi4e curve of the CS section begins with a
rise of values from around 2.5%. up to 2.9%. at tiraing point, indicated in Fig. 10 as.Hhe

curve proposed in the study of Jarvis et al. (200&)ches our curve quite well, showing the same
general trend that is highlighted in light blueaal. Moreover, the values of th&C shifts in both
profiles are nearly the same (2.9%0). The lower id-@oniacian age of the Coniacian peak is
recognized by its occurrence within the lower pérthe nannofossil Zone NC16 (Bralower et al.,
1995), which agrees with the reference curve (3atwal., 2006) (E in Fig. 10). Above this peak, a
marked negative trend of around - 0.8%. to a mininadroa 2.1%0 occurs in the upper Coniacian
(from E; to ). A similar negative trend from around 2.7%. t0 2o is recorded in the English
Chalk (from E to F). Furthermore, the Coniaciant8aran Boundary Event has been correlated
with the tightly coupled negative and positive shifthe English Chalk (Jarvis et al., 2006; F-G-H
in Fig. 10). In the central Italian Bottaccionets&e, Sprovieri et al. (2013) further documented a
positive shift occurring between the first occugemf theMicula staurophora and the first
occurrence oL. cayeuxi, that define the Zone NC16. Therefore, in the €8ign, the negative shift
with values of +2.2%. at 94 m followed by slight id®e peak could correlate the
Coniacian/Santonian Boundary Event (CSBE) and atdat as Fin Fig. 9. Finally, the positive
peak K (Fig. 10) could correspond to the chemostratigi@Blantonian/Campanian boundary of
Jarvis et al. (2006) (Fig. 10). At the top of tleetson, the first occurrence Bfoinsonia sp. (cfr.B.
parca parca), which define the base of the Zone NC18 (Braloetaal., 1995), is recorded
immediately above the chemostratigraphic Santo@ampanian boundary, as documented also by
Sprovieri et al. (2013) and Thibault et al., (2016)

6 Change from rimmed to ramp geometry

6.1 Regional tectonics

During Hauterivian to Barremian, the northwest kAdriatic Platform and the surrounding
domains of the Adria plate were affected by exi@mmali tectonics, creating the surface faulting that
interfered with sedimentation in the CE sectiore(8&y. 11). This extensional event, in the
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literature described for the adjacent Belluno BawiDoglioni (1992), is the responsible for the
coeval subsidence pulse visible in Fig. 7, andcéifig mostly the CE and perhaps the Puez
sections. It is therefore unclear if this changsubsidence is of local or regional importance. One
may argue that changes in subsidence of the proxiominental margin of Adria were associated
with changes in plate movement, as paleomagnetzcdtacument the onset of counterclockwise
rotation of Adria starting in the Early Cretace¢es. de Leeuw et al., 2012). Anyhow, this event
did not change the paleoenvironmental conditiontherplatform which remained stable and
productive throughout the time of interest in thiisdy (see Fig. 11).

However, Albian to Cenomanian tectonics deeply gedrthe stratigraphic architecture of the
platform margin (e.g. Oto&ar, 2007). The Friuli-Adriatic Platform was tiltedrth- and eastward
and the sedimentation on its southern and westatrdpfinitively stopped with final emersion (see
the location of the coastal onlap in Fig. 1). Tifasition from Albian to Cenomanian in the CE
section recorded first an open-sea influence, asrdented by the findings of upper Albian

