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Abstract: Tridentinosaurus antiquus represents one of the

oldest fossil reptiles and one of the very few skeletal specimens

with evidence of soft tissue preservation from the Cisuralian

(Early Permian) of the Italian Alps. The preservation and

appearance of the fossil have puzzled palaeontologists for

decades and its taphonomy and phylogenetic position have

remained unresolved. We reanalysed T. antiquus using ultravio-

let light (UV), 3D surface modelling, scanning electron micros-

copy coupled with energy dispersive spectroscopy (SEM-EDS),

micro x-ray diffraction (μ-XRD), Raman and attenuated total

reflectance Fourier transformed infrared (ATR-FTIR)

spectroscopy to determine the origin of the body outline and

test whether this represents the remains of organically preserved

soft tissues which in turn could reveal important anatomical

details about this enigmatic protorosaur. The results reveal,

however, that the material forming the body outline is not fos-

silized soft tissues but a manufactured pigment indicating that

the body outline is a forgery. Our discovery poses new ques-

tions about the validity of this enigmatic taxon.

Key words: taphonomy, soft tissue preservation, forgery,

fossil, Permian, spectroscopy.

THE study of the evolution of reptiles is a prominent

research field in palaeontology, but the diversity of early

reptile-like animals is still poorly understood. The onset

of reptiles occurred at the transition from the Carbonifer-

ous to the Permian with fossil localities occurring all

around the world. In the Alps, Permian fossiliferous sites

yield mostly trackways (Leonardi et al. 1974; Conti

et al. 1975, 1977; Ceoloni et al. 1988; Bernardi et al. 2017a,

2017b) (e.g. in Italian literature Val Gardena Sandstone,

in German literature Gröden Formation) and very rare

body fossils (i.e. skeletons). A small lizard-like reptile with

a slender body, relatively long neck and pentadactyl

limbs, however, was found in Trentino-Alto Adige in

1931 in a fine-grained layer of tuffaceous sandstone (esti-

mated age Cisuralian; 298–273Ma) and was given the

name Tridentinosaurus antiquus (Leonardi 1959). Triden-

tinosaurus antiquus (Fig. 1A) was officially described by

Leonardi (1959) as an exceptionally preserved fossil

showing a dark-coloured body outline associated with an

articulated skeleton contrasting with the surrounding

pale-pink coloured tuffaceous sandstone. The body

outline was interpreted as the remains of soft tissues pre-

served via ‘carbonization’ (i.e. organic preservation of soft

tissues). Although the overall shape of the fossil is clearly

visible, the skeletal elements are not. The long bones of

the hindlimbs (i.e. femurs, tibiae and fibulae) are poorly

preserved, barely visible on the surface of the rock and no

other skeletal elements are recognizable (notably, the skull

bones are missing). The description of the taxon and its

assignation first to the Araeoscelidae (Leonardi 1959) and

then to the polyphyletic group Protorosauria (Dalla Vec-

chia 1997) were based exclusively on the gross morphol-

ogy of the body given by the visible dark-coloured body

outline. Despite this, the taxon has been reported in other

studies (Ronchi et al. 2011; Spindler et al. 2018, 2019) as

an exceptionally preserved key specimen for understand-

ing the diversity of early Permian fauna. However,

T. antiquus has never been analysed in detail using mod-

ern analytical techniques, and its taphonomy and phylo-

genetic position are unknown. Organically preserved soft

tissues can reveal biological information about ancient

animals (Vinther 2015; Gabbott et al. 2016; McNamara
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et al. 2016a; Spindler et al. 2018; Manning et al. 2019;

Rossi et al. 2022; Slater et al. 2023), including phylogenetic

affinities (Clements et al. 2016; Miyashita et al. 2019; Rog-

ers et al. 2019), and provide important insights into the

taphonomic processes that occurred during fossilization.

They are thus important to better constrain the diagenetic

history of a fossil (Ma et al. 2015; McNamara et al. 2016b;

Rossi et al. 2020; Rogers et al. 2021).

