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Abstract

A combined palynofacies and lithofacies analysis was carried out on two borehole successions
(Streppenosa 1 and Bimmisca 1) from the Hyblean Plateau Petroleum System (SE Sicily, Italy). It
was found that both the wells penetrated the most important source and seal rocks of the Sicilian
region (Noto and Streppenosa formations), previously assigned to the Late Triassic-Early Jurassic,
deposited within a carbonate platform-basin system. Based on new palynological data, the organic

rich succession (Noto Formation and Upper Streppenosa Member) can now be entirely assigned to the
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Rhaetian, thus constraining its deposition to a time interval characterized by increasing global
humidity and seasonality. The integrated palynofacies and lithofacies data enabled characteri- zation
of the timing of the drowning phases of the carbonate platform-basin system as being controlled by
rela- tive sea level changes mostly triggered by the Triassic extensional tectonic activity. During the
first phase of the relative sea-level rise, clayey and organic-rich sediments were deposited only in the
deepest portion of the basin. As the sea level continued to rise, the entire system drowned completely
and suboxic-anoxic basinal sediments were deposited across the whole Hyblean region, onlapping the
shallow-water facies. In the meantime increasing global humidity contributed to an increased
freshwater input in the marine depositional system as documented by the presence of fern spores and
clay. It caused water stratification and subsequent anoxia at marine basins, fa- voring the preservation
of sedimentary organic matter. This atmospheric change could be related to the degassing of the

Central Atlantic Magmatic Province.

Key words: palynofacies, palynostratigraphy, platform-basin system, Late Triassic, Sicily (Italy)

1. Introduction

The temporal and spatial distribution of Phanerozoic organic rich sediments relates to a combination
of variables: organic productivity, appropriate sedimentation rates and organic matter preservation
(Tyson, 2001, 2005; Katz, 2005; Trabucho-Alexandre et al., 2012). Organic carbon rich sediments
have been commonly attributed to widespread ocean anoxia and to associated water column
stratification that isolates the marine bottoms from the oxygen mixed zone (Tyson and Pearson, 1991;
Wignall and Newton, 2001; Pancost et al., 2004; Harris, 2005; Meyer and Kump, 2008). Other
theories suggest that a combination of high primary productivity and low sedimentation rate promotes
the accumulation of large amounts of organic matter due to a relatively low degree of dilution by

siliciclastics and skeletal debris (Lallier-Verges et al., 1995; Perkins et al., 2008). During the Late
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Triassic — Early Jurassic times in the western Tethys realm, deposition of organic rich clay and marly
successions seems to coincide with a climate warming and an increasing rainfall and runoff (Korte et
al., 2009; Bonis et al., 2010; Haas et al., 2010, 2012; Michalik et al., 2010; Berra, 2012). This has
been interpreted as a consequence of an intense monsoonal activity (Parrish, 1993; Satterley, 1996;
Sellwood and Valdes, 2007; Bonis and Kiirschner, 2012). In addition, the onset of igneous and
volcanic activity within the Central Atlantic Magmatic Province (CAMP), is generally believed to
have strongly influenced the climate change by releasing of volcanic gases (mainly CO> and SO») into
the ocean—atmosphere system (Marzoli et al. 2004; Cirilli et al., 2009; van de Schootbrugge et al.,
2009; Lucas et al., 2011; Ruhl et al., 2011; Schaller et al., 2011; Palfy and Zajzon, 2012; Vajda et al.,
2013; Bond and Wignall, 2014; Lindstrdm, 2016; Davies et al., 2017; Lindstrom et al., 2017b).
Consequently, the end-Triassic mass exctintion (ETE) has been attributed to the huge amount of
greenhouse-gas emissions in the atmosphere and in the ocean waters and associated to the =3-6%
negative carbon isotope excursion, recorded in both terrestrial and marine environments (Schoene et
al., 2010; Whiteside et al., 2010; Ruhl et al., 2011; Dal Corso et al., 2014; Lindstrom, 2016;
Lindstrom et al., 2017b). Recent high-precision U-Pb ages from CAMP mafic intrusive units (Davies
et al.,, 2017) and large scale correlations based on a set of integrated biotic, geochemical and
radiometric data (Lindstrom et al., 2017b), document that magmatic activity started about 100 Kyr
before the earlier known eruptions, providing evidence of the causal relation between CAMP and
ETE. The resulting increase of fresh water supply and nutrient input in the marine environments, via
river runoff, leaded to water density stratification and increased primary productivity that drove the
organic matter accumulation and preservation at the anoxic marine bottoms.

The overall aim of this study is to provide new insights into the factors triggering the accumulation
and preservation of organic matter within a given paleoclimatic and paleogeographic scenario related

to the well-known source and seal rocks of the Hyblean Petroleum System, in south eastern Sicily
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(Italy). We combined palynofacies and lithofacies analyses of two on-shore wells from Sicily in order
to interpret the paleoenvironmental and paleoclimatic conditions and the input of or- ganic matter
preserved in the sediments. The data provided in this paper complement and integrate those presented

by Cirilli et al. (2015) regarding another on-shore well (Pachino 4) drilled in the same area.

2. Geological setting

In the last few decades, Eni Upstream and Technical Services have carried out many geological
studies, in southeastern Sicily on-shore and off-shore, following exploration activity (Fig. 1) (Frixa et
al., 2000; Trincianti et al., 2015 for references). The studied wells are located in the south east of
Sicily (Hyblean Plateau) which is characterized by an over 5 km thick Triassic-Neogene sequence,
lying above a 20-25 km thick sequence with African affinity and acting as a foreland basin during
Neogene Alpine orogenesis (Patacca et al., 1979; Yellin-Dror et al., 1997; Catalano et al., 2000,
2002, 2013; Granath and Casero, 2004; Finetti et al., 2005). Small and large-scale paleogeographic
recon- structions reveal that Sicily has been located along the African - European plate boundary from
Paleozoic times (Ruiz-Martinez et al., 2012; Catalano et al., 2013; Berra and Angiolini, 2014; Scotese
and Schettino, 2017). Starting from Triassic, the west-central Mediterranean platform (Apulia-Adria)
was broken apart by the same tectonic pro- cesses that caused the opening of the Central Atlantic.
After separation of north west Africa (northern Gondwana) from Eastern North America, Adria,
Apulia (including Sicily) and southern Turkey continued to be part of the African Plate (Catalano et
al., 2002, 2013; Robertson et al., 2003; Finetti et al., 2005; Berra and Angiolini, 2014; Scotese and
Schettino, 2017). The extensional faulting was accompanied by regional and large-scale fissural
basaltic volcanism at least since the Triassic. In- tercalations of mafic volcanics have been recorded in
several wells of the Hyblean Plateau at different stratigraphic levels (Patacca et al., 1979; Rocchi et

