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1. Geological and sedimentological settings 

The Paris Biota was collected from four equivalent exposures of the earliest Spathian Lower 

Shale unit (62) of the Early Triassic Thaynes Group (sensu ref. 19), west of the city of Paris, 

Idaho (Fig. 2B). These exposures are separated by ~600 m and are located on both the northern 

and southern rims of the Paris Canyon. The studied unit crops out intermittently and comprises 

mainly grey-blue to orange, thin-bedded silty limestones (fig. S1). The exposures dip gently 

northward and their combined thickness reaches ~20 m. They are located below the Spathian 

Middle Limestone unit and overlie the Smithian Lower Limestone unit (Fig. 3). However, the 

contact with the Lower Limestone unit is not visible in this area. The occurrence of the 

ammonoid species Tirolites harti indicates an early Spathian age for the Middle Limestone unit 

(54, 62, 63). This unit is coeval or slightly older than the Tirolites/Columbites beds of South 

China (56), which yield a radiometric age of ~250.55 ± 0.4 Ma (5). Abundant Tirolites specimens 

are also reported here for the first time from the upper part of the underlying Lower Shale unit 

where the Paris Biota occurs; unfortunately, their compressed preservation prevents a firm 

species assignment. However, the genus determination is easy and robust enough to confirm an 

earliest Spathian age for this biota as this genus is found worldwide in this time interval only 

(56). Tirolites specimens are found throughout the four studied exposures of the upper part of the 

Lower Shale unit, confirming their earliest Spathian age. 

 

Additionally, this new Tirolites occurrence indicates that the lower boundary of the Tirolites 

beds, and therefore the Smithian-Spathian boundary must be shifted downward into the Lower 

Shale beds (a revised location of this boundary is beyond the scope of this paper and will be 

worked out elsewhere in the future). Rare occurrences of the conodont Neogondolella sp. in 

lower to middle beds of the studied exposures further confirm a Spathian age for these beds and 

thus, for the Paris Biota. 

 

 



 

fig. S1. Field view of the upper part of the Lower Shale unit containing the Paris Biota. 

(exposure from the northern rim of the Paris Canyon). [photo credit: Arnaud Brayard, Université 

Bourgogne Franche-Comté]. 

 

Sedimentary deposits of fossiliferous horizons show alternating cm-thick mudstones with silty 

laminae and marls (fig. S2). The mudstones are characterized by planar to wavy laminations 

alternating with hummocky cross stratifications (HCS), with vertical and lateral accretion; some 

top surfaces were reworked by cogenetic wave ripples (fig. S2B, C). The HCS wavelength is less 

than 10 cm (fig. S2E). HCS is associated with cogenetic wave ripples, wavy bedded layers, 

unidirectional cross laminations and common lenticular stratifications. The mudstones are rich in 

sponge spicules and show rare isolated burrows (fig. S2F, G). Sponge spicules frequently form 

mm-thick layers parallel to the stratification or occur as cm-scale laterally discontinuous 

accumulations (fig. S2F, G). Centimeter-thick bioclastic layers are observed throughout the entire 

sedimentary succession. Most fossiliferous layers are located in the upper part of the sedimentary 

succession. The presence of erosion surfaces (fig. S2E) as well as associated HCS structures 

alternating with thin-bedded micritic mudstones and marls, argue for deposition in a distal upper 

offshore environment on a very flat platform. HCS, cogenetic wave ripples, silty laminae and 

sponge spicule accumulations are interpreted to reflect storm-wave action along a shelf profile 

(64, 65). The fine grain distribution and the low wavelength correspond to the deposition of distal 

storm-induced deposits (64, 66). Belemnoid hooks are rarely found densely clustered in the Paris 

Biota, indicating that the majority was transported after decay of the arms, but the completeness 

of delicate specimens, especially echinoderms and crustaceans, demonstrates that they were 

usually entombed rapidly and close to their original habitat and that transportation was limited. 

Additionally, there is no evidence of any size-sorting, mixing or reworking processes. 



 

fig. S2. Log section of the main Paris Biota exposure. (A) Log section of the main Paris Biota 

exposure (fig. S1) showing distribution of the sedimentary structures. (B–D) Storm-induced 

deposits with HCS and wavy-bedded layers. (E) Erosion surface and small-scale channel 

structure. (F) Sponge spicule-rich mudstone. (G) Bioturbation in sponge spicule-rich mudstone. 

Spicules (Spi) and ammonoid specimens of Tirolites sp. occur throughout the section. [photo 

credits: Emmanuelle Vennin, Université Bourgogne Franche-Comté]. 

  



2. Biota 

Sampled taxa from the Paris Biota are summarized in table S1. So far, 27 terminal taxa (named or 

unnamed species) have been recovered, corresponding to at least 21 distinct subclasses or orders 

from seven eukaryotic phyla. The fig. S3 summarizes taxa showing unexpected or extended 

temporal distributions, new Early Triassic spatio-temporal occurrences, new oldest records of 

derived characters for the clade, and new ecologic or trophic interactions. The fig. S4 shows an 

artistic reconstruction of the Paris Biota. 



 

fig. S3. Taxa of the Paris Biota showing unexpected or extended temporal distributions, new 

Early Triassic spatiotemporal occurrences, new oldest records of derived characters for the 

clade, and new ecologic or trophic interactions. 1) Protomonaxonid leptomitid sponges;          

2) Epizoan brachiopods-sponges association; 3) Gladius-bearing coleoids; 4) Conodonts;                      

5) Ammonoids; 6) Nautiloids; 7) Belemnoids; 8) Siliceous sponge spicules; 9) Linguloid 

brachiopods; 10) Discinoid brachiopods; 11) Bivalves; 12) Caridean shrimps; 13) Penaeoid 

shrimps; 14) Glyphidean lobsters; 15) Thylacocephalans; 16) Holocrinid crinoids;                     

17) Ophiuroids; 18) Osteichthyes; 19) Chondrichthyes; 20) Arthropod coprolites;                       

21) Top-predator coprolites; 22) Potential dasycladan algae. PTB: Permian/Triassic boundary. 

Sm/Sp: Smithian/Spathian boundary. EF: Sepkoski’s evolutionary fauna. 



 
 

fig. S4. Artistic reconstruction of the Paris Biota. Artistic view of the early Spathian 

diversified and complex marine ecosystem of southeastern Idaho as revealed by the Paris Biota 

(with permission of Jorge Gonzalez). 



 

2.1. Sponges 

The delicate sponges (148 specimens sampled so far; figs. S5–S11) recorded in the Paris Biota 

most likely belong to the enigmatic, early-branching protomonaxonids (30, 31). Spicules (often 

dissolved, but visible in situ as phantom lines) are primarily longitudinal, with some transverse, 

shorter monaxons sometimes in bundles. The fine transverse spicules appear mainly as wrinkles, 

perpendicular to the longitudinal spicules - even where the sponge apex is twisted (fig. S6A). 