Here, we focus on characterizing the soft tissues via a

multi-technique approach using ultraviolet light (UV),

3D surface modelling, scanning electron microscopy

coupled with energy dispersive spectroscopy (SEM-EDS),

micro x-ray diffraction (μ-XRD), micro-Raman and

attenuated total reflectance Fourier transformed infrared

(ATR-FTIR) spectroscopy to study the preservation of the

body outline at the physical and chemical level. We tested

F IG . 1 . Tridentinosaurus antiquus. A, photograph of the specimen, including sampling locations S0–S12 and SX (matrix). B, map of

the topography of the surface of the specimen, highlighting the superficial topography. C, UV photograph showing that the fluores-

cence of the whole specimen. D, enlargement of the shoulder region, outlined on A. E, enlargement of the pelvic girdle region, out-

lined on A. Scale bars represent: 20 mm (A); 5 mm (D); 3 mm (E).
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the initial hypothesis (Leonardi 1959) that the body out-

line represents the remains of organically preserved integ-

ument and potentially other soft tissues.

GEOLOGICAL SETTING

The fossil was collected from near the ‘Stramaiolo’ (Rede-

bus) locality in the Pinè Valley. Here, a several-metre-thick

fine-grained pyroclastic succession, part of the Regnana

Formation, lies stratigraphically below the Ora Formation

(Marocchi et al. 2008; Morelli et al. 2012). The Regnana

Formation is generally characterized by a dome of andesitic

lava flows (Abbà et al. 2018) but locally, distally deposited

pyroclastic intercalations are present. The entire succession

is part of the southern margin of the Athesian Volcanic

Complex (Morelli et al. 2012). From the same geographical

area where the T. antiquus was recovered, fossil plant mat-

erial comprising large shoot and leaf fragments possibly

preserved coalified were also reported (Leonardi 1959).

The fossil is hypothesized to be late Kungurian in age,

since the overlaying Ora Formation has been dated to

274.1� 1.6 Ma (Marocchi et al. 2008; Morelli et al. 2012).

MATERIAL AND METHOD

Fossil specimen. The hand specimen is housed in the col-

lections of the Museo della Natura e dell’Uomo (MGP-PD

26567; inventory number 5597). The specimen

(280 × 220 × 100 mm, 9 kg) was photographed and the

body outline was assessed using a Leica 165 C stereo

microscope. Regions of interests (n = 13) were identified

before sampling (Fig. 1; Table S1). Small samples (1–
2 mm2; n = 18) were dissected from the body outline using

sterile tools. Not all samples could be used for all methods

due to different preparation requirements. Most samples

(n = 13) were placed on carbon tape, coated with Au/Pd

and screened using the SEM. A subset of these samples

(n = 5) was then prepared for thin sections. Three samples,

including the sediment were placed in small plastic cap-

sules for XRD analysis. One sample from the body outline

(region S8, ‘abdomen’) and one sample from the rock were

placed in sterile glass vials for ATR-FTIR analysis. We

compared the FTIR results of the fossil material with mod-

ern melanosomes extracted from the skin of an extant rep-

tile (Basiliscus basiliscus; melanosome morphology and

chemistry are published in Rossi et al. 2019) and a carbon-

based manufactured pigment (Bone Black PBk9, Daler

Rowney) purchased in a local shop.

Photography and 3D modelling. The specimen was first

photographed under white light using a Nikon D300, objec-

tive Micro nikkor 60mm F/2.8 and then photographed

under UV light (Way Too Cool, LLC, 95W, https://www.

fluorescents.com); no yellow filter was applied during UV

photography. Photographs were then processed in Adobe

Photoshop (release 24.05.0). A photogrammetric map and

3D model were built using two dataset of photographs:

(1) for the photogrammetric mapping, 90 photographs were

taken and the image was produced using Agisoft Metashape

Professional (v2.0.1 build 16069); (2) additional photo-

graphs, for a total of 110 photographs were used to built the

3D model in Agisoft Metashape Professional (v2.0.1 build

16069). The raw datasets are available in MorphoSource

(Rossi & Castelli 2023).

