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The Upper Triassic conodont genus Primatella is important for recognizing the Carnian-Norian stage boundary in Panthalassan and Tethyan domains. Originally based on Canadian material from Black Bear Ridge in the Western Canada Sedimentary Basin, two key species are highlighted, and their occurrence is documented in the allochthonous Wrangellia and Alexander terranes in the North American Cordillera; in the Great Basin in Nevada, western United States; at Pizzo Mondello, Sicily, in western Tethys; and in Timor-Leste on the southeastern margin of the Meso-Tethys Ocean (northeastern Gondwana). The correlation potential of Primatella species is compromised by a differing nomenclature employed in Tethyan regions of Europe where Primatella species have been assigned to other genera, namely, Ancyrogondolella (formerly Epigondolella), Carnepigondolella, and Metapolygnathus. This has obscured phyletic relationships and impacted the stratigraphic utility of two demonstrably cosmopolitan species, P. asymmetrica and P. bifida. These species are shown to occur widely in a variety of paleoenvironments and have a restricted stratigraphic range around the CNB for which they can be adopted as useful indices.
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1 INTRODUCTION
Conodonts have proven to be a pre-eminent stratigraphic tool for dating and correlating Paleozoic and Triassic strata. As index fossils, they are invaluable in the recognition of events and for the definition of stratigraphic boundaries. In the Triassic, they define the base of the period as well as play an important role in at least supporting its constituent stage boundaries. Recent deliberations of the Carnian-Norian boundary (CNB) have been no exception and conodonts featured prominently in studies of the two candidate sections for the Global Stratigraphic Section and Point (GSSP) at Pizzo Mondello, Sicily (Mazza et al., 2012), and Black Bear Ridge, British Columbia (Orchard, 2014). Although both sections contain the distinctive Metapolygnathus parvus faunal interval that in North America corresponds to the latest Carnian Macrolobatus ammonoid zone, the associated conodont taxa, including those that characterize the basal Norian stage immediately above, are controversial.
Recent reclassification of Upper Triassic conodonts based on rich faunas from Black Bear Ridge (Orchard, 2013; Orchard, 2014) included the separation of a new genus, Primatella, that spans the CNB interval. This genus largely ranges within and helps define the primitia Zone sensu Orchard (Orchard, 1983; Orchard, 1991a), which was internally subdivided by Orchard (2014). The now agreed definition of the CNB is at the appearance of the bivalve Halobia austriaca (Hounslow et al., 2021), which corresponds broadly to the base of the P. asymmetrica-Norigondolella Subzone at Black Bear Ridge, and of the “Carnepigondolella” gulloae Zone in Pizzo Modello. The latter has been interpreted as a probable Primatella species by Orchard (2019).
Although P. primitia sensu stricto is uncommon and to date only known from Canada, the zonal name is retained for the sake of stability. The volume of the genus, which was originally assigned to a single species of Epigondolella, includes many similar species that have been assigned to a variety of other genera in Europe (Orchard, 2019), including the older Carnepigondolella (e.g., C. orchardi in Balini et al., 2010, pl. 3, fig. 30), the younger Ancyrogondolella (e.g., E. = A. rigoi in Mazza et al., 2010, pl. II, fig. 5 = Primatella triangulare), and the partly contemporaneous Metapolygnathus (e.g., Me. mersinensis in Mazza et al., 2012, pl. 4, fig. 7, 9). This paper reasserts the value of Primatella as a distinct genus for both intercontinental correlation and the recognition of the CNB by documenting the global distribution of two representative species established in Canada and now recognized in the United States, Europe, and Southeast Asia.
In this study, North American occurrences of Primatella asymmetrica and P. bifida are documented from northeastern British Columbia (B.C.), their type area; from Haida Gwaii, B.C. and Keku Islands, southeast Alaska, representative of, respectively, the allochthonous Wrangel and Alexander terranes that occupied an unknown but probably more southerly paleolatitude in the Late Triassic Panthalassan Ocean; and from lower latitude Nevada in the Great Basin of western United States. These successions are from various parts of Panthalassa, whereas records from the GSSP at Pizzo Mondello in Sicily are from western Tethys, and new collections from Timor-Leste come from the southeastern margin of Tethys, which was rifting from the northern edge of Gondwana in the Late Triassic (Metcalfe, 2021) (Figure 1). The two distinctive species are the focus of the present study, particularly as they occur widely but have not been consistently identified. Other Primatella species are thought to be equally widespread, and the genus is clearly a valuable indicator of the CNB.