These transverse spicules are often barely perceptible, because they were part of the inner skeletal 

layer and therefore obscured by preservation of soft tissues and outer spicules. Other 

characteristic features include helical twisting of the skeleton around the axis and a fringe of 

marginalia (spicules projecting from the apex; figs. S5, S6). These characteristics are unknown in 

other groups, including the grossly-converging modern hexactinellid sponge Euplectella 

aspergillum (29). The skeleton of the latter is entirely different, showing strong monaxon bundles 

in addition to hexactine-based skeleton, preventing any torsion (as observed on the Paris Biota 

specimens) as it is primarily a fused, orthogonally reticulate grid that is reinforced by diagonal 

(helical) bundles and an oscular sieve plate. Altogether, the characteristic features observed on 

the Paris Biota specimens place these sponges within the Leptomitidae, which belong to the 

protomonaxonids: a group sometimes considered to be demosponges but which are now 

understood as early-branching relatives of reticulosans (ref. 30: figs. 7, 8). Specifically the 

specimens are probably close to Leptomitus itself, although they show some unusual features for 

this genus: some rare specimens for example, show attachment to shell fragments, probably of 

brachiopods (fig. S11). Size of these sponges can reach ~15 cm in length.  

 

In addition, isolated spicules of hexactinellid siliceous sponges, phylogenetically-distant from 

protomonaxonid sponges (30), are frequently found in the Early Triassic of the western USA 

basin (23–28), and also occur as mm-thick layers parallel to the stratification, or in storm-induced 

accumulations (fig. S2). Nevertheless, no complete specimen of this group of sponges has been 

collected so far, suggesting that they lived elsewhere, and the spicules were secondarily 

introduced into the Paris Biota. 

 



 

fig. S5. Closeup view of an apex of a leptomitid protomonaxonid sponge. Slab UBGD 30504, 

showing projecting longitudinal spicules (ls) from the apex forming a fringe of marginalia (m). 

Transverse spicules (ts) appear mainly as wrinkles, perpendicular to the longitudinal spicules. 

Scale bar: 5 mm. [photo credit: Arnaud Brayard, Université Bourgogne Franche-Comté]. 

 



 

fig. S6. Closeup views of twisted apex of two leptomitid protomonaxonid sponges. (A) Slab 

UBGD 30505. (B) Slab UBGD 30581 under UV light (365 nm), showing two successive helical 

twisting (ta1 and ta2). Projecting spicules from the apex forming a fringe of marginalia (m) are 

also well visible. Fine transverse spicules (ts) appear mainly as wrinkles, perpendicular to the 

longitudinal spicules. An epizoan brachiopod (e) is attached to the sponge specimen A (see 

section 3.2). Scale bars, A: 2 mm; B: 5 mm. [photo credits A-B: Arnaud Brayard, Université 

Bourgogne Franche-Comté]. 

 



 

fig. S7. Closeup views of longitudinal and transverse spicules of four leptomitid 

protomonaxonid sponges. (A-B) Slab UBGD 30504, showing longitudinal spicules and 

transverse spicules. (C) Slab UBGD 30506, showing longitudinal and transverse spicules.  

(D) Slab UBGD 30507, showing longitudinal spicules. (E-F) Slab UBGD 30508, showing 

longitudinal spicules. [photo credits A-F: Arnaud Brayard, Université Bourgogne  

Franche-Comté]. 



 
 

fig. S8. Leptomitid protomonaxonid sponges from the Paris Biota. (A-D) Slabs UBGD 

30504-30507, respectively. (E-G) Slab UBGD 30508. (H) Slab UBGD 30509. Scale bars: 5 mm 

(B is 10 mm). [photo credits A-H: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 
fig. S9. Leptomitid protomonaxonid sponges from the Paris Biota. (A) Slab UBGD 30510. 

(B) Close-up views of UBGD 30510 under natural light and UV light (365 nm). (C) Slab UBGD 

30511. (D, E) Slabs UBGD 30512 and 30513, respectively. (F) Slab UBGD 30514 under natural 

light and UV light (365 nm). (G) Slab UBGD 30515, wet surface. Scale bars: 5 mm unless 

otherwise indicated (B is 10 mm). [photo credits A-G: Arnaud Brayard, Université Bourgogne 

Franche-Comté]. 



 

fig. S10. Leptomitid protomonaxonid sponges from the Paris Biota. (A) Slab UBGD 30514.2. 

(B) Slab UBGD 30516. (C) Slab UBGD 30517 under UV light (365 nm). (D) Slab UBGD 30518 

showing two superimposed specimens. (E) Slab UBGD 30519; an epizoan brachiopod (e) is 

attached to the sponge specimen (see section 2.2); h: belemnoid hooks. Scale bars: 5 mm. [photo 

credits A-E: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 

fig. S11. Leptomitid protomonaxonid sponge from the Paris Biota showing attachment to a 

shell fragment. (A) Slab UBGD 30582. (B) Close-up view. Scale bars: 5 mm. [photo credits  

A–B: Arnaud Brayard, Université Bourgogne Franche-Comté]. 

 

2.2. Brachiopods 

Isolated inarticulate brachiopods are rather common in the Paris Biota and include two different 

superfamilies of Lingulata: Linguloidea and Discinoidea (fig. S12). Linguloids are identified here 

as Lingularia borealis, a genus and species quite frequently encountered in the Early Triassic 

from the western USA basin (13). Discinoids specimens are assigned to Orbiculoidea sp. mainly 

based on their characteristic subcircular outline and their concentric growth lines. Sparse 

occurrences of Early Triassic discinoids have been reported from Japan, South China, South 

Primorye (67, 68), and with some uncertainty from Greenland and Pakistan (69, 70). However, to 

our knowledge, this is the first time that Early Triassic orbiculoids are reported from the western 

USA basin. This new occurrence confirms their presence in this basin and indicates that they 

survived the end-Permian mass extinction locally, as well as the end-Smithian crisis. 



 
 

fig. S12. Linguloid and discinoid inarticulate brachiopods. (A–B) Lingularia borealis in 

external and internal views; slabs UBGD 30520 and 30521, respectively. The specimen B has 

been slightly damaged when breaking the slab. (C–H) Orbiculoidea sp. with ventral and dorsal 

valves (F, H); slabs UBGD 30522-30526. Scale bars: 5 mm unless otherwise indicated. [photo 

credits A-H: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 

In addition, minute epizoan brachiopods that likely attached themselves to leptomitid sponge 

walls or on isolated spicule ropes initially, are an occasional component of the fauna (fig. S13). 

So far, only four sponge specimens exhibit such ecological association. The state of preservation 

of the available material (crushed molds) does not allow an accurate identification of these 

epizoan brachiopods. They roughly resemble some Paleozoic acrotretoid brachiopods, but an 

assignment to undetermined juvenile discinoids seems more reasonable. They likely colonized 

sponges in life position and were later buried with them. An overlap of these minute brachiopods 

by or above sponges, due to transportation, is excluded as they were never found isolated; they 

represent a robust ecological interaction. 