al., 1996; Granath and Casero, 2004; Finetti et al., 2005; Scotese and Schettino, 2017). Beginning in
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the Late Triassic, the whole Hyblean Plateau region was occupied by a wide shallow water carbonate
platform (represented by the Sciacca Formation). The exten- sional phase related to the continental
rifting caused the carbonate plat- form to break-up and this triggered the onset of a platform to basin
system (Patacca et al., 1979; Brosse et al., 1988; Frixa et al., 2000). Shallow-water carbonate deposits
(Noto Formation) covered the north- ern part of the area, while a deep anoxic-suboxic intraplatform
basin de- veloped southward (Fig. 1). The Noto Formation (about 300 m thick) includes at least three
interfingering facies. The first facies is spread throughout the Hyblean Plateau and consists of
limestones (mudstones and wackestones), often dolomitized and recrystallized, interlayered with
organic rich black shales. The second facies, is only found at the edge of the Plateau, is composed of
wackestones, packstones and oolitic grainstones interpreted as beach ridge deposits (Patacca et al.,
1979; Brosse et al., 1988). have been considered as beach ridge deposits (Patacca et al., 1979; Brosse
et al., 1988). The third facies, named the Mila Member of the Noto Formation, occurs in the marginal
area of the carbonate platform (Fig. 2). The Mila Member consists of two superimposed carbonate
bodies, which backstep northwards, and are locally recrystallized and dolomitized. The lower
microbial body lies above the carbonate platform of the Sciacca Formation, while the upper body
overlies the lower microbial body (basinwards) and the Noto Formation (landwards, Frixa et al.,
2000; Felici et al., 2014) (Fig. 2). As subsidence increased, sedimentation in the inner platform was
mostly dominated by limestones and organic rich shales (still in- cluded in the Noto Formation; Frixa
et al., 2000). At the same time, in the rapidly subsiding adjacent basin, a thick succession
(Streppenosa Formation) deposited under suboxic-anoxic conditions. The thickness of the
Streppenosa Formation is variable and reaches a maximum of about 3000 m in the southeastern part
of the Hyblean Plateau. It has been subdivided into three members (Frixa et al., 2000). The Lower
Streppenosa Member mainly consists of radiolarian-bearing muddy limestones with calciturbidites.

Shale horizons occur in its lower portion. The Middle Streppenosa Member includes



119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

mudstones/wackestones, with intraclastic-peloidal and oolitic thin intercalations, often recrystal- lized
or dolomitized, and black silty shales. The Upper Streppenosa Member consists of gray-green shales,
marls and radiolarian-bearing muddy limestones with calcarenite intercalations. Compared with the
Lower and Middle members, the silty shales and quartz siltstones in- crease, while the organic matter
decreases (Frixa et al., 2000). Basalts and tuff layers occur in the sedimentary sequence at various
strati- graphic levels and become more frequent in the Upper Streppenosa Member. On the basis of
previous studies, basaltic horizons have an overall intraplate alkaline nature (Rocchi et al., 1996). The
drowning of the carbonate platform-basin system first occurred with the spread of the basinal facies
(Upper Streppenosa Member) over the marginal- inner platform complex, as also reported at a
regional scale (Catalano et al., 2013). According to previous authors, the drowning phase first oc-
curred in the Early Jurassic time (Patacca et al., 1979; Brosse et al., 1988; Frixa et al., 2000) (Fig. 3).

- Within this stratigraphic framework, the main elements of the Hyblean Plateau Petroleum
System are as follows.

- Two reservoirs, represented by the carbonate platform succession (Sciacca Formation) and the
marginal microbial mound complex (Mila Member). In the Sciacca Formation porosity reaches
maxi- mum values of 20%, mostly due to fracturing (Mattavelli et al., 1969; Frixa et al., 2000).
In the Mila Member, the poor reservoir properties are due to prevailing muddy facies but are
improved by hydrothermal dolomitization, fracturing and karst.

- Two source rock units, represented by the Noto Formation whose Total Organic Carbon (TOC)
reaches about 13% and by the Streppenosa Formation. Although the average TOC of the
Streppenosa Formation is low (around 1%), its great thickness makes this formation a good
source rock (Brosse et al., 1988; Frixa et al., 2000).

- One seal, consisting of the upper portion (Upper Streppenosa Mem- ber) of the Streppenosa

Formation (Frixa et al., 2000).
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The investigated wells, Streppenosa 1 and Bimmisca 1, were drilled in the northwestern and eastern
parts of the Hyblean Plateau, respec- tively. The Streppenosa 1 well (36°50'45"N/02°16'09"E),
reached a depth of 2908.4 m in the upper part of the Sciacca Formation. The Bimmisca 1 well
(36°48'34"N/02°37'28"E) terminated at a depth of 3169 m within the Mila Member of the Noto
Formation, and thus never reached the Sciacca carbonate platform. All the depths were mea- sured
below the Rotary Table (MDBRT). The Streppenosa 1 and the Bimmisca 1 wells penetrated the inner
area and the marginal complex of the carbonate platform-basin system, respectively (Figs. 1, 2). In
this area, only the Upper Streppenosa Member is present, directly over- lying the Noto Formation
(including the Mila Member). The complete Streppenosa Formation, including all the three members,
is present only in the depocenter of the basin, and is penetrated by the Polpo 1 and Pachino 4 wells
(Frixa et al., 2000; Cirilli et al., 2015) (Figs. 2, 3).

The succession investigated in the Streppenosa 1 borehole includes the Upper Streppenosa Member
(2126 m—2452 m) and the Noto For- mation (2452 m-2825 m). In the Bimmisca 1 well, the
succession investigated encompasses the Upper Streppenosa Member (2282 m— 2684 m) and the
Noto Formation (2684 m—2803 m), including the Mila Member (2803 m—2879 m). The lowermost
portion of the Mila Member, between 3169 m to 2908 m, has not yielded samples due to a loss of
circulation. In both wells studied, the Streppenosa Formation is overlain by the pelagic deposits of the

lower-middle Jurassic Modica Formation (Patacca et al., 1979), which is not included in this study.

