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Intensive sampling of three earliest Spathian sgépgesented by the Lower Shale unit and
coeval beds within the Bear Lake vicinity and néigiing areas, southeastern Idaho, yielded
several new ammonoid and nautiloid assemblageseTlmew occurrences overall indicate
that the lower boundary of tHerolites beds, classically used as a regional marker for th
base of the early Spathian, and therefore the mag®mithian/Spathian boundary, must be
shifted downward into the Lower Shale unit and @déeds. Regarding ammonoids, one new
genus Caribouceras) and two new specie€éribouceras slugense andAlbanites

americanus) are described. In addition, the regional tempdistribution ofBajarunia,

Tirolites, Columbites, andCoscaites is refined, based on a fourth sampled site coimgia
newly reported occurrence of the early Spati@alumbites fauna in coeval beds of the
Middle Shale unit. As a complement to ammonoidanges observed in nautiloid dominance
are also shown to facilitate correlation with higkitude basins such as Siberia during this
short time interval, and they also highlight thg@nauccessive environmental fluctuations

that took place during the late Smithian—early Bigat transition.

Keywords:

Ammonoidea
Nautiloidea

Early Triassic
Panthalassa

Sonoma Foreland Basin

Biostratigraphy

1. Introduction

Pioneering contributions regarding our knowledg&afly Triassic ammonoids from
the northern part of the western USA basin weremgtished by White (1879), Hyatt and
Smith (1905) and Smith (1932). They were the tosteport and illustrate various taxa from
the Smithian-Spathian interval in the Bear Lakearesoutheastern Idaho (Guex et al., 2010;
Jenks et al., 2015; Fig. 1). Smith (1932) also pseyl the first regional Early Triassic
biozonation based on these organisms by usingsheaessive occurrences observed in
several localities within this area. In particullag, recognized the iconic middle and late
SmithianMeekoceras andAnasibirites beds, and the early Spathi@imolites andColumbites
beds. Kummel (1943, 1954, 1969) continued the eaptm of this area and completed the



biozonation for the middle Spathian. Kummel (195957) also documented the major Lower
Triassic lithologic units found in the Bear Lakeay provided ammonoid zonal-based ages
for each unit and suggested correlation of the#ts between studied sections (Fig. 2).
Additionally, Kummel (1953) reviewed the rare Eaflyassic coiled nautiloid occurrences
known for this area and noted that a large majadiye from the early Spathi@olumbites
beds. Recently, Guex et al. (2005a, 2005b, 201@)anks et al. (2013) significantly refined
these previous works and provided an ammonoid mmédr the Spathian, with particular
emphasis on the early Spathian, achieving a mugiehiresolution than elsewhere in the
world (see Jenks et al., 2015 for a review of gl@zaly Triassic correlations).

Here we focus on ammonoids and nautiloids recdatlgd in the earliest Spathian of
the Bear Lake area, which yields specimens of blattles (Brayard et al., 2017). Based on
data from the Paris Biota and coeval beds in n&ighg sites in the Bear Lake area (Fig. 1),
we document the first reported occurrence of thenanoidsTirolites harti, Tirolites aff.
cassianus andBajarunia cf. pilata, as well as a new gen@sribouceras nov. gen. and two
new specie€aribouceras slugense nov. gen., nov. sp. amdbanites americanus nov. sp.
from the earliest Spathian platy shale and silestoterval underlying the Middle Limestone
unit and coeval beds. The Middle Limestone unit eoelal beds, which contaifig olites
harti, has been commonly considered as marking the biegiof the early Spathian in
southeastern Idaho. This unit is overlain by tlessic early Spathian assemblage of
Columbites parisianus andTirolites smithi, both species being common in the Bear Lake area.
These new ammonoid occurrences in the Lower Simil@ucoeval beds, therefore,
necessitate a downward revision of the Smithiarttsga boundary (SSB) in the region and
also modify the assumed correlation among sectiotigs area.

2. Previous local-to-regional early Spathian biostratigraphy
2.1. Ammonoids

After the severe late Smithian extinction (Toz&82; Brayard et al, 2006; Jattiot et
al. 2016), the appearance of the ammonoid gé&matites is consensually acknowledged as
characterizing the early Spathian worldwide (Badinhal., 2010; Jenks et al., 2015; Shigeta
and Nakajima, 2017). This certainly was the caséhf® western USA basin (e.g., Silberling
and Tozer, 1969), based on data from ammonoidsatetl in the Bear Lake area by Hyatt
and Smith (1905) and Smith (1932), and then reviseummel (1954). However, Guex et
al. (2005a, 2005b, 2010) have recently suggestdritwesternmost Utah, the first

occurrence oTirolitesis probably preceded by the earliest SpatBigarunia confusionensis



andCowboyicer as farwestense horizons. This implies that the olddstolites occurrences do
not represent the very base of the Spathian, rgtregionally but also globally. A similar
observation was made in South Primorye (Zakhar@l. e¢2004; Shigeta and Zakharov, 2009;
Shigeta and Kumagae, 2016) where, for instaBagrunia and a few other taxa occur below
the lowest occurrence a@irolites. A putative earliest Spathian ammonoid assemblage
underlying the firsfirolites beds was also reported by Brayard and Bucher {Z0Q&

South ChinaBajarunia was also sampled at the base of the Spathiagimlaiitude basins
such as Spitsbergen and Siberia. Howelieglites has not been recorded from these basins,
thus preventing the acquisition of superpositionfrmation for both genera for these areas
(Dagys and Ermakova, 1988, 1995; Dagys and WeitstBa3; Dagys et al., 1996; Mark et
al., 1999; Zakharov and Moussavi Abnavi, 2013;dmag¢ Kummel, 1969 for a possible
exception in Siberia).

In southeastern Idaho, despite considerable sagnefforts, theBajarunia
confusionensis horizon of Guex et al. (2010) has not yet beemdpuevealing a significant
gap in the ammonoid record between the late Smithmasibirites and Xenoceltites-
Glyptophiceras beds and the next overlying Spathiarolites fauna (Jenks et al., 2013).
Thus, for the entire Bear Lake area, the recomeboliest Spathian ammonoids has classically
consisted of only thé&irolites harti beds from the Middle Limestone unit (Fig. Zjrolites
harti was first documented from Paris Canyon (Fig. 1phyith (1932; Tirolites beds”).
However, correlation between Paris Canyon and beighg sections is not straightforward
and uncertainty remains when suggesting superpoaltrelationships between theharti
beds of Paris Canyon and, for instance, fhectites beds” reported from Hot Springs (e.g.,
Caravaca et al., 2017; Fig. 1). Indeed, althougHTirolites Limestone" visible on the north
side of Paris Canyon is expected to be coeval thghTirolites beds” at Hot Springs, and the
lithology of at least parts of both levels appeaatber similar (i.e., the Middle Limestone
unit), Tirolites harti has not yet been found at Hot Springs. At thisisecTirolites
represented by. smithi only occurs within the young€rolumbites beds from the base of the
Middle Shale unit (Kummel, 1954; Guex et al., 201énks et al., 2013). Therefore, the
position of the base of the Spathian at a localityh as Hot Springs is impossible to
determine based only on the occurrencé&ioflites. This problem is exacerbated by the
complete lack of exposures of the Lower Shale ainHot Springs, due to the near vertical
attitude of the beds and relative incompetencéisfghale interval.

The use oBajarunia confusionensis as a marker for the base of the Spathian in the

western USA basin is also problematic. Indeed,gpecies described by Guex et al. (2005b)



has only been documented from the Confusion Rangstérn Utah), and the type series is
very poorly preserved, which probably preventsm@a fassignment tBajarunia as initially
erected by Dagys (1983). Dagys also initially inleld several younger Spathian genera
within Bajarunia, potentially generating confusion regarding thmageral distribution of this
genus within and among distant basins (Zakharovaaygshlyaeva, 2016). Similarly, Guex

et al. (2010) assigned specimendiaekoceras pilatum Hyatt et Smith from th€olumbites

beds in Bear Lake areaBajarunia. Overall, this genus may have a potential temporal
distribution within the western USA and other basspanning the early Spathian, and not just

the earliest Spathian.

2.2. Nautiloids

Kummel (1953, 1954, 1964) reported the occurrefe@imous orthoconic and coiled
nautiloid genera from different strata in the Beake area. However, due to the paucity of
sampled specimens, no regional biostratigraphiatzom based on nautiloids was proposed.
Nevertheless, Schastlivtseva (1988) and Sobole89(1P994) recognized co-occurrences of
some of these taxa among geographically-distamt$adsiring restricted time intervals. For
instance, the coiled genBpaedrysmocheilus, which is abundant in th@olumbites beds at
the Hot Springs section (Figs. 1, 2), shows a cg&itan distribution from low to high
latitudes during the early Spathian. Sobolev (19894) therefore suggested the first long-
distance correlation between basins based onatkist He also defined the first Early
Triassic zonation based on nautiloids, by integgakummel’s (1953) preliminary data from
the Bear Lake area. In this nautiloid frameworle, 8mithian substage is mainly characterized
by abundant various orthoconic nautiloids, whetbasSpathian is distinguished by the
occurrence of coiled nautiloids suchRismedrysmocheilus, immediately after the SSB
(Sobolev, 1994). Our field observations and sangpinthe western USA basin refine this
scheme by showing that orthoconic nautiloids cathto be common immediately after the
SSB (e.g., in the Paris Biota; Brayard et al., 3G during the early Spathian (e.g., in the
Columbites beds of the Bear Lake area and the Confusion Ravegtern Utah; unpubl. obs.
and Brayard et al., 2011, respectively). This $oah agreement with similar observations in,
e.g., Albania (Arthaber, 1911), Vietnam (Shigetalgt2014), and South Primorye (Shigeta et
al., 2009). Focusing on the Smithian-Spathian ttiems coiled nautiloids occur sparsely in
the western USAirolites beds gensu Smith, 1932), but become common in @@umbites
beds, thus allowing for a tentative worldwide ctatien. In this basin, the earliest Spathian

immediately following the SSB is therefore probabharacterized by orthoconic nautiloids.



This regional renewal of nautiloid abundance at3B® and continuing up to ti@lumbites
beds may complement classical ammonoid and conadowttions. As observed for these
nekto-pelagic clades, the change in nautiloid abtmges may be linked to the important
geochemical and temperature fluctuations knownnguttie Smithian and through the SSB
(Galfetti et al., 2007a, 2007b; Romano et al., 2@larkson et al., 2016; Thomazo et al.,
2016, in press).

At Hot Springs, coiled nautiloids occur only in tlogver two intervals of the
Columbites beds Yvesgalleticeras montpelierense nodular limestone bed and overlyi6g
parisianus concretions; authors pers. obs.; see Jenks @04l3 for detailed subdivisions of
the Columbites beds at this locality). They completely disappadhe overlying two horizons
(Arctomeekoceras popovi andC. isabellae), although orthoconic nautiloids are common in the
C. isabellae horizon. This may indicate a potential new chaingenvironmental conditions

during the early Spathian, at least locally.

3. Exposures and sampled material

Early Triassic marine exposures of the western B8#n mainly consist of shale-
limestone alternations of the Thaynes Grasgpgu Lucas et al., 2007). These sediments were
deposited over a large area covering western Wygnsiouthern Montana, Idaho, Utah, and
Nevada. They represent epicontinental marine enments of the Sonoma Foreland Basin,
which was located within the northern intertropizahe on the western margin of Pangea
during the Permian-Triassic transition (Dickins@f13). Based on a detailed account of
lithologies, thickness and subsidence rates witlgnbasin, Caravaca et al. (2018) showed a
North-South differentiation and interpreted it Bs potential result of the combined control of
rheological properties of the basement terranespatial heterogeneity of the Golconda
Allochthon. Jattiot et al. (2018) also emphasized N-S distinction based on the non-random
distribution of ammonoids within the basin. The Jimas Group is generally characterized by
sediments indicating relatively shallow environnsem this setting, the maximum extent of
the regional transgression of the Early Triassicapginental sea occurred during the
Smithian-Spathian transition (Lucas et al., 200/gy&ard et al., 2013; Vennin et al. 2015;
Olivier et al., 2018). Earliest Spathian sedimenmtsorthern Utah and southeastern Idaho
generally correspond to mid-outer ramp environm@atayard et al., 2017; Grosjean et al.
2018).