[image: Figure 1]FIGURE 1 | Simplified paleogeographic world map for the Triassic showing the locations of the cited areas: 1. Black Bear Ridge, northeast B.C.; 2. Berlin, western Nevada; 3. Sadler Point, Haida Gwaii—Kuiu Island, Alaska; 4. Pizzo Mondello, Sicily; 5. Timor-Leste [Based on Scotese (1998)]. Note that the northern Tethys margin differs in the updated reconstruction of Kocsis and Scotese (2021), but this does not impact the location of the studied sections.
2 MATERIALS AND METHODS
2.1 The locations
This report arises from the investigation over several decades of numerous Upper Triassic conodont collections from several areas of western North America, where studies have recently focused on defining a GSSP for the CNB. In particular, the Black Bear Ridge (BBR) candidate and nearby sites were sampled in considerable detail, with closely spaced bulk limestone samples subjected to standard processing procedures (Jeppsson et al., 1999). Numerous rich faunas were recovered, providing an outstanding conodont record through the boundary interval. This resulted in a substantially revised taxonomy for the interval (Orchard, 2013; Orchard, 2014) that has had some, but not universal, uptake. The taxonomy was successfully applied in both Haida Gwaii in the Wrangel terrane (Carter and Orchard, 2013) and in Nevada (Balini et al., 2015). Together, the conodont collections from these Panthalassan locations, which incidentally represent the sites from which much of the North American Carnian and Norian ammonoid zonation was developed (Silberling, 1959; Tozer, 1994), demonstrate the broad applicability of the BBR classification.
Further afield, conodont research at Pizzo Mondello (PM) in Sicily, Italy (Mazza et al., 2012), pre-dated the taxonomic revisions of Orchard (2014) but later descriptions of conodont faunas from the Tethys Realm (e.g., Rigo et al., 2018) have employed a nomenclature that has generally remained unchanged. Nevertheless, published illustrations from Europe enabled a preliminary revision of PM conodonts by Orchard (2019), who recognized several species of Primatella among those illustrated by Nicora et al. (2007), Balini et al. (2010), Mazza et al. (2010, 2012), and Mazza and Martinez-Pérez (2015) as species of Carnepigondolella, Epigondolella, and Metapolygnathus.
Far from both regions, in the southeastern Tethys on the margins of Gondwanaland, extensive investigations in Timor-Leste (McCartain, 2014; Haig et al., 2021) included the processing of numerous small conodont samples. The recovered collections have been studied by the present author, who has identified many species of Primatella, including examples of the two focus species.
2.2 The conodonts
Primatella accommodates a comparatively ornate clade that arose from Quadralella concurrent with the disappearance of Carnepigondolella in the late Carnian (Tuvalian) (Orchard, 2013). The youngest species of the latter genus (Orchard, 2014, figs. 17, 18) have been regarded by Mazza et al. (2012) as the earliest representatives of Epigondolella (now called Ancyrogondolella). However, in western Canada, a succession of Primatella species follows the disappearance of Carnepigondolella, which shows progressive diminution in size prior to its demise at the end of the samueli Zone (Orchard, 2014, figs. 17, 18). This trend is repeated later in the parvus Zone, which also contains diminutive taxa with reduced platforms. Epigondolella sensu stricto is now recognized as a middle Norian (Alaunian) genus, and similar lower Norian (Lacian) species have been reassigned to Ancyrogondolella (Orchard, 2018). The first representatives of the latter genus appear near the end of the Lower Norian Kerri ammonoid Zone in North America (Orchard, 1991a). In the author’s view, the most distinctly ornate taxa of the latest Tuvalian and early Lacian are probably species of Primatella (e.g., see Orchard, 2019).