 

These epizoan brachiopods thus did not colonize traditional Early Triassic biological hard 

substrates such as bivalve (71), ammonoid (20, 72) and gastropod (15) shells. Rather, they 

provide evidence for a new Early Triassic biotic association. Such a relationship remains poorly 

documented in the Early Triassic (15, 71). Remarkably, this brachiopod-sponge association 

strongly echoes some Cambrian and later early Paleozoic consortia showing epizoan brachiopods 

(including acrotretoids) attached to sponges (34, 73–76) or algae (35). This association indicates 

that Early Triassic brachiopods exploited not only soft or hard seafloor habitats but also various 

other tiering levels above the substratum to access food particles in suspension and to benefit 

from the water currents generated by sponges. Early Triassic brachiopods were therefore adapted 

to various niches, at least immediately after the end-Smithian extinction. 

 



 

fig. S13. Sponge specimen showing minute epizoan brachiopods and closeup views of 

epizoan brachiopods. (A) Sponge specimen showing minute epizoan brachiopods from the Paris 

Biota. (B–D) Close-up views of epizoan brachiopods tentatively assigned here to juvenile 



discinoids. Slab UBGD 30505. Scale bars: 10 mm unless otherwise indicated. [photo credits      

A–D: Arnaud Brayard, Université Bourgogne Franche-Comté]. 

 

 

2.3. Bivalves 

Bivalves are represented by various taxa belonging to Eobuchia sp., Pleuronectites? sp., 

Astartella sp., Scythentolium sp. and Leptochondria curtocardinalis (fig. S14). All but Astartella 

are epifaunal, byssally-attached genera; Astartella is a shallow-infaunal taxon that went extinct at 

the end of the Early Triassic. Eobuchia and Leptochondria are rather common in the Early 

Triassic. Eobuchia is thought to derive from Crittendenia early in the Spathian (13, 77); its 

occurrence in the Paris Biota may confirm this age of origination. The determination of 

Pleuronectites remains questionable because no ctenolium is preserved on the available 

specimens. An alternative taxonomic assignment may be a more procrescent Eobuchia, although 

no transition between retrocrescent Eobuchia and procrescent Pleuronectites is yet known. 

Leptochondria curtocardinalis possibly survived from the Permian and was abundant during the 

Smithian and Spathian substages. Altogether, the bivalve fauna is not very diverse, even for Early 

Triassic standards, possibly due to the relatively deep setting (60–100 m below sea level) of the 

Paris Biota. Incidentally, we note that such relatively deep setting may also explain the absence 

of gastropods in the Paris Biota. Some additional bivalve taxa are likely present, but they cannot 

be determined on the basis of the material sampled so far. 



 

fig. S14. Bivalve specimens. (A) Pleuronectites? sp., slab UBGD 30527; note the procrescent 

disc, slender anterior auricle (aa), deep byssal notch (bn) and truncated posterior auricle 

suggestive for the genus. (B) Eobuchia sp., slab UBGD 30528; note the retrocrescent disc and 

straight posterior dorsal margin with prosocline incremental lines and lack of posterior wing.  

(C) Scythentolium sp., slab UBGD 30529; note the acline, circular disk, truncated posterior 

auricle (pa) and well-developed anterior auricle with deep byssal sinus (bs). (D) Leptochondria 

curtocardinalis, slab UBGD 30530; note the characteristic ornamentation with slender, densely 

spaced radial ribs ventrally intercalated in several ranks. Scale bars: 5 mm. [photo credits A–D: 

Arnaud Brayard, Université Bourgogne Franche-Comté]. 

 

 

 



 

2.4. Cephalopods 

Ammonoid specimens form a monogeneric, and most likely monospecific assemblage. They are 

quite abundant (>160 specimens sampled so far) and can be easily identified as Tirolites due to 

the presence of conspicuous ventral tubercles (fig. S15A–F). Unfortunately, owing to the 

significant compaction, they cannot be firmly assigned to Tirolites harti, which occurs in the 

overlying Middle Limestone unit (63) (Fig. 3). The ventrolateral nodes are more bullate and the 

ribs are more pronounced in T. harti. However, these features may actually be present in the 

Lower Shale specimens but disguised by the compaction. The diameter of Tirolites specimens in 

the Paris Biota ranges from <5 mm to ~90 mm, representing all ammonoid size-categories from 

early juvenile to adult individuals. 

 

Nautiloids are much rarer (6 specimens collected so far; fig. S15G) and show mainly crushed and 

incomplete orthoconic forms (“Orthoceras”). This apparently monospecific assemblage differs 

markedly from the slightly younger nautiloid faunas (Fig. 3: Columbites beds) found in 

neighboring localities (e.g., Bear Lake Hot Springs, 78, 79), where both coiled and orthoconic 

taxa are documented. Sampled fragments are of relatively large size (up to ~170 mm long and 

~30 mm wide), pointing towards unusually large individual sizes for this time interval. Surface 

ornamentation consists of fine growth lines. Septa are not visible. Their poor preservation and 

compaction preclude a precise taxonomic determination. 



 
fig. S15. Ammonoid and nautiloid specimens. (A–F) Ammonoid specimens of Tirolites sp. 

from the Paris Biota; conspicuous ventral tubercles (t) and ribs (r) are indicated on some 

specimens. (G) Orthoconic nautiloid from the Paris Biota; g.l.: anterior part with well visible 

growth lines. Scale bars: 5 mm. Slabs UBGD 30531-30537. [photo credits A-G: Arnaud Brayard, 

Université Bourgogne Franche-Comté]. 



Belemnoid arm hooks are very abundant in several beds and are usually found isolated (several 

hundreds of hooks have been sampled so far; fig. S16). “Belemnoid” is here taken in its large 

morphological sense, i.e. grouping teuthoid-like coleoids with a phragmocone, such as 

aulacocerids, belemnites or phragmocone-bearing coleoids. One slab shows a short string of 

paired hooks probably corresponding to a single arm (fig. S16A, B). None of these specimens 

were found in association with a beak, but a few hook specimens were found on the soft-part 

remains of one gladius-bearing coleoid (fig. S17). However, the assignment of these specimens to 

gladius-bearing coleoids cannot be confirmed, as arm hooks are found in many horizons and on 

several other organisms such as ammonoids. 

 

The morphology of the sampled hooks is typical of belemnoids (80). Since observed 

morphological features of these hooks are not diagnostic of a specific belemnoid taxon, a more 

detailed taxonomic attribution is unwarranted. The slight shape differences among hooks suggest 

that they occupied various positions along the arms (e.g., fig. S16I) consistent with a supposition 

that Early Triassic belemnoids bore hooks that were differentiated along the arms in a similar 

manner to other Mesozoic coleoids (e.g., refs. 81, 82). 

 

Coleoid hooks are not rare in the Triassic fossil record, but their abundance here is remarkable. 