Scanning electron microscopy. Samples were coated in

Au/Pb and analysed with a JEOL JSM-6490, in high vac-

uum at an accelerating voltage of 15 kV, 10 mm working

distance. Thin sections were analysed uncoated with a

JEOL JSM-IT100, in low vacuum at an accelerating volt-

age of 10 kV, 10–9 mm working distance.

Thin sections. Samples were embedded in epoxy resin

(Araldite 2020, Huntsman), cut and polished until a

thickness of 30 μm was reached. Thin sections were

photographed using a Nikon Eclipse ME600 optical

microscope.

Micro x-ray diffraction. Whole samples were measured

using micro x-ray diffraction with a Rigaku Oxford Dif-

fraction SuperNova single-crystal diffractometer working

in micro powder diffraction mode, equipped with a Dec-

tris Pilatus 200K area detector and with a MoKα x-ray

microsource (working conditions: 50 kV and 0.12 mA).

The sample-to-detector distance was 68 mm and x-ray

diffraction data were collected for each sample using a 0–
360° phi-scan mode with (1 scan per degree) using

an exposure time of 40 s per frame.

Micro Raman spectroscopy. Raman spectra were recorded

with a Renishaw inVia Qontor Raman Spectrometer Sys-

tem using a 532 nm 50mW laser. The collected polychro-

matic light is diffracted by 1800 lines/mm grating, into its

constituent wavelengths and captured on a Peltier cooled

(�70°C) near infrared enhanced, deep depletion CCD

(1024 × 256 pixels). The instrument was calibrated to the

520.5 cm�1 line using an integrated silicon standard. Indi-

vidual spectra were obtained using ×100 objective

(0.6 μm spot size); 300 accumulations of 1 s at 5% power.

This configuration was chosen to obtain maximum signal

to noise ratio whilst avoiding laser induced damage of the

material. Spectra were processed in WiRE v5.5 (https://

www.renishaw.com) using minimal smoothing, cosmic

ray removal and baseline subtraction. The Raman map

was obtained using ×50 LWD (long working distance)

objective at 10% laser power recording 378 573 spectra at
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a spacing of 500 × 500 nm. The map used the Renishaw

LiveTrack function of the spectrometer to ensure constant

laser focus during data accumulation. The map data were

processed in WiRE v5.5, including baseline subtraction,

cosmic ray removal and Renishaw’s Empty Modelling

function to identify and correlate similar spectra.

ATR-FTIR spectroscopy. ATR-FTIR spectroscopy was per-

formed using a Perkir-Elmer Frontier FT-IR/NIR spec-

trometer equipped with a universal germanium (Ge)

diamond-coated crystal. The infrared spectra were collected

in the mid-IR range from 4000 to 600 cm�1 and 10 accu-

mulations were acquired in attenuated total reflectance

with a resolution of 4 cm�1. Spectra were baseline corrected

and normalized in SpectrumIR and peak analysis was per-

formed in OriginPro (https://www.originlab.com).

RESULTS

Overall, the specimen presents a great degree of topogra-

phy (Figs 1A–B, S1; Movie S1). The hindlimbs and tail

are topographically higher than the abdomen and fore-

limbs; the edges of the abdomen are topographically

lower than the centre, which in turn is characterized by a

ridge. The body outline appears as a dark brown thin film

with a slightly glossy appearance; this film is strongly

adherent to the rock matrix, which makes the sampling

particularly challenging. Discolouration is observed on

the upper part of the central ridge and around the hin-

dlimbs. Preparation marks are evident around the fore-

limbs, especially the right manus and the abdomen.

Preliminary investigation using UV photography reveals

that the entire specimen, including the bones and body

outline (i.e. putative soft tissues), fluoresces as a yellow

colour (Fig. 1C). In addition, UV imaging reveals that the

perimeter of the body outline is highly irregular (Fig. S2).