planktic foraminifera. This change was followeddwyabrupt pulse of subsidence reflected in the
thick Cenomanian. At the same time, (?normal) fiagltvas active also at the base-of-slope, as
documented by the creation of new intrabasinalg)iglh in fish remains and devoid of
periplatform resediments (Castellavazzo high, Eig.Bassani, 1886). We relate these movements
to the propagation of a foreland ramp. The finaifpon of the bulge was located to the south of val
Cellina, as it is demonstrated by the locatiorhef ¢oastal onlap (Fig.1). This Cretaceous foreland
situation of the Friuli platform was never highligd in the eastern Southern Alps, whereas it has
been clearly documented in the western Southers, Alpere it is related to the development of the
so-called Lombardian Flysch basin (e.g. BersezFornaciari, 1994; Bertotti et al., 1998;
Zanchetta et al., 2015). The composite sectiomi&lsshows an intermediate behaviour, with a late
Albian increase in subsidence (Fig. 7). More dethdata from this region (e.g. TiSljar et al., 1,998
Otonicar, 2007) indicate that the flexural subsidence evaating a westward prograding
subsidence pulse, with final flexure toward thet €@siSt and Jelaska, 1993; 8¢ et al., 2017).
Overall, the three chosen sections for the subs&lanalysis indicate a progressive integration into
the Alpine/Dinaric foreland between the Albian dhd Cenomanian (Fig. 7). The shape of the
reconstructed coastal onlap (Fig. 1), turning fi&ninto S- oriented, documents that the
northwestern Adria plate was already flexed tovtaedAlps to the North and the Dinarides to the
East. We suspect that this corner representedahsition from a pro-foreland basin with respect to
the Dinarides to a retro-foreland basin with respethe Alps. However, no remnants of
Cenomanian foreland basins to the north of theysamela occur, therefore we cannot test this

hypothesis.
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6.2 Changes on the Friuli-AdCP margins as a response to mid-Cretaceous pal eooceanographic
events

Our integrated stratigraphy allows us to evalubgeitnpact of the mid-Cretaceous
paleoceanographic events on the portion of thaeddugriuli-Adriatic platform margin, considering
its tectonic history. At the northwestern rim oéthriuli-Adriatic platform, the platform was
aggrading during the whole Late Jurassic and Eamgfaceous and the margin remained stable and
productive, with progradation/retrogradation of feundreds of meters only (Schindler and
Conrad, 1994). Adopting the inferred end-Aptiarepblathymetry of around 1500 m for the
Belluno Basin (Picotti and Cobianchi, 2017), theps! dip should have been on average 5°,
although the upper slope could have been locallghsteeper, and the lower much less. This was a
starving slope (Picotti and Cobianchi, 2017), kkeéle to the local oceanographic conditions, such
as the prevailing currents/winds that were inténgctvith the rigid reef marginal frame to hinder
offshore sediment transport. The transition fronmaned platform to a ramp occurred abruptly at
the end of the Albian. At the base-of-slope (CBis event is expressed by the upper Albian mud-
supported breccia, containing some calcareous ggomd corals, as well as rudists, and
interpreted as the product of the collapse, pertegienically induced, of the oversteepened margin
at the transition from an accreting to a bypassienal slope (see Figs 2 and 11). This
bioconstructed margin never recovered afterwarterAhe significant decrease of subsidence (CE)
and a corresponding decrease in sedimentationi(@B¢ early Cenomanian, the upper
Cenomanian base-of-slope records the first resededesand bodies (CS). The arrival of the sands
documents the important change in sediment prooluct the platform, whose absent margins
allowed the formation of mobile sand shoals andstag of sediment export towards the basin,
reaching the slope as grain flows, likely duringanatorms or earthquakes. These changes have
been reported for other margins in the westernyielly Carannante et al. (1997), who suggested a
role of environmentally stressed foramol commuaitiehe post-Albian CE section represented the
middle-upper part of this ramp (Fig. 11), an envireent that allowed a better connection to the
lower slope. The occurence of clinoforms aroungt@0n high (Ghetti, 1987) at the distal part of
the ramp, overlying the previous back-margin (RigSchindler and Conrad, 1994) indicates the
steepening of the former margin and the creatice ditally-steepened ramp. Mounds of 50 m in
elevation characterize the external part of thepré@osta et al., 1992), compared to the 25-30 m
mounds of the Cellina section. Their elevation aoents the high accommodation space,
increasing northwestward, due to a combinatiorbofigtly increased subsidence (see Fig. 7 and