For instance, Rieber (83) and Hu et al. (17) illustrated strings of belemnoid hooks with similar 

morphology from the Middle Triassic Lagerstätten of the Swiss Monte San Giorgio and the 

Chinese Luoping Biota, respectively. However, the Paris Biota is exceptional because it 

documents for the first time abundant belemnoid hooks through numerous successive levels in 

Lower Triassic rocks (see ref. 45 for clustered hooks in ichthyosaur remains from Spitsbergen, 

and ref. 84 for a brief mention of coleoid “hooklets” from a late Spathian locality from South 

China). This suggests that these predators were both an abundant and constant element of the 

community. The size of sampled hooks reaches 3.5 mm, indicating that Early Triassic 

belemnoids were already able to reach a size comparable to, -or even larger than-, Middle 

Triassic specimens (17, 83). 

 

Hooks are rarely found densely clustered in the Paris Biota, indicating that the majority were 

transported after decay of the arms. Nevertheless, they can be concentrated in some coprolites, 



demonstrating that these active predators were also prey for Early Triassic vertebrates (see 

section 2.7; see also ref. 45). Although crustaceans occur in the Paris Biota, including potential 

scavengers such as thylacocephalans, no evidence of accumulated hooks in regurgitated masses 

has been found so far (see ref. 81 for Jurassic examples). This suggests either that belemnoid 

remains were not actively scavenged by crustaceans, or that their decay or burial was very fast. 



 
fig. S16. Belemnoid arm hooks. (A–B) String of paired hooks; slabs UBGD 30538.                 

(C–I) isolated hooks showing various shapes; slabs UBGD 30539-30544. Scale bars: 5 mm 

unless otherwise indicated. [photo credits A–I: Arnaud Brayard, Université Bourgogne  

Franche-Comté]. 



Gladius-bearing coleoids are rare in the Paris Biota (3 specimens found so far, but one is 

unformative due to its poor preservation; this specimen was identified based only on its overall 

shape). The best preserved specimen is relatively large (~4.7 cm long; fig. S17) and exhibits a 

gladius with an acute anterior tip. No arms or tentacles are visible. The gladius is folded 

approximately along its median plane. It is similar to the gladii of modern squids by its 

microlaminated ultrastructure, its organic-rich composition and its overall shape. The exposed 

surface of the specimen shows the external surface of the left part of the gladius. The soft tissues, 

apparently belonging to the mantle, are preserved inside the folded gladius and are visible where 

the gladius is removed above the tissues. They are mainly dark and show a ripple-like surface. 

Similar mantle remains were described in the Late Triassic phragmocone-bearing coleoid 

Phragmoteuthis and in the ceratitid Austrotrachyceras, both from the Austrian Alps (85, 86). 

These specimens exhibit a similar carbonaceous preservation of soft tissues (supposedly due to 

the metabolism of carbon-accumulating bacteria), pointing towards a similar burial 

(micro)environment in the Paris Biota. Three main factors may have been involved in the gladius 

preservation: the originally organic-rich gladius composition, its micro-laminated ultrastructure, 

and the low-oxygen burial environment. 

 

Up to now, the oldest reported putative gladius-bearing coleoids are late Middle Triassic in age 

(Ladinian, ref. 87, ~242–237 Ma). The Paris Biota specimens are the first gladius-bearing 

coleoids reported from the Early Triassic. They differ substantially in form from later Mesozoic 

gladius-bearing coleoids (e.g., refs. 42, 87–89). They also differ from the Early Permian 

Glochinomorpha stifeli that is thought to be related to gladius-bearing coleoids despite showing a 

markedly distinct morphology (43). The Paris Biota coleoid indeed exhibits a typical gladius 

appearance with a slender shape, a long median field and short broad posterior lateral parts 

showing a length ratio of about 3:1; this points toward a member of the suborder Teudopseina 

(previously known from the Early Jurassic; refs. 42, 90, 91). Clearly, the original combination of 

characters shown by the specimens of the Paris Biota will definitively require a detailed study to 

determine their position in the phylogeny of gladius-bearing coleoids. However, regardless of the 

uncertain phylogenetic relationships between Permian and Triassic taxa, the Paris Biota 

specimens suggest that gladius-bearing coleoids did not evolve from Triassic pro-ostracum-

bearing Phragmoteuthida or Belemnitida (by transforming the pro-ostracum into the gladius and 



eliminating the phragmocone; e.g., ref. 44), but rather preceded them. Indeed, the oldest known 

pro-ostracum-bearing coleoids (phragmoteuthids: Breviconoteuthis breviconus and 

Phragmoteuthis ticinensis, refs. 85, 92, 93) are dated from the Middle Triassic and the clade 

Belemnitida potentially originated during the Late Triassic (94). The order Phragmoteuthida 

includes taxa characterized by relatively large, broad tri-lobate pro-ostraca and well-developed 

phragmocones (see ref. 95: Fig. 1). Any fossil coleoid, in spite of its age, lacking a phragmocone 

or indications of its breakage along the posterior end of the pro-ostracum cannot thus be referred 

to the order Phragmoteuthida. 

Gladius-bearing coleoids of the Paris Biota indicate either an independent evolution of these 

clades from a late Paleozoic common ancestor (43), or that the range of pro-ostracum-bearing 

coleoids must be extended downward into the Permian (see ref. 96 illustrating Permoteuthis from 

Greenland). Nevertheless, even if pro-ostracum-bearing coleoids were found in the Early 

Triassic, this would not support the pro-ostracum origin of the gladius because the gladius from 

the Paris Biota significantly differs by its structure and composition from the phragmoteuthid 

pro-ostraca. Additionally, the direct evolutionary transformation of the phragmoteuthid shell into 

a gladius-type structure as seen in the Paris Biota would request the following main processes:  

1) the disappearance of a long, well-developed phragmocone comprising about 20 camerae, 

septa, septal necks, connecting rings and conotheca;  

2) the elimination of the soft siphuncle running through the camerae of the phragmocone, 

including the blood vessels and connecting tissues;  

3) the in-depth re-organization of the soft body and its muscular system;  

4) the development of the physiological processes responsible for secretion of the chitin 

associated with special proteins, instead of aragonite shell material;  

5) the appearance of new soft body structures, such as a shell sac lacking in phragmoteuthid;  

6) the transformation of the locomotion system.  

Keeping all these complex processes in mind, a direct transformation of a phragmoteuthid into a 

gladius-bearing coleoid as found in the Paris Biota appears fairly unlikely. Moreover, recently 

available data on Glochinomorpha stifeli based on ultrastructural and geochemical approaches 

(43) suggests that:  

1) gladius-bearing coleoids already existed in the Early Permian and lacked phragmocones, 

contrary to phragmoteuthids; 



2) the evolutionary origination of gladius-bearing coleoids occurred in the late Paleozoic, 

rather than in the Early Jurassic; 

 3) the biochemical development (sensu secretion of non-biomineralized, apparently 

chitinous, shell material as opposed  to aragonite in the phragmocone of, e.g., 

Phragmoteuthis) preceded its morphological transformation (sensu typical gladius 

appearance); 

4) the re-combination of the archaic (gladius morphology) and advanced (gladius 

composition) characters results from the asynchronous appearance of the biochemical and 

morphological innovations. 