We tested an organically preserved plant fossil found in

the same outcrop where T. antiquus was discovered and

this specimen did not fluoresce under UV light (Fig. S3).

Microscopic analysis of the specimen reveals novel

details about its anatomy. Small rhomboidal scales (max.

2 × 0.9 mm) are found in the region of the shoulder and

pelvic girdle (Fig. 1D, E). These show a smooth, partially

discoloured surface with a glossy finish. SEM-EDS analy-

sis of small samples from the scales (Fig. S4) shows a thin

(c. 10 μm) compact C-rich layer on the upper surface;

anhedral crystals enriched in Ca and P with no specific

microstructure are visible. No other skeletal elements are

recognizable on the surface of the rock.

SEM analysis shows that all samples from the body

outline comprise angular granules embedded in a micro-

crystalline matrix associated with other anhedral crystals

derived from the matrix (Figs 2, 3, S5). These granules

vary in size, measuring from <2 μm up to 20 μm across

(Figs 2G–H, 3C–D). Microscopic and SEM analyses of

thin sections of selected samples show that these clasts

occur within the uneven layer of dark-coloured matter

on the surface of the samples (Fig. 3). EDS analysis

reveals that these clasts contain exclusively Ca and P,

whereas the microcrystalline matrix is associated with Si,

O and, to a lesser extent, Al and C (Figs 2I, 3C–D).
XRD analysis (Fig. S6) shows the presence of abundant

apatite in the samples from the body outline and scales,

in addition to quartz, albite, biotite and other phyllosili-

cates (mainly chlorite). A similar mineralogy is found in

the matrix.

Raman mapping (Fig. 4A, B) of one selected thin sec-

tion confirms the mineralogy of the samples (Fig. S7),

but also highlights the presence of an unknown chemical

compound associated with the dark-coloured layer. The

Raman signature of this compound comprises two broad

bands at c. 1580 and 1350 cm�1 and a peak at

c. 961 cm�1, although the latter is not always detected

(Fig. 4C). The bands are identified as the G (graphite)

and D (disorder) bands typical of kerogen, melanin pig-

ments, coal and charcoal, whereas the peak at 961 cm�1 is

that of apatite. To further investigate this organic signa-

ture, ATR-FTIR spectroscopy was used on selected

untreated samples from both the matrix and the abdomen

(Fig. 4D). The spectrum for the matrix shows major

absorption features between 1200 and 400 cm�1. In this

range we can assign peaks for the stretching and bending

vibrations of the Si–O groups and the Si–O–M group and

PO3�
4 . These functional groups are typical of quartz, feld-

spars, phyllosilicates, and apatite (Chukanov & Chervon-

nyi 2016). A minor spectral feature is the broad band

centred at c. 3500 cm�1 assigned to the stretching and

bending vibration of the –OH groups (Chukanov & Cher-

vonnyi 2016). The spectrum from the abdomen shows

similar absorption features as the matrix between 1200

and 400 cm�1, but it differs from that for a stronger band

for the OH groups, a small shift in the frequency of the

sharp peak at c. 1090 cm�1 and the presence of other

peaks in two distinct frequency ranges: (1) between 3000

and 2750 cm�1; and (2) between 1720 and 1420 cm�1. In

the first range the peaks at 2930 and 2855 cm�1 are

assigned to the CH2 antisymmetric and symmetric

stretching vibration, respectively. Several peaks can be

assigned in the second frequency range which can

be identified as the ‘aromatic carbon network’ (Van Loon

& Boon 2004). This absorption region comprises weak

peaks identified using the literature (Daher et al. 2011;

Daveri et al. 2018; Lluveras-Tenorio et al. 2019) as follows:

the 1713 cm�1 peak can be assigned to the stretching

mode of C=O bonds; the 1636 cm�1 peak can be assigned

to the stretching mode of C=CH2; the peak at 1556 cm�1

is tentatively assigned to the stretching mode of N–O; the

4 PALAEONTOLOGY
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peak at 1457 cm�1 is assigned to the bending deformation

of CH bonds and finally at 1416 cm�1 can be tentatively

assigned to the vibration of CH2 and CH3 in alkenes.