11) and high sea-level (e.g. Giorgioni et al., 2015
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Why did the platform change its geometry so abyuatlithe end of the Albian? The platform
experienced previous abrupt subsidence pulsesdglchaing Hauterivian to Barremian (see Figs. 6
and 10), without any modification in the platformognetry or the carbonate factory. In the studied
platform, OAE 1a to 1c (early Aptian to Albian) didt affect the carbonate factory nor the margin
geometry, as documented by the persistence of nangief (Schindler and Conrad, 1994). Other
parts of the AACP were more affected by these @rstaceous OAE's, with local decrease to
interruption of the carbonate productivity, but aj® recovering after the crisis (e.g. Huck et al.,
2010; Cvetko Tesoviet al., 2011; Husinec and Read, 2018). One exadai@gartially drowned
margins of a different southern Tethyan platformmythe OAE la is the east Apulian margin at
Gargano, as described by Bosellini et al. (1999) larciani et al. (2006). The OAE 2 (latest
Cenomanian) in the AdCP was more effective in desirg the carbonate productivity, with
drowned intervals persisting for most of the Tuamilike the Sveti Duh Fm (e.g. Jenkyns, 1991;
Korbar et al., 2012; Bi¢ et al., 2017).

More generally, in the southern Tethyan platforthese oceanic events never caused final
drowning of the carbonate platforms that only sleo#lecreased productivity and some
paleoecological changes (eQ@rbitolina level, Cherchi and Schroeder, 2013; Amodio andséést,
2017;Lithocodium-Bacinella intervals, Huck et al., 2010; stepwise extinctdtarge benthic
foraminifera, Parente et al., 2008). Southern Tethglated carbonate platforms of Cretaceous age
were less sensitive to environmental perturbatibas the northern Tethyan carbonate platforms
and ramps (e.g. Huck et al., 2010; Amodio and Veéeis2017). This fact was considered
paradoxical by Huck et al. (2010), given the higimperatures of the oceans during OAE's. A
possible explanation was provided by Skelton arid(2312), who proposed the so-called "kettle
effect”, i.e the degassing of excess,@®shallow and hot ocean waters, allowing the cadbe
productivity. The AACP was one of the largest itdabanks in the southern Tethys (e.g. Vlatovi
et al., 2005), where the carbonate productivityiddiave benefited from this effect. Another
possible explanation could be the different origprafile of the carbonate platforms, more
frequently rimmed in the southern Tethys for thesence of the tropical factory. Rimmed platform
margins could have sheltered the oxygen depletéersvéorming on the expanded oxygen
minimum zone, whereas ramps, more frequent in tintharn Tethys, were likely more vulnerable
to them. Recent work on the AACP (Hueter et alreinew), however, suggest the oxygen-depleted
waters forming during the OAE 1a could encroacleast parts of the lagoon, bringing about the
temporal disappearence of rudists in favour ofntieroencrusteLithocodium-Bacinella.

In the Friuli platform at the Cellina section, thiely evidence for open sea influence that could be

seen as an incipient drowning occurred in theAdibéan, is the presence of levels with planktic
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788 foraminifera in the upper Albian shallow water segsion(see Fig. 5). The Cenomanian platform
789 recorded a change not only in geometry, but evéhammain component of the carbonate factory
790 that records the disappearance of hermatypic caralscalcareous sponges and their substitution by
791 microbial mounds and rudists. In the study aressdlthanges appear coeval with the OAE 1d (late
792 Albian, see Fig. 11), related to the first impott@va flows in the late Albian Ontong Java 2

793 system (Kidder and Worsley, 2010). We do not cldaat this climatic perturbation was stronger
794 than others eventually leading to OAES, ratherhuektthat the carbonate platforms in the southern
795 Tethys were affected by repeated perturbationsctbictively created less favourable conditions
796 for the tropical factory (e.g. Hallock 2001), ewggity culminating, for the studied Friuli Platform,
797 in the late Albian. This change occurred slightifdre the subsidence pulse related to the incipient
798 flexuring of the Alpine - Dinaric foreland (Fig..7)

799 The post-Albian oceanographic conditions alloweadafghift of the focus in carbonate

800 sedimentation from shallow- to deep-water settibg$avouring on one hand the proliferation of
801 the rudists, thanks to the increasing current agtsweeping the shelf and enhancing the particle
802 distribution (e.g. Carannante et al., 1997), antherother hand the bloom of the microbes,

803 especially the encrustirigthocodium-Bacinella that is so widespread in the Tethys particularly
804 during the mid-Cretaceous, where they have beerrided in mid- upper ramp settings (e.qg.