Specimens of ammonoids and nautiloids were coliefttan four localities where the

Lower Shale and Middle Shale units (or equivaleatghe Lower Triassic Thaynes Group



are exposed. Obviously, these facies do not fagtmal ammonoid and nautiloid
preservation and the amount of compaction varggsfsgiantly between localities, thus
rendering taxonomic identification difficult for mg specimens. Fortunately, some
ammonoids retain traces of ornamentation and npestimens preserve adequate 2D
geometry, allowing for reasonably accurate measentiwf diameter, whorl height and
umbilical width.

The first locality consists of four studied expassion both the north and south side of
Paris Canyon, west of the city of Paris in Beard.-&ounty, Idaho (Fig. 1). These exposures
crop out intermittently, dip gently northward amalvle a combined thickness of ~20 m.
Tirolites harti occurs throughout the exposures, which underéeSihathian Middle
Limestone unit (Tirolites beds” of Smith, 1932) and overlie the Smithian eowimestone
unit. However, the contact with the Lower Limestomdt is not visible in this area. The
studied outcrops mainly consist of grey-blue tangeg thin-bedded silty limestones
containing an exceptionally well preserved and miadaly complex fauna: the Paris Biota
(Brayard et al., 2017; Doguzhaeva et al., 2018tiBget al., 2019; Brayard et al., 2019;
Charbonnier et al., 2019; Iniesto et al., 2019; Romet al., 2019; Saucede et al., 2019; Thuy
et al., 2019). Younger sedimentary layers in ne&leyght Canyon also yielded well
preserved specimens of rarely reported horseslats ¢kerner et al., 2017; Lockley et al.,
2018). Ammonoids are mostly compressed, but somersens preserve sufficient 3D
features such as ribs and tubercles, thus provigibgst evidence for taxonomic assignment.
After careful observation of numerotigolites harti specimens from the overlyirigrolites
beds gensu Smith, 1932) at the same locality and contramheofirst statement of Brayard et
al. (2017), the shape and density of the ventrdateodes and ribs diirolites specimens
from the studied exposures fit within the intraspewariation documented foFirolites harti
(Fig. 2). In addition, recently sampled, rare amoidrspecimens that exhibit apparently
smooth flanks and venters as well as an intermeth&blution may correspond to the overall
shape and ornamentationBdjarunia cf. pilata. However, due to the extreme compaction of
the latter specimens, this occurrence remains ipuedtie at Paris Canyon. Additionally,
some sampled specimens show thickened ventrolaiedals that become more and more
closely spaced during ontogeny. This ornamentadaitern roughly resembles the dense
nodes observed, e.g., on soAlbanites species from Tethyan and Mangyshlak localities (M.
Balini, pers. comm. 2018), as well as crenulatettredateral margins observed An
sheldoni from the younge€olumbites beds at the neighboring Hot Springs section (Gatex
al., 2010; Fig. 1) and in Japan (Ehiro et al., J0H®&wever, the Paris Canyon specimens



differ by their apparently more compressed whoctise as well as their more pronounced
nodes, thus justifying the erection of the new sgse&l banites americanus. Orthoconic
nautiloids also occur in the Paris Biota, sometime@ghing large size (up to ~20 cm). Coiled
nautiloids have not yet been found in the Paridd@ibut do occur very rarely in the overlying
Middle Limestone unit and are abundant in the yeu@plumbites beds at the neighboring
Hot Springs section (Fig. 2).

The second sampled site is located on the wedt 8&68chmid Ridge, northeast of
Georgetown and east of Soda Springs, in Caribontdéig. 1). Kummel's (1954)
stratigraphic subdivisions for the Bear Lake Valleyg., Lower Shale unit) are not strictly
applicable in this area. Instead, a rarely expoglkedy shale interval more or less equivalent
in age to the studied horizon in Paris Canyon, ictuthe upper part of the 200 to 260 m-
thick Lower Black Shale Member of Cressman and Gultisen (1955). This member
includes by definition the middle Smithideekoceras limestone at its base. Exposures of
this early Spathian platy shale interval contiirolites harti, Tirolites aff. cassianus,

Bajarunia cf. pilata andCaribouceras slugense nov. gen., nov. sp., and are here more nodular
and darker than at Paris Canyon, suggesting patigmntiore disoxic to anoxic local

conditions (Fig. 2). At this site, specimens areascompressed as in the Paris Biota.
Consequently, 3D preservation is much better. Nads are apparently absent from this
locality.

The third site, also in Caribou County, is locate&tewart Canyon on the east side of
Dry Ridge, east of Schmid Ridge (Fig. 1). Here|ye8pathian shales exhibit a very dark and
silty facies indicative of a potential anoxic emrnment. These strata are included in the
~200 m-thick A Member of the Thaynes Group (Montgoyrand Cheney, 1967), which is
roughly equivalent to the Lower Black Shale MemeieEchmid Ridge. Th&leekoceras
limestone is also included at its base, and raesti&mithian nodules witPseudosageceras
augustum have been found a short distance abovéviekoceras beds (Fig. 2). Ammonoid
specimens are extremely flattened and rarely shagndstic ornamentatiofirolites is
seemingly absent, b&gjarunia cf. pilata occurs sparsely only a few meters above the latest
Smithian nodules. Orthoconic nautiloids (up to €8 are common. The rest of the Spathian
rocks here are covered.

The last sampled site, also occurring within thBlémber, is located in Timothy
Canyon, on the northwestern side of the Websteg&4#rig. 1). Smithian rocks here are still
mainly massive limestones containing a poorly presiMeekoceras fauna, but the early

Spathian is represented by sporadically outcropmrganic matter-rich, dark blue to dark



brownish, very finely laminated shales. The basthes$e shales is mostly covered, but shales
cropping out higher in the section include abundandccurringColumbites parisianus,
Bajarunia cf. pilata, Tirolites smithi, Coscaites crassus and Hedenstroemiidae gen. indet., sp.
indet. (note that this type of assemblage wasmtidlly documented by Guex et al., 20183,

well as numerous orthoconic nautiloids (Fig. 2).

4. Systematic paleontology

Ammonoid systematic descriptions follow the clasation of Tozer (1981), and that
further refined by Guex et al. (2005a, 2005b, 2Grt) Jenks et al. (2013). Nautiloid
systematic descriptions mainly follow the classifions of Sobolev (1989) and Shigeta et al.
(2014). Exact quantitative morphological rangesdibammonoid taxa are not permitted
because of the compressed preservation of manynsges. We thus mainly report estimates
for the diameter (D), whorl height (H) and umbilideameter (U) of the best preserved
specimens. Whorl width (W) is also given when plolgesiScatter diagrams of H, W and U, as
well as H/D, W/D and U/D are provided only when thenber of measured specimens is
higher than five. Measurements are given in TabRepository of figured specimens
collected from private land is abbreviated UBGD iiténsité de Bourgogne, Géologie Dijon).
Specimens collected from US public land are repdsit the Idaho Museum of Natural
History (IMNH; John A. White Paleontological Reptosy) in Pocatello. A list of classified
specimens and their assigned inventory numberises gn Table 2. The number of sampled

specimens (very fragmentary to complete) for eagbrt and locality is indicated as “n =".

Order Ammonoidea Zittel, 1884

Suborder Ceratitina Hyatt, 1884

Superfamily Dinaritoidea Mojsisovics, 1882

Family Tirolitidae Mojsisovics, 1879

GenusTirolites Mojsisovics, 1879

Type species. Ceratites idrianus Hauer, 1865.

Remarks. Compressed, evolute to rather evolute shell wabiercles or prominent spines on
or near the ventrolateral margin. Suture line tgpaf Dinaritoidea with a relatively simple
architecture often showing only two large lateeddes. This taxon is a typical genus
marking the early Spathian from low paleolatitudsibs.Tirolites has been reported from
South China (e.g., Chao and Wang, 1974; Galfetl.eP007a), South Primorye (Burij and
Zharnikova, 1981; Zakharov et al., 2004; Shigethlknmagae, 2016; Zakharov and



Smyshlyaeva, 2016), Japan (Shigeta and Nakajini&,)20ortheastern Vietnam (e.qg.,
Shigeta et al., 2014), Pakistan (Guex et al., 19&jhanistan (Collignon, 1973), Iran (Tozer,
1972; Balini et al., 2009), Mangyshlak (Shevyre®68; Gavrilova 1989, 2007; Balini et al.,
2000; Zakharov and Popov, 2007; Gavrilova and $&wgkaya, 2018), Romania (Cavin and
Gradinaru, 2014), Hungary (Posenato, 1992; HipsRaeiikkan, 2002), Balkans (e.g., Krystyn,
1974; Golubt, 1996, 2000), southwestern Alps (e.g., Neri anseRato, 1985; Broglio
Loriga et al., 1990; Posenato, 1992), northern FlexLucas et al., 1997), and western USA
(Hyatt and Smith, 1905; Smith, 1932; Kummel, 1968gx et al., 2010; Jenks et al., 2013;
Hofmann et al., 2013). This genus includes numespesies, which display a large intra-
specific variation, especially in terms of ornanatioin (tubercles and ribs). A revision of
these regional species based on new material mpydelarify the taxonomy of this genus

and establish the respective temporal distribubiotme remaining valid species.

Tirolites harti Smith, 1932

Fig. 3(A-C)

1932.Tirolites harti Smith - p. 83, pl. 57, figs. 9-10.

1932.Tirolites knighti Smith - p. 84, pl. 57, figs. 1-4.

1932.Tirolites peali Smith - p. 84, pl. 57, figs. 5-8.

1969.Tirolites harti Kummel - p. 501, pl. 71, figs. 1-7.

2010.Tirolites harti Guex et al. - p. 29, pl. 50, figs. 1-3.

Occurrence: Rather common in the early Spathian Lower ShateMiddle Limestone units
at Paris Canyon (n = 6), and in equivalent aged la¢&chmid Ridge (n > 10). Apparently
absent from Dry Ridge and Webster Range.

M easur ements: See Table 1.

Description: Evolute shell with a rectangular whorl sectiornter is slightly arched. Typical
ribbed ornamentation with numerous tubercles orvéimgrolateral shoulder. Tubercles are
generally rather coarse and rounded at their baisen@y be relatively spiny on a few small
specimens and more elongated on a few rare spesimehercles are developed at the end of
delicate ribs. Space between tubercles can beblamathin and among specimens, but often
relatively regularly spaced in inner whorls. Rilbe generally perpendicular to the coiling.
Umbilical margin rounded. Suture line not presergadur specimens.

Remarks: Tirolites knighti andT. peali fall within the large intraspecific variation ®f harti

by exhibiting distinctive tubercles at the venttetal margin and a variable intensity of

ornamentation, justifying their synonynikirolites smithi found in the youngeC€olumbites



beds can be easily distinguished frénmarti by its more involute coiling and its tubercles,
which are located just below the ventral shoulaet more widely and regularly spaced.
Tirolites harti resembles the European spediesassianus andT. haueri, but both often
exhibit more numerous and coarser ribs and bulikeetubercles, which are also often more
projected forward (Kummel, 1969; Detre et al., 1;986senato, 1992; Golu)i2000). The
type speciesl. idrianus, shows more forward projected and distant bulléte#ubercles and
fewer ribs, although this pattern may vary from gpecimen to another (Kummel, 1969;
Posenato, 1992). The specimen attributetittalites mangyshlakensis by Krystyn (1974) is
closer toT. smithi. Tubercles off. cf. ussuriensis are located just below the ventral shoulder
(Shigeta and Nakajima, 2017)rolites cf. cassianus from northeastern Vietnam is
distinguished by its backward projected tuberckisdeta et al., 2014Tirolites longilobatus
from South Primorye (Shigeta and Kumagae, 2016)Taralites nov. sp. from northeastern

Vietnam (Shigeta et al., 2014) exhibit much momnghted and spiny tubercles.

