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ABSTRACT: During their last phase of evolution, the pectiniform conodont elements manifested an
evident trend of simplification and miniaturization. This phase started from the late Norian (Sevatian)
in the Late Triassic and the evolutionary process of genus Mockina to Parvigondolella, in particular

between Mockina bidentata and Parvigondolella andrusovi, is one of the most significant examples. Par-
vigondolella has been reported worldwide since it was first described in the early 1970s. However, it has
recently been suggested that genus Parvigondolella is an ecostratigraphic morphotype of genus Mockina,
and thus a phenotype controlled by the environmental conditions, and not an independent taxon. In the
Pizzo Mondello Section (Sicily, Italy), transitional forms between M. bidentata and P. andrusovi have
been found at different evolutionary stages. We have investigated the oceanic conditions at the time by
using redox-sensitive elements (Mn, Fe, V, Cr, and Ni) and seawater temperatures from biogenetic
alsop.m to understand the possible environmental influences on the phylogenetic evolution between
Mockina and Parvigondolella. The geochemical and isotope analyses indicate that the redox condition
and temperature were stable during the evolution of genus Parvigondolella in Pizzo Mondello, confirm-

ing that genus Parvigondolella is a real taxon and not a phenotype. A new conodont species named Par-

vigondolella ciarapicae n. sp. is described here for the first time.
KEY WORDS: conodont, Late Triassic, evolution, oxygen isotope, geochemistry.

0 INTRODUCTION

Conodonts are calcium phosphate tooth-like elements from
an elaborate feeding apparatus of a marine vertebrate (e.g.,
Donoghue et al., 2000; Sansom et al., 1992) that became extinct
near the Triassic/Jurassic boundary (Du et al., 2020a). Conodonts
are a significant tool for global biostratigraphic correlations in
particular to define the global boundary stratotypes (GSSPs) of
the Upper Triassic stages (Mazza et al., 2018, 2011; Rigo et al.,
2018, 2016; Bertinelli et al., 2016; Mietto et al., 2012).

Conodonts suffered several extinctions and/or faunal
turnovers from the Carnian to the end of Rhaetian before their
final extinction (e.g., Rigo et al., 2018). The first event was in
the early Julian (early Carnian), when the ornamented budu-
rovignathids disappeared. The simplified paragondolellids sur-
vived beyond that event (Kozur, 1989). Only a few conodont
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taxa survived the second event, which corresponds to the
Carnian Pluvial Episode occurring from Julian 2 (late Carnian)
to the Julian/Tuvalian boundary (mid-Carnian) (Mazza et al.,
2012a; Rigo et al., 2007). Faunal turnovers occurred at the
Tuvalian/Lacian (Carnian/Norian) boundary (Mazza et al.,
2012a, b, 2010). This interval is characterized by the develop-
ment of the genus Epigondolella (=Ancyrogondolella sensu
Orchard, 2018) and the mass emergence and, shortly afterwards,
the sudden disappearance of the genus Metapolygnathus (with
the exception of Me. mazzai).

Subsequently, conodonts evolved into two main phyloge-
netic trends: one was characterized by the absence of ornamen-
tation on the platform margins and free blade (i.e., Norigon-
dolella); the other was characterized by the development of
nodes and then high denticles on the platform margins, such as
Epigondolella and Mockina. A clear faunal turnover started in
the Lacian/Alaunian boundary interval with the appearance of
the genus Mockina and the subsequent demise of the genus
Epigondolella. The last event occurred over a long period,
which started in the mid-Sevatian and led through several steps
to the extinction of conodonts around the Triassic/Jurassic
boundary (Du et al., 2020a; Karadi et al., 2020; Rigo et al,,
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2020; Kozur and Mock, 1991; Orchard, 1983).