3. Methods

Palynological and palynofacies analyses were carried out on a total of 59 cutting samples: 30 from the
Streppenosa 1 well and 29 from the Bimmisca 1 well. The samples were processed using standard
paly- nological techniques in order to obtain a final organic residue observ- able under a microscope

(Green, 2001; Wood et al., 2002; Buratti and Cirilli, 2011). The palynomorphs and palynomacerals
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were visualized with a Leica DM 1000 microscope using transmitted white light. Optical palynofacies
analyses were conducted on the organic matter prior to ox- idation with nitric acid. The organic
particles were classified according to the standard classification of Whitaker (1984), modified by
Steffen and Gorin (1993). Marine and terrestrial palynomorphs were identified from both artificially

oxidized and unoxidized residue.

For this study, only cuttings were available. A common problem with well cuttings is the potential
contamination of rock fragments derived from uphole. This could represent a problem when
interpreting both the palynostratigraphy and palynofacies. However, in our opinion, using a rigorous
approach and method, conclusions can be drawn re- garding which palynological assemblages and
palynofacies composition can be used as complementary tools. First, to identify the presence of
caving contamination, we carefully handpicked the lithologies and com- pared them with up-hole
samples. The identification was made on thin sections made up from cutting material, previously
embedded in epoxy resin, observed under transmitted light microscope. Then we used the highest
occurrences of taxa to define the tops of the palynozones. The first downhole occurrences (FDOs) of
palynomorphs were used in con- structing the range charts, in order to minimize the error introduced
by caving. The presence of a few anachronistic palynomorphs throughout the studied well succession
indicated that contamination from caving was minimal. Thus we attempted to use the palynofacies

composition and variation in order to reconstruct the depositional environment.

Palynomorphs and all the organic debris were measured quantita- tively. At least 250 particles per
slide (two slides per sample) were counted and converted into percentages. Details on the sample
process- ing, the general definition of the organic debris and the palynomorph quantitative analysis

are given in the Online Resources. The palynologi- cal slides were then stored in the collection of the
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Sedimentary Organic Matter Laboratory at the Department of Physics and Geology of the Perugia

University (Italy).

4. Palynological data

A complete list of the identified taxa and data on quantitative analysis can be found in the Online
Resource (Appendix I, Figs. S1; S2).

4.1 Palynology of the Streppenosa I well

The palynological assemblages in the Streppenosa 1 succession contain abundant sporomorphs in
association with minor marine elements (microforaminiferal linings, dinoflagellate cysts and acritarchs)
(Fig. 4, PLI). The microflora is dominated by Classopollis meyerianus and by trilete fern spores, such
as Deltoidospora mesozoica, Dictyophyllidites mortonii, Todiporites sp., Trachysporites fuscus, which
abundances vary throught the studied section, in association with minor Acanthotriletes varius,
Baculatisporites  sp., Calamospora tener, Carnisporites spiniger, Densosporites  fissus,
Kraeuselisporites sp. and Porcellispora longdonensis. The distribution of Limbosporites lundbladiae,
Perinopollenites elatoides, and bisaccate pollen grain as Klausipollenites gouldii is not constant
throughout the well. The microflora gradually diversify throughout the Upper Streppenosa Member
with the first downhole occurrences (FDOs) of Punctatisporites fungosus, Paraklukisporites foraminis,
Classopollis torosus and Striatella seebergensis in its upper part, and of Trachysporites fuscus,
Cingulizonates rhaeticus, Densosporites foveocingulatus, and Ricciisporites sp., in its central-lower
part. The FDO of the index species Ischyosporites variegatus is recorded in the central-upper part
(2235.5 m) whereas that of Porcellispora longdonensis in the lower portion (2421.5 m) of the member.
The presence of Leptolepidites major, Pilosisporites sp. and Trilobosporites aequiverrucosus is
considered here as caving. Ischyosporites variegatus in association with Polypodiisporites
polymicroforatus, Retitriletes semimuris, Triancoraesporites ancorae, rare Araucariacites australis

have their last downhole occurrences (LDO) at the base of the Upper Streppenosa Member (sample at
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2445.5 m) and are not recorded in the underlying Noto Formation. The assemblage from the Noto
Formation is less diversified and records few FDOs in the central-upper part: the FDO of
Eucommiidites sp. at 2503.5 m and that of Tsugaepollenites psudomassulae at 2555.5 m. The fresh
water chlorococcale alga Botryococcus sp. is more or less constantly present from the middle part of
the Noto Formation slightly decreasing upward, while Schizosporis scissus is recorded only at the base
of the member. Microforaminiferal linings are constantly present within the investigated well section.
Acritarchs and dinoflagellate cysts are rare and commonly poorly preserved. The FDO of Suessia

swabiana is recorded at the base of the Upper Streppenosa Member.

4.2 Palynology of the Bimmisca 1 well

As in the Streppenosa 1 well, the palynological assemblages from Bimmisca 1 well are dominated by
sporomorphs in association with minor marine components (Fig. 5, PLII). The FDO of Ischyosporites
variegatus is recorded at the top of the studied well section (2302 m) with Araucariacites australis and
Deltoidospora mesozoica and, 19 m below, by Calamospora tener. The assemblage diversity and
abundance progressively increase downhole with the FDO of Classopollis meyerianus at 2481 m. The
middle portion of the Upper Streppenosa Member is characterized by the FDO of some important taxa
such as Polypodiisporites polymicroforatus, Convolutispora klukiforma, cf. Retitriletes semimuris,
Annulispora folliculosa, Limbosporites lundbladiae, cf. Retitriletes austroclavatidites, Trachysporites
fuscus, Acanthotriletes varius, Camarozonosporites rudis, Densosporites  foveocingulatus,
Leptolepidites reissingeri. The FDO of the species index Porcellispora longdonensis is recorded at
2603 m and that of Classopollis torosus at 2610 m.

Overall, the fern spores are abundant in the Upper Streppenosa Member and and can be found
throughout the well section. The alga Botryococcus sp. is occasionally present in the middle part of the

Upper Streppenosa Member. Microforaminiferal linings, although low abundant, become more
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constant in the Upper Streppenosa Member. The FDO of Suessia swabiana is recorded at the base of
the Upper Streppenosa Member, where it is low abundant. The assemblage diversity decreases in the
Noto Formation. A few FDOs are recorded in its lower portion as for the spores Conbaculatisporites

sp., Conbaculatisporites spinosus and Punctatisporites fungosus.