Tirolites aff. cassianus (Quenstedt, 1849)

Fig. 3(D-H)

Occurrence: Common in the early Spathian Lower Shale Memb&camid Ridge (n = 15).
Apparently absent from other sampled localities.

M easurements: See Table 1.

Description: Shell coiling similar tal. harti. Ornamentation highly variable, consisting of
ribs and pronounced bullate-like tubercles extegdin flanks, which are often strongly
projected forward and irregularly spaced in sonexgpens. Ribs and tubercles tend to
become denser or fade at large size. Umbilical lsleosi appear to be rounded. Suture line not
preserved on our specimens.

Remarks:. As stated by, e.g., Posenato (1992), specimehgdied inT. cassianus exhibit a
highly variable ornamentation, and a reappraisgéhefnumerous synonymized species is
urgently needed. However, a revision of the génudlites, which requires comparison
among distant populations, has rarely been attehipeause of several other equally
challenging problems. These include the relatiaty of the original specimens that served
as the basis for the erection of the oldest narpediss, e.g.T. cassianus, a lack of good
illustrations for many of the well-preserved speeis, and information regarding their exact
stratigraphic occurrences. In this way, Posend8Z]} tried to circumvent these problems by
including in his work figures, measurements andeseriptions of the type specimens from

the classical European sites of Dalmatia, Bakormy@olomites. This work did not



completely clarify the classification of the varglirolites species found in these localities.
However, it did show that a relative distinctiona@rg species could be made from the
number of tubercles/nodes on the last whorl, atagethe degree of involution of the shall;
cassianus especially exhibits a very high number of tubestiedes on the last whorl and a
relatively more evolute coiling when compared toeststudied species.

The low number of sampled specimens from southdahd, as well as their poor
preservation prevent a similar comparison. Howether intraspecific variation of our
specimens fits rather well with many illustrate@smens worldwide (e.g., Iran; Tozer,
1972), especially from western Tethyan localitieshsas Mu in Dalmatia (Kittl, 1903;
Kummel, 1969; Krystyn 1974; Goluhi2000). Thus, our sampled specimens are possibly
conspecific withT. cassianus, but their poor preservation and the lack of asuline prevent
a firm taxonomic attributionTirolites aff. cassianus can be distinguished from co-occurring
T. harti by its coarser ribs and bullate-like tuberclesichlare also more forward projected
and often more irregularly spacddrolites aff. cassianus differs fromT. smithi by the
ventrolateral position of its tubercles, which algo densefTirolites cf. cassianus illustrated
from Vietnam by Shigeta et al. (2014) displays mmespicuous tubercles that are not
always projected forward. Ornamentation on thendatese specimens also apparently fades
at a larger sizelirolites cassianus illustrated from South Primorye (Burij and Zharniteo
1981) may fit with the intraspecific variation oéthyan specimens, but ornamentation

appears less forward projected.

Tirolites smithi Kummel, 1969

Fig. 4(L)

1932.Tirolitesillyricus Smith - p. 84, pl. 49, figs. 12-16.

1932.Tirolites smithi Kummel - p. 501, pl. 54, figs. 1-5.

2010.Tirolites smithi Guex et al. - p. 27, pl. 4, figs. 1-2 ; pl. 53 sfid-2.

v.2013.Tirolites smithi Jenks et al. - p. 274, fig. 10A-D.

Occurrence: Only one specimen from the early Spathian Mendbexposures in the
Webster Range. Classical species with a large magaistribution, but not common in the
Bear Lake area (Smith, 1932; Kummel, 1969; Gued.e010). Not found at Schmid Ridge
and Dry Ridge.

M easurements. Not available from this unique specimen.

Description: Shell coiling more involute thah harti andT. aff. cassianus. Ornamentation

consisting of rather regular and slightly projectied fading toward the venter. The latter is



arched to sub-tabulate and becomes apparently rooneled at very large size. Conspicuous
tubercles are present on flanks near the ventralategargin, and are regularly and widely
spaced on inner whorls, becoming slightly denséarge size. Ribs tends to fade at larger
sizes where they more resemble weak folds. Umlsilrether deep and exhibits rounded
shoulders. Suture line not preserved.

Remarks: Tirolites smithi can be easily distinguished frofmharti andT. aff. cassianus by

its more involute coiling and its regularly, widedgaced tubercles located high on the flank
rather than on the ventrolateral margin. Largeessgggecimens ofirolites assigned td.
carniolicus? by Guex et al. (2010) may fit within the intrasgicvariation of T. smithi, but

their poor preservation prevents a firm assignment.

Family Columbitidae Spath, 1934

GenusColumbites Hyatt et Smith, 1905

Type species. Columbites parisianus Hyatt et Smith, 1905.

Remarks. Serpenticonic shell showing dense, often strdsgyand occasional constrictions,
which cross the venter. On robust specimens, files ¢end to form delicate tubercles at the
ventrolateral margin. Flanks tend to become smabtarge size. Suture line ceratitic
exhibiting a simple structure with two large latesaddlesColumbites is a typical early
Spathian genus, commonly found in the western U&\b(e.g., Kummel, 1969; Jenks et al.,
2013; Hautmann et al., 2013). This taxon has beported from other early Spathian
exposures worldwide, most often from the tropiealm (Arthaber, 1908, 1911; Astakhova,
1960; Shevyrev, 1968; Tozer, 1972; Zharnikova, 1@8&mani, 1997; Mertmann and
Jacobshagen, 2003; Galfetti et al., 2007a; Batiai.e2009; Shigeta et al., 2014; Ehiro et al.,
2015), but poor preservation often precludes a §emus assignment in many localities
(Kummel, 1969). AdditionallyColumbites includes several species (e.g., Guex et al., 2010;
Shigeta et al., 2014) and is morphologically clmssome other columbitid genera, with
which it often partly shares large overlappingaspecific variation. This sometimes makes it

difficult to identify poorly preserved specimens.

Columbites parisianus Hyatt et Smith, 1905

Figs. 5(A-1), 6

1905.Columbites parisianus Hyatt and Smith - p. 51, pl. 1, figs. 9-14; pl, @gs. 1-21; pl.
72, figs. 1-24.

1932.Columbites spencei Smith - p. 108, pl. 77, figs. 1-21; pl. 78, figs16.



1932.Columbites consanquineus Smith - p. 106, pl. 46, figs. 1-13.

1932.Columbites ligatus Smith - p. 106, pl. 47, figs. 1-8.

1932.Columbites ornatus Smith - p. 107, pl. 46, figs. 14-21.

?1968.Columbites cf. parisianus Zakharov - p. 106, pl. 20, fig. 5a, b.

1969.Columbites parisianus Kummel - p. 424, pl. 39, figs. 1-10; pl. 40, figs11; pl. 41,

figs. 1-7; pl. 42, figs. 1-9; pl. 43, figs. 4-5.

21974 Columbites parisianus Bando and Shimoyama - p. 301, pl. 40, figs. 8,4, pl. 41,
figs. 1, 10; pl. 42, figs. 1, 3.

2007.Tirolites sp. Lucas and Orchard - fig. 6b, c.

2010.Columbites parisianus Guex et al. - p. 30, pl. 6, figs. 1-7; pl. 7, figs4, pl. 53, fig. 5.
2013.Columbites cf. parisianus Hautmann et al. - p. 264, fig. 1.

v.2013.Columbites parisianus Jenks et al. - p. 275, fig. 9A-D.

?2014 Columbites sp indet. Shigeta et al. - p. 155, fig 114.

Occurrence: Abundant in the early Spathian Member A exposurése Webster Range

(n > 30). Classical species also abundant in ttee Bake area (Smith, 1932; Kummel, 1969;
Guex et al., 2010; Jenks et al., 2013). Not foum8¢hmid Ridge and Dry Ridge.
Measurements. See Fig. 7 and Table 1. Maximum size is estimaidzk close to 20 cm, but
specimens reaching this size are extremely rare.

Description: Serpenticonic shell with a more or less quadnatiorl section and an arched to
rounded venter, when preserved in 3D (e.g., Fig))60O©rnamentation typically consists of
often dense strong ribs, which are usually prodsta and sometimes cross the venter where
they can be strongly projected forward. Some ragakiconstrictions may be present. On the
ventral margin, ribs can also tend to form smailhgpubercles on some specimens (Figs.
5(C), 6(J)). Ornamentation is weaker on comprespedimens and rapidly tends to totally
fade when specimen reaches large size (Fig. 6(A Bhbilicus relatively shallow with a
rounded margin. Suture line not preserved on tladable specimens.

Remarks: Our specimens fit within the typical large infpasific variation observed for this
classical American taxon (Guex et al., 2010). Speais ofC. parisianus illustrated from
Japan by Bando and Shimoyama (1974) and Ehiro &Gi5, 2016) exhibit many
similarities with the present ones, but the orna@ign on some specimens appears weaker
and more sickle-shaped, rather than prorsiradidte.specimen dfolumbites cf. parisianus
from South Primorye illustrated by Zakharov (1968 fits well within the intraspecific
variation ofC. parisianus, but more material is needed for a firm attribntiGolumbites

parisianus described by Zharnikova (1985) from South Primgygabably should be



reassigned tdleocolumbites Zakharov, 1968, based on its rounded venter atidda
ornamentation at small size. Specimen UBGD 304d68trated in Fig. 6(A, B) is by far the
largest example of this taxon (and any other Spatammonoid taxa in the western US
basin) ever found, and the lack of intermediatesinakes its attribution . parisianus
somewhat suspicious. However, the specimen doabieal the characteristics of a rather

less ornamented variant Gf parisianus.

Superfamily Meekoceratoidea Waagen, 1895

Family Albanitidae Tozer, 1994

GenusAlbanites Arthaber, 1909

Type species. Pronorites triadicus Arthaber, 1908.

Remarks. Compressed shell with a moderately evolute agjligpically showing a
subtabulate to tabulate venter with a crenulatedrmentation. This taxon has been reported
from various localities worldwide: Albania (Arthahé908, 1911; Germani, 1997), Chios
(Renz and Renz, 1948; Mertmann and JacobshageB), 20 (Tozer, 1972; Balini et al.,
2009), Mangyshlak (Shevyrev, 1968; Balini et ab0@; Gavrilova and Snigirevskaya, 2018),
South Primorye (Zakharov and Smyshlyaeva, 201@gprdéEhiro et al., 2016) and it also
probably occurs in Arctic CanadaNgomeekoceras scalariforme” Tozer, 1994; Guex et al.,
2010). One species, sheldoni, occurs within theColumbites beds of southeastern Idaho
(Kummel, 1969; Guex et al., 2013).

Albanites americanus nov. sp.

Fig. 4(A-E)

v.2017.Tirolites sp. Brayard et al. - Supplementary Material, 8@5a, c, e, f.

Derivation of the name: The specific name is derived from the Americantoeent.
Holotype: UBGD 30535 (Fig. 4(B) and fig. S15e in Brayardakt 2017).

Par atypes: seven specimens UBGD 30671, UBGD 30673 to UBGE&/30UBGD 30531,
UBGD 30533, and UBGD 30536 (Fig. 4(A, C-E) and f&g.5a, c, f in Brayard et al., 2017).
Typelocality and horizon: Paris Canyon, Bear Lake County, Idaho, USA; E@rlgssic,
early Spathian, Lower Shale Membeéir,olites harti beds.

Occurrence: Only from the type locality and horizon, but vetyundant (n > 50).

M easurements: See Table 1.