The phragmoteuthid lineage, even if found in older than Middle Triassic beds, is therefore 

unlikely to be the ancestor group of the gladius-bearing coleoids. Gladius-bearing coleoid 

specimens of the Paris Biota thus do not support the evolutionary origination of the gladius-

bearing coleoids from phragmoteuthids. 

 



 
fig. S17. Gladius-bearing coleoid. Slab UBGD 30545 under UV light (365 nm; (A) and natural 

light (B). Counterpart: slab UBGD 30546 under UV light (365 nm; C) and natural light (D). The 

gladius (g) is longitudinally folded with an acute anterior tip (t). Mantle remains (m) are visible 

under UV light around the specimen. Hooks (h) can be seen on this specimen but cannot be 

firmly associated to this gladius-bearing coleoid taxon. On the posterior part, potential conus (c) 

and the cartilaginous support (cs) of fins are visible. Scale bars on A-D: 10 mm. [photo credits  

A–D: Arnaud Brayard, Université Bourgogne Franche-Comté]. 

 



2.5 Arthropods 

Crustaceans documented in the Paris Biota not only include abundant glyphidean lobsters and 

caridean and penaeoidean shrimps represented by isolated carapaces, pleons and appendages, but 

also include incomplete specimens showing fully articulated remains (figs. S18–S20). 

 

Some specimens show a cephalothoracic groove pattern typical of glyphidean lobsters (97) (fig. 

S20A, E). Glyphidean lobsters have been reported from the Paris area and assigned to 

Litogastridae based on this groove pattern (Litogaster turnbullensis, 98), but this identification 

was based on a single disarticulated specimen with uncertain stratigraphic origin within the 

Spathian sequence. The general ornamentation of pleons from sampled specimens may fit with 

Litogaster turnbullensis but may also correspond to a new species of Litogaster (figs. S18B, C 

and S20A, E). Additionally, glyphidean pleons are documented for the first time from 

neighboring, older locality Sleight Canyon (uppermost part of the Dinwoody Formation, 

Dienerian, Fig. 3; see ref. 60 for a recent inventory of benthic organisms from this formation). 

These new occurrences significantly enlarge the spatiotemporal distribution of glyphidean 

lobsters. So far, these specimens constitute the oldest occurrence of glyphidean lobsters, which 

became well-diversified later in the Mesozoic; only two extant species are known (97). 

 

Additional crustacean taxa are also present; for example, abundant decapod specimens exhibit a 

saddle-shaped pleonal somite 2 (s2) partially covering s1 and s3 pleura, a character diagnostic of 

Caridea (figs. S19, S20E). However, the preservation of these shrimps prevents a firm systematic 

assignment. A few specimens exhibit a smooth carapace with few grooves and elongate thoracic 

appendages, suggesting the additional presence of penaeoid shrimps (fig. S20A, E). 

 



 
fig. S18. Different types of preservation for crustaceans from the Paris Biota.  
(A) Superimposed disarticulated pleons (arrows), slab UBGD 30547; biv.: bivalve. (B, C) Pleons 

(pl) and telsons (tel) of Litogaster preserved as a mold (B; UBGD 30548) and pyritized  

(C; UBGD 30549). (D, E) Telson and uropods showing phosphatic preservation (note the 

serrated outer margin of uropodal exopods: u), slab UBGD 30550 under natural light and UV 

light (365 nm). (F) Accumulation of pereiopods (p) and antennae (a), slab UBGD 30551; 

striation (arrow) is visible on some antennae. (G, H) Accumulation of disarticulated specimens, 

barely perceptible under natural light (G) but well visible under UV light (365 nm, H), slab 

UBGD 30552. Scale bars: 5 mm unless otherwise indicated. [photo credits A–H: Arnaud 

Brayard, Université Bourgogne Franche-Comté]. 



 
fig. S19. Penaeidean and caridean shrimps and accumulations. (A, B) Possible penaeoidean 

shrimps, slabs IMNH IP-026/778 and IMNH IP-026/779, respectively. (C, D, G) Caridean 

shrimps, slab UBGD 30553; note that abundant caridean shrimps (c) and fish scales (f) are found 

on the same slab. (E, F, H, I) Caridean shrimps, slab UBGD 30554. D, F and I are under UV 

light (365 nm). Caridean shrimps show a typical saddle shape and also exhibit delicate and short 

appendages (see also fig. S20D). Scale bars: 5 mm unless otherwise indicated. [photo credits A–I: 

Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 
fig. S20. Penaeid shrimps, caridean shrimp, and litogastrid lobsters. Penaeoid shrimps  

(A, B, E), Caridea shrimp (D) and litogastrid lobsters (C, F) from the Paris Biota. Slabs UBGD 

30555-30560, respectively, under natural light and UV light (365 nm). Penaeoid shrimps exhibit 

a smooth carapace (sca) with few grooves and elongate thoracic appendages (app). Scale bars:  

5 mm. [photo credits A–F: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



Thylacocephalans are an uncommon and enigmatic group of arthropods characterized by a 

bivalve carapace enclosing the body, large eyes and raptorial appendages (e.g., ref. 99). They are 

allied to crustaceans but with an uncertain systematic position (100, 101). Various modes of life 

have been suggested (101–106): benthic scavengers, or necto-benthic to nectonic predators. 

 

Until now, Early Triassic thylacocephalans have been reported only from Madagascar (107), but 

they also have recently been described from the late Spathian of Japan (46) and briefly mentioned 

from the Smithian of Western Australia (108) and the late Spathian of South China (84). The 

Paris Biota comprises two new genera represented by isolated carapaces. They are the first 

reports of thylacocephalans from Triassic rocks in North America, and therefore considerably 

expand their known distribution in the Early Triassic (46). It also reveals that their diversity is 

still substantially underestimated. Early Triassic thylacocephalans thus exhibit a generic diversity 

comparable to the Middle (4 genera) and Late Triassic (5 genera): 5 genera are now documented 

for the Early Triassic (among which 2 are from the western USA basin) from a total of 12 genera 

reported for the entire Triassic. 

 

The new genus #1 and species A (fig. S21A, B) shows a carapace characterized by a deep orbital 

notch, a thick, sharp, downward-curved rostrum, and a short, subrounded anteroventral corner. 

The dorsal margin is convex. The posterior margin is short, straight and vertical. The ventral 

margin presents a very peculiar morphology with a deep notch incised posteriorly (at the level of 

the muscle scar area, known in many thylacocephalans). The posterior part of the ventral margin 

is straight and oblique (where trunk limbs or pleopod-like appendages usually protrude in 

thylacocephalans). Carapace ornamentation is composed of transverse rib-shape incisions. The 

combination of these morphological characters is not known in any previously described 

thylacocephalans and suggests that these specimens from the Paris Biota correspond to a new 

genus and new species. 

