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Abstract. The well-preserved Llandovery (lower Silurian) succession of Anticosti Island (Quebec, east-
ern Canada) contains an expanded Aeronian—Telychian boundary interval when compared to other co-
eval basins. This boundary interval on Anticosti Island also includes two of the most important Llan-
dovery biogeochemical events, the late Aeronian and Valgu events. These two events were previously
documented in the Jupiter and Chicotte formations through the study of conodont, graptolite, and bra-
chiopod biostratigraphy and 8'3C chemostratigraphy. Despite these multiple investigations, the exact posi-
tion of the Aeronian-Telychian stage boundary on Anticosti Island has not been firmly established. Here
we locally define and globally correlate chitinozoan biozones to refine the position of this stage bound-
ary. The Ancyrochitina ramosaspina biozone, recognized in the Ferrum Member of the Jupiter Forma-
tion, correlates with the global Conochitina alargada biozone and indicates an Aeronian age. The Eise-
nackitina dolioliformis biozone suggests mostly a Telychian age for the Pavillon Member of the Jupiter
Formation and the Chicotte Formation. Three new species are defined, namely Conochitina asselinae sp.
nov., Spinachitina glooscapi sp. nov., and Ancyrochitina wilsonae sp. nov. (registration date: 4 Decem-
ber 2024, publication LSID: urn:1sid:zoobank.org:pub:11184506-F273-4D7A-BC28-A1BB4BC8FCDS, asseli-
nae LSID: D282DA9D-6A9C-4B9E-AA6C-9ADC4473E95B, glooscapi LSID: 5801DC12-4EA1-439F-B7C8-
FAF7C1B9D2C7, wilsonae LSID: 549EEF2F-7F19-4E6D-9F8E-384594B2FE65). Our new chitinozoan data,
combined with previous studies, allow a comparison with the well-studied Baltic succession, confirming that
limited unconformities mark the Aeronian—Telychian boundary interval on Anticosti Island, in contrast to the
less complete coeval location. Our refined age model for the Aeronian to Telychian succession of Anticosti
Island provides a solid baseline to study further Llandovery biochemical events in the aftermath of the Late
Ordovician mass extinction.

1 Introduction low series. This focus on the §'3C and paleontological record
of the Wenlock-Ludlow interval can be traced back to the
establishment of the “Silurian events” by Jeppsson (1993),
i.e., the Ireviken, Mulde, Lau, and Linde events, focused
on the temporal space exposed in Gotland, Sweden, and
mostly based on conodont work. Much like Gotland, Anti-
costi Island provides exquisite coastal exposures of almost

1.1 The late Aeronian and Valgu events and Llandovery
chitinozoan biostratigraphy

The study of biogeochemical events in the Llandovery re-
mains rudimentary relative to those in the Wenlock and Lud-
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structurally unaffected sedimentary rocks. But here, Silurian
rocks predating the Wenlock are exposed. However, in the
past century, especially in the 1960s, studies on Anticosti
mostly focused on the Ordovician—Silurian boundary, assess-
ing hydrocarbon potential in the region (Barnes et al., 1981).
Only in the past couple of decades has attention been given to
the Llandovery units of the island in the form of stratigraphic
and sedimentological studies (e.g., Clayer and Desrochers,
2014; Braun et al., 2021), as well as paleontological investi-
gations (Jin and Copper, 2000; Copper and Jin, 2015). Chiti-
nozoan studies, nevertheless, remained preliminary for the
younger units of the island (see Achab, 1981).

Four biogeochemical events are documented in the Llan-
dovery interval, named the early Aeronian, late Aeronian,
Valgu, and Manitowoc events, marked by 6!3C excursions
in the geological record (e.g., Jeppsson, 1993; Calner, 2008;
Munnecke et al., 2010; Cramer et al., 2011; McLaughlin et
al., 2019; Melchin et al., 2020). The late Aeronian and Valgu
events bracket the Aeronian—Telychian boundary, which is
marked by a major unconformity on several paleocontinents
(e.g., Baltica in Kaljo et al., 2003, and Munnecke and Min-
nik, 2009; Laurentia in McLaughlin et al., 2019; possibly
Gondwana in Caputo and dos Santos, 2020; southern China
in Jia-Yu and Johnson, 1996). This boundary interval is well-
studied in the eastern Baltic region, where the unconfor-
mity is interpreted to span the upper Aeronian Lituigrap-
tus convolutus to lower Telychian Spirograptus turricula-
tus graptolite biozones (Loydell et al., 2010), and it high-
lights the base of the Rumba Formation, characterized by
relatively low 813C values (Kaljo and Martma, 2000; Mun-
necke and Ménnik, 2009). Other disconformities are also rec-
ognized in this interval near the top of the Rumba and the
FAD (first appearance datum) of Pterospathodus eopenna-
tus (Kaljo et al., 2003). The age of the Rumba Formation is
debated to be either Aeronian (Kaljo and Martma, 2000) or
Telychian (Gouldey et al., 2010; Nestor, 2012) or to straddle
the Aeronian—Telychian boundary (Munnecke and Minnik,
2009; Walasek et al., 2018).

On Anticosti Island, the Aeronian—Telychian boundary in-
terval is represented by the Jupiter and Chicotte formations.
From bottom to top the Jupiter Formation is divided into
the Richardson, Cybele, Ferrum, and Pavillon members. The
contact between the two formations is well-exposed in the
Jumpers CIliff section on the island. Despite a consensus
on the presence of a global unconformity (or unconformi-
ties) in the Aeronian—Telychian boundary interval, Braun et
al. (2021) interpreted the Jumpers Cliff section of Anticosti
Island to be near-conformable, indicating that the magnitude
of the unconformity is much shorter on the island than in co-
eval locations. The §13C values for the late Aeronian event, in
the Richardson Member of the Jupiter Formation, span from
a baseline of 0 to +1 %o up to a peak of +6 %o, while the
values for the Valgu event, in the Chicotte Formation, reach
up to +3.5 %o — these are peak values that have rarely been
documented in this interval (Braun et al., 2021).
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While several studies have assigned the lower part of
the Jupiter Formation (Richardson Member) to the Aero-
nian stage and the remaining higher members of the Jupiter
Formation (Cybele, Ferrum and Pavillon members) and the
Chicotte Formation to the Telychian stage, the precise po-
sition of the Aeronian—Telychian boundary within the Anti-
costi succession is uncertain. Zhang and Barnes (2002) and
Munnecke and Minnik (2009) interpreted the Pavillon Mem-
ber to be in the Distomodus staurognathoides conodont bio-
zone, which could be late Aeronian or Tel (stage slices sensu
Melchin et al., 2020) in age. Munnecke and Minnik (2009)
studied the conodonts of the Chicotte Formation as well
and concluded that the unit is already in the Pterospathodus
eopennatus biozone, indicating a likely Te2 age. Additional
reasoning in the literature for the interpretation of a Tely-
chian age for the Cybele Member and younger units of the
island is that the upper Aeronian Stimulograptus sedgwickii
graptolite biozone was clearly identified in the Richardson
Member (Riva and Petryk, 1981), underlying the Cybele
Member. The authors interpreted the finding of the index
fossil of this biozone to mark the top of the Aeronian on
Anticosti. It is noteworthy that neither sedgwickii nor other
graptolite species have been found in the Cybele and Fer-
rum members, so Jin and Copper (2000) attempted to clarify
the relative dating of the units using brachiopod biozones.
The Ferrum Member is assigned to the Strickandia planiros-
trata biozone, as is the underlying Cybele Member, but the
most useful pentamerids for biostratigraphy in this interval in
Baltica and Avalonia (i.e., Stricklandia lens) are not identi-
fied on Anticosti (Jin and Copper, 2000, p. 21). Authors have
interpreted the age of the Strickandia planirostrata biozone
as early Telychian as they found it above the sedgwickii grap-
tolite levels of the Richardson Member. However, the strata
above the Richardson Member could also still be part of the
upper sedgwickii graptolite chronozone given the absence of
graptolite data in the Cybele and Ferrum members. Alto-
gether, conodont, brachiopod, and graptolite biostratigraphic
data have not provided an entirely convincing age for the Fer-
rum Member.