Furthermore, we analysed a sample of melanosomes

extracted from the skin of an extant reptile (Rossi

et al. 2019) and a sample of commercial black paint

(Bone Black PBk9, Daler Rowney) for comparison

(Fig. S8). The spectrum of melanosomes exhibits the

broad peak at c. 3300 cm�1, assigned to OH and N–H
bonds, and two peaks at 2924 and 2867 cm�1 assigned to

CH2 antisymmetric and symmetric stretching vibration,

respectively (Glass et al. 2012; Cloete et al. 2023). Major

peaks centred at 1600, 1462, 1353, 1248 and 1047 cm�1

can be respectively assigned to amide I (C=O, C–N),
bending deformation of CH bonds, in plane bending

mode of OH and N-H, N-H twisting modes and O=C–N
bending and finally cysteine S–O and S=O bonds (Pralea

et al. 2019; Cloete et al. 2023), in melanin and proteina-

ceous matter within melanosomes. The spectrum of bone

black paint shows major sharp peaks between 1500 and

1400 cm�1 and between 1090 and 800 cm�1. The former

frequencies are associated with vibrational modes of C–O
bonds in calcium carbonates and CH2 and CH3 in alkenes,

whereas the latter with P–O and Si–O bonds in apatite and

silicate impurities (Lluveras-Tenorio et al. 2019) minor

peaks at 1647 and 1603 cm�1 can be tentavely assigned to

F IG . 2 . SEM-EDS analysis of samples from the body outline. A–C, micrographs of sample S4. D–F, micrographs of sample S9. G–
H, backscatter image of polished surface of sample S8. I, elemental maps of part of the area shown in H for C, Si, Ca and P. All sam-

ples show a microgranular texture and absence of typical soft tissue ultrastructure. Scale bars represent: 50 μm (A, D, E); 20 μm (C,

H); 5 μm (B, F); 100 μm (G).

ROSS I ET AL . : THE OLDEST REPT ILE WITH FAKE SK IN 5

 14754983, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pala.12690 by C

ochraneItalia, W
iley O

nline L
ibrary on [12/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



F IG . 3 . SEM-EDS analysis of thin section of sample S9. A, photograph of sample S9; dashed line represent layers of dark coloured

matter forming the ‘body outline’. B, backscattered image of sample S9 showing the irregular thickness and microgranular texture of

the ‘body outline’ layer. C, detailed image of the superficial dark-coloured layer, with associated elemental maps of C, Si, Ca, P and

Na. D, close-up of the superficial layer with associated elemental maps of C, Si, Ca, P and Na. Scale bars represent: 100 μm (A); 10 μm
(C); 5 μm (D).

6 PALAEONTOLOGY
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proteinaceous residues of the organic binders or the bone

fragments (Daveri et al. 2018).

Overall, the pattern of peaks in the spectrum of the

sample from the abdomen is not comparable with these

and with those reported from organically preserved verte-

brate soft tissues (i.e. fossilized melanin; Lindgren

et al. 2012; Barden et al. 2015; McNamara et al. 2016b;

Yang et al. 2019; Cincotta et al. 2020); instead, our data

closely resemble that of the manufactured bone black pig-

ment reported by Van Loon & Boon (2004).

DISCUSSION

Our study sheds light on the origin of the body outline

in T. antiquus, which was hypothesized to represent

organically preserved soft tissues. Small rhomboidal scales

described here are interpretated as putative osteoderms

that have undergone recrystallization of apatite due to

diagenesis, resulting in the loss of the original bone

microstructure.