5. Palynofacies and lithofacies data

The use of palynofacies, combined with other approaches, can pro- vide useful information on
sedimentary processes and on the chemical and ecological parameters of the depositional environment,
such as, ox- ygenation, length of transportation, water energy and nutrient level (van der Zwan, 1990;
Steffen and Gorin, 1993; Hart et al., 1995; Tyson, 1995, 2001; Batten and Stead, 2007). The abundance
of total terrestrial organic matter commonly decreases with the distance from the land- masses and the
parent flora. More labile components (i.e. cutinite) are rapidly degraded during transport, while
oxidized particles (i.e. inertinite) can be widely distributed into marine basins because they are
refractory to further biochemical oxidation. In a marine setting, the narrow width of the continental
shelf, as expected for the study area, exerts a strong control on the relative positions of proximal and
distal environments (Mascle et al., 1996). Important controlling factors on organic matter accumulation
and preservation rate include the pri- mary productivity and the oxygen level of the water column.
Under suboxic-anoxic conditions, the organic matter is usually converted into amorphous organic
matter (AOM). Given that AOM is highly sus- ceptible to oxidation, its presence can be a proxy for the
low oxygen content of the water column and sediment water interface (Tyson, 1995; Batten and Stead,
2007). The relative abundances of sedimentary organic matter and palynofacies composition from the
Streppenosa 1 and the Bimmisca 1 wells are plotted in Figs. 6 and 7. Additional infor- mation on the

general characteristic of organic debris is provided in the Online Resources.
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5.1 Streppenosa 1 well

Six intervals, characterized by different lithofacies and palynofacies, were distinguished in this well.
Lithology and stratigraphic distribution of the palynofacies ratios as well as the number and spacing of
analyzed samples for each interval are illustrated in Fig. 6.

- Interval I (Palynofacies A, Pl. III.1) (2824 m — 2735.5 m) represents the lowest part of the Noto
Formation. The interval mainly consists of shales and thin bedded limestones. The palynofacies
contains abundant inertinite, which reaches the highest values in the upper part of the interval (58%).
Vitrinite 1 abundance decreases from bottom to top (32% to 8%). The amount of vitrinite 2 is almost
constant within the interval (7% to 10% upwards). Cutinite, sporomorphs (tetrads included) have a low
frequency (less than 5%). Marine components are rare and mainly represented by microforaminiferal
linings in the lower part. A few specimens of the freshwater alga Botryococcus sp. were recorded in the
upper part of the interval. The AOM abundance increases from the base (4%) to the central part ( 20% )
and decreases (15%) at the upper part of the interval .

- Interval II (Palynofacies B, Pl. II1.2) (2735.5 m — 2624.5 m) consists of limestones intercalated with
shales, which become more frequent in the upper part. Vitrinite 1 abundance increases from the lower
(38%) to the central part of the interval (58%), and decreases upwards (15%), except for at the interval
2637.5. Inertinite and vitrinite 1 abundances show general opposite trends being inertinite lower where
vitrinite 1 higher and vice versa. The vitrinite 2 content is overall low, ranging from 2.5% to 12.5%.
Sporomorphs, tetrads included, relatively increase in the central part of the interval (up to 15%),
cutinite amount is low (less than 2%) within the interval. Microforaminiferal linings and Botryococcus
sp. slightly increase upwards (up to 5%). The highest AOM values (up to 30%) are recorded in the
shaly beds at the lower part of the interval.

- Interval III (Palynofacies C, Pl. I11.3) (2555.5 m — 2476.5 m), overlying a basalt horizon, is composed

of thich shaly horizons alternated to limestone. Inertinite and vitrinite 1 fluctuate along the interval with
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a peak of respectively 54% and 45%, showing an opposite trend. Vitrinite 2 abundance ranges between
8% to 16%. The amount of cutinite slightly increases in respect to the underlying interval (up 6%), that
of sporomorphs slightly decreases and tetrads are few. The AOM reaches the maximum value (30%)
within the shaly intervals in correspondence of the lowest value of vitrinite 1 and moderate amount of
inertinite. Microforaminiferal linings are few. A few specimens of Botryococcus sp. are recorded only
in the lower and central part of the interval.

- Interval IV (Palynofacies D, Pl. 111.4) (2476.5 m — 2409.5 m) includes the Noto Formation and Upper
Streppenosa Member boundary (at 2452.5 m depth). The interval exhibits a basal thick carbonate
horizon (Noto Formation) passing upwards into alternations of dark grey shales and limestones
containing fine grained calcarenites (Upper Streppenosa Member). The palynofacies shows the highest
values of AOM (up to 40%) at the lower and at the upper part of the interval, the latter is combined
with high values of pyrite framboids. In the central part of the interval, AOM abundance decreases up
to 5%. There is a progressive upward increase in vitrinite 2 (10% to 35%) accompanied by a decrease
in vitrinite 1 (28% to 6%), while inertinite values remain almost constant. The sporomorph abundance,
tetrads included, shows a peak in the central part of the interval (up to 25%). Cutinite amount fluctuates
from low values (1.5%) in the central part and relative higher values at the lower and upper part of the
interval. Constant low percentage (5%) of marine elements (microforaminiferal linings and few
dinoflagellate cysts) has been recorded in the central and upper part of the interval. Low amount of
Botryococcus sp. is present at the base and at the top of the interval.

- Interval V (Palynofacies E, PI. I11.5) (2409.5 m — 2308.5 m) consists of black shales in the lower part
passing, upwards, to thick carbonate beds, which contain calcarenites, interbedded with shaly intervals
and radiolarian bearing muddy limestones. The low number of samples prevented a detailed
palynofacies characterization of this interval that has been possible only from 2357.5 m to 2308.5 m.

Inertinite reaches the highest values (55%) at the base of the sampled interval, where all the other
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palynomacerals and sporomorphs decrease. Vitrinite 1 slightly increases upwards (up to 25%), while
vitrinite 2 abundance remains constant (15%) as well as cutinite and sporomorphs although occurring
in low abundance. The AOM values increase in the upper part of the interval (25%) within the shaly
interval. A few microforaminiferal linings (1.8%) are present.

- Interval VI (Palynofacies F, PL. I11.6; IV.1) (2308.5 m — 2147.5 m) is dominantly carbonate except for
a basal thick dark shaly horizon and thin intercalations of dark shales within carbonates. The carbonate
horizons consist of thin bedded limestone mostly characterized by radiolarian and thin shelled bivalve
bearing mudstone-wackestone. Due to the lack of samples, the palynofacies analysis has been possible
starting from the central part of this interval. Vitrinite 1 and sporomorphs record the highest value in
the central part of the interval (58% and 22% respectively). Vitrinite 2 abundance fluctuates within the
interval (8% to 20%) as well as cutinite (5% to 10%). The AOM shows the highest value in the central
part of the interval (40%), whereas pyrite is present only in the central (16%) and upper (6%) part. The
percentage of microforaminiferal linings increases upwards and Botryococcus sp. is consistently

present (10%) at the topmost interval.