The Pentameroides subrectus—Costistriscklandia gaspeen-
sis brachiopod biozone was identified in the Pavillon Mem-
ber of the Jupiter Formation and in the Chicotte Formation.
The appearance of Pentameroides subrectus associated with
Costistricklandia gaspeensis is time-equivalent to the Mon-
oclimacis griestoniensis graptolite biozone (e.g., Cocks and
Worsley, 1993; Jin, 2002). Thus, the Pavillon Member and
the lower Chicotte Formation have been interpreted to have
a Telychian age.

Given that the graptolite record is absent in most units of
Anticosti Island and that the conodont yield is usually low
in the Silurian, with long-ranging global biozones, chitino-
zoans are a promising fossil group to refine the relative dating
of the members of the Jupiter Formation. A caveat to using
lower Llandovery chitinozoan biozones is that they are still
a work in progress, despite the seminal review by Verniers
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et al. (1995), who formally defined a “global” chitinozoan
biozonation for the Silurian System. Most of the defined bio-
zones for the lower to mid-Llandovery are based on data from
the Baltic Basin (e.g., Nestor, 1980a, 1980b, 1990, 1994), ex-
cept for the zone based on Conochitina alargada, a species
defined in the Spanish Cantabrian Mountains by Cramer
(1967). Nestor (2012) reviewed the biostratigraphy of the
Baltic Basin and, specifically in the Llandovery, named an in-
terzone — due to poor chitinozoan content — from the middle
of Rh1 to early Rh2 and a barren interval between Ae3 and
almost the end of Tel, which confirmed the need to reassess
those intervals in different sedimentary basins (for a defini-
tion of time slices, see Cramer et al., 2011). On Anticosti Is-
land, chitinozoan biostratigraphic studies have hitherto been
primarily focused on the Ordovician—Silurian boundary in-
terval. The Ellis Bay and Becscie formations (Hirnantian to
Rhuddanian) have received the most attention from chitino-
zoan biostratigraphers (Soufiane and Achab, 2000; Achab et
al., 2011, 2013). These studies have also provided some in-
formation about the chitinozoan biozonation of the Merri-
mack and Gun River formations, while the chitinozoan data
on the younger units (i.e., Menier and Jupiter formations) re-
main limited to preliminary reports in Achab (1981).

The nearly continuous lithological record of Anticosti
during the Aeronian—Telychian boundary interval, together
with the established §'C record that pinpoints the Valgu
event, makes this interval a prime target to reinvestigate
mid-Llandovery chitinozoan biostratigraphy. Thus, this study
aims to add to this body of research by presenting a new
chitinozoan biostratigraphy across the Aeronian—Telychian
boundary by targeting the Ferrum and Pavillon members of
the Jupiter Formation as well as the Chicotte Formation at
the well-exposed Jumpers Section on Anticosti Island.

1.2 Geological setting

Anticosti Island is in northeastern Quebec, Canada, a portion
of St. Lawrence carbonate platform during the time of de-
position (Fig. 1). During the early Silurian, it was part of the
paleocontinent Laurentia, located at about 20°S paleolatitude
(Merdith et al., 2021), with deposition occurring within a rel-
atively shallow tropical marine environment. The crystalline
basement of the Anticosti Basin is overlain by 2 km of Or-
dovician strata and 0.5 km of Silurian strata (McLaughlin et
al., 2016; Desrochers et al., 2023). Deposition was storm-
dominated and occurred along a southwest-dipping ramp,
with mixed carbonate—siliciclastic facies in the east part of
the island and carbonate facies in the middle and western part
(e.g., Sami and Desrochers, 1992; Long, 2007; Desrochers et
al., 2010). The remarkably thick carbonate-dominated suc-
cession is exceptionally well-preserved, never having been
deeply buried or structurally deformed, with the exception
of minor folding, faults, and fractures or jointing related to
far-field strain from subsequent orogenesis (Barnes, 1988;
Desrochers, 2006; Bordet et al., 2010; Pinet et al., 2012,

https://doi.org/10.5194/jm-43-475-2024

2015). Prominent disconformities are present on the eastern
portion of Anticosti, such as incised valley systems; however,
they are not traceable into the central and western parts of the
island (Desrochers et al., 2010; Zimmt et al., 2024).

The Silurian stratigraphy of Anticosti Island is divided
into six formations, including the Becscie, Merrimack, Gun
River, Menier, Jupiter, and Chicotte formations that cover,
from bottom to top, 500 m of sequence (Copper and Long,
1990; Copper and Jin, 2012, 2014, 2015). This study fo-
cuses on the upper Jupiter (Ferrum and Pavillon members)
and Chicotte formations (Fig. 2a, b). The Ferrum Mem-
ber is composed of bioclastic wackestone to packstone, in-
terbedded with crinoid-rich calcarenite and calcareous shale,
whereas the Pavillon Member is finer-grained and domi-
nated by argillaceous lime mudstone and calcareous shale
(Clayer and Desrochers, 2014). The Chicotte Formation is
composed primarily of coarse crinoidal grainstones (Clayer
and Desrochers, 2014; Braun et al., 2021).

The samples for this study were collected from the
Jumpers CIliff section (see zoom in Fig. 1; coordinates
49.381410953673495, —63.53606778415303), located in
the southern part of the island, 4 km east of the Southwest
Point lighthouse. In the Jumpers Cliff section, the thickness
of the Ferrum Member is 3 m, the Pavillon Member is about
5m, and the Chicotte Formation is less than 6 m (Clayer
and Desroches, 2014). The Ferrum and Pavillon members
of the Jupiter Formation in the Jumpers Cliff section were
deposited in an inner ramp to mid-ramp, in a seemingly con-
tinuous record, while the Chicotte Formation was deposited
in a more distal mid-ramp, and its contact with the underly-
ing Pavillon Member likely marks a disconformity (Clayer
and Desrochers, 2014).

2 Material and methods

2.1 Samples

A total of 25 samples were collected in parallel with those for
the study published by Braun et al. (2021) at the well-studied
Jumpers Cliff section (see Clayer and Desrochers, 2014). The
section is a coastal rock exposure 14 m high. The base of the
outcrop begins in the upper portion of the Jupiter Formation
and the top is in the lower portion of the Chicotte Formation.
Samples were generally collected at 0.5 m spacing, with 6
taken from the Ferrum Member, 11 from the Pavillon Mem-
ber, and 8 from the Chicotte Formation.

