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Anura: Rana
pueyoi (ANF-
1 Soft tissues and associated structures Bone marrow Amph'.b'.a; 0016, MC_;S Libros Biota Spain Europe Cenozoic Neogene 10 (Tor.tonlan, SEM; TEM EDS McNamara et al. | 2006
Amphibia 26217); Late Miocene)
Salamandridae:
Triton sp.
Medullary bone Tiranosaurus rex Ec?!lrn(;';?c?rl: 67,0-66,5 Schweitzer,
2 Soft tissues and associated structures " Dinosauria ) ’ USA North America | Mesozoic Cretaceous (Maastrichtian, OM; SEM CH Wittmeyer & 2005
(female-specific) (MOR 1125) Garfield County,
Late Cretaceous) Horner
Montana
Hell Creek 67 0-66.5
3 Soft tissues and associated structures Medullary bo_n.e Dinosauria Tiranosaurus rex Fc_>rmat|on, USA North America | Mesozoic Cretaceous (Maastrichtian, OM; SEM; CH; IF Schweitzer et al. | 2016
(female-specific) (MOR 1125) Garfield County, TC
M Late Cretaceous)
ontana
Avimaia Xiagou 121,4-113,0 A
4 Soft tissues and associated structures ('\f/;?:l"ea_rsy te)girf]i(ca:) Avialae schweitzerae Formation, China Asia Mesozoic Cretaceous (Aptian, Early SEMS’(E;I;]’ cT EDS Bailleul et al. 2019
P (IVPP V25371) | Yumen, Gansu Cretaceous)
. . Ribesalbes
Fibromuscular Salamandridae: Lagerstatte, near 18 (Burdigalian
5 Soft tissues and associated structures . Amphibia Chelotriton sp . Spain Europe Cenozoic Neogene - . | SEM; TEM EDS McNamara et al. | 2010
tissue Castellon de la Early Miocene)
(MNCN 12555)
Plana
Fibromuscular Enantiornithine 132,6-125,7 OM (TLM);
6 Soft tissues and associated structures . Avialae Jehol Biota China Asia Mesozoic Cretaceous (Hauterivian, ’ CH EDS Bailleul etal. {2020b
tissue (STM10-12) SEM
Early Cretaceous)
Confuciusornis 125,7-113,0 EDS; FTIR;
7 Soft tissues and associated structures FlbrqcarFllag|nqus or Avialae sanctus (MES- Y'.X'an Formathn, China Asia Mesozoic Cretaceous (Ba_lrremlan- SEM; micro- XANES; SRS- Jiang et al. 2017
cartilaginous tissue Sihetun, Liaoning Aptian, Early CT XRF; ToF-
NJU 57002)
Cretaceous) SIMS
Fibrocartilaginous or Hypacrosaurus Two Medicine 83,6-72,1
8 Soft tissues and associated structures cariragino Dinosauria stebingeri (MOR Formation, USA North America | Mesozoic Cretaceous  |(Campanian, Late | OM (TLM) | HQ; IHQ Bailleul etal. |2020a
cartilaginous tissue
548) Alberta, Montana Cretaceous)
Yixian Formation, 132 6-125.7
9 Soft tissues and associated structures Flbro_car.tllagmqus or Dinosauria Caudipteryx near Cha_loyang China Asia Mesozoic Cretaceous (Hauterivian, OM; ,SEM' CH Zheng et al. 2021
cartilaginous tissue (STM4-3) City, Dapingfang Early Cret EDS; TEM
Town arly Cretaceous)
Connective tissue, Mosasauria: Ciply Phosphatic 72,1-66,0 SEM: OM: EDS: FTIR:
10 Soft tissues and associated structures including tendons Reptilia Prognathodon sp. Chalk, Mons Belgium Europe Mesozoic Cretaceous (Maastrichtian, N : IF; PCR ’ . Lindgrenetal. | 2011
. . TEM; CLSM proton NMR
and ligaments (IRSNB 1624) Basin Late Cretaceous)
Connective tissue Confuciusornis 125,7-113,0 EDS; FTIR;
11 Soft tissues and associated structures including tendons Avialae sanctus (MES- Y|.X|an Formathn, China Asia Mesozoic Cretaceous (Bgrremlan- SEM, micro- XANES; SRS- Jiang et al. 2017
. Sihetun, Liaoning Aptian, Early CT XRF; ToF-
and ligaments NJU 57002)
Cretaceous) SIMS
Standing Rock
o Edmontosaurus | Hadrosaur Site
Connective tissue, ’ 67,0-66,5 .
12 Soft tissues and associated structures including tendons Dinosauria annectens Hell Crgek USA North America | Mesozoic Cretaceous (Maastrichtian, OM (TLM); XRD Ulimann, Pandya 2019
and liaaments (SRHS-DU-2 to Formation, Late Cretaceous) FESEM-EDS & Nellermoe
9 -306) Corson County,
South Dakota
T Fomaton. SRS-XRF;
Ichthyosauria: Kromer Slat,e 184,2-174,7 EDX;
13 Soft tissues and associated structures Epidermal tissue Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early SRXTM IHQ NanoSIMS; Lindgrenetal. | 2018
Quarry, village of . .
sp. (MH 432) Jurassic) ToF-SIMS;
Ohmden,
Py-GC/MS
Holzmaden
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Bearpaw Shale
Hadrosauridae | . ormation, 83,6-721 | o\ (PLM);
14 Soft tissues and associated structures Epidermal tissue Dinosauria Crawford Ranch, USA North America | Mesozoic Cretaceous (Campanian, Late ’ EDS; RS Fabbri et al. 2020
(YPMPU 016969) SEM
Wheatland Cretaceous)
County, Montana
Mammillary layer Avimaia Xiagou 121,4-113,0 SEM; micro-
15 Soft tissues and associated structures e sh{ell)y Avialae schweitzerae Formation, China Asia Mesozoic Cretaceous (Aptian, Early cL: C’T Scan EDS Bailleul et al. 2019
99 (IVPP V25371) | Yumen, Gansu Cretaceous) ’
Ovarian follicle Enantiornithine 132,6-125,7 OM (TLM):
16 Soft tissues and associated structures perifollicular Avialae Jehol Biota China Asia Mesozoic Cretaceous (Hauterivian, ’ CH EDS Bailleul etal. [{2020b
(STM10-12) SEM
membrane Early Cretaceous)
Biomacromolecules and/or their Nemegt Basin 83,6-72,1
17 . Amino acids Dinosauria Indet. h ’ Mongolia Asia Mesozoic Cretaceous (Campanian, Late | OM; SEM CP Nowicki et al. 1972
degradation products Gobi Desert
Cretaceous)
Blood vessel-like Tarbosaurus 83,6-72,1 Pawlicki &
18 Soft tissues and associated structures Dinosauria Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late SEM XRF Nowogrodzka- | 1998
structures bataar o
Cretaceous) Zagorska
Hell Creek 67 0-66.5
19 Soft tissues and associated structures Blood vessel-like Dinosauria Tiranosaurus rex Fc_>rmat|on, USA North America | Mesozoic Cretaceous (Maastrichtian, OM (TLMY; Schweitzer et al. [2005a
structures (MOR 1125) Garfield County, SEM
M Late Cretaceous)
ontana
Judith River
. Brachylophosaur . 83,6-72,1 . . ATR-FTIR;
20 Soft tissues and associated structures Blood vessel-like Dinosauria us canadensis I_:qrmanon, USA North America | Mesozoic Cretaceous (Campanian, Late OM (TLM); ELI_SA’ ToF-SIMS; Schweitzer et al. | 2009
structures Phillips County, FESEM IHQ; WB
(MOR 2598) M Cretaceous) LC-MS/MS
ontana
Montana: Hell 66.5-67.0
Creek Formation, (Maastrichtian,
Tyrannosaurus | McCone County; Late Cretaceous);
rex (MOR 555); Hell Creek 66.5-67.0
Tyrannosaurus Formation, (Maastrichtian,
rex (MOR 1125); | Garfield County; Late Cretaceous);
Dinosauria; Tyrannosaurus Hell Creek North America; | Mesozoic; Cretaceous; 866.5-67.0
Dinosauria; rex (MOR 1126); Formation, USA- USA- North America; | Mesozoic; Cretaceous; (Maastrichtian, OM (TLM);
21 Soft tissues and associated structures Blood vessel-like D!nosaur!ai Tyrannosaurus_ Garfield County; USA: USA. North Amer!caf Mesozo!ci Cretaceousi Late Cretaceous); SEM: TEM: CH: IHQ ToF-SIMS Schweitzer et al. | 2025
structures Dinosauria; rex (MOR 1128); Hell Creek . North America; | Mesozoic; Cretaceous; 66.5-67.0
. 7 . USA; USA 7 7 ’ o nano-TC
Dinosauria; Brachylophosaur Formation, North America; | Mesozoic; Cretaceous; (Maastrichtian,
Dinosauria us canadensis | Garfield County; North America | Mesozoic Cretaceous |Late Cretaceous);
(MOR 2598); Judith River 83,6-72,1
ceratopsideo Formation, (Campanian, Late
indet. (MOR Phillips County; Cretaceous);
10857) Judith River 83,6-72,1
Formation, Valley (Campanian, Late
County Cretaceous)
Tiranosaurus rex M66.5t_'6z;(0
(MOR 555); Montana: Hell L(t sastriontian, |
Tiranosaurus rex |Creek Formation, a e66rse a6c;e8us),
(FMNH-PR- McCone County; M : t_' h;[.
Dinosauria; 2081); Hell Creek North America; | Mesozoic; Cretaceous; L(t aca:f :'C an, .
Blood vessel—like Dinosauria; Triceratops Formation; Hell |USA; USA; |North America; | Mesozoic; Cretaceous; ate 68(: a7((:)eous), Schweitzer,
22 Soft tissues and associated structures structures Dinosauria; horridus (MOR |Creek Formation; | USA; USA; |North America; | Mesozoic; Cretaceous; Maast;cht'an SEM; TEM Wittmeyer & 2007
Dinosauria; 699); Hell Creek USA North America; | Mesozoic; Cretaceous; L(t c tl lan, ) Horner
Dinosauria Tiranosaurus rex Formation, North America | Mesozoic Cretaceous a eSGrE %(;egus),
(MOR 1125); Garfield County; M ’ t_' h;(.
Brachylophosaur | Lower Judith L(t ags :'C 1an, )
us canadensis River Formation ?86 Cre acequs),
(MOR 794) (Campanian,