805 Rameil et al., 2010). These conditions, howevertyoed locally at the studied northwest corner of
806 the larger ADCP. In fact, toward the east in Isama south of it (see Fig. 1), the east-dipping

807 Cenomanian ramp was characterized by partial drogynvith pelagic limestones rich in open-sea
808 organismgGusi¢ and Jelaska, 1993; Korbar et al., 2012; Br¢i¢ et al., 2017). These facies, started

809 around the early-middle Cenomanian, reached thermem diffusion at the Cenomanian/Turonian
810 boundary, which may be seen as the effect of OAB®related sea-level rise on the platform

811 margin.

812

813 7 Conclusions

814 Detailed stratigraphy of the two Val Cellina ands€asections, located at the northwestern Friuli-
815 Adriatic Platform and its slope, respectively, dne reappraisal of the available stratigraphy from
816 the literature, allowed us to reconstruct the majl@mnges in the sedimentary architecture which
817 occurred throughout the mid- Cretaceous, a tim@aie reorganization and global climatic and

818 paleooceanographic changes.

819 A major change in the platform geometry, from amed platform bordered by a steep slope to a
820 distally steepened rampad profound effects on its capability of offsheesliment export,

821 therefore ending a starvation phase at the baseé. This change occurred during the late
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Albian, and it is controlled by the co-occurrenééocal tectonics and events affecting global
climate and paleooceanography.

Deformations related to the foreland of the Alpd #re Dinarides progressively encroached the
former passive margin. Starting from the northhi@ Albian (Trento plateau), the pulse of
subsidence associated with the northward flexureeat in the study area during the Cenomanian.
Coeval emersion in the south of the Friuli Platfateiined a wedge of platform deposits and
contributed creating the ramp geometry at the @tatfmargin. As visible from the trend of the
coastal onlap, the geometry of the flexure was ttimmed since the Cenomanian by the
interference with the Dinarides, with a sharp tiarthe east of the flexed Adriatic crust northwest
of Trieste. One first outcome from this interferemgeometry is that the northwestern Friuli-
Adriatic Platform acted since the Late Cretaceautha common foreland for the Alps
(retroforeland) and the Dinarides (proforeland).

The studied Carbonate Platform, isolated and locatéow latitudes, was less sensitive to the mid-
Cretaceous OAEs, very likely due to the “kettleeeff. However, the cumulative effects of the
OAEs stressed also the carbonate factory of thesskent southern Tethyan Platforms. At the
northwest Friuli- AACP, the threshold for the digapreance of the delicate ecosystem of
hermatypic corals and calcareous sponges was &pexgeeded around the OAE 1d (late Albian),
with the recorded transition toward a ramp setpragressively dominated by ruditithocodium-
Bacinella mounds. The disappeareance of the frame buildgradgted the stratigraphic architecture
of the whole platform that was shaped as a rampukthto the concurrent northward tectonic tilt
with emergence of the southermost areas (see EjgThe rise of the chemocline, associated with
increased sea-level and vertical mixing, likelylpe less oxygenated water towards the platform
margins, that contributed to the observed lateaklio Turonian partial drownings and rimmed to

ramp change in the platform architecture.
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FIGURE CAPTIONS

Fig. 1 — Cretaceous paleogeographic domains pegjenter the present-day topography
(not retrodeformed) and location of the Puez, CasgbCellina sections (Fig. 4 and 5; Fig. 7). The
red, dashed line represents the post-Albian coastap, reconstructed on the base of Cenomanian -
Maastrichtian stratigraphic gaps found in wellshte north (Nervesa, Grado), and outcrops in Istria
(Brei¢ et al., 2017), whereas continuous successioroaredfat Cargnacco (small full circles).