2.2 Analytical techniques

Samples from Jumpers Cliff were processed for chitinozoan
study using traditional palynological techniques. In the lab,
samples were first washed to remove superficial impurities
and were broken into smaller pieces. Subsamples separated
for digestion ranged from about 160 to 230 g in limestones
and from about 50 to 120 g in shales. The exception was the
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Figure 1. Location of Anticosti and a geological map of the island. The stratigraphic column shows the members of the Jupiter Formation
and the Chicotte Formation, with the local graptolite, conodont, and brachiopod biozones, as well as the previous interpretation of the
Aeronian—Telychian boundary on the island (modified from Melchin et al., 2020, and Braun et al., 2021).

Figure 2. (a) Contact between the Ferrum (bottom unit, distinguished in this photo by a recessive pattern on the cliff) and Pavillon (middle
unit, marl-dominated, marked in this photo by its crumbly aspect) members of the Jupiter Formation. The Chicotte Formation is also exposed
at the very top of the picture, with a beige—yellowish color. (b) Exposure of the Chicotte Formation on the cliff, as well as fallen blocks. The
original position of the blocks on the cliff could be easily reconstructed in the field.

shale sample JM-24, from the Chicotte Formation, a unit that
otherwise was unproductive for chitinozoans in the encrinite
samples — its predominant lithology. Digestion of the disag-
gregated samples using hydrochloric and hydrofluoric acids
followed the protocols of Paris (1981) and Sutherland (1994).
After digestion of the rock matrix, a Zeiss Discovery V20
stereomicroscope was used to hand-pick the organic frac-
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tion larger than 53 um. A total of 300 chitinozoan speci-
mens were picked in residues where the amount was avail-
able, and otherwise the entire residue was picked. The speci-
mens were placed onto 12 mm aluminum stubs, gold-coated,
and systematically photographed and identified using a TES-
CAN scanning electron microscope TIMA3-X GMU. The
stubs containing the photographed specimens and the paly-
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nomorph residues are stored in the collections of the Depart-
ment of Geology, Ghent University, Belgium.

2.3 Measurements of chitinozoan features

A series of measurements were executed on the chitinozoans
following specifications in Paris et al. (1999) and using the
Fiji image processing package. Diameter measurements are
given in raw numbers, without corrections applied. Table 1
specifies the measurements conducted. In this paper, x is
used to refer to the “average”.

3 Results

Most samples from the Jumpers Cliff section produced well-
preserved and zonally diagnostic chitinozoans. Chitinozoan
abundances were highest in the Pavillon Member, with 5 out
of 11 samples yielding fewer than 300 chitinozoans for 46 to
120 g of sample (JM-07, JIM-08, JM-10, JM-15, and IM-17).
The Ferrum Member samples were less productive, with four
out of six samples producing fewer than 300 chitinozoans for
166 to 231 g of sample (JM-01, JIM-02, JM-04, and JM-05).
The yield was the lowest in the Chicotte Formation, where
most samples (where the lithology was encrinite) were bar-
ren of chitinozoans, with the exception being sample JM-24,
collected from a shale bed. Although not studied systemati-
cally, residues also produced many well-preserved acritarchs,
scolecodonts, melanosclerites, and fragments of graptolites
(here listed in order of abundance).

The chitinozoans are well-preserved and this did not vary
stratigraphically. A total of 22 chitinozoan taxa were iden-
tified, with 12 classified as known species and three new
species discovered (Table 2 and Figs. 3—6). Where identifi-
cation was limited to the generic level, this was due to the
lack of definitive characters (e.g., Conochitina spp., Cyatho-
chitina spp., and Bursachitina spp.) or due to the poor preser-
vation of the ornamentation (e.g., Ancyrochitina spp. and An-
gochitina spp.), and open nomenclature followed the guide-
lines of Bengtson (1988).

Systematic notes on selected taxa are presented below.
The organic residues, rocks, and stubs with counted speci-
mens are stored in the collections of the Department of Ge-
ology at Ghent University (under the same numbers as used
for sample numbers in this paper). Described holotypes and
paratypes have been mounted on permanent slides and trans-
ferred to the museum collections of the Royal Belgian Insti-
tute of Natural Sciences in Brussels (RBINS) for permanent
curation (RBINS collection numbers b9970 to b9985).

Systematic descriptions
Incertae sedis group Chitinozoa Eisenack, 1931
Order Prosomatifera Eisenack, 1972

Family Conochitinidae Eisenack, 1931 emend. Paris, 1981
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Subfamily Conochitininae Paris, 1981

Genus Conochitina Taugourdeau, 1966 emend. Paris,
Grahn, Nestor and Lakova 1999

Species Conochitina asselinae sp. nov.

Figure 3k—p

Measurements (20 specimens)

Total length: 192 to 452 um, x =280 um

Chamber diameter: 72 to 106 um, X = 89 um

Neck diameter: 50 to 79 um, X = 67 um

Wall thickness: 1.5 to 3.9 ym, X =2.5 um

Mucron length: 0 to 6.2 um, X = 2.9 ym

Mucron width: 12 to 25 um, x = 18 um

Material: 96 specimens (incl. Fig. 3k =RBINS b9981;
Fig. 31=RBINS b9982; Fig. 3m=RBINS b9983;
Fig. 3n = RBINS b9984; Fig. 3p = RBINS b9985)

Holotype: Figure 3o (RBINS collection number b9980)

Holotype dimensions: total length=267um; cham-
ber diameter =91 um; neck diameter =73 um; wall
thickness =3.0um; mucron size=2.5um; mucron
width=17 um

Type stratum: Chicotte Formation (sample JM-24)

Derivatio nominis: species named after Esther Asselin,
who made important contributions to the micropaleon-
tological studies on Anticosti Island

Description. R ranges between 2.4 and 4.9, usually being
around 3.6. The shape of the chamber is cylindro-conical,
with the flexure in the prosome region clearly marking the
division between the neck and chamber; the vesicle has, in
most cases, concave flanks. More rarely, this restriction be-
low the neck is absent and the flanks are straight. The neck is
cylindrical when it is longer and conical when it is shorter.
The lips are thinly and regularly serrated. The walls have
moderate thickness, with an average of 2.5 um. The cham-
ber is fully and coarsely ornamented by a thick granular to
rugous texture, inherent to the walls. This texture stops at the
flexure, leaving the neck unornamented. The base presents
a well-marked mucron that is highly ornamented, with a
clearly unornamented pit.

The ornamentation of the vesicle is intrinsic to the external
surface of the upper layer of the wall (Fig. 3p1) and is not ele-
vated, so “rugous” strikes us as the most accurate descriptive
term.

Remarks. Conochitina asselinae differs from existing
Conochitina species due to its full to nearly full coverage of
the chamber by coarse granules. Given that the ornamenta-
tion does not characterize spines (i.e., length twice the width
and total size exceeds 2 um; Paris et al., 1999), including it
in the subfamily Conochitininae is preferred over Belonechi-
tininae.

Occurrence. Present in the Chicotte Formation.