Primatella asymmetrica and P. bifida are typical representatives of the genus in that they bear well-differentiated anterior nodes that rise above the platform margin as high apically blunt nodes compared with the low broadly rounded or incised nodes of some Quadralella species, and the high and sharply terminated denticles of Ancyrogondolella species (Orchard, 2019; fig. 4). Apart from the anterior ornament, the diagnostic morphology of P. asymmetrica is the asymmetric posterior platform with a strongly convex outer margin and inturned posterior. P. bifida has a bifurcated keel and an indented posterior margin. The supporting taxonomy is provided below.
3 RESULTS
3.1 Northeast British Columbia
Both Primatella asymmetrica and P. bifida were first described from the CNB candidate section at BBR in northeastern B.C., located in the Peace River valley where the North American Norian zonation of ammonoids (Tozer, 1967; 1994) and conodonts (Orchard, 1983; Orchard, 1991a) was developed in the Pardonet Formation. This formation is primarily composed of gray carbonaceous limestone, calcareous and silty dolostone and shale indicative of deposition in an offshore deep marine setting on the northwestern margin of the Pangea supercontinent (Zonneveld et al., 2010).
At BBR and nearby localities, Primatella asymmetrica and P. bifida appear in upper Tuvalian strata near the base of the parvus Subzone and disappear in the lowest zone of the Norian, which is in the North American ammonoid Zone of Stikinoceras kerri and within the asymmetrica-Norigondolella conodont Subzone (Orchard, 2014). The nominal species of this conodont subzone ranges throughout the interval, whereas P. bifida disappears low in the subzone, a little above the CNB (Figure 2). Conodont associates of these Primatella species in the Pardonet Formation include diverse Primatella species as well as Acuminatella spp. and, in the Norian, common Norigondolella. In the Tuvalian part of their range, they are accompanied by Kraussodontus, Metapolygnathus, Parapetella, and Quadralella species, most of which disappear by the CNB.
[image: Figure 2]FIGURE 2 | Occurrence and stratigraphic range of Primatella asymmetrica and P. bifida around the CNB in the five cited locations. T-L, Timor-Leste; PM, Pizzo Mondello; HG, Haida Gwaii; Nev, Nevada; BBR, Black Bear Ridge. Thicker bars are the observed ranges. Dots are from illustrations. For PM, thin bars are given ranges of specified taxa that are re-assigned to * = P. asymmetrica and ** = P. bifida, which originated in the sample number following it; it may not apply to all specimens. Sample numbers are given for T-L and PM.
3.2 Nevada
Upper Triassic conodonts from the Berlin-Ichthyosaur State Park in the Shoshone Mountains of central Nevada were recovered from samples collected during a restudy of the CNB in the Luning Formation (Balini et al., 2015). This site is important for both its articulated vertebrate remains and as the type section for the latest Carnian Klamathites macrolobatus ammonoid Zone (Silberling, 1959). The Triassic succession lies within the Berlin Allochthon of the Paradise terrane, a lithotectonic assemblage linked with several others thought to have originally lain along the same continental margin but possibly separated by major structural dislocations (Stewart et al., 1997).
Carbonate strata of the Upper Triassic Luning Formation are considered to have been deposited in both shallow-water and relatively deep-water marine environments. In West Union Canyon, the calcareous shale member is dominated by marls with rare intercalations of thin bedded limestones that carry ammonoids of both the Carnian Macrolobatus and Norian Kerri zones. Conodonts faunas include Primatella bifida, provisionally identified earlier as P. sp. nov. 6, and P. asymmetrica, both of which are common in the Brick Pile and North sections (Balini et al., 2015, figs. 5, 6). These species were mostly recovered from strata recognized as lower Norian, based on their ammonoids, or from underlying undated strata.
In total, the Nevadan conodont fauna is dominated by Primatella species as is commonly the case in the asymmetrica-Norigondolella Subzone of the primitia Zone in Canada; however, Norigondolella is absent, presumably reflecting some ecological barrier. Other associates are the same as in Canada, including Acuminatella. As discussed by Balini et al. (2015), the lowest collections at the Brick Pile section may date from the uppermost Carnian, whereas those from some 50 m higher and above, are typical of the Norian part of the primitia Zone.