Overall, the specimen lacks the basic characteristics of a

fossil vertebrate with organically preserved soft tissues

(i.e. compression fossils). Usually, these fossils are flat-

tened and show little topography. Moreover, the organic

material associated with soft tissues does not normally

fluoresce under UV light. Instead, in T. antiquus the area

occupied by the purported soft tissues is topographically

variable and the dark-coloured material fluoresces under

UV light. The variation in topography within the speci-

men is explained as the result of extensive mechanical

preparation, possibly aimed at exposing more of the skel-

eton, although without much success. Coatings such as

lacquers, varnishes, and glues, as well as certain artificial

pigments are fluorescent under UV light (Carden 1991;

Cosentino 2015). Our results suggest that one or more

layers of coating have been applied on the body outline,

osteoderms and bones.

Organically preserved soft tissues in fossil vertebrates

usually comprise melanosomes (i.e. melanin-containing

organelles preserved either three-dimensionally or as

external moulds; Vinther et al. 2008; Zhang et al. 2010;

F IG . 4 . Micro-Raman and ATR-FTIR spectroscopy of sample from the abdomen. A, SEM backscatter image of a thin section of sam-

ple S8. B, Raman map of the same sample in A showing the presence of mineral crystals from the sediment that are covered by a layer

comprising a C-rich compound; * denotes points where single spectra where acquired. C, Raman spectra of unknown compound and

apatite. D, ATR-FTIR spectra of samples from the abdomen and rock matrix. Scale bars represent: 100 μm (A); 50 μm (B).

ROSS I ET AL . : THE OLDEST REPT ILE WITH FAKE SK IN 7

 14754983, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pala.12690 by C

ochraneItalia, W
iley O

nline L
ibrary on [12/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Lindgren et al. 2012; Rossi et al. 2019, 2020, 2022; Yang

et al. 2019; Cincotta et al. 2022), but in some rare cases,

melanosomes are not physically preserved. In these

cases, the C-rich soft tissue remains appear as an amor-

phous layer, but a melanin chemical signature can still be

found (Brown et al. 2017; Fabbri et al. 2020). In addition,

in both cases, C-rich thin films are usually relatively soft

and easy to dissect from the surface of the rock (VR pers.

obs.). In the present study, the granular aspect of the

dark-coloured layer observed in the samples from

the body outline is not compatible with textures typical

of soft tissue preservation. Instead, the granular texture

resembles that of manufactured pigments seen in histori-

cal paintings (e.g. Van Loon & Boon 2004). Our com-

bined spectroscopic data failed to provide a chemical

signature of fossilized melanin. The Raman spectrum of

the sample from the body outline exhibits D and G

bands; these bands are characteristic of eumelanin pig-

ments in extant tissues (Capozzi et al. 2005; Saha

et al. 2011), but also of carbon-based manufactured pig-

ment (Tomasini et al. 2012) and any disordered carbon

solids (e.g. kerogen; Merlen et al. 2017; Craddock &

Sauerer 2022). In fossilized melanosome-rich tissues, D

and G bands have also been reported (Peteya et al. 2016;

Pinheiro et al. 2019; Rossi et al. 2022). The presence of

weak absorption features in the aromatic region of the

FTIR spectrum can indicate the presence of fossilized deg-

radation product of biomolecules (Cincotta et al. 2020)

but are also typical of organic binders (e.g. linseed oil

and animal glues) used to produce the paints (Van Loon

& Boon 2004; Vahur et al. 2016). The peaks in the aro-

matic region of the sample from the abdomen, however,

are different in shape from those found in the sample of

bone black paint analysed here and those reported in the

literature (Daveri et al. 2018; Lluveras-Tenorio et al. 2019)

and in online databases (CAMEO https://cameo.mfa.org;

Vahur et al. 2016); this is likely to be due to differences

in binder and pigment purity but could also be the result

of the aging of the paint itself (Van Loon & Boon 2004)

and/or the use of a second layer of coating (e.g. varnish)

on the surface of the rock. These findings, coupled with

UV results, the abundance of apatite fragments and the

absence of preserved melanosomes and/or a clear C-rich

amorphous layer strongly indicate that the material form-

ing the body outline is made of a manufactured carbon-

based pigment mixed with an organic binder. Based on

our analysis and comparison with the literature (Van

Loon & Boon 2004; Tomasini et al. 2012; Coccato

et al. 2015) we identify the body outline as the result of

the application of bone black paint on the surface of

the rock.