Conochitina edjelensis — Conochitina elongata group (Tau-
gourdeau, 1963)

J. Micropalaeontology, 43, 475—-495, 2024
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Figure 3. A — JM-11, B — JM-12: Calpichitina densa Eisenack (1962), 100 um scale bar. C — JM-17, D — JM-17, E - IM17, F — JM-17:
Eisenackitina dolioliformis Umnova (1976), 100 um scale bar. G — IM-02, H — JM-05, I — JM-05, J — JM-05: Euconochitina electa Nestor
(1980a), 100 um scale bar. O — JM-24, holotype of Conochitina asselinae sp. nov., 100 um scale bar. K — IM-24, L — IM-24, M — JM-24,
N — JM-24, P — IM-24: variety range of Conochitina asselinae sp. nov., 100 um scale bar. P1: zoom of mucron and inherent wall texture of
Conochitina asselinae sp. nov., 50 ym scale bar.
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Table 1. List of chitinozoan features and the description of measurements. For a definition of chitinozoan features, see Paris et al. (1999).
The list also includes codes used (i.e., P and R) and their numeric meaning. The symbol X was used in its conventional statistical meaning of

average.

Features or codes

Descriptions

Total length Distance from lip to apex.
Neck length Distance from lip to flexure (or total length — chamber length).
Chamber length Distance from flexure to apex (or total length — neck length).

Chamber diameter

If the base is flat, measurement of the base. If the base is concave or convex, measurement of the maximum
diameter of the chamber.

Neck diameter

Measurement of the maximum diameter of the neck.

P

Neck length / chamber length.

R

Total length / X chamber diameter.

Wall thickness

Measured on the flanks. Sections on the middle part of the body preferred, as the thickness normally varies
from top to bottom. However, in cases where the specimen was only locally broken on the top or bottom, the
measurements were performed there. Classified as thin when < 1.5 pm, moderate when between 1.5 and 3.0 pm,
and thick when > 3.5 ym.

Mucron length

Height of the mucron.

Apical structure width

Diameter of the apical structure.

Spine size

Extension of the largest spine.

Process size

Extension of the largest process.

Number of processes

Normally inferred due to either the limited lateral view of a single side of the specimen or, in this case, the
observed number having been multiplied by 2 to replicate the hidden side; often additionally inferred due to the

destruction and/or poor preservation of certain processes.

Figure 4a—¢

Measurements (50 specimens)

Total length: 137 to 465 um, X =235 pm

Chamber diameter: 60 to 116 um, X = 84 um

Material: 692 specimens

Remarks. Conochitina edjelensis elongata was originally
defined as a subspecies of Conochitina edjelensis by Tau-
gourdeau (1963), largely based on its total length. The total
length of the holotype of Conochitina edjelensis is 150 umm,
whereas the holotype of Conochitina edjelensis elongata is
205 um. The 50 specimens measured in this study show a
gradient increase in size (Fig. 7), starting from what would be
considered Conochitina edjelensis and ending over twice as
large as the original holotype of Conochitina edjelensis elon-
gata. Given that variation in size happens along a continuous
trend, we cannot separate the assemblage into two groups
based on the total lengths of the specimens. All things con-
sidered, we show the total assemblage as a group combining
Conochitina edjelensis and Conochitina edjelensis elongata
with an extreme range of total length.

Occurrence. Present in both the Ferrum Member and the
Pavillon Member of the Jupiter Formation.

Subfamily Spinachitininae Paris, 1981

https://doi.org/10.5194/jm-43-475-2024

Genus Spinachitina Schallreuter, 1963

Spinachitina glooscapi sp. nov.

Figure 5g—j

Measurements (15 specimens)

Total length: 330 and 536 pm

Minimum length (specimens were latitudinally bro-
ken) =208 to 694 pm, X =394 um

Chamber diameter: 60 to 113 um, X =87 um

Neck diameter: 38 to 64 um, X =51 um

Wall thickness: 1.4 to 3.9 um, X =2.3 um

Process size: 2 to 9 um, X =5 um

Number of processes: 20 to 36, x =26

Material: 18 specimens (incl. Fig. 5¢ =RBINS b9971;
Fig. 5h =RBINS b9972; Fig. 5j = RBINS b9973)

Holotype: Figure 5i (RBINS collection number b9970)

Holotype dimensions: total length =597 um; chamber di-
ameter =94 um; neck diameter =54 pum; wall thick-
ness =2.1 ym; process size =35 pm; number of pro-
cesses =28

Type stratum: Pavillon Member, Jupiter Formation, sam-
ple IM-12

J. Micropalaeontology, 43, 475—-495, 2024



e e e Bl R e e e s e e e B e e B e
TEREEE|REERREERE
COO0QCOD| QO QD = — m = = =
—PO X RO | I XD~ WAL
— —
JegEg JegF
2.8 8 S2 8=
58222 52 =3 =
23 o5 22 ogF
= @ = e S
] I S x
= | = |
S S S S S e
SWOOOQD| NV B LB LW
R SR o e B R N CR =N
SoProoOoON | DU~ RWO®
9]
——_ W = = O
—_ —_
—_— 0 W N — A U = A
— W AROAW| LN RAWLWAX®IAIS W
— ) —
SN O W — SIS
—_ ] 0
© —_ W =N == O R R R
S} w D= — A — D
W = N =
DW= O
— 0 — W ®
— N W
— —_ ;-h
W O —
[V e N © LW
—
N O = SRR ©
= © oo O N = O WnO
—_— N [ N
[\) —
N =Y N SR )
S [T
SIS
—_ =N R = N NN WA =
Nl o NN IS SR J0OS
—_ —_—
N 0| W WO W®NN X
CWUIRNAAX | RSSO RI~
—_ W WN| w W =
B O — —_— o o= =
— O N S Lo WO A
D = ]
W = N — — D W = NN
LW J O WO OO — QW
DD W RN W[ = WER WW W W
PO WWIWHR AODOEAAND O —
— R A0 —mOSI—~LOAR

J. Micropalaeontology, 43, 475—495, 2024

91-INI
LT-INI

1cs
[4°14

L L8

@ 01

8

9¢

9
9¢

6¢

8Y¢
€Sl

9

71

11

C. Klock et al.: Chitinozoan biostratigraphy through the Aeronian

R T B s T s B
fTEEEE2xX
Sl 0 0 D
T RCR=E N SN
-
g2
= =
=R
=2 2
= =
O('D
=
D — = = = N )
SJTxooRuS
PN =0 = =W
wolor Qoo
.
o
I~
W
I~
S
©
X
—
>
W
et
I
NS
~
(o]
W

w
S OO OO OO

9pod ordureg

jrun [eo130[090)

(8) az1s odureg

Angochitina sp. A

Conochitina edjelensis—Conochitina elongata group
Conochitina gunriveris

Conochitina malleus

Conochitina praeproboscifera

Euconochitina electa
Ancyrochitina ramosaspina
Angochitina sp. B
Conochitina leptosoma

Cyathochitina campanulaeformis

Cyathochitina caputoi

"PUB[S] I)SOONIUY WOIJ [BAIIUI AIOAOPUR[T-PIW oY) Jo sopdures Gz Jo Apnis ay) Jo S)NSI [eOLIDWNN *Z d|qel

Eisenackitina dolioliformis

Conochitina emmastensis

sarads ueozouny)

Spinachitina glooscapi sp. nov.
Calpichitina densa
Conochitina asselinae sp. nov.
Ancyrochitina wilsonae sp. nov.

Conochitina spp.

Ancyrochitina spp.
Angochitina spp.
Cyathochitina spp.

Bursachitina spp.

Chitinozoan indet.