The diversity of Mockina species decreased during the
Sevatian (Late Triassic) and the rise of atavistic homeomorphs
(i.e., genus Parvigondolella and genus Misikella) is observed
through evident simplifications of the pectiniform elements
(Karadi et al., 2020; Giordano et al., 2010). These two different
phylogenetic trends were considered to have evolved from the
same common species Mockina bidentata, both by the loss of
the platform and a decrease in size (Karadi et al., 2020; Rigo et
al., 2018). These morphological trends have been observed by
several researchers working on different stratigraphic sections
worldwide (Du et al., 2020b; Karadi et al., 2020; Rigo et al.,
2018, 2005; Mazza and Martinez-Pérez, 2015; Mazza et al.,
2012b; Orchard et al., 2007a, b; Kozur and Mock, 1991). Thus,
M. bidentata has been regarded as the common ancestor of the
genus Parvigondolella (e.g., Karadi et al., 2020; Rigo et al.,
2018; Moix et al., 2007; Kozur and Mock, 1991) and recently
of Misikella (Karadi et al., 2020; Rigo et al., 2018, 2005).

Although Parvigondolella was reported both in Tethys and
Panthalassa after its definition by Kozur and Mock (1972),
there is still controversy about whether this genus is a real ge-
nus or not (Gallet et al., 2007; Krystyn et al., 2007a, b). How-
ever, the Parvigondolella is commonly found worldwide, such
as in Italy, Austria, Hungary, Slovenia, Canada, America, Mex-
ico, Russia and Japan (Zhang et al., 2019; Rigo et al., 2018,
2005; Mazza and Martinez-Pérez, 2015; Gale et al., 2012;
Carter and Orchard, 2007; Krystyn et al., 2007a; Moix et al.,
2007; Orchard et al., 2007a, b; Palfy et al., 2007; Bragin, 1991;
Kozur, 1989; Kunihiro et al., 1984; Kozur and Mostler, 1971),
especially for the species P. andrusovi. At present, there seems
to be a general consensus that Parvigondolella is the descen-
dant of M. bidentata, and it has been recently proved by inte-
grating phylogenetic and biostratigraphic approaches with nu-
merical cladistic analyses (e.g., Karadi et al., 2020). In this
paper, we report morphoclines between Mockina bidentata and
Parvigondolella andrusovi collected from the Pizzo Mondello
Section. We document the ocean conditions during this evolu-
tion by using redox-sensitive elements (e.g., Mn, Fe, Cr, V, and
Ni) and the oxygen isotope profile of conodont apatite to test if
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Parvigondolella might be interpreted as an ecostratigraphic
morphotype of M. bidentata in an unfavourable environment
(Gallet et al., 2007; Krystyn et al., 2007a, b), or should be con-
sidered as an independent taxon.

1 GEOLOGICAL SETTING

The Pizzo Mondello Section (Fig. 1) is located in the
southern Sicani Basin in western-central Sicily (Italy) (e.g.,
Mazza et al., 2010; Muttoni et al., 2004, 2001; Gullo, 1996;
Bellanca et al., 1995). It is one of the longest continuous and
well-exposed successions for the study of the Upper Triassic
biostratigraphy, chemostratigraphy, magnetostratigraphy of the
Tethyan realm, and it has been proposed as a GSSP candidate
for the base of the Norian Stage (Mazza et al., 2018; Balini et
al., 2010; Nicora et al., 2007).

The 430 m lower part of the section consists of Upper Tri-
assic Mufara Formation and overlying Scillato Formation. The
Mufara Formation consists of Carnian marly limestone and
dark grey marl (Onoue et al., 2018), whereas the Scillato For-
mation consists of late Carnian to early Rhaetian (Mazza et al.,
2012b; Muttoni et al., 2004, 2001; Gullo, 1996), evenly-bedded
to nodular Halobia-bearing cherty calcilutites, the Calcari con
Selce (or cherty limestone) sensu Muttoni et al. (2004, 2001).
The section is characterized by almost uniform facies and high
sedimentation rates of 22-30 m/Ma (Mazza et al., 2012b, 2010;
Balini et al., 2010; Guaiumi et al., 2007; Muttoni et al., 2004,
2001). Overlying the thick Scillato succession is a thin (20 m)
lower to middle Rhaetian succession of calcilutites, marls, and
the Portella Gebbia Limestone, that is locally covered uncon-
formably by Jurassic strata (Preto et al., 2013, 2012; Guaiumi
et al., 2007; Gullo, 1996).