Late Cretaceous)
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o Ribesalbes
Blood vessel-like Salamandridae: Lagerstatte, near 18 (Burdigalian
23 Soft tissues and associated structures Amphibia Chelotriton sp g L Spain Europe Cenozoic Neogene 19 . | SEM; TEM EDS McNamara et al. | 2010
structures Castellon de la Early Miocene)
(MNCN 12555)
Plana
Terdépode indet.
(BRM P2002.4.1);
. Dinosauria; Ceratopsidae Hell Creek . ~ |North America; | Mesozoic; Cretaceous; 72,1-66,0 . Peterson,
24 Soft tissues and associated structures Blood vessel-like Dinosauria; (BMR P2006.4.1); Formation, USA; USA; North America; | Mesozoic; Cretaceous; (Maastrichtian, OM; SEM- Lenczewski & 2010
structures - : USA . ; EDS
Dinosauria Thescelosaurus Montana North America | Mesozoic Cretaceous Late Cretaceous) Scherer
sp. (BMR P2006.
4.309)
. Mosasauria: Ciply Phosphatic 72,1-66,0 . . . .
25 Soft tissues and associated structures Blood vessel-like Reptilia Prognathodon sp. Chalk, Mons Belgium Europe Mesozoic Cretaceous (Maastrichtian, OM’,SEM’ IF; PCR EDS; FTIR; Lindgrenetal. | 2011
structures . TEM; CLSM proton NMR
(IRSNB 1624) Basin Late Cretaceous)
Blood vessel-like Tiranosaurus rex E;!ln%?:: 66.5-67.0 SAXS; FTIR;
26 Soft tissues and associated structures Dinosauria ’ USA North America | Mesozoic Cretaceous (Maastrichtian, M-XRF; p- Boatman etal. | 2014
structures (MOR 555) McCone County,
Late Cretaceous) XANES
Montana
Blood vessel-like Tiranosaurus rex Egllmc;rt?:: 66.5-67.0 OM; SEM; SR-FTIR;
27 Soft tissues and associated structures Dinosauria ’ USA North America | Mesozoic Cretaceous (Maastrichtian, : ’ IHQ EDS; y-XRF; | Boatmanetal. | 2019
structures (MOR 555) McCone County, TEM
Late Cretaceous) p-XANES
Montana
Calenturitas Coal
. Pelomedusoides | Mine, La Jagua
28 Soft tissues and associated structures Blood vessel-like Testudines incertae sedis de Ibirico town, Colombia | South America| Cenozoic Paleogene 56 (Paleocene— | OM (TLM’ Cadeng & 2014
structures Eocene) PLM); EFM Schweitzer
(CCMFCO01) Cesar
Department
Blood vessel-like Brachylophosaur J#::ma?grf r 83,6-72,1
29 Soft tissues and associated structures Dinosauria us canadensis I~ ’ USA North America | Mesozoic Cretaceous (Campanian, Late IFI HPLC; HRMS| Cleland et al. 2015
structures Phillips County,
(MOR 2598) Montana Cretaceous)
Messel Pit,
Allaeochelys Darmstadt;
crassesculpta Nemegt 48 (Middle
(SMF ME-2449); |Formation, Bugin Eocene, OM (TLM);
Blood vessellike Testudines; Mongolemys Tsav, Gobi Germany; Europe: Asia: Cenozoic; Paleogene; Paleogene); 80,0 FESEM-,
30 Soft tissues and associated structures Testudines; elegans (IGM- Desert; Mongolia; Pe; ! Mesozoic; Cretaceous; (Campanian, Late ) Cadena 2016
structures . ) ; - South America . ’ BSE; SEM-
Testudines 90/42); Repartidora Colombia Cenozoic Neogene Cretaceous); 13,6
- . g EDS
Podocnemididae locality, La (Serravallian,
indet. (UR-CP- Victoria Middle Miocene)
0043) Formation,
Tatacoa Desert
Messel Pit,
Allaeochelys Darmstadt;
crassesculpta Nemegt 48 (Middle
(SMF ME-2449); |Formation, Bugin Eocene,
Blood vessellike Testudines; Mongolemys Tsav, Gobi Germany; Europe: Asia: Cenozoic; Paleogene; Paleogene); 80,0 | OM (TLM,
31 Soft tissues and associated structures Structures Testudines; elegans (IGM- Desert; Mongolia; Soutt?A,meric,a Mesozoic; Cretaceous; (Campanian, Late | PLM); SEM- Cadena 2020
Testudines 90/42); Repartidora Colombia Cenozoic Neogene Cretaceous); 13,6 EDS
Podocnemididae locality, La (Serravallian,
indet. (UR-CP- Victoria Middle Miocene)
0043) Formation,
Tatacoa Desert
Blood vessel-like Triceratops Hell Creek 72,1-66,0
32 Soft tissues and associated structures Dinosauria aop Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, |OM; VPSEM Armitage 2016
structures horridus
Montana Late Cretaceous)
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. . Blood vessel-like - Temnospondyli: . . . .298’9.'293’5 OM; . .
33 Soft tissues and associated structures Amphibia ) - USA North America | Paleozoic Permian (Cisuralian, Early | Fotografia Armitage 2025
structures Eryops sp. Permian) XP: EFM
Montana: Hell 66.5-67.0
r:ir?“;l]g?il;;u;). Creek Formation, (Maastrichtian,
Di i Brachylophosaur G?nglgw %qunty; North Ameri M i Cret Lateg?tggeg o) OM (TLM
. inosauria; . udi iver . . [No merica; €s02z0ic; retaceous; ,1-66, , .
34 Soft tissues and associated structures Blood vessel-like Dinosauria; canadensis _(MOR Formation, USA; USA; North America; | Mesozoic; Cretaceous; (Maastrichtian, [PLM); SEM; | CH; IHQ Schweitzer, 2016
structures Di . 2598); - ) USA : ; ) Moyer & Zheng
inosauria Brachylophosaur Phllllps Cqunty, North America | Mesozoic Cretaceous  |Late Cretaceous); TEM
. Judith River 83,6-72,1