Our results therefore indicate that the purported fossil-

ized soft tissues of T. antiquus are not original but are the

result of forgery. The paint applied within the prepared

area around the poorly preserved bones and osteoderms,

produced the shape of a slender lizard-like animal making

the specimen look authentic. In addition, since coalified

plant material was recovered from similar deposits in the

same geographical region, the forged body outline misled

previous palaeontologists to interpret this feature as the

remains of carbonized soft tissues. The absence of original

soft tissue does not allow further clarification about the

anatomy, the depositional environment or the diagenetic

history of the specimen.

Forgery of fossils is an infamous practice that palaeon-

tologists are facing all around the world (Wang 2013;

Pickrell 2014; DeMiguel et al. 2021; Romano &

Pignatti 2021). Recurrent evidence of forged specimens is

found especially in historical collections and often slips

undetected by even the most experienced experts. In the

field of amber research for instance, specimens are rou-

tinely tested using diagnostic methods (i.e. FTIR) to rec-

ognize forged specimens before any further analyses of

the amber and/or inclusions (Sosiak et al. 2023). Skeletons

of various fossil animals have been forged using bones

from multiple individuals or those of different animals

(Rowe et al. 2001; Zhou et al. 2002; Scheyer et al. 2023)

but also, bones have been replaced by manufactured ones

(e.g. plastic; Stone 2010). Fossils with evidence of soft tis-

sues are also susceptible as soft tissues have been painted

over the rock to completely change the aspect of the fossil

(Selden et al. 2019) or, as in the case of T. antiquus, to

add on a previously carved body outline.

Forged fossils often lack important information about

provenance, stratigraphic position and a record of previ-

ous preparation practices performed on the specimen. In

the case of T. antiquus, the provenance is known (see

Geological Setting, above) but there is still some uncer-

tainty as to the precise stratigraphic location of the out-

crop; the general age (late Kungurian) is inferred. There

are no records about the conservation history and/or pre-

vious preparation of the specimen. The putative soft tis-

sues are mentioned in the first official description of the

taxon (Leonardi 1959) and thus it is plausible that

the forgery took place before that, perhaps executed to

embellish the specimen and/or make it more visible on

the surface of the rock.

Our findings cast doubt on the validity of the taxon.

The establishment of the taxon was based on morphologi-

cal data derived from the observation of the body propor-

tion and measurements of limbs, neck and abdomen

(Leonardi 1959). Poorly preserved bones are visible in the

hind limbs, but these lack all diagnostic features (e.g. pro-

cesses, foramens) that are usually used to classify a taxon.

Skeletal elements of the forelimbs and autopodia (i.e.

hands and feet) and girdles are not visible and the overall

shapes of these are evident due to the black paint and

thus cannot be considered as characters. The same is true
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for the abdominal region. Vertebrae are not recognizable

in the neck and along the tail. Skeletal elements of the

skull are absent, and no bone cross-sections are identified

along the fracture where the head of the specimen is sup-

posed to be located. These observations question the

actual completeness of the skeleton of T. antiquus. Based

on our results only the proportions of the poorly pre-

served femurs and tibiae/fibulae can be used in compara-

tive phylogenetic analysis.

CONCLUSION

The application of modern analytical techniques can assist

in unmasking and quantifying the extent of forgery, espe-

cially in historically collected fossils with a somewhat

enigmatic preservation. The putative soft tissues of

T. antiquus, one of the oldest known reptiles from the

Alps, are fake and thus this specimen is not an exception-

ally preserved fossil. Despite this, the poorly preserved

long bones of the hindlimbs seem to be genuine and

resemble the quality of preservation of exposed bones

of Late Triassic pterosauromorphs (e.g. Scleromochlus;

Bennett 2020; Foffa et al. 2022). Modern tomographic

methods might reveal novel information about the pre-

served skeleton but, until then, we suggest caution in

using T. antiquus in phylogenetic studies.
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