[e10L

https://doi.org/10.5194/jm-43-475-2024



C. Klock et al.: Chitinozoan biostratigraphy through the Aeronian

Figure 4. A - JM-09, B — JM-12, C — JM-08, D — JM-11, E- IM-11: Conochitina edjelensis—Conochitina elongata group illustrating the
large range in sizes of specimens in the group. F — JM-15, G — IM-15, H — JM-10: Conochitina emmastensis Nestor (1982). I — IM-24, J —
IM-07, K —IM-01: Conochitina gunriveris Soufiane and Achab (2000). L — JM-02, M — JM-12: Conochitina leptosoma Laufeld (1974).
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Derivatio nominis: species named after Glooscap, a leg-
endary being of Canadian Aboriginal origin (Mi’kmaq,
Maliseet, Passamaquoddy, Penobscot, and Abenaki),
great in size and power, who is told, amongst other
things, to have made the world habitable (Canadian Mu-
seum of History, 2023)

Description. R is, on average, 5.7, but it ranges from 3.6
to 8.0. The chamber shape is conical, with straight flanks —
less commonly, they can present a discreet flexure at the bot-
tom of the neck. The margins make an angle close to 90°.
The aperture flares out towards the lips, which have a regu-
lar and straight margin. The wall has a moderate thickness,
averaging 2.3 um. The neck and most of the chamber are
unornamented, except for the basal part of the specimens,
which can be granular. A large number of processes can be
observed, and they are short (< 10 pm). It is not unusual for
these processes to be totally or partially removed during the
taphonomic process. No other apical structures are present.

Remarks. Spinachitina glooscapi sp. nov. differs from
Spinachitina harringtoni in size and number of processes. S.
harringtoni has a maximum vesicle size of 543 pm (Grahn et
al., 2000), while the new species described here reaches up
to 694 um. S. harringtoni also has fewer processes: 10 to 12
compared to the 20 to 36 marginal spines of S. glooscapi sp.
nov. Therefore, S. glooscapi sp. nov. is normally larger than
S. harringtoni and presents at least twice as many spines at
the base of the vesicle. It is possible that the two species are
somewhat related.

Occurrence. Locally within the Pavillon Member of the
Jupiter Formation.

Family Lagenochitinidae Eisenack, 1931
Subfamily Angochitininae Paris, 1981
Genus Angochitina Eisenack, 1931
Species Angochitina sp. A

Figure 6d—f

Measurements (20 specimens)

Total length: 130 to 190 um, X = 170 pm

Chamber diameter: 73 to 100 um, X = 88 um

Neck diameter: 29 to 48 ym, X =41 um

Wall thickness: 0.7 to 1.9 ym, X = 1.1 um

Spine size: 3 to 9 ym, X =5 um

Material: 67 specimens

Description. P is around 0.9 but can also decrease and in-
crease to 0.6 and 1.4, respectively. The flexure can be very
prominent, which is possibly the most distinctive feature of
this species, and shoulders are not apparent. The chamber
shape is ovoid with a rounded base both in 3D and flattened
specimens. The neck has a flaring shape towards the aper-
ture, and the lip ridge, when preserved, is coarsely serrated.
The spines can vary in size within the same specimen — the
longest spines of individuals are, on average, 5.4 um long.

J. Micropalaeontology, 43, 475—495, 2024

The spines can assume a mesh-like structure around the aper-
ture. Density of ornamentation is also varied, but the spines
are distributed in discrete parallel lines. Spines are frequently
single- or double-rooted and unified at the tip. Rarely, spines
can have three or more roots. No apical structures are ob-
served.

Remarks. For Angochitina sp. A, the most distinctive fea-
ture is its prominent flexure. There are some similarities
to Angochitina longicollis, such as the parallel alignment
of rows of spines and an ovoid chamber (see fig. 19B of
Laufeld, 1974). However, the neck of Angochitina sp. A is
too short proportionally to the chamber in comparison with
Ancyrochitina longicollis (Eisenack, 1959). The shape and
proportions are comparable to Angochitina valentinii; how-
ever, due to the less accentuated flexure of valentinii, limited
imaging in the bibliography, and the lack of a detailed de-
scription on the size, the arrangement and shape of its spines
(Cramer, 1964) hamper a detailed comparison.

Occurrence. Present in the Ferrum Member of the Jupiter
Formation; also occurs, punctually, in the Pavillon Member
of the Jupiter Formation.

Species Angochitina sp. B

Figure 6g-h

Measurements (7 specimens)

Total length: 171 to 200 um, X = 185 pm

Chamber diameter: 86 to 65 um, x =75 um

Neck diameter: 28 to 42 um, X =33 um

Wall thickness: 0.9 to 1.3 um, X =1.1 ym

Spine size: 2.9 to 5.9 ym, X =4.2 um

Material: 8 specimens

Description. P average is 1.5, and the range is from 1.3 to
1.8, meaning that the neck is always longer than the chamber.
The flexure is conspicuous, shoulders are not present, and
the chamber shape is conical. The neck flares towards the
aperture, especially at the lip ridge, which is serrated. The
size of the spines (average of 4.2 um) and coverage of the
body are consistent within specimens. The distribution of the
spines in incipient parallel lines is not uncommon. Spines
are frequently double-rooted and unified at the tip. No apical
structures are observed.

Remarks. Angochitina sp. B is different from Angochitina
sp. A in its larger neck relative to the chamber. It is simi-
lar to the short morphotype of Angochitina macclurei (Paris
and Al-Hajri, 1995) in general shape (i.e., neck versus cham-
ber proportions, spine coverage of the body); however, Ango-
chitina sp. B is smaller and has a conical — rather than spher-
ical or oval — chamber. Angochitina sp. B is also similar to
Sphaerochitina palestinaense (Grahn et al., 2005). However,
all their common features are more exaggerated in palesti-
naense, such as the proportionally longer neck than the
chamber and the flaring collarette. Like macclurei, palesti-
naense has a spherical to oval chamber, contrasting with the
clearly conical chamber of Angochitina sp. B.

https://doi.org/10.5194/jm-43-475-2024
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Figure 5. A — JM-24, B — JM-10, C — IM-14: Conochitina malleus Van Grootel (nomen nudum) in Nestor (2012). D — JM-16, E — IM-12,
F — JM-16: Conochitina praeproboscifera Nestor (1994). G — JM-12: holotype of Spinachitina glooscapi sp. nov. H - IM-13,1 - JM-12,J —
IM-09: Spinachitina glooscapi sp. nov. K — IM-04, L — JM-04, M — JM-04: Cyathochitina campanulaeformis Eisenack (1931).
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Figure 6. A —JM-10, B - IM-12, C — IM-10: Cyathochitina caputoi Da Costa (1971), 100 um scale bar. D — JM-07, E — JIM-07, F — JM-07:
Angochitina sp. A, 100 um scale bar. G — JM-03, H — JIM-02: Angochitina sp. B, 100 um scale bar. I — JIM-05, J — IM-06, K — JM-05, L — JM-
06: Ancyrochitina ramosaspina Nestor (1994), 100 um scale bar. M — JM-05: possibly deformed specimens of Ancyrochitina ramosaspina
based on one aberrantly branched basal process, 100 um scale bar. N — JM-24: holotype of Ancyrochitina wilsonae sp. nov., 100 um scale
bar. O — IM-24, P— IM-24, Q — JM-24, R — JM-24, S — JIM24: variety range of Ancyrochitina wilsonae sp. nov., 100 um scale bar. (N1, O1,
Q1, Q2, R1) Zooms of the diagnostic features of Ancyrochitina wilsonae sp. nov., 50 um scale bar.
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Occurrence. Appears in the Ferrum Member of the Jupiter
Formation.