Overlying the Luning Formation, the Gabbs Formation includes Rhaetian strata bearing Misikella posthernsteini and Zieglericonus rhaeticus (Orchard et al., 2007a), taxa that are unknown in northeast B.C. but are common in the Eurasian Tethyan successions and in allochthonous terranes in North America, including Wrangellia (Orchard, 1991b), Cache Creek (Golding et al., 2016), and Baja California (Orchard et al., 2007b). This suggests a more southerly paleolatitude for the Canadian terranes, although their longitude is uncertain. Despite differing Rhaetian provinciality, Primatella is common in all these areas around the CNB.
3.3 Haida Gwaii—Keku Islands
The North American Cordillera is composed of many allochthonous tectonostratigraphic terranes, of which Wrangellia and the Alexander terranes are the largest. The former includes both Vancouver Island and Haida Gwaii, whereas the Alexander terrane is well displayed in the Keku Islands area of southeast Alaska. The Alexander terrane is characterized by a long Paleozoic history culminating in amalgamation with Wrangellia as a composite terrane (Beranek et al., 2014), which later accreted to the western margin of the Intermontane terranes by the Middle Jurassic but was exotic with respect to the Laurentian margin during the Late Triassic. At that time, the Alaskan portion of Wrangellia in the Wrangel Mountains was estimated to lie at approximately 12°N (Trop et al., 2002). All these regions include Upper Triassic conodont-bearing successions in which Primatella is a common component.
The Upper Triassic conodont succession in Haida Gwaii was first summarized by Orchard (1991b) and later by Carter and Orchard (2013), who focussed on integrating the conodont and radiolarian successions around the CNB. These faunas occur in the Peril Formation, which mainly consists of thinly bedded siliceous dark gray to black limestone (Desrochers and Orchard, 1991) that accumulated on an intraoceanic carbonate platform built on a remnant volcanic arc. The Peril Formation carries a wholly pelagic fauna that implies deposition in deep water under low oxygen conditions. At Sadler Point in northwest Graham Island, Primatella asymmetrica occurs in association with radiolarian Assemblage 5 (Carter and Orchard, 2013), which is assigned to the “Upper primitia Zone”, or in current terminology the asymmetrica-Norigondolella Subzone of the primitia Zone. In common with BBR, associated species around the CNB in Haida Gwaii include additional Primatella species plus Acuminatella, Kraussodontus, Metapolygnathus, Norigondolella, Parapetella, and Quadralella species. As noted about Nevada, younger Rhaetian strata in Haida Gwaii include ‘Tethyan’ species, in this case, Misikella posthernsteini and Oncodella paucidentata.
Upper Triassic strata in the Keku Islands in southeast Alaska are assigned to the Hyd Group (Muffler, 1967; Katvala and Stanley, 2008). In that area, CNB Primatella occurs in the Cornwallis Limestone on Kuiu Island (Katvala and Stanley, 2008), an often oolitic fossiliferous limestone formed in a shallow-marine environment receiving clastic sediment input from terrestrial erosion. This is a very different sedimentary environment from that of the Peril Formation on Haida Gwaii, yet Primatella species dominate some collections and include P. bifida (see Supporting Taxonomy).
3.4 Pizzo Mondello
The Pizzo Mondello (PM) section in the Sicani Mountains of western Sicily, Italy, is the newly agreed locality for the CNB GSSP. It exposes the Scillato Formation, a Carnian-Rhaetian pelagic-hemipelagic succession of cherty limestones that accumulated in the western Tethyan realm (Balini et al., 2010). There, conodont zones recognized around the CNB are based on a variety of taxa (Nicora et al., 2007; Mazza et al., 2012; Rigo et al., 2018) and include Neocavitella cavitata, Norigondolella trinacriae, and Zieglericonus sp., which are unknown from contemporaneous strata in North America. Despite this provinciality, many conodont taxa are common to both regions, although neither Quadralella nor Primatella have featured in the PM literature. Orchard (2019) recognized both genera among species identified by authors as Carnepigondolella, Epigondolella, Metapolygnathus, and Paragondolella.
For example, an element of Primatella asymmetrica was regarded as a growth stage (GS5) of Metapolygnathus mazzai by Mazza and Martinez-Pérez (2015). It came from a sample from the communisti Zone immediately beneath the parvus Zone occurrence of a similar element included in M. communisti by those authors. These align with the Tuvalian appearance of P. asymmetrica at BBR.