 

The new genus #2 and species B (fig. S21C, D) shows a carapace characterized by a relatively 

deep orbital notch beside a short pointed rostrum and a short, sub-rounded antero-ventral corner. 

Dorsal and ventral margins are convex and convergent posteriorly. The posterior margin is not 

well preserved but was probably very short. Carapace ornamentation is composed of longitudinal 



stripes that are well-developed in the ventral region (wrinkled texture). This combination of 

characters also precludes assignment to known genera. 

 

 

fig. S21. Thylacocephalan specimens. Lateral view (A) under natural light of the right side of 

the carapace of the new genus #1 and species A showing transversal rib-shaped incisions and 

redrawn (B); UBGD 30561. Lateral view (C) under UV light (365 nm) of the right side of the 

carapace of the new genus #2 and species B showing longitudinal stripes and redrawn (D); 

UBGD 30562. Ros.: rostrum, a.m.: anterior (optic) margin, v.m.: ventral margin, p.m.: posterior 

margin, d.m.: dorsal margin. [photo credits A, C: Arnaud Brayard, Université Bourgogne 

Franche-Comté]. 

 

 

 

 

 

 



2.6. Echinoderms 

 

Crinoids are represented by five articulated and semi-complete specimens and rare isolated 

ossicles (mainly columnals). Two potentially distinct forms of holocrinid crinoids were collected 

in an exceptionally good state of preservation with articulated proximal stems and isolated arms 

in articulation (figs. S22, S23). These specimens are the oldest post-Paleozoic crinoids known 

from articulated remains (36), and represent a unique opportunity to improve our knowledge of 

Early Triassic crinoid diversification, especially as holocrinids represent one of the two most 

common post-Paleozoic crinoid lineages (109). They confirm that crinoids diversified early in the 

Early Triassic. As for most other crinoids, the Paris Biota specimens likely lived in marine 

habitats with stable environmental conditions and generally low sediment input. The holocrinids 

were attached by cirri to either hard or soft bottom sediments, a successful strategy also present in 

isocrinids (36). 

 

Oji and Twitchett (37) described an earlier genus and species of the family Dadocrinidae (order 

Encrinida), Baudicrinus krystyni, based on isolated columnals found in the Griesbachian in 

Oman. Sampled Paris Biota specimens are characterized by a unique combination of both 

ancestral and derived characters otherwise found in later crinoids (figs. S22, S23). The small 

number of columnals present between the nodals (there are 7 internodals), which are connected to 

few, long cirri is typical of ancestral holocrinids (fig. S23A, B). In contrast, the presence of a 

cryptosymplectial articulation between the distal facet of nodals and the following internodals is a 

derived character (109) (fig. S23C, D). 

 

Isolated holocrinid arms have brachials and pinnulars in articulation (figs. S22, S23C, D). Arms 

are uniserial throughout, even distally, and have no wedge-shaped brachials as seen in ancestral 

forms of holocrinids. The long, slender and flexible arms suggest that this form is an ancestral 

holocrinid. Derived characters include the presence of short brachials, every third brachial 

lacking pinnules, and the second pinnular being no longer than the first within each pinnules. 

 



 

fig. S22. Holocrinid specimens. (A) Proximal stem with cirri in lateral view; UBGD 30564.  

(B) Isolated arms; UBGD 30563. [photo credits A, B: Arnaud Brayard, Université Bourgogne 

Franche-Comté]. 

 

 



 
fig. S23. Closeup view of a crinoid stem with cirri and closeup view of an isolated pinnulate 

arm. (A, B) Close-up view of a stem with cirri in lateral view (A) and redrawn (B); UBGD 

30563. nod: nodal, int: internodal, cir: cirrus. The arrow indicates a cryptosymplectial articulation 

between the nodal distal facet and an internodal. (C, D) Close-up view of an isolated pinnulate 

arm in lateral view (B) and redrawn (C); UBGD 30564. Br. p.: brachial plate with pinnule,  



Pi: pinnular plate, Br. no p: brachial with no pinnule. [photo credits A, C: Thomas Saucède, 

Université Bourgogne Franche-Comté]. 

 

 

Ophiuroids comprise an articulated median to distal arm fragment and a complete individual 

preserving the disc and all five arms, both on the same slab (fig. S24). The complete specimen is 

extremely large for an Early Triassic ophiuroid. With a disc diameter of 14 mm, it by far exceeds 

all previously known Early Triassic ophiuroids (with a maximum 10 mm disc diameter; refs. 38, 

39). The taxonomy, systematics and phylogeny of Early Triassic brittle stars remain unclear 

although they show a rather large spatio-temporal distribution during this time interval, especially 

in low paleolatitudes (38, 39, 110). Although the few, mostly insufficient descriptions and 

illustrations available to date preclude any insights on the higher systematic position of the 

previously known Early Triassic ophiuroids, they suggest that their morphological disparity was 

very low. The Paris Biota ophiuroids, in contrast, show a combination of characters which is 

superficially more reminiscent of Middle Triassic and younger Mesozoic forms (fig. S25). In 

fact, the spine articulations sunken in depressions of the distal edge of the lateral arm plate and 

composed of volute-shaped dorsal and ventral lobes distally merged by a weakly developed 

sigmoidal fold along with an elongate, slender abradial genital plate unequivocally place these 

specimens in the extant ophiodermatids, although the large tentacle notches of the proximal 

ventral arm plates lined by an elevated ridge, and the rapid decrease in size of the ventral arm 

plates in proximal to middle arm segments suggest a basal position within this clade. The Paris 

Biota material thus significantly pushes back the origin of the ophiodermatids, previously dated 

to the Late Triassic (40, 41). As a result, divergence of the major ophiuroid clades must have 

started before the Permian/Triassic boundary or during the earliest Triassic, rather than in the 

Middle to Late Triassic. 



 
 

fig. S24. Ophiuroid specimens. (A) UBGD 30565; (B) UBGD 30566 (slab is broken on the 

right; this specimen is thus incomplete). Scale bars: 5 mm. [photo credits A, B: Ben Thuy, 

Natural History Museum Luxembourg]. 

 

 

 



fig. S25. Closeup view of the spine articulations of an ophiuroid specimen. l.a.p: lateral arm 

plate; v: ventral lobe of spine articulation; a.s.: arm spine; d.l.: dorsal lobe of spine articulation. 

[photo credit: Ben Thuy, Natural History Museum Luxembourg] 

 

 

 

2.7 Vertebrate remains 

Body fossils comprise several vertebrate remains including isolated osteichthyan bones, scales, 

teeth and tooth plates (fig. S26). A few specimens of the conodont genus Neogondollela also 

occur. Chondrichthyes are represented by isolated teeth preserved in 3D (6 specimens; fig. 