The lower succession of the Pizzo Mondello Section is
well exposed in the abandoned La Cava quarry (Mazza et al.,
2018, 2010; Onoue et al., 2018; Muttoni et al., 2004, 2001).
The samples for this study were collected from the uppermost
part of the section, between 349 and 369 m (Fig. 2). That part is
characterized by almost uniform facies and yields large
amounts of conodonts, including different growth stages, such
as juvenile, adult and transitional forms, thus making Pizzo

Figure 1. Sketch maps showing the location (a) and geological characteristics (b) of the Pizzo Mondello Section in Sicily, Italy (modified after Onoue et al., 2018).
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Figure 2. Studied portion of the Pizzo Mondello Section, between 349 and 369 m from Onoue et al. (2018). The uniform lithology consists of light lime mud-

stones. Conodont biozonation after Rigo et al. (2018). Oxygen isotope composition of biogenic conodont apatite (SISOphOS) is analyzed by SHRIMP and all data

were normalized to NBS120c¢ (21.7%o).

Mondello suitable for a detailed study of the Upper Triassic
conodont populations and evolution (Mazza and Martinez-Pérez,
2015).

2 MATERIALS, METHODS AND RESULTS
2.1 Conodonts

Twelve conodont samples (~2 kg of rock per sample) were
crushed into small pieces about 2—-3 cm and then placed in for-
mic acid until the sample was completely dissolved. After that,
the residues of the samples were washed in a 100 pm sieve and
then dried in a 40 °C oven. The resulting residues were col-
lected and then examined under a microscope. The photos of
conodonts were taken by a scanning electron microscope in the
Department of Geosciences, University of Padova (Italy).

The distribution of conodonts in the upper part of the
Pizzo Mondello Section (349-369 m) is illustrated in Fig. 2. It
consists of the typical upper Norian association composed of
conodonts Mockina bidentata, Mockina zapfei, Mockina slo-
vakensis, Zieglericonus sp., Parvigondolella andrusovi and
Parvigondolella lata. The presence of the two index species

identifies the Mockina bidentata Zone and the Parvigondolella
andrusovi Zone (from ca. 357 m) sensu Rigo et al. (2018). The
transitional forms between M. bidentata and P. andrusovi
(morphocline) with only one denticle on the platform margin or
one vestigial platform without denticle have been found be-
tween about 349 and 363 m. A new Parvigondolella species
which was named Parvigondolella ciarapicae n. sp. is estab-
lished (Fig. 3).

2.2 Oxygen Isotope Analyses

Well-preserved pectiniform species and thermally unal-
tered conodonts (CAI=1) were selected and analyzed by high
resolution SIMS (SHRIMP) for §'°0,s, following the estab-
lished analytical strategy described by Trotter et al. (2015, 2008)
and Rigo et al. (2012). All the SHRIMP analyses were referred
to the primary apatite standard Durango 3, the 5'°0 composi-
tion of which is 9.8%0%0.25%o determined by GIRMS and nor-
malized to NBS120c¢=21.7%o. The standard deviation of Du-
rango 3 by SHRIMP analyses was 0.2%0—0.3%o. The results are
shown in Fig. 2 and Table 1.
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Figure 3. SEM photographs of conodonts from Pizzo Mondello Section. 1, 2. Mockina bidentata, 1 from PMC3, 2 from PMCI; 3, 4, 5. transitional forms between
Mockina bidentata and Parvigondolella andrusovi, 3 from PMC1, 4 from PMCS, 5 from PMCS; 6. Parvigondolella andrusovi, PMC6; 7, 8, 9, 10. Parvigondolella ci-
arapicae n. sp., 10 is the holotype, 7, 8,9, 10 from PMC9; 11. Mockina sp., PMC12; 12. Mockina zapfei, PMCI12; 13. Parvigondolella lata, PMCS.

2.3 Major and Trace Element Analyses

For the geochemical analyses, we used limestone samples
collected by Onoue et al. (2018) from the upper part of the
Pizzo Mondello Section. The samples were pulverized in an
agate mortar and a ball mill. Major elements and V, Cr, and Ni
concentrations were determined by X-ray fluorescence spec-
trometry (XRF) using a PANalytical Epsilon 3** with Mo
X-ray tube following the sample preparation and analytical
methods described by Onoue et al. (2016). Detection limits for
trace elements were 9 ppm for V and 3 ppm for Cr and Ni.
Reproducibility, based on the replicate analysis of four stan-
dards (JDo-1, JLs-1, JSd-1, and JSd-2), was better than +1% for
V, better than +2% for Cr and better than +5% for Ni.