Subfamily Ancyrochitininae Paris, 1981
Genus Ancyrochitina Eisenack, 1955
Species Ancyrochitina wilsonae sp. nov.

Figure 6n—s

Measurements (20 specimens)

Total length: 109 to 178 um, X = 137 ym

Chamber diameter: 72 to 98 um, X = 87 um

Neck diameter: 34 to 42 um, x = 38 um

Wall thickness: 0.5 to 1.5 um, X = 0.9 ym

Spine size: 2 to 14 um, X = 6 pm

Processes size: 14 to 34 um, X =23 um

Number of processes: 4 to 10, x =6

Material: 78 specimens (incl. Fig. 60 =RBINS b9975;
Fig. 6p=RBINS b9976; Fig. 6q=RBINS b9977;
Fig. 6r = RBINS b9978; Fig. 6s = RBINS b9979)

Holotype: Figure 6n—nl (RBINS collection number
b9974)

Holotype dimensions: total length=178 um; cham-
ber diameter=98pum; neck diameter =39 um;
wall thickness=1.0um; spine size=14pum; pro-
cess size=34um; number of processes=4 (well-
developed, plus 1 or 2 — if mirrored — underdeveloped)

Type stratum: Chicotte Formation, sample JM-24

Derivatio nominis: species named after Alice Wilson,
Canada’s first female geologist, also a paleontologist,
who made significant scientific contributions with re-
gards to the rocks and fossils of the Ottawa region

Description. P ranges between 0.6 and 1.7, with an average
of 1.2. The flexure is moderate to smooth, and shoulders are
absent. The shape of the chamber is conical, transitioning
to a conical neck, discretely flaring towards the lip. The lip,
when it is well-preserved, is serrated and normally thin and
regular, but the serration can also be coarse and irregular. The
walls are thin and ornamented with single-rooted spines of 2
to 14 um. Rarely, a vein-like, vertical structure is observed
on the walls of the chamber (Fig. 6r). Spines can be situated
on top of these structures but do not seem to be aligned with
them. The number of basal processes can range from 4 to
10, being 14 to 34 um long, and they are often amalgamated
together at the base and/or branch out latitudinally into two
or three towards the tip.

Remarks. Ancyrochitina wilsonae sp. nov. is a highly or-
namented species, with spines on both the walls of the neck
and chamber, as well as complex processes. It mainly dif-
fers from Ancyrochitina udayanensis (Paris and Al-Hajri,
1995) as it is larger than the characteristically small-sized (78
to 104 pm, X =90 um) vesicles of Ancyrochitina udayanen-
sis. The number of processes in the new species described
here is also inconsistent with those described in Ancyro-
chitina udayanensis: Ancyrochitina wilsonae sp. nov. aver-
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ages around four to six processes, in contrast with the appar-
ently consistent eight processes of Ancyrochitina udayanen-
sis. The neck of Ancyrochitina wilsonae sp. nov. is also usu-
ally longer than the chamber, opposingly to the contrasting
species. The new species presents a coincident total length,
number of processes, and shape of processes with Ancyro-
chitina ancyrea (Eisenack, 1931). However, Eisenack (1931)
specifically states that the spines of ancyrea are absent on the
lower half of the neck and on the chamber, which is not the
case for Ancyrochitina wilsonae sp. nov.
Occurrence. Occurs in the Chicotte Formation.

4 Discussion

4.1 Chitinozoan biostratigraphy

The chitinozoans recovered in the Jumpers Cliff samples are
sufficiently well-preserved and diverse to support a robust
biostratigraphic interpretation. In general, the taxa represent
a characteristic lower Silurian assemblage (sensu Verniers et
al., 1995; Nestor, 2012), with some newly defined species
(Figs. 3, 5, and 6). Two biozones are recognized. The An-
cyrochitina ramosaspina biozone was locally established on
Anticosti Island by Soufiane and Achab (2000), and we fol-
low their definition (i.e., the biozone corresponds to the total
range of the index species). The base of the Eisenackitina
dolioliformis biozone is defined by the lowest (local) occur-
rence (LO) of the index taxon (Verniers et al., 1995). The
biozones were correlated with the global Silurian chitinozoan
zonation of Verniers et al. (1995).

4.1.1  Ancyrochitina ramosaspina biozone

The Ancyrochitina ramosaspina biozone was defined by
Soufiane and Achab (2000) from the informal member 4
of the Gun River Formation (formalized as the Macgilvray
Member by Copper et al., 2012) on Anticosti. Initially, the
authors interpreted this biozone and assemblage as indicat-
ing a Rhuddanian age for the top of the Gun River Formation,
but that has since been revised and reinterpreted as Aeronian
(e.g., Copper and Jin, 2015). Following the original definition
of the biozone and using the new data obtained at Jumpers
Cliff, we extend this biozone up to the top of the Ferrum
Member of the Jupiter Formation. The index species is ab-
sent from the lowest sample at Jumpers, but given its unam-
biguous records within underlaying strata, we suggest that
the biozone starts at (and extends below) the base of the sec-
tion in Fig. 8.

Soufiane and Achab (2000) mentioned the occurrence of
Euconochitina electa and Conochitina gunriveris in this bio-
zone, both found in the Ferrum Member of the Jupiter For-
mation in the Jumpers CIliff section. Additionally, the au-
thors identified Conochitina cf. proboscifera in member 4
of the Gun River Formation. Based on picture 18 of plate
IIT of Soufiane and Achab (2000), the described species is

J. Micropalaeontology, 43, 475—-495, 2024
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Figure 7. Size distribution within the Conochitina edjelensis—Conochitina elongata group (Taugourdeau, 1963). The total length of the
specimens presents a considerably wider range — especially well-distributed in specimens smaller than 350 um — than the chamber diameter.

actually Conochitina praeproboscifera. Achab (1981) also
mentioned the occurrence of Conochitina proboscifera and
Conochitina cf. proboscifera in the Jupiter Formation, and,
based on figs. 1-3 of Plate IV and 15-17 of Plate V of
the same paper, the taxa are reinterpreted to be Conochitina
praeproboscifera.

In member 4 of the Gun River Formation, Soufiane and
Achab (2000) reported Bursachitina basiconcava and an
unidentified species of Plectochitina, both not found in the
Ferrum Member of the Jupiter Formation in Jumpers Cliff.

In the Jumpers Cliff section, in addition to Euconochitina
electa, Conochitina gunriveris, and Conochitina praepro-
boscifera, the Ancyrochitina ramosaspina biozone is marked
by the presence of the Conochitina edjelensis—elongata
group, Conochitina malleus, Angochitina sp. A, Angochitina
sp. B, Cyathochitina campanulaeformis, and Cyathochitina
caputoi. Conochitina leptosoma was locally identified in this
biozone.