canadensis (MOR ) k
2967) F.o.rmatlon, (Campanian, Late
Phillips County Cretaceous)
Nothosauria:
Nothosaurus cf. .
marchicus Zyglin quarry,
(WNoZz/s/7/166); Miasteczko
Nothosauria: Slgskie Town;
; . ... | Nothosaurus cf. Gogolin 251,2-247,2 XRD; FTIR;
35 Soft tissues and associated structures Bloocirvefs;el—llke Reptlga, ?Fptma’ marchicus (SUT- Formation, Poland Europe Mesozoic Triassic (Olenekian, Early | ESEM-EDS ToF-SIMS; Surmik et al. 2016
structures eptilia MG/F/Tvert/15); Gogolin Town; Triassic) XPS
Archosauromorph Gogolin
a: Formation,
Protanystropheus | Gogolin Town
sp. (SUT-
MG/F/Tvert/2)
Homalocephale Nemegt
calathocercos Formation, (Mgz,s?;s:?]‘t?an OM (TLM
6 |softi . Blood vessel-like | Dinosauria; (MPCD Western Sayr, | \1ongolia; | Asia;North | Mesozoic; | Cretaceous; |Late Cretaceous); | PLM); SEM- XRPD; FTIR; .
oft tissues and associated structures - ; 100/1201); Nemegt; Price . ) . . Surmik et al. 2023
structures Dinosauria Edmontosaurus | Creek Formation USA America Mesozoic Cretaceous 67,0-66,5 EDS; AFM; ToF-SIMS
. h . ’ (Maastrichtian FESEM
regalis (UAMES Colville River, Late Cretaceou’s)
52615) Alaska
Nothosauria: Gogolin 247 2-242 Surmik
37 Soft tissues and associated structures Blood vessel-like Reptilia Notho§aurus cf. For_matlon, Poland Europe Mesozoic Triassic (Anisian, Middle SEM, ESEM- ToF-SIMS Rothschild & 2017
structures marchicus (SUT- | Gogolin Quarry, Triassic) EDS Pawlicki
MG/f/98) Opole Silesia
Posidonia Shale
Blood vessel—like Ichthyosauria: Formation, 184,2-174,7 FESEM; XRD: XRE-
38 Soft tissues and associated structures structures Reptilia Stenopterygius |HOLCIM Cement | Germany Europe Mesozoic Jurassic (Toarcian, Early | TEM; FIB- ToF:SIMS, Plet et al. 2017
sp. quarry, Jurassic) SEM
Dotternhausen
154,8-145,0
(Kimmeridgian—
Apatosaurus sp. Morrison ﬂ:gggi';r_" 1'%3}%_
(BYU681-16782); Formation, 145'0 ’
Diplodocidae Colorado; Howe- (Kimmeri’d ian—
Dinosauria; (SMA G44/96-1); St. Quarry, North America; | Mesozoic; Jurassic; Tithonian gIJ_ate
39 Soft tissues and associated structures Blood vessel-like Dinosauria; Allosaurus fragilis |Wyoming; Carbon | USA; USA; |North America; | Mesozoic; Jurassic; Jurassic); ’1 54 8- oM RS Wiemann et al 2018
structures Dinosauria; (YPM 48); County, USA; China |North America; | Mesozoic; Jurassic; 145’0 ’ ‘
Dinosauria Heyuannia Wyoming; Asia Mesozoic Cretaceous (Kimmerfd ian—
huangi (NMNS Yuanpu Tithonian ?_ate
CYN-2004- Formation, J N 72 1-
DINO-05) Jiangxi “rasgécz)’ ’
(Maastrichtian,
Late Cretaceous)
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Standing Rock
Edmontosaurus | Hadrosaur Site, 67 0-66.5
. . Blood vessel-like . . annectens Hell Creek . . AT OM (TLM); Ullmann, Pandya
40 Soft tissues and associated structures structures Dinosauria (SRHS-DU-2 to Formation, USA North America | Mesozoic Cretaceous L(al\t/I:%srtent:r;telirJ,s) FESEM-EDS XRD & Nellermoe 2019
-306) Corson County,
Dakota do Sul
Triceratops
Blood vessel—like horridus (HCTH- Hell Creek 72,1-66,0 OM (PLM); Armitage &
41 Soft tissues and associated structures Structures Dinosauria 02, 03, HCTR-11, Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, | DIC; UVFL; CH Solliga 2020
HCTV-22 e Montana Late Cretaceous) | SEM; TEM y
HCTF-39)
Blood vessel-like Enantiornithine 132,6-125,7 OM (TLM);
42 Soft tissues and associated structures Avialae Jehol Biota China Asia Mesozoic Cretaceous (Hauterivian, ’ CH EDS Bailleul etal. {2020b
structures (STM10-12) SEM
Early Cretaceous)
Bearpaw Shale
. . Formation, 83,6-72,1 .
43 Soft tissues and associated structures Blood vessel-like Dinosauria Hadrosauridae Crawford Ranch, USA North America | Mesozoic Cretaceous  |(Campanian, Late OM (PLM); EDS; RS Fabbri et al. 2020
structures (YPMPU 016969) SEM
Wheatland Cretaceous)
County, Montana
Mysticeti (BFW,
SP08-20, SP08- FPLC; BCA;
. . Blood vessel-like . 22, SP08-23, . . . . 9,6-4,5 (Middle— XRD; UV-Vis; .
44 Soft tissues and associated structures structures Mammalia SP08-31, SPOS- Pisco Formation Peru South America| Cenozoic Neogene Late Miocene) SEM-EDS MALDI-ToF: Boskovic et al. | 2021
32, SP08-34a, LC-MS/MS
SP08-34b)
Liushu Formation,
Linxia Basin,
. . Tibetan Plateau, 10,0-7,2
45 Soft tissues and associated structures Blood vessel-like Avialae Struthio sp (IVPP Nalesi town, China Asia Cenozoic Neogene (Tortonian, Late oM (TLM’ Li et al. 2021
structures V 25336) . . PLM); SEM
Dongxiang Miocene)
County, Shuang-
gong-bei village
Cerro Fortaleza
Blood vessellike Dreadnoughtus | Formation, east (ggr’r? 'Z?{ign- OM (TLM XRD: LA-
46 Soft tissues and associated structures Dinosauria schrani (MPM-PV | bank of the Rio | Argentina | South America| Mesozoic Cretaceous pani ’ IF; ELISA : Schroeter etal. | 2022