To compare enrichments of elements, concentrations are
given in the form of enrichment factors in which sample con-
centrations are normalized using Ti concentrations and com-
pared with the composition of the upper continental crust (UCC;
Rudnick and Gao, 2014). The enrichment factor is defined as

XEFz(Xsample/Tisample)/(XUCC /TiUCC)

where X and Ti are the weight concentrations of element X and
Ti, respectively.

Stratigraphic variations in the enrichment factors for redox-
sensitive elements (Mn, Fe, V, Cr, and Ni) are shown in Table 2.
Of these redox sensitive elements, Mn and Fe are useful to con-
strain ancient oceanic redox conditions, because their valency
can vary as a function of the prevailing redox potential (Calvert
and Pedersen, 2007, 1993). The enrichment factors of Mn (Mngg,
ranging from 2.8 to 21.5) exhibit limited fluctuations throughout
the studied section and generally parallel to the UCC line. Fegp
values are also constant in the studied section and close to a UCC
value of 1. Redox conditions in the seawater overlying the sedi-
ments were also inferred on the basis of the V/(V+Ni) and V/Cr
indices (Soda and Onoue, 2019; Onoue et al., 2016; Wignall et al.,
2007; Jones and Manning, 1994; Hatch and Leventhal, 1992).
The V/Cr ratios are relatively constant (0.35-0.95) throughout
the studied section. Stratigraphic variations in V/(V+Ni) ratios
parallel those of V/Cr ratios, and are in the range of 0.09-0.22
(Fig. 4 and Table 2).
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3 DISCUSSION Table 1 5'"®Op, data of conodont samples from the upper part of the
Conodonts show an evident evolutionary tendency to de- Pizzo Mondello Section

crease in size from the Latest Triassic (Rigo et al., 2018). This

process is characterized by the simplification of the pectiniform

Sample Conodont species ~ CAI slgopm,s 95% cl  Height (m)
M. bidentatal

elements by the loss of the platform, in particular during the PMCI2  p yndrusovi trans. 1 19.80 0.41 368.7
evolutionary process from Mockina to both Misikella and Par-
vigondolella (e.g., Karadi et al., 2020). PMCIO P andrusovi 11988 051 366.4
Mockina bidentata is a small and slender pectiniform ele- PMC7 P. andrusovi 1 19.89 044 3604
ment with a relatively short and reduced platform. The platform PMC5 P. andrusovi 1 20.11 0.29 357.9
of some transitional elements is extremely reduced, sometimes PMC4 P. lata 1 19.91 0.35 355.4
vestigial or even absent, and only a pair of large denticles is PMC3 M bidentata 1 19.87 033 353.9
present on the anterior margins. In addition, a small accessory PMC2 P lata 1 20.00 0.39 3522
node may be irregularly developed on one side of the anterior PMCI M. bidentata ! 20.11 032 349.1

Table 2 Major and trace element compositions of limestone samples from the upper part of the Pizzo Mondello Section