S26A-D) or as imprints (2 specimens; fig. S26E). 3D teeth were found on a single slab and are 

preserved in labio-lingual view, with varying degrees of surficial weathering. The teeth are 

characterized by a similar ornamentation and architecture of the crown and root. However, there 

are differences in the degree of apical arching, in the presence or absence of cusps and cuspslets, 

and in the level of asymmetry. These observations suggest that the teeth probably belong to a 

single taxon characterized by a heterodont, grinding dentition. The overall morphology agrees 

with that of teeth usually ascribed to the Late Pennsylvanian?–Mesozoic hybodontiform genus 

Acrodus (111, 112). Differences in architecture indicate that the teeth belong to different tooth 

files, but probably to the same individual. Teeth t1, t2 (fig. S26D), and t3 (fig. S26C) most likely 

represent anterior files. These teeth are nearly symmetrical in labio-lingual view and mesio-

distally shorter than t4, t5, and t6 (fig. S26B) and the tooth imprint of slab UGBD 30567 (fig. 

S26E). The posterior teeth are slightly or distinctly asymmetrical, with the crown apex being 

shifted mesially. The degree of asymmetry increases gradually from t1 to t6. 

 

Disarticulated remains of Osteichthyes are very abundant and include scales and numerous 

fragmentary bones (up to ~5 cm). Three osteichthyan tooth plates were also identified, 

resembling Bobasatrania but probably distinct from that genus due to the absence of a median 

furrow or ridge (113, 114). Other elements show some resemblances to the urohyal of actinistians 

(115) (fig. S26H) or the parasphenoid of actinopterygians (fig. S26I), but their incomplete 

preservation precludes any secure interpretation. Scales are frequently poorly preserved, also 

preventing any firm determinations. They often exhibit a cycloid morphology typical of 

actinistians, but some rare scales have a rhombic shape, characteristic of many “lower” 

actinopterygians.  



Both actinistians and actinopterygians have already been documented from Early Triassic strata 

in nearby sites (57). Several early Spathian localities have yielded ichthyoliths (57, 116–118) but 

also articulated fishes (57, 119).  Some ichthyopterygian remains were also found in early 

Spathian beds of the Bear Lake area (58) as well as sauropterygian remains from Spathian beds in 

neighboring Wyoming (120). In addition to these published specimens, new material (isolated 

bones or articulated partial/complete skeletons) was recently discovered at several sites in the 

Bear Lake area, i.e. in the middle Smithian “Meekoceras beds”, the upper Smithian Anasibirites 

beds (Saurichthys and actinistians), as well as in the lower Spathian Tirolites beds (Bobasatrania, 

pers. obs. CR, JJ, KGB, AB). 



 
fig. S26. Vertebrate remains from the Paris Biota. (A–D) Chondrichthyan teeth referable to 

Acrodus, slab IMNH 1143/46168. t: tooth; a: ammonoid. B-D) Close-up views of teeth t6, t3 and 

t2, respectively. (E) Tooth imprint of Acrodus, slab UBGD 30567. (F–I) Osteichthyes remains 

showing scale accumulations (F, slab UBGD 30568), an osteichthyan tooth plate (G; slab UBGD 

30569), a possible urohyal of actinistia (H; slab UBGD 30570) and a possible parasphenoid of an 

undetermined actinopterygian (I; slab UBGD 30571). Scale bars: 5 mm unless otherwise 

indicated; G is 2 mm. [photo credits A–D: L.J. Krumenacker, Montana State University;  

E–I: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



Coprolites can provide information on the trophic structure of an ecosystem by giving original 

insights on predator-prey relationships. They are relatively well documented for the Middle and 

Late Triassic (e.g., 121–123), but Early Triassic reports from marine environments are much rarer 

(e.g., 124–128). Coprolites of the Paris Biota can be divided into two groups: 

- Group I consists of thin (<0.5 mm), small (<2 cm) and elongated specimens showing 

irregular shapes ranging from undulating to spiral (fig. S27A). Such feces appear to be 

documented here for the first time in the Early Triassic. They can be abundant, and cover 

some sampled slab surfaces, suggesting that their producers were also abundant. No trace 

of phosphatic preservation was found in this group, suggesting that their producers may 

have been arthropods (e.g., 125); 

- Group II includes spherical to blade-shaped specimens with irregular outlines, and show 

sizes ranging from 1 to ~5cm (fig. S27B–F). These specimens resemble some previously 

reported Early Triassic coprolites (e.g., 125), and are characterized by a preservation in 

calcium phosphate. 

Determination of coprolite producers is always challenging. Coprolites from Group II contain 

small undetermined bone remains and, even more remarkably, sometimes abundant belemnoid 

hooks (fig. S27D–F). Hook concentrations in coprolites are not commonly documented (see ref. 

81 for a Lower Jurassic example). Their mineral composition and relative large sizes (comparable 

with previously reported sizes by, e.g., 125), indicate that their producers were carnivorous and 

likely represent rather large fishes or marine reptiles acting as top predators. This demonstrates 

the existence of already complex marine trophic networks, including at least four trophic levels 

during the earliest Spathian, i.e., immediately after the late Smithian extinction (126). In addition, 

body fossils of large marine vertebrate predators are not uncommon in Lower Triassic strata of 

the western USA basin (e.g., 57, 58, 126, 129). 

 



 
 

fig. S27. Coprolites from the Paris Biota. (A) Group I specimens (I); slab UBGD 30572.  

(B) Close-up view on a Group I specimen, slab UBGD 30583. (C, D) Group II specimens; slabs 

UBGD 30573 and 30574, respectively. (E–G) Close-up views of belemnoid hooks (arrows) and 

redrawn, accumulated in a specimen of the Group II; slab UBGD 30575. Scale bars: 5 mm unless 

otherwise indicated. [photo credits A-F: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 

2.8 Algae 

So far, algal remains are almost absent from the Early Triassic fossil record. Dasycladacean green 

algae were reported from the Dienerian and Spathian of South China (50, 130) and the Spathian 

of Iran (131). One phylloid red algae was documented in the Griesbachian of Greenland (132). 

Nevertheless, many algal higher taxa have persisted from the Permian to the Middle Triassic 

(e.g., ref. 133), implying numerous ghost lineages in the Early Triassic. 

 

At least two different algal morphotypes occur in the Paris Biota. They can cover large surfaces 

of sampled slabs, indicating at least occasional blooms of these primary producers. Their 

preservation is nevertheless rather poor, preventing any detailed morphological description and 

taxonomic assignment. The first morphotype (fig. S28A, B) shows a rod shape with an 

unbranched thallus, generally ≤5 mm, resembling in gross morphology some stick-like 

dasycladales (e.g., ref. 50). This form is preserved as a pyrite film, suggesting that its wall 

structure was originally organic. This algal morphotype may correspond to non-calcified 

dasycladales. The second morphotype is filamentous and branching (fig. S28C, D). Specimens 

can reach 2 cm in length for a thallus diameter of <1 mm, showing some similarity with the late 

Paleozoic green algae Koivaella. These new findings indicate that the diversity, abundance and 

geographic distribution of Early Triassic algae remain largely unknown, and that they proliferated 

widely, at least sporadically, in some environments where they may have served as primary 

producers in trophic networks. 