structures Maastrichtian, PLM) ICPMS
1156) La Leona, Santa
. Late Cretaceous)
Cruz Province
67,0-66,5
EE‘JE'F?_%gg 1(8R)l_J' (Maastrichtian,
’ Late Cretaceous);
Taphrosphys 67.0-66.5
(§2L1_7ESFF())'20202020 i’ (Maastrichtian,
’ Late Cretaceous);
. . 0.4162)‘ tartaruga Horn(_erstown North America; | Mesozoic; Cretaceous; 67,0-66,5
Testudines; indet. (RU-EFP- | Formation, Jean 7 7 ’ o
T N ; . . |[North America; | Mesozoic; Cretaceous; (Maastrichtian,
. estudines; 02295), tartaruga |and Ric Edelman |USA; USA; o i . . . .
. . Blood vessel-like L . . ’ ’ |North America; | Mesozoic; Cretaceous; Late Cretaceous); | SEM-EDS; PAGE;
47 Soft tissues and associated structures Testudines; indet. (RU-EFP- Fossil Park, USA; USA; T L i ; XRD Voegele et al. | 2022
structures . ’ ) . North America; | Cenozoic; Paleogene; 66,0-61,6 FESEM ELISA; IF
Testudines; 04161-8); Mantua USA; USA North America- | M ! Cret . ;
Reptilia; Reptilia |Crocodylomorpha | Township, New o merica, €S0z0IC, retaceous, (Danian, Early
’ - ’ North America | Mesozoic Cretaceous; Paleogene); 67,0-
: Thoracosaurus Jersey 66.5
neocesariensis (Maastri,chtian
(RU-EFP-00006); Late Cretaceous);
Crocodylomorpha 67 0-66.5
|ndet(.)(§§éJo-)EFP- (Maastrichtian,
Late Cretaceous)
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' . Blood vessel—like ' . Hadrosauridae Judith River . . 83,6-72,1 Ullmann &
48 Soft tissues and associated structures Dinosauria (MOR 2967, Formation, near USA North America | Mesozoic Cretaceous  |(Campanian, Late | OM (TLM) . 2023
structures Schweitzer
MOR 2990-32) | Malta, Montana Cretaceous)
Hell Creek
. . Blood vessel-like . . Triceratops Formation, . . 72,1 660 .
49 Soft tissues and associated structures Dinosauria ; Dawson County, USA North America | Mesozoic Cretaceous (Maastrichtian, )M (PLM); SEM Cruz & Armitage | 2024
structures horridus Glendi .
endive city, Late Cretaceous)
Montana
Tartaruga indet. | Brule Formation,
(F47, F101); Wyoming;
tartaruga indet. Chamberlain
(F08-87); Pass Formation; 33,9-23,0
tartaruga indet. Chadron (Oligocene); 56,0-
Testudines; (F15); tartaruga Formation, North America; | Cenozoic; Paleogene; 33,9 (Eocene);
Testudines; indet. (F19-06); |Wyoming; Sharps North America; | Cenozoic; Paleogene; 56,0-33,9
Testudines; tartaruga indet. |Formation, South [USA; USA; [North America; | Cenozoic; Paleogene; (Eocene); 33,9- OM (TLM);
. . Blood vessel-like Testudines; F19-27, F19-50); | Dakota; Sharps |USA; USA; |North America; | Cenozoic; Paleogene; 23,0 (Oligocene); e .
50 Soft tissues and associated structures structures Testudines; (maml’fero indet.) Formation, Soﬂth USA; USA; [North America; | Cenozoic; Paleogene; 33,9-23,0 Foto)%;afla XRD Gallucci et al. 2024
Mammalia; (F19-10, F19-18, | Dakota; Sharps | USA; USA |North America; | Cenozoic; Paleogene; (Oligocene); 33,9-
Mammalia; F19-28); Formation, South North America; | Cenozoic; Paleogene; 23,0 (Oligocene);
Mammalia Merycoidodontoid | Dakota; Chadron North America | Cenozoic Paleogene 56,0-33,9
ea (F08-77); Formation, (Eocene); 56,0-
Brontotheriidae Wyoming; 33,9 (Eocene)
(F08-915-R, F08- Chadron
08, F08-09, F08- Formation,
10, F08-80). Wyoming
Paroxacron
Blood vessel—lik DAN1-275, -276), | Phosphorites du 42,0-24,0 (Late | OM (TLM);
51 Soft tissues and associated structures Oostr\lljifjfe: e Mammalia (UM-D-AM17-280 ;‘ Quercy, Dams, France Europe Cenozoic Paleogene ’ Iéoc;anfa)a € SEI\(/I-EDg Wu et al. 2024a
-282) e (UM- near Caylus
DAM1-283)
Tyrannosaurus Montana: Hell 66.5-67.0
. |Creek Formation, (Maastrichtian,
. . Blood vessel-like Dinosauria; rex (MOR 1125); Garfield County; . North America; | Mesozoic; Cretaceous; Late Cretaceous);
52 Soft tissues and associated structures Structures Dinosauria Brachylophos?ur Judith River USA; USA North America | Mesozoic Cretaceous 83.6-72.1 OM (TLM) IHQ RR Long et al. 2025
us,\/(lzgrll\?gggzls Formation, (Campanian, Late
( ) Phillips County Cretaceous)
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Fm. Nordstrand
Point, site
Psammosteus sp. Nur\rlw\;;\z/l}ft? 1F’m
(NUF.V 1587); Catskill, 375,0 (Frasnian,
Bothriolepis sp. . oY
- localidade Powys Late Devonian);
(ANSP néo Curve 361,0
catalogado); C .’
Bothriolepidae Pennsylvania; (Famennian, Late
indet (NFEJFV Fm. Fram, site North America; | Paleozoic; Devonian; Devonian); 378,0
1586)' NV0403, Canada; [North America; | Paleozoic; Devonian; (Frasnian, Late
. Fish; Fish; Fish; f Ellesmere Island, USA; North America; | Paleozoic; Devonian; Devonian); 361,0 .
53 Soft tissues and associated structures Blooscir\l/;fjg;hke Fish; Fish; Fish; she(;Br\)/,vrgggin(tRLlilSSP Nunavut; Fm. Canada; |North America; | Paleozoic; Devonian; (Famennian, Late OII\ZAE(-SFIIEII\\A/I) EDS Rogoizgéggl)mann 2025