Sample Height (m)  TiO)* (Wt.%) Fe,05*° (wt.%) MnO®(wt%) Cr(ppm) Ni(ppm) V(ppm) FeEF® MnEF® V/Cr  V/(V+Ni)
PMN212 406.3 0.02 0.15 0.03 29 89 16 1.0 11.1 0.56 0.15
PMNI195 402.5 0.01 0.10 0.03 37 137 15 1.1 19.5 0.41 0.10
PMN175 397.2 0.01 0.10 0.04 37 154 23 1.1 21.5 0.61 0.13
PMNI161 393.7 0.02 0.10 0.03 29 105 21 0.8 115 0.73 0.17
PMN136 389.9 0.01 0.10 0.04 33 117 12 0.9 17.5 0.35 0.09
PMN120 383.8 0.01 0.08 0.02 33 158 23 0.9 123 0.70 0.13
PMNM26-4 3774 0.01 0.10 0.03 30 106 22 1.0 14.7 0.72 0.17
PMN89 369.6 0.04 0.22 0.02 32 95 24 0.8 2.8 0.73 0.20
PMNS5 368.0 0.02 0.09 0.02 33 145 15 0.6 52 0.45 0.09
PMNS80 366.8 0.01 0.05 0.02 35 188 23 0.7 134 0.65 0.11
PMN76 365.6 0.01 0.07 0.01 30 125 21 0.7 73 0.72 0.14
PMN70 364.5 0.01 0.05 0.02 32 196 29 0.6 11.5 091 0.13
PMNG65 363.5 0.01 0.04 0.02 37 192 30 0.6 12.0 0.81 0.13
PMN60 360.6 0.01 0.07 0.02 38 131 17 1.0 144 0.44 0.11
PMNSS 3593 0.02 0.14 0.02 35 125 20 0.7 54 0.57 0.14
PMN50 358.0 0.04 0.21 0.02 30 88 25 0.8 3.6 0.81 0.22
PMN45 357.1 0.01 0.07 0.02 38 144 24 0.7 9.4 0.62 0.14
PMNA45-3 3571 0.01 0.06 0.02 36 143 18 0.6 9.0 0.50 0.11
PMNI15 350.2 0.02 0.13 0.02 33 114 18 0.8 5.1 0.56 0.14
PMNI1 346.1 0.02 0.15 0.02 37 101 20 0.8 4.6 0.54 0.16
PMMN24 335.0 0.01 0.13 0.02 37 143 16 14 9.4 0.42 0.10
PMMN23 3332 0.01 0.07 0.02 37 124 19 1.1 14.3 0.51 0.13
PMMN22 331.7 0.01 0.10 0.02 34 131 33 1.1 144 0.95 0.20
PMMN21 3294 0.01 0.07 0.02 37 152 22 0.7 83 0.60 0.13
PMMN20 328.1 0.02 0.17 0.03 37 155 23 1.0 8.7 0.62 0.13
PMMNI19 3272 0.01 0.07 0.03 39 194 19 0.9 20.0 0.49 0.09
PMMNI18 3253 0.01 0.08 0.02 37 130 24 0.8 8.8 0.65 0.16
PMMNI17 324.0 0.03 0.19 0.02 33 96 16 0.9 4.1 0.49 0.15
PMMNI16 3222 0.01 0.07 0.02 37 127 22 0.9 15.7 0.59 0.15
PMMNI15 320.9 0.01 0.09 0.02 36 164 28 1.0 11.8 0.78 0.15
PMMN14 320.3 0.01 0.07 0.03 38 222 27 1.0 18.6 0.72 0.11

2 After Onoue et al. (2018);°. Total iron as Fe,Os; ©. Normalized by Ti concentration and compared with that of the UCC composition (Rudnick and Gao,

2014) as enrichment factors.
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platform margin. The cusp is followed by one to three addi-
tional denticles. Parvigondolella andrusovi is the type species
of the genus Parvigondolella (Kozur and Mock, 1972). This
element is composed of a single blade with seven to nine denti-
cles; the cusp is never terminal. The basal cavity is shallow and
narrow. Parvigondolella commonly ranges from upper Norian
to lower Rhaetian, and its first occurrence (FO) is higher than
the FO of M. bidentata and below the first occurrence of
Misikella hernsteini (Karadi et al., 2020; Rigo et al., 2018).

Mockina bidentata, P. andrusovi and the transitional forms
between these two species were found in the Pizzo Mondello
Section. The transitional forms of M. bidentata with only one
tiny denticle on the reduced platform margins and the form,
which has only one reduced platform without any denticle were
found in sample PMC1 from the upper part of the M. bidentata
Zone. These kinds of transitional forms have already been re-
ported and described by different researchers in different places,
such as in the Lagonegro Basin, Italy (Giordano et al., 2011,
2010; Bazzucchi et al., 2005; Bertinelli et al., 2005; Reggiani et
al., 2005; Rigo et al., 2005), Buda Hills and Csdvar area, Hun-
gary (Karadi et al., 2020; Kozur and Mock, 1991), Silicka Bre-
zova, Slovakia (Channell et al., 2003) and Steinbergkogel, Aus-
tria (Krystyn et al., 2007Db).