Diagnosis. Compressedlbanites species showing a pronounced ornamentation dlauiks,
even at a small size, and exhibiting the same taggdipattern on the venter with initial
widely spaced nodes evolving toward denser antété¢hied nodes during ontogeny.
Description: Compressed, moderately evolute shell with flaslightly converging to a
subtabulate or weakly arched venter. Ornamentabosists of a marked crenulation on the
ventral margin resulting from existence of densekdned nodes at the site, and weak, thin
folds crossing the venter. Nodes are widely spaceainer whorls and become more and
more closely spaced during ontogeny. Folds crogbi@genter are usually barely perceptible.
Ornamentation also includes regular but weak aigtity} projected folds and striae on
flanks. Umbilical wall apparently low with a largeunded margin. Suture line unknown.
Remarks: This new species differs from youngersheldoni mainly by the more pronounced
ornamentation on its flanks (striae, folds andkéied nodes), even at a small size, repeating
the same crenulated pattern of initial widely splacedes evolving toward more dense nodes.
In contrast, the crenulation patternfofsheldoni is more regular and appears later during
ontogeny. Additionally, somA. sheldoni specimens show only very weak signs of
crenulation (Guex et al., 201@Lbanites americanus nov. sp. can be distinguished frém
vulgaris (South Primorye; Zakharov and Smyshlyaeva, 20¥6)sbmore marked
ornamentation; from Chios and Albania species ynore compressed whorl section, and
the ontogenetic evolution of its crenulated veate weaker ribs crossing the venter (e.g.,
Arthaber, 1911; Renz and Renz, 1948; Mertmann andbkshagen, 2003). It also differs from
Mangyshlak specimens by an apparently more comguleskorl section and by a different
evolution of the crenulated ventral pattern, theldbeing apparently reversed on specimens
from Mangyshlak (M. Balini, pers. comm. 2018). Spens of varioug\l banites species
described from Iran by Tozer (1972) and Balinile2009) appear thicker and apparently do
not show marked node-thickenings at the ventragmar

When poorly preserved, the early ontogenetic stafjggs new species can be rather
easily confused witfirolites specimens, but the latter often shows true ribsdhe absent in
A. americanus nov. sp. This new earliest Spathian species esdaite temporal distribution
of Albanites in the western USA basin, demonstrating that itosconfined to th€olumbites
beds (Guex et al., 2010), but occurs soon afteE8R. It also probably represents one of the
oldest occurrence &lbanites reported thus far (see usual co-occurring taxa.m, Renz and
Renz, 1948; Balini et al., 2009, 2010; Ehiro et2016).

Superfamily Sageceratoidea Hyatt, 1884



Family Hedenstroemiidae Waagen, 1895

Hedenstroemiidagen indet., sp. indet.

Fig. 5(1, J)

Occurrence: Only one specimen from the Webster Range.

M easurements: See Table 1.

Description: Occluded and highly compressed shell, with smdlattks. Venter apparently
narrow. Suture line shows several adventious elé&reerd indentations on lateral lobe.
Remarks: The shell shape and suture line of the sampledisn fits with representatives
of the Hedenstroemiidae suchReeudosageceras or Cordillerites, which are both found in
southeastern ldaho (Guex et al., 2010; Jattiot,e2@18; Jenks and Brayard, 2018).
Nevertheless, its preservation and the fact teatahter is not visible, prevent a firm
attribution, based only on morphology. Additionalliye visible portions of the suture line do
not reveal if the typical trifid lateral lobe Beudosageceras is present, and the number of
adventious elements cannot be counted, which whelfolto discriminate between

Pseudosageceras andCordillerites.

Suborder Phylloceratina Zittel, 1884

Family Ussuritidae Hyatt, 1900

GenusCoscaites Guex et al., 2005

Type species. Coscaites crassus Guex et al., 2005.

Remarks. Robust ussuritid showing typical strong and lakgébous ribs, especially at large
size. Suture line typical of ussuritids with a kafgst lateral lobe and a narrow second lateral
saddle bent toward the umbilicus; a short auxilsesies is also present.

Coscaites crassus Guex et al., 2005b

Fig. 4(J, K)

2005b.Coscaites crassus Guex et al. - p. 11, pl. 2, fig. 1; pl. 6, fig. 4.

2010.Coscaites crassus Guex et al. - p. 66, pl. 34, fig. 4; pl. 35, fig.pl. 57, fig. 4.
v.2013.Coscaites crassus Jenks et al. - p. 280, fig. 11T-W.

Occurrence: Only one specimen from the Webster Range. Alsoirathe Bear Lake area
(Guex et al., 2005a, 2005b, 2010). Not found ireogtudied exposures.

M easurements: See Table 1.

Description: Moderately involute coiling with a high whorl $Em. When preserved in 3D,

whorl section becomes progressively wider on owtesrls (Guex et al., 2010); venter is



rounded and does not exhibit distinct shouldersa@entation typically consists of large,
strong bulbous type ribs at large size, whereak#are smooth on inner whorls. Umbilicus
is rather deep with a vertical to slightly overhisuggwall and a rounded margin. Suture line
partly preserved on our unique specimen, showiadypical large first lateral lobe and
narrow second lateral saddle bent toward the uausl{Fig. 4(K)).

Remarks: This taxon is relatively easy to recognize afi¢asize based on its typical marked
ribbing, especially when compared to other co-agcgrtaxa. However, its determination at

smaller sizes is much more difficult, its flanksigesmooth on inner whorls.

Superfamily and Familyncertae sedis

GenusBajarunia Dagys, 1983

Type species. Ceratites euomphalus Keyserling 1945.

Remarks. Compressed shell showing a more or less intemedihorl involution and a
relative high whorl. Venter generally varies froomsewhat ogival on first juvenile stages to
rounded in later ontogenetic stages. Ornamentat@nly consists of sigmoidal growth lines
that sometimes form undulations on flanks. Wheiblgsthe suture line differs slightly
among existing described species. For instances@mbles that dfleekoceras gracilitatis
with three broad saddles and weakly indented, lob&krth AmericarB. pilata andB.
confusionensis (Guex et al., 2010), whereas it exhibits more loinylsaddles and deeper lobes
in B. euomphala andB. eiekitensis from Siberia (Dagys and Ermakova, 1988; Dagys.et a
1996).

Compared with the initial description Bgjarunia by Dagys (1983), this genus now
includes several taxa with more or less similatlsherphologies, but with some slightly
differing characters such as the suture line, whiely call for an in-depth reappraisal of
assigned species. If valid, the differences obskemvéhe suture lines of North American
species may justify the attribution of these spetisto a new genus. However, as the
number of sampled North American specimens remamsnd their preservation is rather
poor (e.g., foB. confusionensis), a conservative approach is to continue to aiteilthese
specimens t®ajarunia keeping in mind that the genus is potentially pblyletic and
possibly groups taxa of different origin.

Another possible point of confusion is that Dag}@83) included his new genus in
the family Meekoceratidae Waagen, 1895, and tiigation is still in use by some authors
(e.g., Smyshlyaeva and Zakharov, 2015). Howeves family includes highly disparate taxa

with markedly divergent characters. As these tardikely of different phylogenetic origin,



it is not logical from an evolutionary point of weto keep them grouped in the same family.
Additionally, because its type genMeekoceras is now assigned to the Prionitidae
(Bruhwiler et al., 2012), the existence of the figznMeekoceratidae is now obsolete. Thus,
based on the taxonomic, systematic and phylogeunstiertainties surrounding the genus
Bajarunia, we follow the opinion of Guex et al. (2010) aedVe this genus in famiincertae
sedis.

Bajarunia cf. pilata

Figs. 6(1), 8(A-J)

Occurrence: Rare in Paris Canyon (n = 3) and Dry ridge (n,=cémmon at Schmid Ridge
(n > 15) and Webster Range (n > 10).

M easurements: See Fig. 9 and Table 1.

Description: When preserved in 3D, the shell®fpilata is compressed with a moderate
involute coiling and an ogival section at first ogenetic stages (Guex et al., 2010; Jenks et
al., 2013). Flanks likely parallel but abruptly eenging towards the venter at ~2/3 of whorl
height. When preserved in 2D, like most of our gpeas, flanks are often apparently rather
smooth with only sinuous, fine growth lines. Howew®mme specimens display marked,
rather sinuous undulations, especially near theilitsabmargin of inner whorls. Rare
specimens show undulations at all ontogenetic stegeture line known only from a single
specimen. Although poorly preserved, it clearlywfithe presence of large saddles that agree
rather well with those illustrated f&. pilata by Guex et al. (2010).

Remarks. Our specimens resemtBepilata by having a weak, projected ribbing at large
size, and a similar structure of suture line, bfitra attribution is prevented due to the
compressed preservation state of most specimeressidll morphology of the type specigs
euomphala is nearly identical t®. pilata from theColumbites beds of Hot Springs (Guex et
al., 2010; Jenks et al., 2013). Both taxa apparelifier mainly by their suture line. F@.
pilata, the suture line needs to be better described &dditional material to definitively
determine if differences are valiBajarunia eiekitensis Popov, 1962 differs from the type

species by its more evolute coiling and more marketulations on its inner whorls.

?Bajarunia sp. indet.
Figs. 8(J-right)
Occurrence: Only one specimen from the Webster Range.

M easurements. See Fig. 9 and Table 1.



Description: Specimen showing an overall shape resemlidagrunia cf. pilata with a
moderate involute coiling and a high whorl sectiBlanks apparently smooth but with very
delicate, radial lirae and growth lines. Suture limknown.

Remarks: The overall shell morphology of this specimegl@se toBajarunia cf. pilata (see
Fig. 9 for comparison of H/D and U/D ratios). Howewhe flanks show very delicate, radial
lirae, which () are not visible in co-occurring specimen®Botf. pilata, and {i) have not
been documented in othBajarunia species. As its suture line is unknown, we tentdyi
assign this specimen Rajarunia based on its overall morphology. Inner whorls bira
polygonal shape resulting from extreme compactioms making it difficult to relate this
specimen tdNordophiceratoides (Guex et al., 2010). Additional material is neettfirmly
determine its taxonomical identity.

GenusCaribouceras nov. gen.

Derivation of the name: Derived from the name of Caribou County, Idah8A)where the
type locality, Schmid Ridge is located. Gendeuter.

Type species. Caribouceras slugense nov. gen., nov. sp.

Occurrence: Only two specimens found at Schmid Ridge, bedC32ibou County.
Diagnosis: Compressed shell with a moderate involute coiéind a lanceolate section at first
ontogenetic stages. Small specimens exhibit aateliceel. Flanks showing only a weak
folding. Suture line unknown.

Remarks. Such form with a lanceolate section and a kezkatremely rare in the early
Spathian; the morphologically closest taxon bédgikranites Hyatt, 1900. This new taxon
differs from all other somewhat similar speci€aribouceras slugense nov. gen., nov. sp.
exhibits a keel only during the first ontogenetages and rather smooth flanks, whereas
Dorikranites shows a keeled lanceolate section throughout entogs well as a marked
ornamentation on flanks, including ribs and nodesour specimens do not preserve any

suture line, no family attribution can be made.

Caribouceras slugense nov. gen., nov. sp.

Fig. 4(F-I)

Derivation of the name: The specific name refers to Slug creek, clogbedype locality.
Holotype: IMNH IP-287/958 (Fig. 4(F-H)).

Paratype: IMNH IP-287/959 (Fig. 4(1)).



Typelocality and horizon: Schmid Ridge, Caribou County, Idaho, USA; Eania3sic,
early Spathian, Lower Shale Membeéir,olites harti beds.

Occurrence: only from the type locality and horizon.

M easurements: See Table 1.

Diagnosis: As for the genus, by monotypy.

Order Orthoceratida Kuhn, 1940

Family Orthoceratidae M’Coy, 1844

GenusTrematoceras Eichwald, 1851

Type species. Orthoceras elegans Miunster, 1841.

Remarks. Moderately expanding orthoconic shell with a giac whorl cross-section.
Ornamentation mainly consists of fine lirae. Siptiariocated centrally with cylindrical
connecting ring. Suture line straigitematoceras has been reported from various Early
Triassic localities (e.g., Schastlivtseva, 198&)@ev 1989, Shigeta and Zakharov, 2009;
Shigeta et al., 2014). Distinction between spesiesainly based on the angle of shell

expansion and type of lirae.

Trematoceras sp. indet.

Fig. 10

Occurrence: Rather common in all studied sites, except ScHridgje.