Fish = . | Catskill, Red Hill, |USA; USA; |North America; | Paleozoic; Devonian; Devonian); 361,0
nao catalogado); . . S 7 Y .
h Pennsylvania; USA; USA |North America; | Paleozoic; Devonian; (Famennian, Late
Holoptychius sp. . . : . R
. Fm. Catskill, North America | Paleozoic Devonian Devonian); 361,0
(ANSP 23543); ) ;
; Tioga Rest Stop, (Famennian, Late
Megalichthys g L
O Pennsylvania; Devonian); 361,0
mullisoni (ANSP : ;
. . |Fm. Catskill, Red (Famennian, Late
21165); Hyneria Hill Devonian)
lindae (ANSP M
25034) Pennsylvania;
Fm. Catskill, Red
Hill,
Pennsylvania.
Triceratops
horridus (HCTH- Hell Creek 72,1-66,0 OM (PLM);
54 Soft tissues and associated structures Venous valves Dinosauria 02, 03, HCTR-11, Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, | DIC; UVFL; CH 2020
HCTV-22 e Montana Late Cretaceous) | SEM; TEM
HCTF-39)
Triceratops
horridus (HCTH- Hell Creek 72,1-66,0 OM (PLM); Armitage &
55 Soft tissues and associated structures Nerve fibers Dinosauria 02, 03, HCTR-11, Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, | DIC; UVFL; CH Solliga 2020
HCTV-22 e Montana Late Cretaceous) | SEM; TEM y
HCTF-39)
Triceratops Hell Creek 72,1-66,0
56 Soft tissues and associated structures Nerve fibers Dinosauria horridus (HCTC- Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, pM (TLM, PLM) Armitage 2021
31) Montana Late Cretaceous)
Richards Spur
locality, Dolese
57 Soft tissues and associated structures Nerve fibers Amphibia Temnospondyli: I_Brothers USA North America | Paleozoic Permian Early Permian OM (PLM) Armitage 2023
Cacops sp. Limestone
Quarry, Lawton,
Oklahoma
Hell Creek
Triceratops Formation, 72,1-66,0
58 Soft tissues and associated structures Nerve fibers Dinosauria hori durs) Dawson County, USA North America | Mesozoic Cretaceous (Maastrichtian, )M (PLM); SEM Cruz & Armitage | 2024
Glendive city, Late Cretaceous)
Montana
Temnospondyli: 298,9-293,5 OM;
59 Soft tissues and associated structures Sharpey’s fibers Amphibia E ) - USA North America | Paleozoic Permian (Cisuralian, Early | Fotografia Armitage 2025
ryops sp. . .
Permian) XP; EFM
83,6-72,1 Pawlicki, Dkorbel
60 Cells and their biocomponents Osteocytes Dinosauria Indet. Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late SEM & Kl’Jbiak 1963
Cretaceous)
Biomacromolecules and/or their Nemegt Basin 83,6-72,1
61 : Amino acids Dinosauria Indet. h ’ Mongolia Asia Mesozoic Cretaceous (Campanian, Late | OM; SEM CP Nowicki et al. 1972
degradation products Gobi Desert Cretaceous)
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83,6-72,1 .
62 Cells and their biocomponents Osteocytes Dinosauria Targ(;?:::us Gobi Desert Mongolia Asia Mesozoic Cretaceous  |(Campanian, Late OMS(E:\‘AM)’ Pawlicki 1976
Cretaceous)
Tarbosaurus 83,6-72,1
63 Cells and their biocomponents Osteocytes Dinosauria bataar Gobi Desert Mongolia Asia Mesozoic Cretaceous  |(Campanian, Late FM CH Pawlicki 1977a
Cretaceous)
Tarbosaurus 83,6-72,1 OM; SEM;
64 Cells and their biocomponents Osteocytes Dinosauria bataar Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late "FEM ’ Pawlicki 1978a
Cretaceous)
Tarbosaurus 83,6-72,1 OM; SEM;
65 Cells and their biocomponents Osteocytes Dinosauria bataar Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late 'I"EM ’ Pawlicki 1978b
Cretaceous)
83,6-72,1 OM: SEM:
66 Cells and their biocomponents Osteocytes Dinosauria Indet. Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late 'I"EM ’ Pawlicki 1984b
Cretaceous)
83,6-72,1 OM: SEM:
67 Cells and their biocomponents Osteocytes Dinosauria Indet. Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late 'I"EM ’ Pawlicki 1984c
Cretaceous)
83,6-72,1
68 Cells and their biocomponents Osteocytes Dinosauria Indet. Gobi Desert Mongolia Asia Mesozoic Cretaceous  |(Campanian, Late | OM; TEM Pawlicki 1985
Cretaceous)
Tarbosaurus 83,6-72,1
69 Cells and their biocomponents Osteocytes Dinosauria bataar Gobi Desert Mongolia Asia Mesozoic Cretaceous  |(Campanian, Late | SEM; FM IHQ Pawlicki 1995
Cretaceous)
Hell Creek 67 0-66.5
70 Cells and their biocomponents Osteocytes Dinosauria Tyrannosaurus Fc_>rmat|on, USA North America | Mesozoic Cretaceous (Maastrichtian, OM (TLM); Schweitzer et al. |2005a
rex (MOR 1125) | Garfield County, Late Cretaceous) SEM
Montana
Tiranosaurus rex M67?6€r;1t5
(MOR 555); Montana: Hell L(t egstriontian, |
Tiranosaurus rex |Creek Formation, a e67rg ggegus),
(FMNH-PR- | McCone County; M tr htian
Dinosauria; 2081); Hell Creek North America; | Mesozoic; Cretaceous; L(t ags t'c lan, .
Dinosauria; Triceratops Formation; Hell |USA; USA; |North America; | Mesozoic; Cretaceous; a e70rg g(szeé)us), Schweitzer,