The occurrence of Primatella bifida at PM has been discussed by Orchard (2014, 2019). An element identified as Metapolygnathus linguiformis by Balini et al. (2010) and Mazza et al. (2012) clearly has anterior nodes unlike the holotype of that species from Japan (Hayashi, 1968). On that basis, two species can be distinguished (see Supporting Taxonomy). As at BBR, this specimen of P. bifida from PM occurs in the parvus Zone.
3.5 Timor-Leste
Recent work in Timor-Leste has involved a wide-ranging study of Triassic strata (McCartain, 2014; Haig et al., 2021) that accumulated in marine basins along northeastern Gondwana on the southeastern margin of the Meso-Tethys Ocean. Upper Triassic strata include the Aitutu Formation (Audley-Charles, 1968), which includes a range of different lithological and facies associations, such as dark gray bioturbated mud-wackestone, interbedded siliciclastic mudstone beds, grainstone, and conglomerates.
Strata of the Aitutu Formation have yielded diverse CNB faunas, including most of the taxa known from the other locations described above, namely, species of Kraussodontus, Metapolygnathus, Norigondolella, Primatella, and Quadralella. Included among these are Primatella asymmetrica and P. bifida, which mostly occur in Primatella-dominated faunas that are interpreted, in the absence of typical Tuvalian taxa, to date from the lower Lacian (see Supporting Taxonomy). Both species occur in eastern Timor, while two additional faunas with P. bifida have been recovered from the central part of the country, where a nearby locality has yielded the slightly older but similar Kraussodontus aff. urbanae.
Unlike North American faunas, Acuminatella and Parapetella have not been found in Timor-Leste, but the presence of both Neocavitella cavitata and Norigondolella trinacriae in the CNB faunas mirror the Sicilian Tethyan record. Younger collections from the upper Norian and Rhaetian include Tethyan Misikella and Bajadontus, the latter being previously reported only from peri-Pacific allochthonous terranes in Mexico (Orchard et al., 2007b) and Japan (Zhang et al., 2017).
4 CONCLUSION
The conodont genus Primatella is a distinctive indicator for the Carnian-Norian boundary that bridges Tuvalian Carnepigondolella and Lacian Ancyrogondolella. Two representative species, P. asymmetrica and P. bifida, are shown to have a broad environmental tolerance in shallow and deep water and a cosmopolitan distribution that spans a range of North American (Pangean) paleolatitudes, distant locations in western and eastern Tethys, and in allochthonous Panthalassan terranes occupying an intermediate location.
In North America, the two species occur in the Pardonet Formation of northeastern British Columbia within the late Carnian (Tuvalian) parvus and succeed Norian (Lacian) asymmetrica-Norigondolella conodont subzones, which are equivalent to the upper Macrolobatus and Kerri ammonoid zones. The same age is given by collections in which these Primatella species occur in the Peril Formation of Haida Gwaii and the Cornwallis Limestone of Keku Islands, parts of the allochthonous Wrangell and Alexander terranes, and in the Luning Formation in the Great Basin of western Nevada. Acuminatella species also occur around the CNB in all these areas but not further afield, leading to the suggestion that the genus is an eastern Panthalassan endemic.
Some younger Tethyan conodont elements found in Haida Gwaii support a low paleolatitude (as is the case with younger Rhaetian strata in Nevada) and/or a more westerly longitude for Wrangellia. Typical Tethyan CNB successions in Sicily and Timor include some elements unknown in North America, but Primatella is an important element in all regions.
5 SUPPORTING TAXONOMY
Taxonomic data for the genus and focus species, including their distribution is provided below. This is accompanied by photographic illustration (Figures 3, 4) from Orchard (2014) for BBR; Carter and Orchard (2013) for Haida Gwaii; Balini et al. (2015) for Nevada; and Mazza et al. (2012) and Mazza and Martinez-Pérez (2015) for PM. Illustrations from Timor-Leste are original unpublished images provided by E. McCartain (The University of Western Australia).