 

fig. S28. Algal morphotypes from the Paris Biota. (A–B) Rod-shaped, unbranched specimens 

preserved in pyrite, maybe corresponding to non-calcified dasycladales; slab UBGD 30576.  

(C–D) Filamentous and branching specimens resembling some late Paleozoic green algae (e.g., 

Koivaella); slab UBGD 30577. Scale bars: 5 mm unless otherwise indicated. [photo credits A–D: 

Arnaud Brayard, Université Bourgogne Franche-Comté]. 

 

 

 



3. Preservation 

Scanning Electron Microscope (SEM) observations coupled with Energy Dispersive 

Spectrometer (EDS) analyses were performed at the Institut Carnot de Bourgogne (Dijon, France) 

to determine the elemental composition of fossil fragments. Specimens were coated with ~10 nm 

of graphite using a High Resolution Ion Beam Coater GATAN 681. A JEOL JSM 6400F Field 

Emission SEM equipped with an Oxford INCA Energy 300 X-ray EDS system was used for all 

analyses. EDS measurements of x-ray fluorescence were made mainly on points. The relative 

accuracy of the quantitative elemental analysis is within ±5%.  

 

A detailed taphonomic study of the organisms from the Paris Biota is beyond the scope of this 

paper, but some noticeable features can be already highlighted: 

1) Mollusks (except gladius-bearing coleoids) and echinoderms all typically show calcitic 

preservation. In contrast, leptomitid sponges (figs. S29, S30), arthropods (fig. S31), 

brachiopods and coprolites differ by being preserved in calcium phosphate, suggesting 

rapid burial and decay initiation in phosphatizing microenvironments. Phosphatic 

preservation is rather common for coprolites, vertebrate remains, crustacean cuticle and 

coleoid soft parts (21). Carbonaceous preservation is observed for belemnoid hooks  

     (fig. S32) and parts of coleoid gladii, reflecting their presumably organic original nature 

(e.g., refs. 85, 134). Some algae are preserved in pyrite (see above, section 2.8); 

2) Organisms were molded in a very fine-grained sediment as shown by a clay film still 

occurring below most studied specimens (fig. S33); 

3) A secondary alteration of clay aluminosilicates and phosphates in carbonates is observed 

on and around some specimens. 

 

These preliminary observations illustrate the combination of at least four distinct modes of 

preservation (calcitic, phosphatic, carbonaceous and pyritized). Such a diversity in mineralogical 

compositions points toward a mosaic of primary fossilization microenvironments and eventually 

of secondary mineralization processes. So far, no microbial mats have been found in association 

with Paris Biota fossils. 



 
fig. S29. SEM photographs and EDS analyses for leptomitid protomonaxonid sponge 

specimens. SEM photograph (A) and EDS analysis (B) for leptomitid protomonaxonid sponge 

specimen UBGD 30500. Small square at the upper left corner of the “spectre 1” label indicates 

the targeted point. EDS spectrum shows that the elemental composition is dominated by calcium 

phosphate. [photo credit: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 
fig. S30. SEM photographs and EDS analyses for leptomitid protomonaxonid sponge 

specimens. SEM photograph (A) and EDS analysis (B) for leptomitid protomonaxonid sponge 

specimen UBGD 30501. Small square at the upper left corner of the “spectre 1” label indicates 

the targeted point. EDS spectrum shows that the elemental composition is dominated by calcium 

phosphate. [photo credit: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 
fig. S31. SEM photograph and EDS analysis for a crustacean specimen. SEM photograph  

(A) and EDS analysis (B) for crustacean specimen UBGD 30502. Small square at the upper left 

corner of the “spectre 1” label indicates the targeted point. EDS spectrum shows that the 

elemental composition of the crustacean specimen is dominated by calcium phosphate. [photo 

credit: Arnaud Brayard, Université Bourgogne Franche-Comté]. 



 

fig. S32. SEM photograph and EDS analysis for a belemnoid hook specimen. SEM 

photograph (A) and EDS analysis (B) for belemnoid hook specimen UBGD 30503. Small square 

at the upper left corner of the “spectre 1” label indicates the targeted point. EDS spectrum shows 

that the elemental composition of the hook specimen is dominated by carbon (the “Ca” symbol 



superimposed on “C” symbol is an artefact of peak display). [photo credit: Arnaud Brayard, 

Université Bourgogne Franche-Comté]. 

 

 
 

fig. S33. SEM photograph and EDS analyses for a leptomitid protomonaxonid sponge 

specimen. SEM photograph (A) and EDS analyses (B and C) for leptomitid protomonaxonid 



sponge specimen UBGD 30501. White crosses with “spectre 1” and “spectre 2” labels indicate 

targeted points. EDS spectra show that the elemental composition below the leptomitid 

protomonaxonid sponge fragment is dominated by aluminosilicates (spectrum 1 in B) and that the 

sponge is preserved in calcium phosphate (spectrum 2 in C). [photo credit: Arnaud Brayard, 

Université Bourgogne Franche-Comté]. 



table S1. Sampled taxa from the Paris Biota. 

Phylum Classe Order or subclasse Family Genus species 

Porifera uncertain uncertain Leptomitidae? new genus new species 

 
Hexactinellida ? ? ? ? 

Brachiopoda Lingulata Linguilida Lingulidae Lingularia L. borealis 

   
Discinidae Orbiculoidea sp. 

   
Discinidae? new minute epizoan genus new species 

Mollusca Bivalvia Pectinoida Asoellidae Leptochondria L. curtocardinalis 

   
Pectinidae Pleuronectites? sp. 

   
Entoliidae Scythentolium sp. 

   
Buchiidae Eobuchia sp. 

  
Veneroida Astartidae Astartella sp. 

 
Cephalopoda Ammonoidea Tirolitidae Tirolites sp. 

  
Orthocerida uncertain “Orthoceras” sp. 

  
Belemnoidea ? ? ? 

  
Coleoidea new family new genus new species 

Arthropoda Malacostraca Decapoda - Glypheidea Litogastridae Litogaster L. turnbullensis or new species 

  
Decapoda - Caridea ? ? ? 

  
Decapoda - Penaeoidea ? ? ? 

 Thylacocephala Conchyliocarida to be determined new genus #1 new species A 

   to be determined new genus #2 new species B 

Echinodermata Crinoidea Holocrinida Holocrinidae new genus new species 

 
Ophiuroidea Ophiurida Ophiodermatidae ? new genus new species 

Chordata Conodonta Ozarkodinida Gondolellidae Neogondollela sp. 

 
Chondrychtyes Hybodontiformes Acrodontidae Acrodus sp. 

 
Osteichthyes - Sarcopterygii Actinistia ? ? ? 

 
Osteichthyes - Actinopterygii ? ? ? ? 

Chlorophytae non-calcified Dasycladales? ? ? ? ? 

 
calcified Dasycladales? ? ? ? 

                  
? 