M easurements. Sampled specimens reach very large sizes, mare2® cm in length.
Description: Orthoconic shell showing a very low angle of sle&pansion and very fine,
dense transverse lirae. Very weak folds are apggnaresent on largest specimens. Suture
line not clearly visible on our specimens, but apptly straight. Siphuncle likely central.
Remarks. Our specimens are assignedtematoceras based on the very low angle of shell
expansion and the presence of very fine liraeri 8pecies assignment is not possible due to
their preservation. They resemble the nearly coénahatoceras sp. indet. from Vietnam
(Shigeta et al., 2014). They differ fromsubcampanile by their transverse lirae instead of
reticulate lirae, and from. mangishlakense andT. insperatum by the lower angle of shell
expansion (Shigeta and Zakharov, 2009; Shigeth, &C44).

Order Nautilida Agassiz, 1847
Family Tainoceratidae Hyatt, 1883
GenusPhaedrysmocheilus Shimansky et Erlanger, 1955



Type species. Nautilus subaratus Keyserling, 1847

Remarks: Loosely coiled shell at youngest stages becommare involutely coiled during
ontogeny, leaving a small perforated umbilicugxiibits a slightly depressed whorl section
at small size becoming rectangular to quadratiarge size. Flanks are slightly rounded at
small size and become flatter at large size. Orméatien highly variable and consists of
tubercles on the ventral and umbilical marginsast during first volutions, as well as weak
ribs on some species. Suture line simple, onhh#lgindulating.Phaedrysmocheilus is also
reported from the Spathian beds of Siberia (e@ppfv, 1989), possibly indicating long-
distance dispersal between this basin and the meSt@A basin at that time.

Phaedrysmocheilus idahoensis (Kummel, 1953)

Figs. 11-13

?1953 Metacoceras (Mojsvaroceras) frenchi Kummel - p. 23, pl. 2, figs. 1-10, pl. 4, figs. 8-
10.

?1953.Germanonautilus montpelierensis Kummel - p. 30, pl. 3, fig. 11.

1953.Pleuronautilus idahoensis Kummel - p. 37, pl. 4, figs. 2-4.

?1953.Pleuronautilus newelli Kummel - p. 41, pl. 4, fig. 1.

Occurrence: Rather common (n = 20) in ti@lumbites beds Yvesgalleticeras

montpelierense andColumbites parisianus horizons; Guex et al., 2010; Jenks et al., 2013),
Middle Shale Member at Hot Springs, Bear Lake Cypuidaho.

M easurements. See Fig. 14 and Table 1.

Description: Typical Phaedrysmocheilus, resembling the Siberian speckgrnatus, but

with ventrolateral tubercles still present at viemge size. Tubercles are rather spiny at small
size (well visible when the shell is preserved) Badome more blunt at large size. At small
size, they generally display a “pair pattern”, ¢meated at the umbilical margin, the other on
the ventrolateral margin with both linked by a we#k In very rare cases, the tubercles are
positioned in staggered rows on the first few wh@fig. 12(E)). Ribbing tends to disappear
during ontogeny being rapidly replaced by largel$olTubercles also tend to fade more
rapidly on the ventrolateral margin than on the ticdd margin. During ontogeny, tubercles
and ribs fade progressively but reappear rapidlgmieaching large size (Fig. 12(A, B)).
Ornamentation also includes strong growth striagepted backward when crossing the
ventrolateral margin and forming a sinus on theeerA faint strigation is also visible on the
venter and flanks (at least near the ventrolateealyin) on many specimens. During

ontogeny, the venter is successively rounded, drahd more and more depressed at the



level of the sinus. The umbilicus is very deep vaithalmost vertical wall throughout nearly
all growth stages. The umbilical margins are roahd@&phuncle is central, but with a slightly
more dorsal position at small size. Suture ling/\&mple, only slightly undulating,
resembling that oP. ornatus.

Remarks: This taxon mainly differs from Siberian specigsits ventrolateral tubercles still
present at large size and more marked ornamenttiange size. Specimens illustrated from
the Columbites beds of Hot Springs and from a neighboring coexpbsure in Montpelier
Canyon, described &detacoceras frenchi n. sp.,Germanonautilus montpelierensis n. sp.,
Pleuronautilus idahoensis n. sp., andPleuronautilus newelli n. sp. by Kummel (1953) are
likely conspecific with our sampled specimens. Hearethe few published W/D and U/D
ratio measurements of the holotypes of these spéi€ianmel, 1953; Fig. 14) are not
completely congruent with ours. Because of the nsamylarities documented among these
species, the large intraspecific and ontogeneti@trans observed on our specimens, and the
fact that they are all found in the very same beaselect to assign our specimens to
Phaedrysmocheilus idahoensis. More work is needed to definitively solve the qumsbf a
uniquePhaedrysmocheilus species occurrence in tlelumbites beds of the Middle Shale
Member of the Bear Lake area, but based on cuyramdlilable evidence, this seems very

likely.

5. Discussion

Extensive sampling of the studied outcrops cle@dycates that the lower Spathian
deposits of the Lower Shale unit in Bear Lake Cgpamd coeval rocks in Caribou County
(i.e., below theTirolites [sensu Smith, 1932] an€olumbites beds; Fig. 2) contaimirolites
harti, Bajarunia cf. pilata, andAlbanites americanus nov. sp. The co-occurrence of harti
andB. cf. pilata is common. At Dry Ridge, onlB. cf. pilata has been found in the very base
of the Spathian. At Schmid Ridge, two other ta@ar,ibouceras slugense nov. gen., nov. sp.
andTirolites aff. cassianus co-occur withT. harti andB. cf. pilata.

Overall, these new occurrences indicate that tiveldoundary of th&irolites beds,
and therefore the regional SSB must be shifted dawah into the Lower Shale unit and
coeval beds (Fig. 2). Accurately locating this baany in the field is extremely difficult as the
SSB is also located above late Smithian nodules, @ntainingAnasibirites and/or
Pseudosageceras augustum, authors pers. obs.). These nodules crop outwvarly
sporadically at the base of the Lower Shale unid, @most certainly are not present

everywhere in the Bear Lake area. Additionallythé point in our investigation, we cannot



eliminate the possibility that some nodules ocagreven higher in the nodule horizon in the
Lower Shale unit, e.g., the Georgetown section (Rworet al., 2012; Fig. 1), are not earliest
Spathian in age. In summary, the occurrenct bérti, T. aff. cassianus, B. cf. pilata,

Albanites americanus nov.sp. andCaribouceras slugense nov. gen., nov. sp. in the earliest
Spathian beds of the Bear Lake area indicateslthalites is not an ideal marker genus to
characterize this short time interval in the waslgBEA basin, as earlier suggested by Guex et
al. (2010) in Utah. Nevertheless, it reaffirms thablites is a diagnostic time marker for the
early Spathian.

Bajarunia specimens of earliest Spathian age were colldotettie first time from
southeastern ldaho. However, the preservationeo$fimpled specimens prevents firm
identification at the species level as well as cangons withBajarunia confusionensis found
in Utah or elsewhere in the world (see above, Beat). One significant result is that the
temporal distribution of this genus in southeastdao likely extends downward from the
early Spathiar€olumbites beds to the older earliest Spathian beds in tveek&hale unit and
coeval beds (Guex et al., 2010; Jenks et al., 20i8work).

Regarding nautiloids, the most striking appareisinge is the appearance of coiled
forms in theTirolites harti (sensu Smith, 1932) an@olumbites beds, which contrasts with the
unique dominance of orthoconic nautiloids in theentying Lower Shale unit. This may
result from the successive environmental changesrdented around the SSB, but the main
nautiloid assemblage shift apparently occurs ghsly younger levels. During deposition of
the basaColumbites beds, the occurrence of a taxon sucRtaedrysmocheilus, which is
also found in high-latitude settings (e.g., Sobpl984), may indicate rather homogeneous

environmental conditions during this short timesiwal.

Acknowledgements

This work is a contribution to the ANR project AFREANR-13-JS06-0001-01) and
was also supported by the French “InvestissemeAtsedir” program, project ISITE-BFC
(ANR-15-IDEX-03). We acknowledge the Bear Lake Ciyuiwad department and private
land owners D. M. Clow (Ogden, Utah), L. Rasmug$&nace, Idaho) and his gate-keeper L.
Hildreth (Soda Springs, Idaho) for allowing accesstudied exposures. We are grateful to
M. Balini and Y. Zakharov for helpful discussioi®.Lucas and M. Balini provided detailed
reviews, which helped to improve this article. Wartk A.S. Grosjean, P. Guenser and T.
Hurd for their help on the field. All studied exposs in Caribou County lie on US Public

Land; we thank the Bureau of Land Management (BB&lgontological Resource Use



Permit IDI-38297) and US Forest Service, Caribotidwal Forest (USFS, Special Use
Permit CT5.01) for allowing access and collection.

References

Arthaber, G. v., 1908. Ueber die Entdeckung vonreldriais in Albanien und ihre faunistiche
Bewertung. Mitteilungen der Geologischen GesellgahaVien 1, 245-289.

Arthaber, G. v., 1911. Die Trias von Albanien. Ba&gfe zur Paldontologie und Geologie 24,
169-276.

Astakhova, T.V, 1960. New species of fossil plard anvertebrates of the U.S.S.R., Pt. 2,
New Lower Triassic ammonites of Mangyshlak. All omiScl. Res. Geol. Inst.
(VSEGEI), 139-159, Leningrad.

Balini, M., Gavrilova, V.A., Nicora, A., 2000. Bitsitigraphical revision of the classic Lower
Triassic Dolnapa section (Mangyshlak, West Kazakt)stZentralblatt fir Geologie und
Palaontologie, Teil 1 11-12, 1441-1462.

Balini, M., Lucas, S.G., Jenks, J.F., SpielmanA,, 2010. Triassic ammonoid
biostratigraphy: an overview. In: Lucas, S.G. (Edhe Triassic Timescale. The
Geological Society of London, London, pp. 221-262.

Balini, M., Nicora, A., Berra, F., Garzanti, E.,\@a¥a, M., Mattei, M., Muttoni, G., Zanchi,

A., Bollati, I., Larghi, C., Zanchetta, S., Salam&., Mossavvari, F., 2009. The Triassic
stratigraphic succession of Nakhlak (Central Iramgcord from an active margin.
Geological Society, London, Special Publication,3287-321.

Bando, Y., Shimoyama, S., 1974. Late Scythian anmasfrom the Kitakami massif.
Transactions and Proceedings of the Palaeontoldgaraety of Japan 94, 293-312.

Botting, J.P., Brayard, A., the Paris Biota Teaf1 2 A late-surviving Triassic

protomonaxonid sponge from the Paris Biota (Be&el@ounty, Idaho, USA). Geobios
52, XXX-XXX.

Brayard, A., Brihwiler, T., Bucher, H., Jenks,2D09.Guodunites, a low-palaeolatitude and
trans-Panthalassic Smithian (Early Triassic) ammbgenus. Palaeontology 52, 471-
481.

Brayard, A., Bucher, H., 2008. Smithian (Early $8&c) ammonoid faunas from northwestern
Guangxi (South China): taxonomy and biochronoldepssils and Strata 55, 179 p.

Brayard, A., Bucher, H., Escarguel, G., FluteayBeurquin, S., Galfetti, T., 2006. The Early
Triassic ammonoid recovery: paleoclimatic significa of diversity gradients.

Palaeogeography, Palaeoclimatology, Palaeoecol8gy374-395.



Brayard, A., Bylund, K., Jenks, J., Stephen, Diyiét, N., Escarguel, G., Fara, E., Vennin,
E., 2013. Smithian ammonoid faunas from Utah: icgilons for Early Triassic
biostratigraphy, correlation and basinal paleogaplyy. Swiss Journal of Palaeontology
132, 141-219.

Brayard, A., Gueriau, P., Thoury, M., Escarguel,tGe Paris Biota Team, 2019. Glow in the
dark: use of synchrotramXRF trace elemental mapping and multispectral macro
imaging on fossils from the Paris Biota (Bear L&aunty, Idaho, USA). Geobios 52,
XXX-XXX.

Brayard, A., Krumenacker, L.J., Botting, J.P., JerkF., Bylund, K.G., Fara, E., Vennin, E.,
Olivier, N., Goudemand, N., Saucéde, T., Charban&e Romano, C., Doguzhaeva, L.,
Thuy, B., Hautmann, M., Stephen, D.A., Thomazo E3carguel, G., 2017. Unexpected
Early Triassic marine ecosystem and the rise oMbdern evolutionary fauna. Science
Advances 3, €1602159.