[image: Figure 3]FIGURE 3 | 1-22. Primatella asymmetrica Orchard, 2013. 1-3. GSC 136630 from sample 90SP-U11 (GSC cur. no. C-176937), Peril Formation, Sadler Point, Haida Gwaii; 4. NMMNH P-67736 from sample from sample BIS36, Brick Pile section, Union Canyon, Nevada; 5-7. NMMNH P-67735 from sample BIS4, Luning Formation at Berlin-Ichthyosaur State Park, central Nevada; 8-10. Micro-Unimi no. 2007 from sample FNP117, Scillato Formation, Pizzo Mondello, Sicily; 11-13. GSC 132616 from sample 18 h, Pardonet Formation, Black Bear Ridge, NE B.C.; ?14. Micro-Unimi no. 2006 from sample NA36-NA39, Scillato Formation, Pizzo Mondello, Sicily; 15. NMMNH P-67736 from sample BIS34, Luning Formation, Berlin-Ichthyosaur State Park, central Nevada; 16. GSC 132944 from sample 21h, Pardonet Formation, Black Bear Ridge, NE B.C.; 17-19. Element T507 from sample 7030b, Aitutu Formation, Timor-Leste; 20-22. Element T505 from sample 7030b, Aitutu Formation, Timor-Leste. 23. Kraussodontus aff. urbanae Orchard. T190 from sample S633a, Aitutu Formation, Timor-Leste. Scale bar = 200 µm.
[image: Figure 4]FIGURE 4 | 1-19. Primatella bifida Orchard, 2014. 1-3. Element T498 from sample A7038a, Aitutu Formation, Timor-Leste; 4-6. Element T209 from sample S664a, Aitutu Formation, Timor-Leste; 7, 8. GSC 132955 from sample 21g, Pardonet Formation, Black Bear Ridge, NE B.C.; 9. GSC 132951 from sample 23, Pardonet Formation, Black Bear Ridge, NE B.C.; 10, 11. Element T205 from sample S663a, Aitutu Formation, Timor-Leste; 12. NMMNH P-67724 from sample BIS45, Luning Formation, Berlin-Ichthyosaur State Park, central Nevada; 13-15. Sample NA39, Scillato Formation. Pizzo Mondello, Sicily; 16. GSC 132954 from sample 23, Pardonet Formation, Black Bear Ridge, NE B.C.; 17-19. GSC 132956 from sample 07-22, Pardonet Formation, Black Bear Ridge, NE B.C. Scale bar = 200 µm.
5.1 Genus: Primatella Orchard, 2013

2013 Primatella gen. nov.—Orchard, p. 452-3.
2014 Primatella Orchard–Orchard, p. 87-8.
Type species: Epigondolella primitia Mosher, 1970, p. 740-41, pl. 110, figs. 8, 11, 12 (type number GSC 25051). From GSC curation number O-64654, asymmetrica-Norigondolella Subzone (Kerri Zone) of the Pardonet Formation at Brown Hill, northeast B.C.
Diagnosis-Description-Comparisons: see Orchard, 2014. 
Remarks: Early studies of the Pardonet Formation conodonts led to the characterization of an “Epigondolella primitia population” in the latest Carnian and earliest Norian (Orchard, 1983; fig. 2), a composite of diverse morphotypes that commonly co-occur during this interval. These are united by the nature of the anterior platform ornament that consists of moderately high and well-differentiated but blunted nodes covered in compact microreticulation (op. cit., fig. 3). Initially, Orchard (Orchard, 1991a; Orchard, 1991b) excluded these elements from younger more strongly ornate epigondolellids (Ancyrogondolella) and re-assigned the holotype to Metapolygnathus because its pit was anteriorly shifted like that of the type species of that genus, M. communisti Hayashi. However, further study showed that several Late Triassic clades show pit migration through time, so this feature alone is judged to be insufficient for genus definition. Metapolygnathus species, which are far more common in the Tethys Realm, are now distinguished by an anterior pit and a minimal or absent platform ornament.
Orchard (2013) reviewed the classification and differentiation of Upper Triassic genera and proposed that members of the “Epigondolella primitia population” be assigned to a new genus, Primatella. This genus is thought to have evolved from Quadralella through the acquisition of a more differentiated anterior ornament of increasing amplitude (Orchard, 2014, fig. 23; 2019; fig. 4) concomitant with anterior pit migration. This trajectory later led to Ancyrogondolella in the late Kerri ammonoid Zone, represented by the “Epigondolella abneptis A” population (Orchard, 1983), in part later renamed E. quadrata (Orchard, 1991a) and now A. quadrata (Orchard, 2018). Compared with Primatella, the younger Lacian Ancyrogondolella has larger, more elevated, and sharper anterior denticles devoid of compact microreticulae (Orchard, 1983), whereas the older Carnepigondolella species generally have smaller more rounded nodes (as in C. zoae), small sharp denticles (as in C. samueli), or both (as in C. anitae), developed on less steep anterior platform margins.