5.2 Bimmisca 1 well

Five intervals and related lithofacies and palynofacies were recognized. Lithology and stratigraphic
distribution of the palynofacies ratios, the number and spacing of analyzed samples are illustrated in
Fig. 7.

- Interval I (Palynofacies G, PI. IV.2) (2879 m — 2823 m), in the Mila Member, composed mainly of
microbial dolostones. Terrestrial organic debris dominates the palynofacies. Vitrinite 1 reaches high
values (73%) in the central-upper part of the interval, whereas vitrinite 2 ranks at low percentages
(around 5%). Few sporomorphs are present (1.5%). Cutinite abundance shows moderate value (19%) at

the base of the interval and decreases upwards. Inertinite and AOM values show the same pattern
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progressively decreasing upwards (40% to 5%, inertinite; 38% to 15%, AOM). Microforaminiferal
linings and acritarchs are few (1%).

- Interval II (Palynofacies H, Pl. IV.3) (2823 m — 2694 m) mostly belongs to the Noto Formation
overlying the Mila Member. It consists of dolostones intercalated with minor shales. Vitrinite 1 and
inertinite fluctuate (10% up to 80%) within the interval showing an opposite trend. Vitrinite 2
abundance is almost constant ranging from 3% to 7%. Similarly the amount of cutinite remains more or
less constant within the interval. Sporomorph abundances (tetrad included) show variations along the
interval never exceeding the 18%. The AOM values are variable (25% to 2%) showing an overall
decreasing trend upward. Microforaminiferal linings and acritarchs are few (up to 2%).

- Interval III (Palynofacies I, P1. IV.4) (2694 m — 2603 m). The base of this interval coincides with the
Noto Formation - Upper Streppenosa Member boundary. The interval is marked by an abrupt decrease
in carbonate content, being dominated by shales with thin muddy carbonate intercalations. Overall, the
palynofacies shows an increase in the total amount of continental organic debris and a decrease in
AOM (from 20% to 2% upwards). Inertinite and vitrinite 1 show strong fluctuations, the former
reaching the highest values in the carbonate beds. Vitrinite 2 ranks at low abundance (2% to 10%) as
well as cutinite. Sporomorphs and tetrads increase upwards ranking at 32%, the highest value recorded
within the well section. Marine palynomorphs (microforaminiferal linings, acritarchs and few
dinoflagellate cysts) slightly increase in respect to the underlying intervals.

- Interval IV (Palynofacies L, PL. IV.5) (2603 m — 2441 m) consists of shales with minor intercalations
of carbonate composed of thin bedded muddy limestone. The palynofacies is dominated by inertinite
(up to 92% in the upper part of the interval). The other palynomacerals and sporomorphs are low to
absent, except for moderate value of vitrinite 1 (up to 30%). AOM content is low (less than 8%) and

further decreases to disappear upwards. Pyrite (8%), marine components (not more than 5%) such as



356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

16

microforaminiferal linings and rare acritarchs are present in the lower part. Botryococcus sp. has been
recorded only in this interval.

- Interval V (Palynofacies M, Pl. IV.6) (2342 m — 2302 m.) overlies a basalt horizon. It consists of
shale and thin bedded muddy limestone alternations. Palynofacies is dominated by inertinite (45% to
84%) and vitrinite 1 (up to 45%), combined with low amount of other palynomacerals and
sporomorphs. Tetrads are absent. The abundance of AOM is low (up to 6%) as well as that of pyrite
(up to 2%), this latter found only in the upper part of the interval. A few microforaminiferal linings and

acritarchs are present (up to 4%).

6. Discussion

6.1 Palynostratigraphic assessment and dating

The Noto Formation and the Upper Streppenosa Member can be assigned to the Rhaetian age given the
abundance of Classopollis species (Classopollis meyerianus and minor Classopollis torosus) in
assemblage with other index species such as Ischyosporites variegatus, Porcellispora longdonensis and
Trachysporites fuscus. These species have been found in typical Rhaetian strata from several localities
(Morbey, 1975; Schuurman, 1977; Barrén et al., 2006; Kiirschner et al., 2007; Warrington et al., 2008;
Ruhl et al., 2009; Cirilli, 2010; de Jersey and McKellar, 2013; Hillebrant et al., 2013; Lindstrém, 2016;
Lindstrém et al., 2017b). Palynological assemblages with similar compositions have been recorded
from Southern Alps and Apennines in Italy (Cirilli et al., 1994; Galli et al., 2007) and in some southern
Mediterranean areas such as Tunisia, Libya, Algeria, Morocco (Adloff et al., 1986; Yaroshenko, 2007;
Cirilli, 2010). Palynological assemblages from Northern Spain (Asturias) and France, although
showing some common elements (e.g. dominance of Classopollis spp. and fern spores) differ for the
presence of Ricciisporites tuberculatus (Barréon et al., 2006; Goémez et al, 2007). The absence of R.

tuberculatus could be related to the palacogeographic position of Sicily during Late Triassic along the
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African- European plate boundary, under warm paleoclimatic conditions (Ruiz-Martinez et al., 2012;
Catalano et al., 2013; Berra and Angiolini, 2014; Scotese and Schettino, 2017). Recent data have
documented that the gymnosperm pollen R. tuberculatus appears to be more restricted to the Northern
Hemisphere (Kiirschner et al., 2014; Lindstrom, 2016; Lindstrom et al., 2017a). Its abundance seems to
be vicariant with that of Classopollis, being less common or absent where Classopollis is abundant, as
in the present case, revealing different ecological and/or climatic preferences. In the GSSP stratotype
Kuhjoch section (Karwendel Mountains, Austria) the lowest occurrences of [ variegatus and
Cerebropollenites thiergartii, which is considered the best marker for the T-J boundary, are recorded
several meters below the first appearance of the ammonite Psiloceras spelae defining the base of the
Hettangian (Bonis et. al. 2009; Kiirschner and Herngreen, 2010; Hillebrant et al., 2013). Therefore, the
presence of I variegatus without C. thiergartii and in association with Classopollis spp., P.
longdonensis and Kraeuselisporites reissingeri, led tentatively to refer part of the Upper Streppenosa
Member to the lowermost part of the Trachysporites—Heliosporites Zone (TH) which is considered as
Rhaetian (Hillebrant et al., 2013). The thickness of the interval below the FO of the C. thiergartii
depends from the sedimentation rate which surely was not the same for all the sections bracketing the
T/J boundary. In this case study, considering the high subsidence rate caused by synsedimentary
tectonic activity and the medium-to high sedimentation rate (Patacca et al., 1979), the presence of C.
thiergartii in the upper part of the Upper Streppenosa Member cannot be excluded. However its
presence has not been recorded either in these two wells or in the Pachino 4 well (Cirilli et al., 2015).
The microfloral content recorded in the lower part of the Upper Streppenosa Member and in the Noto
Formation dominated by Classopollis meyerianus in association with 7. fuscus, P. longdonensis,
Kraeuselisporites sp. and Polypodiisporites polymicroforatus could be correlated with the
Trachysporites—Porcellispora Zone (TPo) considered as latest Rhaetian as defined in the Tiefengraben