71 Cells and their biocomponents Osteocytes Dinosauria; horridus (MOR |Creek Formation; | USA; USA; |North America; | Mesozoic; Cretaceous; M ’ t;' h‘t' n SEM; TEM Wittmeyer & 2007
Dinosauria; 699); Hell Creek USA North America; | Mesozoic; Cretaceous; L(t ags t'c an, . Horner
Dinosauria Tiranosaurus rex Formation, North America | Mesozoic Cretaceous a 667r8 ggeg us);
(MOR 1125); Garfield County; M ,t-' hii
Brachylophosaur Lower Judith L(t a(e:ls f['c 1an, .
us canadensis River Formation ate Lre aceogs),
(MOR 794) 78,0 (Campanian,
Late Cretaceous)
Judith River
Brachylophosaur . . . . ATR-FTIR;
72 Cells and their biocomponents Osteocytes Dinosauria us canadensis I_:c?rmatlon, USA North America | Mesozoic Cretaceous 80 (Campanian, | OM (TLM); ELI_SA’ ToF-SIMS; Schweitzer et al. | 2009
Phillips County, Late Cretaceous) FESEM IHQ; WB
(MOR 2598) M LC-MS/MS
ontana
Mosasauria: Ciply Phosphatic 72,1-66,0 OM: SEM: EDS: FTIR:
73 Cells and their biocomponents Osteocytes Reptilia Prognathodon sp. Chalk, Mons Belgium Europe Mesozoic Cretaceous (Maastrichtian, TEl\/i' CLSi\/I IF; PCR rotdn NMI,? Lindgrenetal. | 2011
(IRSNB 1624) Basin Late Cretaceous) ’ P
TVrannosaurus Montana: Hell 66.5-67.0
re;/ (MOR 1125); Creek Formation, (Maastrichtian,
74 |Cells and their biocomponents Osteocytes Dinosauria; | g ohviophosaur | Garfield County; | g 5. yga [North America; | Mesozoic; | Cretaceous; |Late Cretaceous); ket tep: pM  IFI: HQ MS/MS | Schweitzer etal. | 2013
Dinosauria us canadensis Judith River North America | Mesozoic Cretaceous 83,6-72,1
(MOR 2598) Formation, (Campanian, Late
Phillips County Cretaceous)
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150,0
(Kimmeridgian,
Annemis sp.; Late Jurassic);
Mongolemys 80,0 (Campanian,
Lo elegans Asia; Asia; .- . Late Cretaceous);
Testud!nesf (NCSUPLO1 to ) ) Mongolia; [North America; Mesozo!cf Jurassic; . 80,0 (Campanian,
Testudines; - Indet.; Indet.; L .| Mesozoic; Cretaceous; ’
Testudines; -03); North Carolina; Mongolia; - |North America; Mesozoic; Cretaceous; Late Cretaceous);
_ Lo Bothremydidae; . |USA; USA; South S ! 80,0 (Campanian, | OM (TLM, Cadena &
75 Cells and their biocomponents Osteocytes Testudines; . . ) North Carolina; o S Mesozoic; Cretaceous; ’ . . 2012
Lo Trionychidae; . . | Colombia; America; . . Late Cretaceous); | PLM); FM Schweitzer
Testudines; - .| La Venta; Indet.; ) Cenozoic; Paleogene; .
. ’ Podocnemididae; . . Panama; Central ) i 55,0 (Ypresian,
Testudines; Rhinocl Bogota Formation c . America: Cenozoic; Neogene; ;
Testudines inoclemmys olombia merica; Cenozoic Neogene Early Eocene);
sp. (NCSUPLO5 e South America 23,0 (Aquitanian,
-09); Early Miocene);
Podocnemididae 13,0
(Serravallian,
Middle Miocene)
Calenturitas Coal
Pelomedusoides | Mine, La Jagua
76 Cells and their biocomponents Osteocytes Testudines incertae sedis de Ibirico town, Colombia | South America| Cenozoic Paleogene 56 (Paleocene- | OM (TLM’ Caden_a & 2014
Eocene) PLM); EFM Schweitzer
(CCMFCO01) Cesar
Department
Triceratops
horridus (HCTH- Hell Creek 72,1-66,0 Armitage &
77 Cells and their biocomponents Osteocytes Dinosauria 01, 02, 03, 04, Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, OM; SEM 9 2013
Anderson
05, HCTR-11, Montana Late Cretaceous)
HCTV-22)
Triceratops Hell Creek 72,1-66,0 Armitage &
78 Cells and their biocomponents Osteocytes Dinosauria : Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, OM; SEM 2014
horridus Anderson
Montana Late Cretaceous)
Nemegt
Mongolemys | Formation, Bugin 80,0 (Campanian Cadena, Ksepka
79 Cells and their biocomponents Osteocytes Testudines elegans (IGM- Tsav locality, Mongolia Asia Mesozoic Cretaceous ! P .| OM (TLM) ! P 2013
w . Late Cretaceous) & Norell
90/11) Omndgov Aimag,
Gobi Desert
Triceratops Hell Creek 72,1-66,0
80 Cells and their biocomponents Osteocytes Dinosauria horri dug Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, |OM; VPSEM Armitage 2016
Montana Late Cretaceous)
Temnospondyli: 298,9-293,5 OM;
81 Cells and their biocomponents Osteocytes Amphibia E ’ - USA North America | Paleozoic Permian (Cisuralian, Early | Fotografia Armitage 2025
ryops sp. . .
Permian) XP; EFM
Messel Pit,
Allaeochelys Darmstadt;
crassesculpta Nemegt 48 (Middle
(SMF ME-2449); |Formation, Bugin Eocene, OM (TLM);
Testudines; Mongolemys Tsav, Gobi Germany; Europe: Asia: Cenozoic; Paleogene; Paleogene); 80,0 FESEM-’
82 Cells and their biocomponents Osteocytes Testudines; elegans (IGM- Desert; Mongolia; pe; Asia; Mesozoic; Cretaceous; (Campanian, Late . Cadena 2016
. ) ; - South America . ! BSE; SEM-
Testudines 90/42); Repartidora Colombia Cenozoic Neogene Cretaceous); 13,6
- . . EDS
Podocnemididae locality, La (Serravallian,
indet. (UR-CP- Victoria Middle Miocene)
0043) Formation,