The recognition of “Epigondolella” quadrata and other species of that genus (e.g., E. heinzi and E. miettoi) in the Tuvalian in Europe (Mazza et al., 2012; Rigo et al., 2018) is judged to be based on the last representatives of Carnepigondolella (e.g., C. spenceri; Orchard, 2014, figs. 17, 18) and the occurrence of unidentified Primatella species.
5.2 Primatella asymmetrica Orchard, 2013
Figure 3. 1-22.
aff. 2010 Metapolygnathus mersinensis Kozur and Moix—Balini et al., pl. 3, fig. 2a-c.
2013 Primatella asymmetrica sp. nov.—Orchard, p. 454-55, fig. 4, 19-21.
2013 Primatella asymmetrica Orchard—Carter and Orchard, fig. 7, 6-18.
2014 Primatella asymmetrica Orchard—Orchard, p. 88, fig. 61, 4-27.
2015 Primatella asymmetrica Orchard—Balini et al., fig. 11 k1-3, l1-3.
p2015 Metapolygnathus communisti Hayashi, Morphotype B—Mazza and Martinez-Pérez, pl. 6. 15.
p2015 Metapolygnathus mazzai Karádi, Kozur, and Görög—Mazza and Martinez-Pérez, . pl. 7. 15, 16.
Holotype: Orchard, 2013, p. 554-55, fig. 4 19-21 (type number GSC 132616). From bed 18h (=GSC cur. no. C-307817), middle parvus Subzone of the primitia Zone (=Macrolobatus Zone) of the Pardonet Formation at Black Bear Ridge, northeast B.C.
Diagnosis-Comparisons: see Orchard, 2014.
Remarks: Primatella asymmetrica is characterized by an asymmetric posterior platform that is expanded on its outer margin and incurved beyond that, often carrying a weak carina; the basal attachment reflects this asymmetry in the development of either a short secondary keel or lobe beneath the expansion. The pit lies at platform midlength. Mazza and Martinez-Pérez (2015) presented a growth series of Metapolygnathus mazzai from the communisti Zone of Pizzo Mondello (Figure 2). One specimen, characterized as GS5, corresponds to Primatella asymmetrica. Note that the holotype of M. mazzai (M. cf. primitius sensu Mazza et al., 2012, pl. 8, fig. 12) and additional elements assigned to that species from the Csovár borehole, Hungary (Karádi et al., 2013), do differ.
Another element illustrated from PM as a growth stage of M. communisti Morphotype B may belong here, although its posterior platform is shorter and more strongly curved than in typical P. asymmetrica (but see Orchard, 2014, fig 61. 19–21) The element figured as M. mersinensis by Balini et al. (2010), which pre-dates the known range of the present species, has a similar platform asymmetry but the anterior nodes are smaller and not as well differentiated.
In one sample from Timor-Leste, an element similar to Kraussodontus urbanae (Figure 3. 23) co-occurs with Primatella species. This element is uniformly narrow and more elongate than P. asymmetrica and has less differentiated anterior nodes, but it does have a slightly expanded outer posterior platform margin, unlike K. urbanae sensu stricto. The latter species is common in the angusta-dylani through the lower subdivision of the parvus subzones of the primitia Zone at BBR, a range that overlaps with the appearance of P. asymmetrica. The specimen is included here as a further example of similarities between the Canadian and Timor faunas.