Brayard, A., Vennin, E., Olivier, N., Bylund, K.Glenks, J., Stephen, D.A., Bucher, H.,
Hofmann, R., Goudemand, N., Escarguel, G., 201d4nSient metazoan reefs in the
aftermath of the end-Permian mass extinction. Ma@eoscience 4, 693-697.

Bruhwiler, T., Bucher, H., Ware, D., Hermann, EqgdHuli, P.A., Roohi, G., Rehman, K.,
Yassen, A., 2012. Smithian (Early Triassic) ammdadiom the Salt Range. Special
Papers in Palaeontology 88, 1-114.

Broglio Lorica, C, Goczan, F., Haas, J., Lenner,Neri, C, Oravecz Sheffer, A., Posenato,
R., Szabd, |, Toth Mark, A., 1990: The Lower Triassequences of the Dolomites (ltaly)
and Transdanubian Mid-mountains (Hungary) and ttairelation. Memorie Di Scienze
Geologiche 42, 41-103.

Burij, I.V., Zharnikova, N.K., 1981. Ammonoids frotheTirolites zone in the Southern
Primor'ye region. Paleontological Journal 3, 57-66.

Caravaca, G., Thomazo, C., Vennin, E., Olivier,Gbcquerez, T., Escarguel, G., Fara, E.,
Jenks, J.F., Bylund, K.G., Stephen, D.A., Bray&d2017. Early Triassic fluctuations
of the global carbon cycle: New evidence from phirarbon isotopes in the western
USA basin. Global and Planetary Change 154, 10-22.

Caravaca, G., Brayard, A., Vennin, E., Guiraud, M. Pourhiet, L., Grosjean, A.-S.,
Thomazo, C., Olivier, N., Fara, E., Escarguel,Bylund, K.G., Jenks, J.F., Stephen,
D.A., 2018. Controlling factors for differentiallssidence in the Sonoma Foreland Basin
(Early Triassic, western USA). Geological Magazl®®, 1305-1329.



Cavin, L., Gradinaru, E., 201Bobrogeria aegyssensis, a new early Spathian (Early Triassic)
coelacanth from North Dobrogea (Romania). Acta Ggich Polonica 64, 161-187.
Chao, K., Wang, Y.-G., 1974. Triassic period ammdson: Nanking Institute of Geology
and Paleontology (Ed.), A handbook of the strafigyaand paleontology in Southwest

china. Science Press, Nanking, pp. 344-351.

Charbonnier, S., Brayard, A., the Paris Biota Te2a®d19. New thylacocephalans from the
Early Triassic Paris Biota (Bear Lake County, Idad8A). Geobios 52, xxXx-xxx.

Clarkson, M.O., Wood, R.A., Poulton, S.W., Rich8z,Newton, R.J., Kasemann, S.A.,
Bowyer, F., Krystyn, L., 2016. Dynamic anoxic fegmious conditions during the end-
Permian mass extinction and recovery. Nature Conmcatian 7, 12236.

Collignon, M., 1973. Ammonites du Trias inférieimeoyen d'Afghanistan. Annales de
Paléontologie 59, 127-163.

Cressman, E.R., Gulbrandsen, R.A., 1955. GeologlyeoDry Valley quadrangle, Idaho.
USGS Bulletin 1015, 257-270.

Dagys, A.S., 1983. Morphology, classification sysé¢ics and evolution of the genus
Nordophiceras (Ammonoidea). In: Dagys, A.S., DulmtoV.N. (Eds.), Morphology and
systematics of Phanerozoic invertebrates. Moscauki, Trudy IGG So Akad. Nauk
USSR 538, 37-51.

Dagys, A.S., Dagys, A.A., Ermakova, S.P., Konstanwtj A.G., Kurushin, N.I., Sobolev,
E.S., Truschelev, A.M., 1996. Triassic fauna of Nwath-Eastern Asia. Nauka,
Novosibirsk.

Dagys, A.S., Ermakova, S.P., 1988. Boreal Late €kem ammonoids. Transactions of the
Academy of Sciences of the USSR 714, 136.

Dagys, A.S., Ermakova, S.P., 1995. A new genuslefi€kian (Early Triassic) Boreal
ammonoids. Paleontological Journal 29, 150-153.

Dagys, A.S., Weitschat, W., 1993. Correlation @& Boreal Triassic. Mitteilungen aus dem
Geologischen - Palaontologisches Institut - Uningr$iamburg 75, 249-256.

Detre, C., R6th, L., Szilagyi, F., 1988rolites cassianus (Quenstedt) az Aggteleki-
hegységbl. A Magyar Allami Foldtani Intézet Evi Jelentés@s8t, 515-518.

Dickinson, W.R., 2013. Phanerozoic palinspastiomstructions of Great Basin geotectonics
(Nevada-Utah, USA). Geosphere 9, 1384-1396.

Doguzhaeva, L.A., Brayard, A., Goudemand, N., Kroagker, L.J., Jenks, J.F., Bylund,
K.G., Fara, E., Olivier, N., Vennin, E., Escargu@l, 2018. An Early Triassic gladius



associated with soft tissue remains from Idaho, US#Asquid-like coleoid cephalopod at
the onset of Mesozoic Era. Acta Palaeontologicaich 63, 341-355.

Ehiro, M., Sasaki, O., Kano, H., 2016. Ammonoid @of the Upper Olenekian Osawa
Formation in the Utatsu Area, South Kitakami BBlbrtheast Japan. Paleontological
Research 20, 90-104.

Ehiro, M., Sasaki, O., Kano, H., Nemoto, J., K&lqg,2015. Thylacocephala (Arthropoda)
from the Lower Triassic of the South Kitakami Bé&lhrtheast Japan. Paleontological
Research 19, 269-282.

Galfetti, T., Bucher, H., Ovtcharova, M., SchaltegdJ., Brayard, A., Bruhwiler, T.,
Goudemand, N., Weissert, H., Hochuli, P.A., CordeyGuodun, K.A., 2007a. Timing
of the Early Triassic carbon cycle perturbatiorfenred from new U-Pb ages and
ammonoid biochronozones. Earth and Planetary Seieetters 258, 593-604.

Galfetti, T., Hochuli, P.A., Brayard, A., Bucher,,AlVeissert, H., Vigran, J.O., 2007b. The
Smithian/Spathian boundary event: Evidence for glabmatic change in the wake of
the end-Permian biotic crisis. Geology 35, 291-294.

Gavrilova, V.A., 1989. O nekotoryh dinsridah (amromei) Mangyslaka. [On some dinaritid
ammonoids of Mangyshlak.] Ezhegodnik Vsesoyuznagledhtologicheskogo
Obschestva 32, 162—-181 (in Russian).

Gavrilova, V.A., 2007. Upper Olenekian of the MaaintMangyshlak (stratigraphy,
correlation, ammonoids). Bulletin of the Saint-Pgld@irg State University, Series 7:
Geology, Geography, 20-36.

Gavrilova, V.A., Snigirevskaya, N.S., 2018. Faugistibstantiation of stratigraphic
occurrence of theleuromeia (Isoétopsida) plant in the Triassic of Gorny Masiggk,
Republic of Kazakhstan. Stratigraphy and GeolodgBmairelation 26, 283-297.

Germani, D., 1997. New data on ammonoids and laibgtaphy of the classical Spathian
Kcira sections (Lower Triassic, Albania). Rivistallana De Paleontologia e
Stratigraphia 103, 267-292.

Golubk, V., 1996. Biostratigraphic distribution of Uppecythian (Lower Triassic)
ammonites in the river Zrmanja Area in northernriatia, Croatia. Natura Croatica 5,
165-176.

Golubi, V., 2000. Biostratigraphic distribution of Uppgecythian ammonites in the referent
area of M@ Gorniji village, Croatia. Natura Croatica 9, 237427

Grosjean, A.-S., Vennin, E., Olivier, N., Carava@a, Thomazo, C., Fara, E., Escarguel, G.,
Bylund, K.G., Jenks, J.F., Stephen, D.A., Bray&.d2018. Early Triassic environmental



dynamics and microbial development during the SienithSpathian transition (Lower
Weber Canyon, Utah, USA). Sedimentary Geology 388;151.

Guex, J., 1978. Le Trias inférieur des Salt RarfBe&istan) : problemes biochronologiques.
Eclogae Geologicae Helvetiae 71, 105-141.

Guex, J., Hungerbuhler, A., Jenks, J., Taylor Hdcher, H., 2005a. Dix-huit nouveaux
genres d'ammonites du Spathien (Trias inférieut)Qleest américain (Idaho, Nevada,
Utah et Californie) : note préliminaire. Bulletie €5éologie de Lausanne 362, 1-31.

Guex, J., Hungerbthler, A., Jenks, J., Taylor Hdcher, H., 2005b. Dix-neuf nouvelles
espéeces d'ammonites du Spathien (Trias inférieuFodiest américain (Idaho, Nevada,
Utah et Californie) : note préliminaire. Bulletie €5éologie de Lausanne 363, 1-25.

Guex, J., Hungerbunhler, A., Jenks, J., O'DoghértyAtudorei, V., Taylor, D.G., Bucher, H.,
Bartolini, A., 2010. Spathian (Lower Triassic) ammals from western USA (Idaho,
California, Utah and Nevada). Mémoires de Géologie.ausanne 49, 1-81.

Hautmann, M., Smith, A.B., McGowan, A.J., Bucher, PD13. Bivalves from the Olenekian
(Early Triassic) of south-western Utah: systemadicg evolutionary significance.
Journal of Systematic Palaeontology 11, 263-293.

Hips, K., Pelikan, P., 2002. Lower Triassic shallmarine succession in the Bukk
Mountains, NE Hungary. Geologica Carpathica 53-361.

Hofmann, R., Hautmann, M., Wasmer, M., Bucher,2813. Palaeoecology of the Spathian
Virgin Formation (Utah, USA) and its implicationsrfthe Early Triassic recovery. Acta
Palaeontologica Polonica 58, 149-173.

Hyatt, A., Smith, J.P., 1905. The Triassic cephatbgenera of America. USGS Professional
Paper 40, 1-394.

Iniesto, M., Thomazo, C., Fara, E., the Paris Biam, 2019. Deciphering the exceptional
preservation of the Early Triassic Paris Biota (Beszke County, Idaho, USA). Geobios
52, XXX-XXX.

Jattiot, R., Brayard, A., Bucher, H., Vennin, Egr@vaca, G., Jenks, J.F., Bylund, K.G.,
Escarguel, G., 2018. Palaeobiogeographical distobwf Smithian (Early Triassic)
ammonoid faunas within the western USA basin andantrolling parameters.
Palaeontology 61, 881-904.

Jattiot, R., Bucher, H., Brayard, A., Brosse, Mnks, J.F., Bylund, K.G., 2017. Smithian
ammonoid faunas from northeastern Nevada: impboatfor Early Triassic
biostratigraphy and correlation within the westgi®A basin. Palaeontographica
Abteilung A 309, 1-89.



Jattiot, R., Bucher, H., Brayard, A., Monnet, @nlis, J.F., Hautmann, M., 2016. Revision of
the genudnasibirites Mojsisovics (Ammonoidea): an iconic and cosmojpolitaxon of
the late Smithian (Early Triassic) extinction. Pape Palaeontology 2, 155-188.

Jenks, J., Guex, J., Hungerbihler, A., Taylor Hdgher, H., 2013. Ammonoid
biostratigraphy of the Early Spathi@olumbites parisianus Zone (Early Triassic) at Bear
Lake Hot Springs, ldaho. New Mexico Museum of Naludistory and Science Bulletin
61, 268-283.

Jenks, J.F., Monnet, C., Balini, M., Brayard, Agilt, M., 2015. Biostratigraphy of Triassic
Ammonoids. In: Klug, C., Korn, D., De Baets, K.,lka, |., Mapes, R.H. (Eds.),
Ammonoid Paleobiology: From macroevolution to pgeagraphy. Springer
Netherlands, pp. 329-388.