Tatacoa Desert
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Messel Pit,
Allaeochelys Darmstadt;
crassesculpta Nemegt 48 (Middle
(SMF ME-2449); |Formation, Bugin Eocene,
Testudines; Mongolemys Tsav, Gobi Germany; Europe; Asia; Cenozoic; Paleogene; Paleogene); 80,0 | OM (TLM,
83 Cells and their biocomponents Osteocytes Testudines; elegans (IGM- Desert; Mongolia; South A‘meric,a Mesozoic; Cretaceous; (Campanian, Late | PLM); SEM- Cadena 2020
Testudines 90/42); Repartidora Colombia Cenozoic Neogene Cretaceous); 13,6 EDS
Podocnemididae locality, La (Serravallian,
indet. (UR-CP- Victoria Middle Miocene)
0043) Formation,
Tatacoa Desert
154,8-145,0
(Kimmeridgian—
Apatosaurus sp. Morrison ngggi';r-]' 1';}%_
(BYU681-16782); Formation, 145’0 ’
Diplodocidae Colorado; Howe- (Kimmeri’d ian—
Dinosauria; (SMA G44/96- 1 ) St._Quarry, North America; | Mesozoic; Jurassic; Tithonian ?_ate
84  |Cells and their biocomponents Osteocytes B;ggggﬂﬁ:g Anof\%mﬂ;gms Wy°”2;'28;1§f’"b°” ﬂgﬁ; gﬁiﬁ;\ HSEE ﬁﬂiﬁlﬁi 32285812 ﬂﬁ?ﬁiilﬁ Juras1ch); 154.8- oM RS Wiemann etal. | 2018
Dinosauria Heyuannia Wyoming; Asia Mesozoic Cretaceous (KimmeE)rig ian—
huangi (NMNS Yuanpu o ?_ate
CYN-2004- For'matio.n, Jurassic): 721
DINO-05) Jiangxi 66.0
(Maastrichtian,
Late Cretaceous)
Standing Rock
Edmontosaurus | Hadrosaur Site, 67 0-66.5
85 Cells and their biocomponents Osteocytes Dinosauria (Ssanse_gfﬂ; to Eglllmc;rt?oert USA North America | Mesozoic Cretaceous (Maastrichtian, F(I)EI\S/IE(-ll\—/II:I\EAI%)S XRD Ullrge'\\lner:i::qr(l)céya 2019
-306) Corson County, Late Cretaceous)
Dakota do Sul
Triceratops
horridus (HCTH- Hell Creek 72,1-66,0 OM (PLM); Armitage &
86 Cells and their biocomponents Osteocytes Dinosauria 02, 03, HCTR-11, Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, | DIC; UVFL; CH Solliga 2020
HCTV-22 e Montana Late Cretaceous) | SEM; TEM y
HCTF-39)
Bearpaw Shale
Hadrosauridae Formation, 83,6-72,1 OM (PLM);
87 Cells and their biocomponents Osteocytes Dinosauria (YPMPU 016969) Crawford Ranch, USA North America | Mesozoic Cretaceous (Campanian, Late SEM ’ EDS; RS Fabbri et al. 2020
Wheatland Cretaceous)
County, Montana
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Record ID