section and Northern Calcareous Alps, Austria, (Kiirschner et al. 2007; Hildebrandt, 2013). The age
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attribution of the whole studied well section to latest Rhaetian would explain also the lack of
Patinasporites densus and Enzonalasporites vigens which seems to have their last occurrences in the
uppermost Norian-lower Rhaetian (Cirilli, 2010 for references). In Sicily these two species have been
recorded in independently dated Carnian and Norian strata both from outcrops and subsurface
(Visscher and Krystyn, 1978; Buratti and Carrillat, 2002; Trincianti et al., 2015).

By correlating the new palynological data with those of Pachino 4 well (Cirilli et al., 2015), it results
that the deposition of Noto Formation, at the marginal and inner carbonate platform-basin system, may
be considered coheval with the Middle Streppenosa Member deposited in the deepest part of the basin.
Furthermore, it implies that the initial drowning phase of the carbonate-basin system (Upper
Streppenosa Member) can be predated to Rhaetian. The previous age attribution as Early Jurassic of the
whole Upper Streppenosa Member (Fig. 3) was based on the presence of the calcareous nannofossil
Schizosphaerella punctulata and on a palynological assemblage dominated by Classopollis classoides
and C. meyerianus and (Frixa et al., 2000). However, although S. punctulata was most common in the
Early Jurassic times its range spans from the latest Triassic to the end of the Jurassic (Perch-Nielsen,
1989). In St Audrie's Bay (England), S. punctulata first occurs about one metre below the candidate
Hettangian GSSP level (in Blue Lias Formation bed 7). Its occurrence slightly predates the base of the
Psiloceras planorbis Zone and correlates with the onset of the main negative excursion in §'3Corg
values (Hesselbo et al., 2002, 2004). Additionally, the relative abundance of Classopollis spp., which is
also present in the Triassic, does not justify assigning a Jurassic age to the Upper Streppenosa Mem-

ber, given that in this case Classopollis spp. do not occur alongside typical Jurassic forms.

6. 2 Palaeoenvironment, palaeoclimate and depositional model
Considering the general paleogeographic and paleoenvironmental settings, the lateral and vertical

variations of palynofacies and lithofacies and the prevailing continental organic matter across the well
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sections indicate a deposition in a marine environment, proximal to the terres- trial source area, under
variable energy and redox conditions.

The Noto Formation, crossed by the Streppenosa 1 well, located in the inner part of the carbonate
platform-basin system, has a clear cyclic arrangement. Each interval shows a trend characterized by a
decreasing AOM and palynomaceral and sporomorph increasing upwards. The rel- ative abundance of
AOM in the basal part of each interval results from a combination of good preservation, related to
suboxic—anoxic condi- tions, and low-energy environments. It has also resulted in the deposi- tion of
laminated shales with few limestone intercalations. The upper part of each interval shows shallower,
and relatively better oxygenated, conditions where particulate organic matter dominates over AOM,
which was presumably destroyed by oxidation and biodegradation. In the Bimmisca 1 well, which
penetrates the platform marginal area, the palynofacies fluctuations are more evident at the scale of the
entire suc- cession (Noto Formation/Mila Member and Upper Streppenosa Mem- ber), in accordance
with lithofacies variation from mainly carbonate to predominantly shaly upwards. The increase in
inertinite and the de- crease in terrestrial particulate organic matter and AOM from bottom to top are
consistent with a shift from the proximal to distal position of the platform-basin system with respect to
the landmasses. The moderate-to-high value of AOM recorded in the shallow water micro- bial mounds
of the Mila Member could be partially related to the micro- bial community itself. Under microbial
proliferation, the extracellular polymeric substances (EPS) form a well-defined protective envelope
around cyanobacteria cells, which protect AOM from the oxidation pro- cesses (Sutherland, 2001;
Pacton et al., 2007). The overall deepening trend of the platform-basin system culminated with the
deposition of the Upper Streppenosa Member. In each interval, palynofacies signa- tures clearly reflect
the lithofacies variations, which consist of thick shaly beds and minor limestones containing calcarenite
intercalations: dominant AOM and minor inertinite in the shaly intervals, highest amount of inertinite

and lowest amount of AOM within limestones. These fluctuations could be interpreted as a result of
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changes in water energy and oxygen content. The higher energy and good oxygenated conditions
during the calciturbidites deposition destroyed the AOM and reduced the preservation rate of
particulate OM, except inertinite, which is the most resistant palynomaceral. The scarce benthic fauna
living at such deep marine bottoms may also have played a role. On the other hand, the suboxic-anoxic
conditions, during the deposition of finely laminated shales, promoted the AOM preservation. The
concur- rent AOM decrease and inertinite increase upwards confirm the gradual and relative deepening
of the depositional environment, highlighted by the basinal facies of the Upper Streppenosa Member
onlapping and overlying the microbial mound (Mila Member) at the margin complex and the inner
suboxic lagoonal facies of the Noto Formation. The increased deepening and the facies onlapping have
been widely reported at the regional scale (Catalano et al., 2013). The drowning phases of the
carbonate platform-basin system were accompanied by depositional environment shifting from
proximal to distal conditions with respect to the landmasses and parent flora. This is highlighted in both
wells by the palynofacies signatures, and the decrease, upwards, of the total terrestrial organic debris
(i.e. vitrinite, cutinite and sporomorphs, tet- rads included) with the exception of inertinite. Given that
inertinite is the most resistant palynomaceral, it can be transported for a long dis- tance from the
continent and settled from suspension in a low-energy, offshore environment (Steffen and Gorin,
1993). Based on the data ob- tained and correlated with data from the Pachino 4 well, belonging to the
same petroleum system and discussed in a previous paper (Cirilli et al., 2015), the paleoenvironmental
evolution of the entire platform- basin system could be interpreted in terms of an “expanding puddle
model” (sensu Wignall, 1991; Wignall and Newton, 2001). This model suggests the development of
anaerobic conditions within relative shal- low intra-cratonic confined basins, with deposition of organic
rich sed- iments both in the deepest part of the basin (i.e. Pachino 4 well, Cirilli et al., 2015) and in the
shallow marine areas close to the margin of the carbonate platform (crossed by the Streppenosa 1 and