As to the wider correlation of this biozone, Ancyrochitina
ramosaspina has been reported in the Baltic Basin in the
assemblage of the Spinachitina maennili global biozone
(Nestor, 2012) as well as together with Conochitina alargada
(Loydell et al., 2010). It occurs straddling the base of the
Aeronian (De Weirdt et al., 2020; Melchin et al., 2023) in
a recently proposed replacement GSSP for the base of the
Aeronian in Wales (UK). In Iran, Ancyrochitina ramosaspina
has its LO below the LO of Conochitina alargada and de-
fines a local biozone in the absence of Spinachitina maen-
nili (Ghavidel-Syooki and Vecoli, 2007). Nonetheless, the
Richardson Member is well-recognized as an upper Aero-
nian unit (e.g., Riva and Petryk, 1981; Copper and Jin, 2015;
Braun et al., 2021) and the Ferrum Member is situated strati-
graphically above it. Thus, it is reasonable to interpret the An-
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cyrochitina ramosaspina local biozone in the Ferrum Mem-
ber as equivalent to the Conochitina alargada global bio-
zone, below the LO of Eisenackitina dolioliformis, and typ-
ically Aeronian (i.e., Ancyrochitina ramosaspina and Cono-
chitina malleus) or even older species (i.e., Euconochitina
electa) as characterizing this biozone.

4.1.2 Eisenackitina dolioliformis biozone

Eisenackitina dolioliformis is the index species of the epony-
mous global biozone (Verniers et al., 1995). It has its LO
in the Jumpers CIiff section in the Pavillon Member of the
Jupiter Formation and ranges up to the highest productive
sample of this study in the Chicotte Formation (Fig. 8). This
biozone can be divided into two assemblages based on a fau-
nal turnover that coincides with the limit between the Pavil-
lon Member and the Chicotte Formation lithostratigraphical
units.

The initial assemblage of the Eisenackitina dolioliformis
biozone in the Pavillon Member of the Jupiter Formation has
Conochitina emmastensis, which is characteristic of the Eise-
nackitina dolioliformis global biozone (Verniers et al., 1995;
Nestor, 2012). Nestor (2012) also reports that Conochitina
leptosoma and Calpichitina densa commonly co-occur with
E. dolioliformis, and both of these taxa are indeed reported
in the lower part of this biozone on Anticosti.

Spinachitina glooscapi sp. nov. is present in the pre-
813C portion of the Eisenackitina dolioliformis biozone,
and Angochitina sp. A occurs only in the basalmost sam-
ple JM-07) analyzed of the Pavillon Member. The Cono-
chitina edjelensis—elongata group, Conochitina gunriveris,
Conochitina malleus, Conochitina praeproboscifera, Cy-
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athochitina campanulaeformis, and Cyathochitina caputoi
continue to appear from the underlying biozone upwards.

In the middle of the Jumpers Cliff section, within the
Eisenackitina dolioliformis biozone, between samples JM-
12, JM-13, and JM-14, three species have their highest (lo-
cal) occurrences (HOs): Calpichitina densa, Spinachitina
glooscapi, and Cyathochitina caputoi.

An uppermost, discrete assemblage within the Eisenack-
itina dolioliformis biozone is limited to the single produc-
tive sample in the Chicotte Formation (Fig. 8). Diversity de-
creases considerably towards the top of the section, as most
species disappear, leaving only Conochitina gunriveris and
Conochitina malleus and two newly described species to
characterize this younger assemblage, i.e., Conochitina as-
selinae sp. nov. and Ancyrochitina wilsonae sp. nov.

4.2 Relative ages of the upper Jupiter and lower
Chicotte formations

Considering the lack of graptolites in the Ferrum Member
(Riva and Petryk, 1981), the long range of the D. staurog-
nathoides conodont biozone ranging from the mid-Aeronian
to the end of Tel (Zhang and Barnes, 2002; Munnecke and
Minnik, 2009), and the inconclusive character in terms of
age assignment of the Stricklandia planirostrata brachio-
pod assemblage zone (Jin and Copper, 2000), the Telychian
age assigned to the Ferrum Member of the Jupiter Forma-
tion should be considered interpretative as none of the fac-
tors considered exclude the possibility of the unit still be-
ing of late Aeronian age. The chitinozoan biostratigraphic
data produced in this study, however, suggest the presence
of an Aeronian assemblage in the Ferrum Member. Ancyro-
chitina ramosaspina is described in the Coronograptus cy-
phus and Demirastrites triangulatus graptolite biozones in
the Baltic Basin (Nestor, 1994; Loydell et al., 2010). Eu-
conochitina electa has its FAD and defines a global biozone
in the Rhuddanian (Verniers et al., 1995). And Conochitina
malleus typically occurs in the Baltic Basin in the global
Conochitina alargada biozone (Loydell et al., 2010; Nestor,
2012). Therefore, the presence of the classically Rhudda-
nian to Aeronian Euconochitina electa and Ancyrochitina
ramosaspina, as well as the occurrence of the Aeronian
Conochitina malleus, the Ancyrochitina ramosaspina local
biozone in the Ferrum Member of the Jupiter Formation of
Anticosti Island has elements that link it to the Aeronian else-
where and is interpreted to be late Aeronian in age. Further
chitinozoan studies in the units between member 4 of the Gun
River Formation and the Ferrum Member are ongoing (Jon-
ckheere, unpublished data).

The Eisenackitina dolioliformis biozone has its base in the
Pavillon Member and continues in the Chicotte Formation.
The global chitinozoan biozonation of Verniers et al. (1995)
puts the FAD of dolioliformis in the top of the Aeronian
based on data from the western Baltic Basin (Umnova 1976).
This relative age relies on the base of the Rumba Formation
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being Aeronian — an ongoing discussion (referred to in the
Introduction). In the Llandovery area of the Welsh Basin,
Davies et al. (2013) reported Eisenackitina dolioliformis
in the upper Aeronian convolutus graptolite zone. Vanden-
broucke et al. (2003) reported Eisenackitina dolioliformis in
the Wood Burn Formation of the Girvan area (Scotland),
where graptolites from the same level at a nearby locality
belong to the upper Aeronian sedgwickii graptolite biozone.
However, having studied these two UK assemblages as well
as the one we describe here from Anticosti, we suggest that
while the Welsh and Scottish taxa are seemingly conspecific,
they are morphologically somewhat different from the spec-
imens found in Anticosti and may not be conspecific with
the latter. These considerations mainly reflect the ornamen-
tation of the taxa — species of the genus Eisenackitina are
characterized by a randomly distributed spiny ornamentation
(Paris et al., 1999). Despite some small variability between
the Anticosti specimens of Eisenackitina dolioliformis and
those from the Baltic Basin (e.g., Nestor, 1994), both cer-
tainly present the same species and have spines covering
their vesicles. The specimens shown in Vandenbroucke et
al. (2003) and Davies et al. (2013) appear to have a similar
vesicle shape to E. dolioliformis, as well as the typical thick
walls, but there are no spines covering the vesicles. Further-
more, some authors (e.g., Mullins and Loydell, 2002, in the
Welsh Basin; Loydell et al., 2010, in Latvia; Nestor, 2012,
review and data compilation in the Baltic Basin; unpublished
compiled data from Jacques Verniers, personal communica-
tion, 2023) mark the base of the Eisenackitina dolioliformis
biozone in the Telychian — which, in the case of the east-
ern Baltic Basin, is just above a gap in the stratigraphy (see
Sect. 4.3 and both Loydel et al., 2010, and Nestor, 2012).
Consequently, this does not, in all likelihood, represent the
global FAD of the species. In summary, while there seems
to be a tendency in the more recent literature to restrict the
Eisenackitina dolioliformis biozone to the Telychian, there
also seem to be reports of the index species from the up-
per Aeronian. The latter Aeronian findings may not represent
exactly the same taxon as the index species, so some uncer-
tainty remains with regards to the exact age of the base of
the Eisenackitina dolioliformis biozone. Here, given that the
brachiopod and graptolite biozonations suggest a Telychian
age for the unit, and considering that the Anticosti specimens
of Eisenackitina dolioliformis more strongly resemble those
of the Baltic Telychian than those of the UK Aeronian, it is
reasonable to suggest that the presence of the Eisenackitina
dolioliformis biozone likely indicates a Telychian age for the
Pavillon Member on Anticosti Island. Nevertheless, solely
based on chitinozoans, a latest Aeronian age for this mem-
ber cannot be excluded, amongst others, because it is unclear
what exactly the FAD of the “Baltic morphotypes” is, given
the incomplete nature of those sections.