Kittl, E., 1903: Die Cephalopoden der oberen Wezfe®chichten von Muin Dalmatien.
Abhandlungen der Kaiserlich-Kdniglichen GeologistiReichsanstalt 20, 1-77.

Krystyn, L., 1974. Didlirolites-Fauna (Ammonoidea) der untertriassischen Werfener
Schichten Europas und ihre stratigraphische BedgutDesterreichische Akademie der
Wissenschaften, Mathematisch-Naturwissenschaftkdhsse, Abteiling | 193, 29-50.

Kummel, B., 1943. The Thaynes formation, Bear L¥kéey, Idaho. American Journal of
Sciences 241, 316-332.

Kummel, B., 1954. Triassic stratigraphy of Southeaslidaho and adjacent areas. Geological
Survey Professional Paper 254-H, 1-194.

Kummel, B., 1957. Paleoecology of Lower Triassikerations of southeastern Idaho and
adjacent areas. Geological Society of America Mer6oj 437-468.

Kummel, B., 1964. Nautilida. In: Moore, R.C. (Edreatise on Invertebrate Paleontology,
Part K., Mollusca 3. University of Kansas, Lawrenge. 383-466.

Kummel, B., 1969. Ammonoids of the Late Scythianll&in of the Museum of Comparative
Zoology 137, 1-701.

Lerner, A.J., Lucas, S.G., Lockley, M., 2017. Fissil horseshoe crab (Xiphosurida) from
the Triassic of North America. Neues Jahrbuch feol@gie und Paldontologie -
Abhandlungen 286, 289-302.

Lockley, M., Lucas, S.G., Jenks, J.F., Lerner, ARlinions, T., Burton, J., 2018, A trace
fossil assemblage from the Thaynes Group (Triasislaho. New Mexico Museum of
Natural History and Science Bulletin 79, 429-440.



Lucas, S.G., Estep, J.W., Gonzéalez-Léon, C.M.,IPBRWK., Silberling, N.J., Steiner, M.B.,
Marzolf, J.E., 1997. Early Triassic ammonites aadazlonts from Sonora, northwestern
Mexico. Neues Jahrbuch fur Geologie und Paldonie)ddh. H. 9, 562-574.

Lucas, S.G., Krainer, K., Milner, A.R., 2007. Tlypé¢ section and age of the Timpoweap
Member and stratigraphic nomenclature of the Tigag®wenkopi Group in Southwestern
Utah. New Mexico Museum of Natural History and $&cie Bulletin 40, 109-117.

Lucas, S.G., Orchard, M.J., 2007. Triassic lithetggraphy and biostratigraphy north of
Currie, Elko County, Nevada. New Mexico Museum aftiNal History and Science
Bulletin 40, 119-126.

Mertmann, D., Jacobshagen, V., 2003. Upper Olengl8aathian) ammonoids from Chios
(Lower Triassic, Greece): Taxonomy and stratigreploisition. Rivista Italiana de
Paleontologia e stratigraphia 109, 417-447.

Montgomery, K.M., Cheney, T.M., 1967. Geology aof thtewart Flat quadrangle, Caribou
County, ldaho. USGS Bulletin 1217, 1-63.

Mark, A., Elvebakk, G., Forsberg, A.W., Hounslow,W., Nakrem, H.A., Vigran, J.O.,
Weitschat, W., 1999. The type section of the Vikiagda Formation: a new Lower
Triassic unit in central and eastern Svalbard. FRé&search 18, 51-82.

Neri, C, Posenato, R., 1985. New biostratigraphdead on uppermost Werfen formation of
western Dolomites (Trento, Italy). Geologisch-Palatogische Mitteilungen Innsbruck
14, 87-107.

Olivier, N., Fara, E., Vennin, E., Bylund, K.G.nks, J.F., Escarguel, G., Stephen, D.A.,
Goudemand, N., Snyder, D., Thomazo, C., Brayard2@18. Late Smithian microbial
deposits and their lateral marine fossiliferouselstones (Early Triassic, Hurricane Cliffs,
Utah, USA). Facies 64, 13.

Posenato, R., 199Zirolites (Ammonoidea) from the Dolomites, Bakony and Daiamat
Taxonomy and biostratigraphy. Eclogae Geologicaeédtiae 85, 893-929.

Renz, C., Renz, O., 1948. Eine untertriadische Amtanfauna von der griechischen Insel
Chios. Schweizerische Palaeontologische Abhandiu6ge 3-98.

Romano, C., Argyriou, T., Krumenacker L.J., thei®Biota Team, 2019. Chondrichthyan
teeth from the Early Triassic Paris Biota (Bear & &ounty, Idaho, USA). Geobios 52,
XXX-XXX.

Romano, C., Goudemand, N., Vennemann, T.W., Wares&hneebeli-Hermann, E.,

Hochuli, P.A., Brihwiler, T., Brinkmann, W., Buchet., 2013. Climatic and biotic

upheavals following the end-Permian mass extinctdature Geoscience 6, 57-60.



Romano, C., Kogan, I., Jenks, J., Jerjen, ., Briakn, W., 2012Saurichthys and other fossil
fishes from the late Smithian (Early Triassic) &dB Lake County (Idaho, USA), with a
discussion of saurichthyid palaeogeography andutiool. Bulletin of Geosciences 87,
543-570.

Saucede, T., Vennin, E., Fara, E., Olivier, N.,Paeis Biota Team, 2019. A new holocrinid
(Articulata) from the Paris Biota (Bear Lake Coyrntaho, USA) highlights the high
diversity of Early Triassic crinoids. Geobios SXxXxX.

Schastliviseva, N.P., 1988. Triassic Orthoceraiu Nautilida of the USSR. Transactions of

the Paleontological Institute, Ac. Sci. USSR 2290%.

Shevyrev, A.A., 1968. Triassic Ammonoidea from sloethern part of the USSR. Nauka,
Moscow.

Shigeta, Y., Kumagae, T., 2016. Spathian (Late €kim, Early Triassic) Ammonoids from
the Artyom Area, South Primorye, Russian Far Eadtlmplications for the Timing of
the Recovery of the Oceanic Environment. Paleogtoéh Research 20, 48-60.

Shigeta, Y., Komastu, T., Maekawa, T., Dang, HZ014. Olenekian (Early Triassic)
stratigraphy and fossil assemblages in northeastietnam. National Museum of Nature
and Science Monographs, Tokyo.

Shigeta, Y., Nakajima, Y., 2017. Discovery of therlig Spathian (Late Olenekian, Early
Triassic) AmmonoidTirolites in the Hiraiso Formation, South Kitakami Belt, Nwrast
Japan. Paleontological Research 21, 37-43.

Shigeta, Y., Zakharov, Y.D., 2009. Systematic Pat@logy — Cephalopods. In: Shigeta, Y.,
Zakharov, Y.D., Maeda, H., Popov, A.M. (Eds.), Tlmever Triassic system in the Abrek
Bay area, South Primorye, Russia. National MusetiNature and Science, Tokyo, pp.
44-140.

Silberling, N.J., Tozer, E.T., 1968. Biostratigrapblassification of the marine Triassic in
North America. Geological society of America Spe&iaper 110, 1-63.

Smith, J.P., 1932. Lower Triassic ammonoids of Niéunerica. USGS Professional Paper
167, 1-199.

Smyshlyaeva, O.P., Zakharov, Y.D., 2015. New LoWw#assic ammonoids from South
Primorye. Paleontological Journal 49, 111-120.

Sobolev, E.S., 1989. Triassic Nautilida of NortrsEAsia. Transactions of the Institute of
Geology and Geophysics, Siberian Branch, Ac. S8SR 727, 1-192.

Sobolev, E.S., 1994. Stratigraphic range of Tr@aBsireal Nautiloidea. Mémoires de
Géologie de Lausanne 22, 127-138.



Thomazo, C., Brayard, A., EImeknassi, S., Vennin(Hivier, N., Caravaca, G., Escarguel,
G., Fara, E., Bylund, K.G., Jenks, J.F., StepheA,,Xillingsworth, B., Sansjofre, P.,
Cartigny, P., in press. Multiple sulfur isotopersats associated with the late Smithian
event and the Smithian/Spathian boundary. Eartergei Reviews (DOI:
10.1016/j.earscirev.2018.06.019).

Thomazo, C., Vennin, E., Brayard, A., Bour, I., kiau, O., EImeknassi, S., Olivier, N.,
Escarguel, G., Bylund, K.G., Jenks, J., StepheA,,[Frara, E., 2016. A diagenetic
control on the Early Triassic Smithian—Spathiarboarisotopic excursions recorded in
the marine settings of the Thaynes Group (Utah, JJ&&obiology 14, 220-236.

Thuy, B., Escarguel, G., the Paris Biota Team, 2@18ew brittle star (Ophiuroidea:
Ophiodermatina) from the Early Triassic Paris Bi@aar Lake County, Idaho, USA).
Geobios 52, XXX-XXX.

Tozer, E.T., 1972. Triassic ammonoids &abnella from the Nakhlak Group, Anarak
Region, Central Iran. Geological Survey of Iranp&# 28, 29-39.

Tozer, E.T., 1981. Triassic Ammonoidea: classifaatevolution and relationship with
Permian and Jurassic forms. In: House, M.R., Sedi®. (Eds.), The Ammonoidea. The
Systematics association, London, pp. 65-100.

Tozer, E.T., 1982. Marine Triassic faunas of Ndétherica: their significance for assessing
plate and terrane movements. Geologische Rundsth&l077-1104.

Tozer, E.T., 1994. Canadian Triassic ammonoid fau@aologic Survey of Canada Bulletin
467, 1-663.

Vennin, E., Olivier, N., Brayard, A., Bour, |., Th@azo, C., Escarguel, G., Fara, E., Bylund,
K.G., Jenks, J.F., Stephen, D.A., Hofmann, R., 204ibrobial deposits in the aftermath
of the end-Permian mass extinction: A divergingedasm the Mineral Mountains (Utah,
USA). Sedimentology 62, 753-792.

White, C.A., 1879. Fossils of the Jura-Trias ofteeastern Idaho. Bulletin of the United
States Geological and Geographical Survey of thatdees 5, 105-117.

Zakharov, Y.D., 1968. Biostratiraphiya i am onoid&hnego triasa Yuzhnogo Primorya
(Lower Triassic biostratigraphy and ammonoids afit8d’rimorye). Nauka, Moskva.
Zakharov, Y.D., Moussavi Abnavi, N., 2013. The anmmid recovery after the end-Permian
mass extinction: Evidence from the Iran-Transcaaca®a, Siberia, Primorye, and

Kazakhstan. Acta Palaeontologica Polonica 58, 1477-1

Zakharov, Y.D., Popov, A.M., 2007. Examples of L&enekian invertebrate successions:

Paper 1. Western Tethys (Dolnapa, Mangyshlak). riiloea 35, 46-51.



Zakharov, Y.D., Popov, A.M., Buryi, G.l., 2004. asisic ammonoid succession in South
Primorye: 2. Middle Olenekiahirolites — Amphistephanites Zone. Albertiana 29, 29-37.

Zakharov, Y.D., Smyshlyaeva O.P., 2016. New middlienekian (Early Triassic)
ammonoids of South Primorye. Paleontological Jdus8a229-238.

Zharnikova, N.K., 1985. Ammonoids of the Lower Bs&Columbites zone in the southern

Primorye. Paleontological Journal 2, 31-37.



Tableand Figure captions

Table 1. Measurements of some early Spathian ammonoidsaundoids from the Paris
Biota and Bear Lake area. D: Diameter; H: whorgh&iW: whorl width; U: umbilical

diameter; *: estimated.

Table 2. Number of reposited specimens for each identiteadn.

Fig. 1. Map of southeastern Idaho showing the locatioraaf@ed localities.