the Bimmisca 1 wells) colonized by microbial mounds (Mila Member) (Fig. 2). During the Rhaetian, as
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marine transgression continued, the inner peritidal area of the carbonate platform started to drown
under permanent subtidal water conditions, with episodes of low oxygenation (Noto For- mation).
However, the carbonate factory continued to produce, as dem- onstrated by the calcarenite
intercalations within the organic rich facies deposited in the adjacent basin. The platform margin
setting facilitated the development of toe-of-slope aprons characterized by calciturbidites, intercalated
with organic rich shales. At the same time, as observed in the Pachino 4 well (Cirilli et al., 2015), in the
deepest part of the basin, thick organic rich shales and limestones sedimented. Subsequently, the
maximum rise in sea level, combined with the increase in subsi- dence caused the expansion of deep
waters and the spread of organic rich facies over the marginal-inner platform complex. This step corre-
sponds to the deposition of the Upper Streppenosa Member in the basin depocenter (cf. Pachino well in
Cirilli et al., 2015) until onlapping the marginal and inner part of the preexisting carbonate platform.
According to our palynological data, the initial drowning of the carbonate-platform can be dated as
Rhaetian. Intense tectonic activity related to the continental rifting (and on a larger scale to the Pangea
fragmentation) on the northern edge of the African craton (Ruiz- Martinez et al., 2012; Catalano et al.,
2013; Berra and Angiolini, 2014; Scotese and Schettino, 2017) was the main cause of the sea level
varia- tions in the western Tethys area. In the meantime increasing humidity led to increased freshwater
input in the sedimentary basin. This is suggested by the combined presence of fern spores and
chlorococcale algae (Botryococcus) whose occurrence in marine deposits tends to indicate freshwater
incursions (Batten and Grenfell, 1996). This is also demon- strated by the abrupt increase in clay
content, found in the middle-upper portion of the well sections. The main cause for this abrupt cli- mate
change could be due to the degassing of basalt flows from the CAMP (van de Schootbrugge et al.,
2009; Bonis et al., 2010; Schoene et al., 2010; Ruhl et al., 2011; Schaller et al., 2011; Lindstréom et al.,
2012, 2017b; Palfy and Zajzon, 2012; Bond and Wignall, 2014;Fijalkowska-Mader, 2015; Davies

et al.,, 2017). The increasing atmospheric CO2 concentrations created up to 3—4° in warming, thus
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leading to a substantial increase in atmospheric water vapor. Consequently the huge amount of
greenhouse-gas emissions in the atmosphere and in the ocean waters could be the main cause of the
mass extinction at the end of Triassic. Recent data (Davies et al., 2017; Lindstrom et al., 2017b) date
the onset of the CAMP magmatic activity to about 1000kyr before the earliest known eruptions,
showing clear evidence of a strict relation be- tween CAMP, increasing humidity and ETE. The
location of Sicily in the northern area of the African Plate during the Late Triassic, suggests that the
effects of CAMP degassing could have also affected this area.

7. Conclusions

The results of the integrated palynostratigraphy, palynofacies and lithofacies data from the studied well
sections shed new light on the Early Mesozoic evolution of the Hyblean Plateau and on the factors trig-
gering the organic matter accumulation and preservation in these kinds of intraplatform basins. The
palynological assemblages enable the age of the source and seal rocks to be defined and to characterize
the timing of the drowning phases of the carbonate platform-basin system. Based on the new
palynological data, the entire succession (Noto Formation and Upper Streppenosa Member), can be
dated as Rhaetian, thus constraining the initial drowning phase of the carbonate-basin system along a
time in- terval characterized by increasing global humidity, related to the degassing of basalt flows
from the CAMP. Climate-driven fluctuations in continental runoff controlled anoxia and black shale
deposition in the Triassic Hyblean basin. Humid phases characterized by high precipitation, strong
chemical weathering, and freshwater runoff from landmasses caused water stratification and
subsequent anoxia at marine bottoms, fa- cilitating the preservation of sedimentary organic matter. The
humid phase is highlighted by the increase in clay content and by the presence of fern spores and
Botryococcus algae. The integrated palynofacies and lithofacies data highlighted a paleogeographic
scenario, consisting of a platform-basin system whose evolution was strongly controlled by rela- tive

sea level changes triggered by a combination of tectonic and climate factors. Both palynofacies and
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lithofacies patterns clearly reflect a meter- scale cyclicity in the succession. The paleoenvironmental
history of the Hyblean area was strongly marked by a progressive sea-level rise during the Upper
Triassic. This is highlighted by the vertical arrangement of cy- cles showing a deepening-upward trend,
which culminated with the drowning of the carbonate platform and the spread of organic rich facies
over the marginal-inner platform, at the end of the Triassic. This study demonstrates how palynofacies
analysis can be used as important com- plementary tool in determining the depositional environment
and to de- cipher paleoenvironmental and paleoclimatic changes.

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.revpalbo.2018.04.003.
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Figure captions

Fig. 1 Location of the study wells in the Late Triassic palacogeographic scenario of the Hyblean
Plateau (SE Sicily), at the initial drowing phase (modified from Cirilli et al., 2015); stars indicate the
studied wells: Streppenosa 1 and Bimmisca 1, subject of this paper. Circles indicate the location of

Pachino 4 well (Cirilli et al., 2015) and Polpo 1 (Frixa et al., 2000).

Fig. 2 Palacoenvironmental restoration and facies distribution during the Late Triassic times of the

Hyblean Plateau (not to scale). See the text for explanation.

Fig. 3 Scheme of the stratigraphic relationships of the Lower Mesozoic succession and age attribution
according to various authors (not to scale). The vertical lines represent the stratigraphic interval

covered by the two investigated wells: Bimmisca 1 (Bim1); Streppenosa 1 (Strepl).

Fig. 4 Range chart distribution of the terrestrial and marine palynomorphs across the Noto Formation
and the Upper Streppenosa Member in the Streppenosa 1 well. Because samples are cuttings, the first
downhole occurrences (FDOs) of palynomorphs have been used in constructing the range charts, in

order to minimize the error introduced by caving.
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Fig. 5 Range chart distribution of the terrestrial and marine palynomorphs across the Mila Member,
Noto Formation and Upper Streppenosa Member in the Bimmisca 1 well. Because samples are
cuttings, the first downhole occurrences (FDOs) of palynomorphs have been used in constructing the
range charts, in order to minimize the error introduced by caving. Due to lost of circulation, the

lowermost portion of Mila Member, from 3169 m (Total Depth) to 2908 m, lacks of samples.