Stratigraphic occurrence: At its type locality at Black Bear Ridge, Primatella asymmetrica occurs in at least twelve collections from the base of the Tuvalian parvus Subzone through the lower part of the Lacian asymmetrica-Norigondolella Subzone of the primitia Zone (Orchard, 2014, tables 7, 8). The inferred range of occurrences in Haida Gwaii and Nevada are consistent with this, as shown in Figure 2. In Nevada, P. asymmetrica occurs in seven collections, mostly from the Brick Pile section (Balini et al., 2015). At Pizzo Mondello, a slightly older occurrence of the species is confirmed in the communisti Zone but younger records of ‘Metapolygnathus’ mazzai in the Norian are of undetermined identity. The specimen of Metapolygnathus communisti questionably included here came from the parvus Zone at PM. In eastern Timor-Leste, sample A7030 (latitude −8.796°; longitude 126.6026°) contains several additional Primatella species but no typical Carnian taxa, so is judged to be Lacian in age. The slightly older Timor collection (sample S633a) with K. aff. urbanae occurs in the central part of the country (−8.8945°; 125.5515°).
5.3 Primatella bifida Orchard, 2014
Figure 4. 1–19.
p2008 Metapolygnathus primitius (Mosher, 1970). Katvala and Stanley, fig 40. 14 (only).
2012 Metapolygnathus linguiformis Hayashi—Mazza et al., p. 114, 116, pl. 8, fig 11.
2014 Primatella bifida sp. nov. —Orchard, p. 89-90a, fig 62. 1-15.
2015 Primatella sp. nov. 6—Balini et al., fig. 10 j1.
Holotype: Orchard, 2014, p. 89–90, fig 62. 13–15 (type number GSC 132956). From bed 07–22 (=GSC cur. no. C-307831), asymmetrica-Norigondolella Subzone of the primitia Zone (=Kerri Zone) of the Pardonet Formation at Black Bear Ridge, northeast B.C.
Diagnosis-Comparisons: See Orchard, 2014.
Remarks: Primatella bifida is characterized by a bifid variably expanded posterior platform margin and distinct well-differentiated anterior platform nodes. The basal pit lies beneath the center of the platform, posterior to which the basal scar divides and extends close to each posterolateral corner. Illustrated specimens show variation in posterior platform expansion, anterior node formation, and keel bifurcation.
The holotype of Metapolygnathus linguiformis Hayashi, 1968, despite being damaged, clearly lacks well-differentiated anterior marginal nodes, unlike the specimen illustrated by Mazza et al. (2012). Hayashi (1968) made no mention of ornament in M. linguiformis, and that species appears to lie closer to two others in which ornament is minimal: “Neogondolella” bisecta Igo, 1989, from a mixed fauna in the Mino Terrane in central Japan, and “Metapolygnathus” slovenicus Ramovs, 1994, from northwest Slovenia. The few illustrations of these taxa show incipient nodes or marginal undulation like many species of Quadralella. These two species may be synonyms, and both may be assignable to M. linguiformis, but all are excluded from P. bifida. The character of nodose ornament, or its absence, is the basis for distinguishing many Triassic conodonts and is regarded as sufficient for separating P. bifida from M. linguiformis.
Stratigraphic occurrence: At the type locality at Black Bear Ridge, Primatella bifida is common in the Tuvalian parvus Subzone through the lower part of the Lacian asymmetrica-Norigondolella sp. Subzone of the primitia Zone. Mazza et al. (2012) recorded their element of M. linguiformis from “lower Lacian” strata. The identity of unillustrated specimens is unknown, although, like P. bifida, these elements all occur in the “boundary interval” (op. cit., Figure 2). In West Union Canyon, Nevada P. bifida (provisionally identified as P. sp. nov. 6) occurs in six collections from the Brick Pile and North sections (Balini et al., 2015, figs. 5, 6), all of them within strata recognized as early Norian based on ammonoids, or from stratigraphically older but undated strata above Carnian beds. In the Keku Islands, southeast Alaska, the single specimen figured by Katvala and Stanley (2008) came from the Cornwallis Limestone, sample CPE-F2 at their locality #70 (56°56.099', 134°14.534') on the northeasternmost shore of Cornwallis Peninsula on Kuiu Island: there, it also occurs with other Primatella species and is regarded as Lacian. In Timor-Leste, three occurrences of P. bifida are recorded from the Aitutu Formation: sample S663a (−8.8663°; 125.6355°) from the center of the country appears Tuvalian as it also contains Quadralella, and nearby sample S664a (−8.8658°, 125.6353°) is probably Lacian as it contains only Primatella species, as does a third sample A7038a (−8.6344, 126.8395) from eastern Timor-Leste.
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