Fig. 2 - A stratigraphic chart of the northwestarargin of the Friuli-Adriatic Carbonate
Platform, integrated with our observations and rfiediafter Schindler and Conrad (1994), who
dated the units mainly by means of dasycladacegeaNote the important backstep of the margin
at the Cenomanian. The names refer to the localigscribed by the above quoted authors. Note
the horizontal and the vertical scales are the same

Fig. 3 — Summary of different stage boundaries witmerical ages and calcareous
nannofossil and planktic foraminifer biostratigraphonations for the Aptian-Campanian interval.
The position of the GSSPs according to the varauikors is reported.
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Fig. 4 — Litho-, bio-, and carbonate carbon isotspatigraphy from the Casso section.
Biostratigraphy is based on planktic foraminifeogoévents in bold) and calcareous nannofossils
(bioevents in regular). For the carbon isotope m@&dolack line connected the data points of all
samples analysed; thin blue line represents a wuatmoving average; thick red and blue lines are
for long-term trends. Key isotope events are makkedurple and green shading.

Fig. 5 - Litho- and biostratigraphy of the Val @& section. Bold: new data. The names
close to the biostratigraphic data refer to the &athors: Bruni in Woodfine, 2002; Ghetti, 1987.
S is for Coniacian — Santonian; C-M is for CampanrtdMaastrichtian.

Fig. 6 - Field aspects of the Cenomanian moundsarval Cellina section. a) Mound at
around 1190 m, looking southwest. Note the clinofat the northern margin and the occurrence of
another mound body at slightly lower stratigragbieel in the far background. b) Mound at around
1235 at the confluence of the Molassa creek ifteoGellina river, looking south. Note the
clinoforms at the base and the onlap of the inttamdaclastics from the west. c) Detail of the thin
section CE19 Y, showing tHgacinella/Lithocodium encrusting microproblematica.

Fig. 7 — Subsidence history of the platform mamgival Cellina compared to the composite
section Istria, taken from Vlahavet al. (2005), and the measured section Puez,lafl@neder
(2010). See Fig. 1 for the location of the measia@dposite sections. The points of the section Val
Cellina are associated to error bars, due to tleertaminties in the chronostratigraphic calibrations

Fig. 8 (A and B) — Carbon-isotope stratigraphytfe Barremian - Albian (A) and Albian -
Cenomanian (B) from the Casso section (this sthiick line: all data points, grey line: two point
moving average) compared to #éC curves for the Cismon and Piobbico sections (g¢gist al,
1998) and to the stacked composite curve for thgieinChalk section (Jarvis et al., 2006). NC
zones are for calcareous nannofossil zonation ¢Bral et al., 1995). The position of the OAEla
(green shading) and OAE 1d (purple shading) irthleeCasso isotope record is shown.

Fig. 9 — Carbon-isotope stratigraphy for the Albtamuronian from the Casso section (this
study; black line: all data points, grey line: tpoint moving average) compared to &#&C stacked
composite curve for the English Chalk section (3aev al., 2006) and for the Contessa Quarry
section (Stoll and Schrag, 2000). NC zones aredtmareous nannofossil zonation (Bralower et al.,
1995). Note the OAE2 (purple shading) and the pbs€&aburn, Bridgewick, HitchWood and
Navigations Events (light and dark green shadinghé Casso isotopic curve.

Fig. 10 — Carbon-isotope stratigraphy for the Coiaia— Santonian from the Casso section
(this study; all data points) compared to & stacked composite curve for the English Chalk
section (Jarvis et al., 2006) and for the Bottaweisection (black line is for Thibault et al., 2026
data points, pink line is for Sprovieri et al., 3010 point moving average). Blue and red thick
lines represent general trends in the isotopes:aN@ zones are for calcareous nannofossil zonation
(Bralower et al., 1995).

Fig. 11 — a) Geometry of the rimmed margin of thielFAdriatic Carbonate Platform at the
end of the Albian. Note that normal faults, althbwgdespread, likely did not control the location
of the platform margin. b) Geometry of the distatgepened ramp at the end of the Cenomanian.
The platform was tilted toward the NW, and was egadrto the SW. New faults were active
toward the Belluno Basin, with the formation ofdbstructural highs (Castellavazzo). Vertical
exaggeration 10x.
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Supplementary materials

1 calcareous nannofossil range chart

2 list of fossil species

3 chronostratigraphy of the Casso section
4 carbon isotope data
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