Fig. 6 Streppenosa 1 well: lithostratigraphic log, lithofacies and palynofacies intervals (I - VI) defined
on the basis of different organic debris percentages. PM1: vitrinite 1 and PM2: vitrinite 2; PM3:
cutinite, PM4: inertinite; SP: sporomorphs (land spores and dispersed pollen grains); T: sporomorph
tetrads; MC: marine components (dinoflagellate cysts, acritarchs and microforaminiferal linings);

Botryoc: Botryococcus sp.; AOM: amorphous organic matter.

Fig. 7 Bimmisca 1 well: lithostratigraphic log, lithofacies and palynofacies intervals (I - V) defined on
the basis of different organic debris percentages. PM1: vitrinite 1 and PM2: vitrinite 2; PM3: cutinite,
PM4: inertinite; SP: sporomorphs (land spores and dispersed pollen grains); T: sporomorph tetrads;
MC: marine components (dinoflagellate cysts, acritarchs and microforaminiferal linings); Botryoc:

Botryococcus sp.; AOM: amorphous organic matter.

Plate I — Palynomorphs from Streppenosa 1 well: 1) Baculatisporites sp., Str 28, E.F. 046; 2)
Perinopollenites elatoides, Str 28, E.F. J43/1; 3) Deltoidospora mesozoica, Str 12, E.F. P38/3; 4)
Dictyophyllidites mortonii, Str 21, E.F. J42; 5) Trachysporites fuscus, Str 28, E.F. P48/1; 6)
Porcellispora longdonensis, STR28, E.F. N29/3; 7) Tsugaepollenites pseudomassulae, Str 7, E.F. H36;
8) Classopollis meyerianus, Str 28, E.F. N41/3; 9) Calamospora tener, Str 29, E.F. F46; 10)

Carnisporites spiniger, Str 28, E.F. S36/4; 11) Acanthotriletes varius, Str 28, E.F. W45/3; 12) P.
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polymicroforatus, Str 28, E.F. N48/3; 13) Araucariacites australis, Str 28, E.F. F49/3; 14)
Ischyosporites variegatus, Str 30, E.F. B38; 15) Ischyosporites variegatus, Str 28, E.F. J46/1; 16)
Triancoraesporites ancorae, Str 28, E.F. R34; 17) Schizosporis scissus, Str 28, E.F. G39/4; 18)
Striatella seebergensis, Str 45, E.F. N45/ 4, 19) Classopollis torosus, Str 45, E.F. U52/1; 20)

Classopollis torosus, Str 45, E.F. Q24. Scale bar 10 um.

Plate II. - Palynomorphs from Bimmisca 1 well: 1) Dictyophyllidites mortonii, Bim 16, E.F. P38; 2)
Trachysporites fuscus, Bim 18, E.F. E51/4; 3) Trachysporites fuscus, Bim 17, E.F. T27/3; 4)
Deltoidospora mesozoica, Bim 16, E.F. V44/4; 5) Converrucosisporites sp., Bim 25, E.F. Q34; 6) P.
polymicroforatus, Bim 15, E.F. G49/3; 7) Classopollis meyerianus, Bim 16, E.F. G32; 8)
Kraeuselisporites sp., Bim 16, E.F. N33/4; 9) Paraklukisporites foraminis, Bim 18, E.F. F45/1; 10)
Limbosporites lundbladiae, Bim 17, E.F. V45; 11) Verrucosisporites sp., Bim 17, E.F. P40/1; 12)
Granulatisporites sp., Bim 19, E.F. F44/2; 13) Schizosporis scissus, Bim 19, E.F. G35/3; 14)
Perinopollenites elatoides, Bim 18, E.F. H50/1; 15) Leptolepidites reissingeri, Bim 18, E.F. J42/2; 16)
Porcellispora longdonensis, Bim 16, E.F. M42/1; 17) Porcellispora longdonensis, Bim 16, E.F. E.F.
N42/1; 18) Ischyosporites variegatus, Bim 1, E.F. E.F. R40/1; 19) Retitriletes austroclavadites, Bim

17, E.F. T50; 20) Convolutispora klukiforma, Bim 16, E.F. V39/2. Scale bar 10 um.

Plate III Palynofacies from the studied interval of Streppenosa 1 well: 1) Interval I-Palynofacies A
(Noto Formation), dominated by inertinite and low percentage of other palynomacerals (Str9); 2)
Interval II-Palynofacies B (Noto Formation) from the shaly intervals, with moderate to high
percentages of inertinite and vitrinite (Str11); 3) Interval III - Palynofacies C (Noto Formation) with
low percentages of vitrinite 2, moderate inertinite and low AOM content from marly limestone (Str23);

4) Interval IV-Palynofacies D (include the Noto Formation and Upper Streppenosa Member boundary),
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with moderate to high amount of vitrinite, inertinite, sporomorphs and AOM (Str28); 5) Interval V -
Palynofacies E, with abundant inertinite and less vitrinite and AOM (Str30); 6) Interval VI -
Palynofacies F (Upper Streppenosa Member) with vitrinite, flakes of AOM and less inertinite at the

base of the interval (Str36). Scale bar 200 um.

Plate. IV Palynofacies from the studied interval of Streppenosa 1 well (1) and Bimmisca 1 well (2-6).
1) Streppenosa 1 well, Interval VI - Palynofacies F (Upper Streppenosa Member) with abundant AOM,
inertinite and less pyrite (Str45); 2) Bimmisca 1 well, interval I - Palynofacies G (Mila Member of the
Noto Formation) high content of vitrinite 1 and minor inertinite, moderate AOM from the microbial
carbonates at the top of the interval; oil drops are visible (Bim37); 3) Interval II - Palynofacies H (Noto
Formation), moderate to high content of inertinite, vitrinite and minor AOM (Bim26); 4) Interval III -
Palynofacies I (Upper Streppenosa Member) abundant vitrinite, subordinate inertinite and flakes of
AOM in the shaly intervals (Bim24); 5) Interval IV- Palynofacies L (Upper Streppenosa Member)
dominated by inertinite with few others palynomacerals (e.g. vitrinite) (Bim14); 6) Interval V -
Palynofacies M, shows an abrupt decrease in the total OM content mostly composed of inertinite

(Bim1). Scale bar 200 pum.
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