A further word of caution is warranted, as the coincid-
ing LOs of various species (Eisenackitina dolioliformis and
Conochitina emmastensis) and their coincidence with the
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Figure 8. Chitinozoan ranges of Jumpers Cliff relative to lithology and 513ccarb records (modified from Braun et al., 2021). Yellow bars

represent barren samples.

lithostratigraphical limit between the Ferrum and Pavillon
members suggest that there are other controls on their strati-
graphic ranges than mere temporal constrains. However,
given the similarity of the sample facies between the two
members and the typical Aeronian assemblages in the lower
member, we do not think this influences the suggested age
assignments of the units.

The Braun et al. (2021) chemostratigraphic data also place
the peak of the §'3C excursion relative to the Valgu event,
globally reported at Te2 (Cramer et al., 2011), in the Chicotte
Formation. §'3C values are near 0 %o throughout the Ferrum
Member and approach +1 %o at the bottom of the Pavillon
Member for sample JM-08 (note that this is a sample of con-
siderably low yield and diversity), probably marking initial
disturbances to the carbon cycle and the beginning of the
event. Towards the top of the Pavillon Member, for sample
JM-15, there is an abrupt negative peak of —3 %o, after which

J. Micropalaeontology, 43, 475—495, 2024

813C values start to increase, building up to the main positive
peak at the Chicotte Formation.

The proposed placement of the Ferrum Member of the
Jupiter Formation of Anticosti Island in the upper Aeronian
and the Pavillon Member of the Jupiter Formation (most
likely) and the Chicotte Formation (certainly) in the lower
Telychian, with compiled global and local biozones, is pre-
sented in Fig. 9.

4.3 Upper Aeronian—lower Telychian disconformities

This study makes a case for significant preservation of up-
per Aeronian strata above the late Aeronian event on An-
ticosti Island. Whereas in most localities the Aeronian—
Telychian boundary is placed immediately above the late
Aeronian §13C positive excursion, on Anticosti, where the
positive excursion is reported in the Richardson Member

https://doi.org/10.5194/jm-43-475-2024
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(Braun et al., 2021), chitinozoan biostratigraphic data sug-
gest that the strata comprising the Cybele and Ferrum mem-
bers still precede the Telychian, and the boundary is proposed
to be between the Ferrum and the Pavillon members. Conse-
quently, the record of lower Telychian strata appears to be
more concise than previously thought, while still being well-
preserved in comparison to other localities (Fig. 10). The
Jupiter—Chicotte formational boundary represents a trans-
gressive ravinement surface or a discontinuity surface as ev-
idenced by an abrupt change from inner-ramp to mid-ramp
packstones and grainstones with shale interbeds to more dis-
tal mid-ramp encrinites. Abrupt changes in §'3C values in
Braun et al. (2021), from less than +1 %o to +2.8 %o, and the
chitinozoan faunal turnover from the Pavillon Member to the
Chicotte Formation support this interpretation.

Within the Pavillon Member, however, isotopic values
published in Braun et al. (2021) define a negative shift from
0 %o to —0.5 %o, jumping to —3 %o and then back to 0 %o. At
the onset of this negative shift, Spinachitina glooscapi and
Calpichitina densa disappear from the Eisenackitina dolio-
liformis biozone. This could also represent an additional dis-
conformity early in the Telychian, preceding the Valgu event
on Anticosti Island.

Globally, gaps in sedimentation in the upper Aeronian
and lower Telychian are also reported in the Baltic Basin
(Munnecke and Minnik, 2009; Nestor, 2012), as well as in
the Michigan and Appalachian basins (McLaughlin et al.,
2019). When comparing the lower Telychian strata of Anti-
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costi Island and the Baltic Basin (Fig. 10), Anticosti displays
a more comprehensive and expanded geological record of
the Aeronian—Telychian boundary interval through the Valgu
event.

5 Conclusions

A chitinozoan biostratigraphic study of the Jumpers CIliff
section on Anticosti Island provides a refinement to the rela-
tive age of the boundary interval between the Jupiter and the
Chicotte formations. A total of 18 productive samples were
studied, with the highest chitinozoan diversity in the Pavillon
Member (onset of the Valgu event) and lowest in the Chicotte
Formation (peak of the positive §'>C excursion of the Valgu
event).

The Ferrum Member of the Jupiter Formation can be
correlated with the global Conochitina alargada biozone
(Verniers et al., 1995), given that it is locally attributed
to the Ancyrochitina ramosaspina biozone (Soufiane and
Achab, 2000). The Ancyrochitina ramosaspina biozone at
Anticosti Island is thicker than previously reported (Soufiane
and Achab, 2000), intersecting the global sedgwickii grapto-
lite biozone in the Ae3 stage slice of the Aeronian stage and
below the Eisenackitina dolioliformis biozone.

The Pavillon Member of the Jupiter Formation and the
base of the Chicotte Formation are placed in the global
Eisenackitina dolioliformis biozone. Given that the Anticosti
specimens of Eisenackitina dolioliformis more strongly re-
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Figure 10. FM: formation; MB: member; CONO: conodonts; BRACH: brachiopods; CHIT: chitinozoans; Ae: Aeronian. Tentative chronos-
tratigraphic correlation of the early Telychian units of Jumpers Cliff, Anticosti Island, and the Viki Core (Estonia) with chemostratigraphic
data (Kaljo et al., 2003; Braun et al., 2021) as well as the conodont (Munnecke and Ménnik, 2009), brachiopod (only for Anticosti, Jin and
Copper, 2000), and chitinozoan (this study and Nestor, 2012) biozones plotted.

semble those of the Baltic Telychian than those of the UK
Aeronian, chitinozoans suggest a Telychian age for the Pavil-
lon Member.

The chitinozoan data, coupled with conodont, brachiopod,
and §'3C stratigraphic data, point to a remarkable preserva-
tion of upper Aeronian strata on Anticosti Island. Discon-
formities are present in the middle of the Pavillon Mem-
ber and at the base of the Chicotte Formation, indicated by
abrupt facies change and offsets in §'3C values (original
data of Braun et al., 2021). Seemingly contemporary hia-
tuses are also present in the Baltic region (Munnecke and
Mainnik, 2009) and in the Michigan and Appalachian basins
(McLaughlin et al., 2019).

This refined age model for the Aeronian to Telychian suc-
cession of Anticosti Island provides a solid baseline for fu-
ture studies of the Llandovery biochemical events in the af-
termath of the Late Ordovician mass extinction. Ultimately,
understanding the continuity of the record in this interval will
require geochronological efforts.

Data availability. The chitinozoan data we refer to make up
the dataset included in the paper and provided in Table 2. The
chemostratigraphic dataset was published by Braun et al. (2021).
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