Fig. 2. Simplified composite stratigraphic logs showing mgarly Triassic units in the Bear
Lake area (modified after Romano et al., 2012 aray&d et al., 2017). Stratigraphy follows
the main units defined by Kummel (1943, 1954), €nesn and Gulbrandsen (1955), and
Montgomery and Cheney (1967). Not all biostrati¢neal horizons shown in logs are actual
continuous occurrences. Biostratigraphical ammomoitation is therefore a generalization
based on Brayard et al. (2009, 2013), Guex eRal ), Jenks et al. (2013), Jattiot et al.
(2016, 2017), and this work (see described sectioti®e text for actual occurrences).
Abbreviations: LL: Lower Limestone; LS: Lower ShalML: Middle Limestone; MS: Middle
Shale; UCS: Upper Calcareous Siltstokiegk: Meekoceras beds;Anasib: Anasibirites beds;
Tirol: Tirolites beds;Colum: Columbites beds. Open circle indicates the questionable

occurrence oBajarunia cf. pilata in Paris Canyon.

Fig. 3. A-C. Tirolites harti, IMNH IP-287/950 to IMNH IP-287/95D-H. Tirolites aff.
cassianus, IMNH IP-287/953 to IMNH 1P-287/957. All specimefrem bed 2STirolites
beds, Lower Shale Member, Schmid Ridge, early $satihdentification of IMNH IP-
287/955 (F) is questionable due to its extreme @atign, but its overall shape and
ornamentation (especially nodes on inner and autterls) fits within the intraspecific

variation ofT. aff. cassianus. Scale bars: 10 mm.

Fig. 4. A-E. Albanites americanus nov. sp. UBGD 30671, UBGD 30535, UBGD 30670,
UBGD 30673, and UBGD 30675 (B; holotype). All sprens from the Paris Biota beds,
base of the Lower Shale Member, Paris Canyon, &uéthianF-I. Caribouceras slugense
nov. gen., nov. sp., IMNH IP-287/958 (F-H; holotyp&d IMNH IP-287/959 (I; paratype);



both specimens from bed ZBrolites beds, Lower Shale Member, Schmid Ridge, early
Spathian. G: oblique view of the venter to hightithe presence of a keel; H: interpretative
drawing of the restored whorl section based ond~GuJ. Coscaites crassus, UBGD 30660,
specimen from bed Tim1, shaly Member A, Webstergeaparly SpathianK. Suture line of
UBGD 30660 at H = 26.7 mni.. Tirolites smithi, UBGD 30661, specimen from bed
Tim1+5, shaly Member A, Webster Range, early Spathtcale bars: 10 mm.

Fig. 5. A-H. Columbites parisianus. IMNH IP-289/970 to IMNH IP-289/971. Columbites
parisianus (left) and Hedenstroemiidae gen. indet., sp. ingdeght), UBGD 30678J. Suture
line of Hedenstroemiidae gen. indet., sp. indetslab UBGD 30678 at H = 26.7 mm. All
specimens from bed Tim1, shaly Member A, Webstergeaearly Spathian. Scale bars:

10 mm.

Fig. 6. Columbites parisianus. A, B. UBGD 30663 (positive and negative imprints).
UBGD 30664 D. UBGD 30665E. UBGD 30666 F. UBGD 30667G. UBGD 30668H.
UBGD 30669.1. UBGD 30670J. UBGD 30672. All specimens from bed Tim1 (exceptF
and J from Tim1-2), shaly Member A, Webster Rarmgely Spathian. Specimen

UBGD 30670 (I) is associated wiBgjarunia cf. pilata. Scale bars: 10 mm.

Fig. 7. Scatter diagrams of H, U, H/D and U/D foolumbites parisianus. All specimens
(n = 15) from beds Tim1 and Tim1-2, shaly Membei¥ebster Range, early Spathian.

Fig. 8. A-l. Bajarunia cf. pilata. A-G: IMNH IP-287/960 to IMNH IP-287/965; all spetens
from bed 2STirolites beds, Lower Shale Member, Schmid Ridge, earlyl$gat D, suture
line of IMNH IP-287/961 at H = 14.8 mm; H, I: IMNHP-288/967 and IMNH IP-288/968;
specimens from bed Stw-MISS, base of the shaly MembDry Ridge, early Spathiad.
Bajarunia cf. pilata (left; UBGD 30677) andBajarunia sp. indet. (right; UBGD 30677).
Specimens from bed Tim1, shaly Member A, Webstergeaearly Spathian. Scale bars:

10 mm.

Fig. 9. Scatter diagrams of H, U, H/D and U/D fajarunia cf. pilata and one specimen of
?Bajarunia sp. indet. (*).Six specimens from the bed ZBrolites beds, Lower Shale
Member, Schmid Ridge; 2 from bed Stw-MISS, basthefshaly Member A, Dry Ridge; 2

from bed Tim1, shaly Member A, Webster Range; @#icemens are early Spathian in age.



Fig. 10. Trematoceras sp. indetA, B. IMNH 1P-289/982 and IMNH IP-289/983. Both
specimens from bed Tim1, shaly Member A, WebstergRaearly SpathiarC.

UBGD 30662, Lower Shale Member, Paris Canyon, egpigthianD. UBGD 30676,
Columbites beds, Hot Springs, early Spathian. Scale bargh0

Fig. 11. Phaedrysmocheilusidahoensis. A-C. UBGD 30653D, E. UBGD 30644F, G.
UBGD 30659H. UBGD 30645]-K. UBGD 30649. All specimens from ti@olumbites
beds, Middle Shale Member, Hot Springs, early SpattScale bars: 10 mm.

Fig. 12. Phaedrysmocheilusidahoensis. A, B. UBGD 30656C. UBGD 30648D.

UBGD 30651 E. UBGD 30655F. UBGD 30657G. UBGD 30647H. UBGD 306461, J.
UBGD 30650K, L. UBGD 30658. All specimens from ti@olumbites beds, Middle Shale
Member, Hot Springs, early Spathian. Scale barsnd0

Fig. 13. Phaedrysmocheilus idahoensis. A-C. UBGD 30652D, E. UBGD 30654 F. Suture
line of UBGD 30647 at H = 21 mn&. Suture line of UBGD 30655 at H = 14.2 mm. All
specimens from th€olumbites beds, Middle Shale Member, Hot Springs, early ISpat

Scale bars: 10 mm.

Fig. 14. Scatter diagrams of H, W and U, and H/D, W/D b for Phaedrysmocheilus

idahoensis. All specimens (n = 15) from théolumbites beds, Middle Shale Member, Hot
Springs, early Spathian. For comparisons, measuntsnoé holotypes oMetacoceras frenchi
andPleuronautilus idahoensis described by Kummel (1953) are highlighted in dne red,

respectively.
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Table 1.

Genus Species Specimen number D H W U Remarks
Tirolites harti IMNH IP-287/951 48 144 - 23.3

Tirolites harti IMNH 1P-287/952 575 194 - 24.8

Tirolites aff. cassianus IMNH 1P-287/954 515 153 - 25.9  crushed near the ventral margin
Tirolites aff. cassianus IMNH 1P-287/955 44 158 - 17 crushed on flank
Tirolites aff. cassianus IMNH 1P-287/956 412 122 - 21

Tirolites aff. cassianus IMNH 1P-287/957 254 88 - 9.3

Caribouceras nov. gen. slugense nov. sp. IMNH 1P-287/959 233 57 - o paratype
Columbites parisianus IMNH 1P-289/970 425 1113 - 19.89

Columbites parisianus IMNH 1P-289/971 626 162 - 36.3

Columbites parisianus IMNH 1P-289/972 581 177 - 29

Columbites parisianus IMNH 1P-289/973 50.7 162 - 24.9

Columbites parisianus IMNH 1P-289/974 194 59 - 9

Columbites parisianus IMNH 1P-289/975 256 541 - 14.05

Columbites parisianus IMNH 1P-289/976 357 811 - 21.51

Columbites parisianus IMNH 1P-289/977 285 713 - 13.6

Columbites parisianus UBGD 30669 372 112 - 20.48

Columbites parisianus UBGD 30667 239 712 - 10.88

Columbites parisianus UBGD 30663 153 43 - 63.7

Columbites parisianus UBGD 30664 27 7 - 13.2

Columbites parisianus UBGD 30665 487 161 - 22.3

Columbites parisianus UBGD 30666 39 123 - 19

Columbites parisianus UBGD 30668 49 172 - 215

Albanites americanus nov. sp. UBGD 30535 293 124 - 95 holotype
Albanites americanus nov. sp. UBGD 30671 439 162 - 15.6  paratype
Albanites americanus nov. sp. UBGD 30675 454 159* - 15.4* paratype



Hedenstroemiidae gen. indet.  sp. indet.

Coscaites
Bajarunia
Bajarunia
Bajarunia
Bajarunia
Bajarunia
Bajarunia
Bajarunia
Bajarunia
Bajarunia
Bajarunia
?Bajarunia
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus
Phaedrysmocheilus

crassus
cf. pilata
cf. pilata
cf. pilata
cf. pilata
cf. pilata
cf. pilata
cf. pilata
cf. pilata
cf. pilata
cf. pilata
sp. indet.
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis
idahoensis

UBGD 30678
UBGD 30660
IMNH IP-287/960
IMNH IP-287/961
IMNH IP-287/963
IMNH IP-287/964
IMNH IP-287/965
IMNH IP-287/966
IMNH IP-288/967
IMNH IP-288/968
UBGD 30670
UBGD 30677 (left)
UBGD 30677 (right)
UBGD 30644
UBGD 30645
UBGD 30646
UBGD 30647
UBGD 30648
UBGD 30649
UBGD 30650
UBGD 30651
UBGD 30652
UBGD 30653
UBGD 30654
UBGD 30655
UBGD 30657
UBGD 30658
UBGD 30659

56.5*
58
33.8
45.6
39.5
36.1
30.8
314
36
47.4
418
38.8
75.2*
71.2
714
61.5
495
45
55.4
24.3
475
49.2
80.3
436
37
74
67.8
37.6

19.3
27.7*
17.8
20.8
17.7
16.5
11.3*
14.4
16.1
22.6
19.8
19
33.5*
27.8
29.8
28.8
20.8
21.1
24.6
9.4
19.7*
22
375
19.6
16.3
34.5*
30.3
18.1

16.5
6.3*
9.3
8.4*
7.9
6*
6.7
8.4*
105
9.2
9.5
18.9*
215
21
194
145
10.6
14.7

16

124
20.7
12.9
11

19.3
191
11.3

crushed near the ventral margin

not illustrated




Table 2.

Genus Species Locality Bed Number of reposited  Inventory numbers
specimens
Tirolites harti Schmid Ridge  2S 3 IMNH 1P-287/950 to 952
Tirolites aff. cassianus Schmid Ridge  2S 5 IMNH 1P-287/953 to 957
Tirolites smithi Webster Range  Timl+5 1 UBGD 30661
Caribouceras nov. gen. slugense nov. sp. Schmid Ridge  2S 2 IMNH 1P-287/958 and 959
Albanites americanus nov. sp.  Paris Canyon Lower ShaleMb. 9 UBGD 30531, 30533, 30535, 30536, 30671,
30670, and 30673-30675
Coscaites crassus Webster Range Timl 1 UBGD 30660
Columbites parisianus Webster Range  Timl 16 IMNH 1P-289/970 to 977, UBGD 30663-30670
Columbites parisianus Webster Range  Tim1-2 1 UBGD 30672
Hedenstroemiidae gen. indet.  sp. indet. Webster Range Timl 1 UBGD 30678
Bajarunia cf. pilata Schmid Ridge  2S 7 IMNH 1P-287/960 to 966
Bajarunia cf. pilata Dry Ridge Stw-MISS 2 IMNH 1P-288/967 and 968
Bajarunia cf. pilata Webster Range Timl 2 UBGD 30677(left)
? Bajarunia sp. indet. Webster Range Timl 1 UBGD 30677(right)
Trematoceras Sp. indet. Webster Range  Timl 2 IMNH 1P-289/982 and 983
Trematoceras sp. indet. Paris Canyon Lower ShaleMb. 1 UBGD 30662
Trematoceras sp. indet. Hot Springs Columbitesbeds 1 UBGD 30676
Phaedrysmocheilus idahoensis Hot Springs Columbitesbeds 16 UBGD 30644-30659