Mockina bidentata has been regarded as the common an-
cestor of genus Parvigondolella (Karadi et al., 2020; Rigo et al.,
2018; Moix et al., 2007; Kozur, 1989; Kozur and Mostler,
1971), and genus Misikella (Karadi et al., 2020), even though a
M. bidentata/M. hernsteini transitional form was already illus-
trated in Rigo et al. (2005). However, some researchers debated
whether Parvigondolella (i.e., P. andrusovi, P. lata) is an inde-
pendent genus, suggesting instead that it is just the morpho-
logical variants or ecostratigraphic morphotypes of M. biden-
tata in unfavourable environments (e.g., Gallet et al., 2007;
Krystyn et al., 2007a, b). Furthermore, this unproven hypothe-
sis seems to neglect the fact that proteromorphosis is also
documented in other marine organisms during the same stress
period (Sevatian). The untwisting of spines of radiolarians
(Guex et al.,, 2012) and the uncoiling of ammonites (Guex,
2006) coincide with the development of atavistic homeomorphs
(e.g., Parvigondolella and Misikella) among conodonts.

By using a quantitative analysis of discrete morphological
features of the two species, Karadi et al. (2020) proposed that
the transitional morphocline between M. bidentata and P.
andrusovi proceeded in two different phases. The first phase is
characterized by the gradual loss of the posterior platform of M.
bidentata, and thus the denticles on the platform margins. The
second phase is characterized by the decrease and the fusion of
the blade denticles. These two phases are both recorded in the
morphocline (=transitional forms) observed in the Pizzo Mon-
dello Section. The transitional form of the first phase is usually
characterized by a much-reduced platform with two or only one
tiny denticles on the platform margins. Sometimes there is just
the vestige of the platform without any denticles. Moreover, the
blade and the carina of the element resemble the shape of that
in M. bidentata. During the second phase, the number of blade
denticles is decreased, and the platform denticle or platform
vestige is lost. The transitional forms between M. bidentata and
P. andrusovi from the Pizzo Mondello Section confirm the

phylogenetic relationship between these two species just as
illustrated by Karadi et al. (2020).

In addition to the morphology, the geochemical data from
the studied section add evidence about the Parvigondolella
lifestyle. We investigated the oceanic redox conditions and
seawater temperatures through the studied section using redox-
sensitive elements (Mn, Fe, V, Cr, and Ni) and the 5'%0 from
biogenic conodont apatite. Of the investigated elements, Mn is
one of the most sensitive geochemical proxies for redox condi-
tions in the oceanic environment. It forms insoluble Mn(III) or
Mn(IV) hydroxides or oxides (e.g., MnO,) that are deposited
rapidly in particulate form (Sholkovitz et al., 1994; Calvert and
Pedersen, 1993). However, under dysoxic to anoxic conditions,
Mn is reduced to Mn(II) and forms soluble cations (e.g., Mn*").
Consequently, a small enrichment factor for Mn (Mngr) in ma-
rine sediments would suggest reducing depositional conditions
near the surface of the sediments.

Our analysis reveals that there is no significant fractiona-
tion of Mngr in the studied section (Fig. 4). Therefore, signifi-
cant redox changes across the M. bidentata and P. andrusovi
conodont zones cannot be recognized from Mn. Enrichments of
Fe have also been widely applied to marine carbonates in order
to constrain ancient oceanic redox conditions (Clarkson et al.,
2014; Johnston et al., 2012; Lyons et al., 2003). Throughout the
studied section, Fegr values are relatively constant across the M.
bidentata and P. andrusovi zones and are similar to UCC values
(Fig. 4). The Mn and Fe data demonstrate that the redox condi-
tions in the studied section were stable and oxic across the M.
bidentata and P. andrusovi zones.

We further examined the redox conditions based on the
V/Cr and V/(V+Ni) indices (Fig. 4). Values of the V/Cr ratio are
statistically robust redox proxies predicted by multivariate statis-
tical analysis on compositional data (Soda and Onoue, 2019;
Jones and Manning, 1994), and classified by oxic, dysoxic, and
anoxic conditions based on correlation with the degree of pyriti-
zation. Based on a classification proposed by Jones and Manning
(1994), values of V/Cr<2 are indicative of oxic environments.
The V/Cr ratios in the studied section are generally less than one,
which suggests deposition in an oxic environment. The V/(V-+Ni)
ratio of sediments can be used to determine oxygenation trends
without adherence to specific thresholds (Onoue et al., 2016;
Wignall et al., 2007; Rimmer, 2004; Schovsbo, 2001). The strati-
graphic variations in V/(V+Ni) ratios show constant low values
(<0.2) across the M. bidentata and P. andrusovi zones and there
are no significant stratigraphic variations throughout the studied
section. Consequently, our analysis of redox-sensitive elements
indicates there was no redox change in the upper part of the Pizzo
Mondello Section.

Similarly, the 81801)110S isotopic composition of biogenic
(conodont) apatite is almost constant throughout the studied
section, with an average value of 19.95%o and a standard devia-
tion from the mean value of 0.12%o (Table 1). Oxygen isotopes
can be used to understand perturbations of the climate over
geological time since oxygen isotopes might be affected by
changes in ocean temperature (e.g., Trotter et al., 2015; Rigo et
al., 2012; Rigo and Joachimski, 2010). Throughout the studied
section the Eilgoph(,s shows minimal variations, indicating mini-
mal changes in the ocean paleotemperatures, proving that the



Evolutionary Process from Mockina bidentata to Parvigondolella andrusovi: Evidence from the Pizzo Mondello Section 673

430

(m)

400

Scillato Formation
Norian (Sevatian)
Parvigondolella andrusovi

Fig.2

350

Mockina bidentata|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1 Il L 1 L L L I}
01 234501234500 02 04
V/Cr V/(V+Ni)

Figure 4. Stratigraphic variations in 8"*C (Muttoni et al., 2004), enrichment factors of Mn (Mngr) and Fe (Fegr), and redox index (V/Cr and V/(V-+Ni)) values

from limestone samples from the upper part of the Pizzo Mondello Section.

evolution of the genus Parvigondolella might not have been
driven by changing climatic conditions.

In summary, the worldwide distribution and the diversity
(P. andrusovi, P. lata, P. prorhaetica, and P. ciarapicae n. sp.)
of the genus indicates that Parvigondolella is not an ecostrati-
graphic morphotype of Mockina (M. bidentata) in unfavourable
environments. The facts that parvigondolellids and the transi-
tional forms (=morphocline) between Mockina bidentata and
Parvigondolella occurred in very different paleogeographical
regions suggest that this genus was not dependent on the redox
conditions/temperature conditions of its habitat. Although the
development of the genus Parvigondolella might have been the
result of a not yet studied factor, most probably related to the
supply or the type of food, its stratigraphic range and morpho-
logical characters are obviously different from the genera
Mockina and Misikella, which confirms Parvigondolella to be
as valid and real genus as the other two taxa.

4 SYSTEMATIC PALEONTOLOGY

Genus Mockina Kozur, 1989

Type species: Tardogondolella abneptis postera Kozur
and Mostler, 1971

Description: The genus Mockina has sharp and high denti-
cles on the anterior platform margins. The posterior platform can
be unornamented or can bear low denticles. The platform is re-
duced in width, or extremely simplified in some species. The pit
is always forward shifted and a posterior prolongation of the keel
is present. The keel end is mostly pointed or narrowly rounded,
sometimes blunt or rarely slightly bifurcated. The posterior carina
behind the cusp is composed of two-three denticles.

Comparison: The genus Epigondolella has a broader
platform, often posteriorly widening. The platform is usually
strongly ornamented. The epigondolellids have a centrally lo-
cated pit and a strongly bifurcated keel termination.

Stratigraphic range: From middle Norian to lower Rhaetian.

Mockina sp.
Fig. 3/11

Material: One specimen from one sample (PMC12).

Remarks: Although there is only one specimen found,
this conodont cannot be assigned to any known species.

Description: Mockina sp. has an extremely short and re-
duced platform. A slight incision in the middle of the posterior
platform margin divides the platform into two lobes. Each lobe
has a sharp denticle near the posterior margin, resembling the
teeth of a vampire. The blade is long and it is almost three quar-
ters of the entire element. The blade descends relatively abrupt
onto the platform. The cusp is anteriorly shifted and followed by
one large carinal denticle. Its lower surface is all occupied by the
keel, which follows the platform outline in shape. The pit is nar-
row and shallow, and it strongly shifted forward.

Comparison: Mockina bidentata also has an extremely re-
duced platform, but it is slender. The two sharp denticles of M.
bidentata occur on the anterior platform margins, but the denti-
cles of Mockina sp. are near the posterior edge of the platform.

Occurrence: The species occurs in the Sevatian (within
the P. andrusovi Zone) in the Pizzo Mondello Section.

Genus Parvigondolella Kozur and Mock, 1972

Type species: Parvigondolella andrusovi Kozur and
Mock, 1972

Description: The genus Parvigondolella is characterized
by a single blade with high denticles that are fused only at their
bases. It completely lacks a platform. The basal furrow is nar-
row and shallow. The pit can be located terminally or behind
the mid-length of the unit.

Comparison: Genus Mockina always has a platform, even
if sometimes it may be extremely reduced. Genus Misikella
lacks the platform but it has a deep and broad basal cavity.

Stratigraphic range: From Sevatian to Rhaetian.

Parvigondolella ciarapicae n. sp. Rigo and Du

Figs. 3/7, 8,9, 10

2007  Parvigondolella sp. A. Orchard, Orchard et al., figs.
7/15, 7/16.

Derivatio nominis: In memory of Gloria Ciarapica, for
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her outstanding studies of geology of Italy.

Holotype: The specimen in Fig. 3/10; deposited in the De-
partment of Geosciences, University of Padova; sample PMC9.

Locus typicus: Pizzo Mondello Section, Sicily, Italy.

Stratum typicum: Sample from 360.4 m of the Pizzo
Mondello Section, Sicily, Italy. It occurred in limestone be-
longing to the Scillato Formation; Parvigondolella andrusovi
Interval Zone.

Material: Nine specimens from two samples (PMC7 and
PMCD9).

Diagnosis: The blade of Parvigondolella ciarapicae n. sp.
has six to eight denticles. The cusp is located terminally and it
is the largest denticle of the blade. The basal furrow is shallow
and narrow.

Description: The blade of Parvigondolella ciarapicae n.
sp. is relatively long with six to eight denticles. The cusp is
always located terminally and it is usually stronger than the
other denticles of the blade. The blade is always the highest in
the middle part, and the prominent cusp is in all cases higher
than the preceding one or two denticles. The pit is just below
the cusp and it is located at the posterior end. The basal furrow
is shallow and narrow, but it is slightly widened at the pit. In
lateral view, the unit is straight.

Comparison: Parvigondolella ciarapicae n. sp. is charac-
terized by the strong cusp, which is always located at the poste-
rior termination of the blade. The cusp of Parvigondolella
andrusovi is not prominent and it is followed by one or two
denticles. Parvigondolella lata has a terminal cusp but the
blade of P. lata is shorter. Parvigondolella ciarapicae n. sp.
could be distinguished from any Misikella species because of
the narrow and shallow basal furrow, which is different from
the deep and broad basal cavity of Misikella.

Occurrence: The Parvigondolella ciarapicae n. sp. occurs
in the Sevatian (within the P. andrusovi Zone) in the Pizzo
Mondello Section. It is present in beds of the same age in the
Csovar area in Hungary. In North America, this species was
found in the Rhaetian (within the Proparvicingla moniliformis
radiolarian zone).

5 CONCLUSIONS

New investigations have confirmed the phylogenetic rela-
tionship between the conodont genera Mockina and Parvigon-
dolella, proven by transitional forms belonging to the Mockina
bidentata-Parvigondolella andrusovi morphocline collected
from the upper part of the Pizzo Mondello Section (349 to 369
m), Sicily, Italy. Geochemical analyses for paleoenvironmental
proxies from bulk limestone samples demonstrate that the re-
dox conditions in the studied section were stable and oxic
across the M. bidentata and P. andrusovi zones. Similarly,
51801)110S shows negligible changes in sea water temperature,
hence no climatic perturbations.

The worldwide morphoclines between Mockina bidentata
and P. andruvosi documented in Pizzo Mondello and other
sections along with the geochemical and isotope evidences
obtained from the Pizzo Mondello Section indicate that Par-
vigondolella is an independent genus rather than an ecostrati-
graphic morphotype of Mockina (M. bidentata) adapted to un-
favourable environments.

A new conodont species, named Parvigondolella ciarapi-
cae 1. sp., has been established, which enriches the diversity of
the genus Parvigondolella.
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