Level of Biostructural Organization

Biomaterial Type

Taxonomy

Geographic Distribution

Geological Age

Anal

ytical Techniques

Clade

Subclade

Locality

Country

Continent

Era

Period

Age/ Epoch (Ma)

Optical

Biological

Chemical

Main Author

Year

88

Cells and their biocomponents

Osteocytes

Fish; Testudines;
Reptilia; Reptilia;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria;
Dinosauria

Actinopterygii:
Anchiacipenser
acanthaspis
(UALVP 56592,
UALVP 56596);
Tartaruga:
Basilemys sp.
(UALVP 59613);
Crocodylomorpha

: Crocodylia indet.

(UALVP 59615);
Crocodylomorpha
: Leidyosuchus
canadensis
(UALVP 59616);
Dinossauro cf.
Euoplocephalus
tutus (UALVP
56607);
Panoplosaurus
mirus (UALVP
10);
Mercuriceratops
gemini (UALVP
54559);
Chasmosaurus
belli (UALVP
52613);
Chasmosaurus
sp. (UALVP
55926);
Centrosaurus
apertus (UALVP
55794);
Styracosaurus
albertensis
(UALVP 52612,
UALVP 55900);
Hadrosauridae
indet. (UALVP
59614);
Prosaurolophus
maximus (UALVP
55880);
Gorgosaurus
libratus (UALVP
10, UALVP
49500),
Ornithomimus
edmontonicus
(UALVP 52531);
Saurornitholestes
langstoni (UALVP
55700);
Latenivenatrix
mcmasterae
(UALVP 55804)

Dinosaur Park
Formation,
Alberta

Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada;
Canada

North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America;
North America

Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Mesozoic;
Cenozoic

Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous;
Cretaceous

83,6-72,1

(Campanian, Late

Cretaceous)

OM (TLM)

van der Reest &
Currie

2020
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Mysticeti (BFW,
SP08-20, SPO8- FPLC; BCA,;
_— . 22, SP08-23, . . . . 9,6-4,5 (Middle— XRD; UV-Vis; .
89 Cells and their biocomponents Osteocytes Mammalia SP08-31, SPOS- Pisco Formation Peru South America| Cenozoic Neogene Late Miocene) SEM-EDS MALDI-ToF: Boskovic etal. | 2021
32, SP08-343, LC-MS/MS
SP08-34b)
Liushu Formation,
Linxia Basin,
. Tibetan Plateau, 10,0-7,2
90 Cells and their biocomponents Osteocytes Avialae Strut\k/ug;spsg;/PP Nalesi town, China Asia Cenozoic Neogene (Tortonian, Late Ig)ll\I/\I/I()Tgl\EAM Li et al. 2021
Dongxiang Miocene) ’
County, Shuang-
gong-bei village
Cerro Fortaleza
Dreadnoughtus | Formation, east (ga?r’r?_:\(r)l‘ign- OM (TLM XRD: LA-
91 Cells and their biocomponents Osteocytes Dinosauria schrani (MPM-PV | bank of the Rio | Argentina |South America| Mesozoic Cretaceous Maastrri)chtian PLM) ’ IF; ELISA ICPMS Schroeter et al. | 2022
1156) La Leona, Santa Late Cretaceods)
Cruz Province
67,0-66,5
EEulgllbasOtg(s) 1(5)9' (Maastrichtian,
’ Late Cretaceous);
Taphrosphys 67 0-66.5
(§2U1'7E5F%'20202020 i’ (Maastrichtian,
’ Late Cretaceous);
. . 0_4162)’ tartaruga Horngrstown North America; | Mesozoic; Cretaceous; 67,0-66,5
Testudines; indet. (RU-EFP- | Formation, Jean Y 2 ! S
L ; . . |North America; | Mesozoic; Cretaceous; (Maastrichtian,
Testudines; 02295), tartaruga |and Ric Edelman | USA; USA; North America; | Mesozoic; Cretaceous; Late Cretaceous); | SEM-EDS; PAGE;
92 Cells and their biocomponents Osteocytes Testudines; indet. (RU-EFP- Fossil Park, USA; USA; Y ] N ’ ’ - XRD Voegele et al. 2022
Lo ) . North America; | Cenozoic; Paleogene; 66,0-61,6 FESEM ELISA; IF
Testudines; 04161-8); Mantua USA; USA North America | M e Cret . ;
Reptilia; Reptilia |Crocodylomorpha| Township, New 0 merica, €80Z0IC, relaceous, (Danian, Early
’ ; ’ North America | Mesozoic Cretaceous; Paleogene); 67,0-
: Thoracosaurus Jersey 66.5
neocesariensis (Maastri,chtian
(RU-EFP-00006); Late Cretaceous);
Crocodylomorpha 67 0-66 5
|ndet(.)é§éJO-;EFP— (Maastrichtian,
Late Cretaceous)
Homalocephale Nemegt
calathocercos Formation, (Mg;s?;iec;;?]‘t?an OM (TLM
. . (MPC-D Western Sayr, . . . . N , ’ . .
L Dinosauria; . D Mongolia; Asia; North Mesozoic; Cretaceous; Late Cretaceous); | PLM); SEM- XRPD; FTIR; .
93 Cells and their biocomponents Osteocytes Dinosauria 100/1201); Nemegt; Prlge USA America Mesozoic Cretaceous 67.0-66,5 EDS: AFM: ToF-SIMS Surmik et al. 2023
Edmontosaurus |Creek Formation, (Maastrichtian FESEM
regalis (UAMES Colville River, Late Cretaceou’s)
52615) Alaska
Hadrosauridae Judith River 83,6-72,1 Ullmann &
94 Cells and their biocomponents Osteocytes Dinosauria (MOR 2967, Formation, near USA North America | Mesozoic Cretaceous  |(Campanian, Late | OM (TLM) Schweitzer 2023
MOR 2990-32) | Malta, Montana Cretaceous)
Hell Creek
Triceratops Formation, 72,1-66,0
95 Cells and their biocomponents Osteocytes Dinosauria horridug Dawson County, USA North America | Mesozoic Cretaceous (Maastrichtian, )M (PLM); SEM Cruz & Armitage | 2024
Glendive city, Late Cretaceous)
Montana
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Tartaruga indet. | Brule Formation,
(F47, F101); Wyoming;
tartaruga indet. Chamberlain
(F08-87); Pass Formation;
tartaruga indet. Chadron
Testudines; (F15); tartaruga Formation, North America; | Cenozoic; Paleogene;
Testudines; indet. (F19-06); |Wyoming; Sharps North America; | Cenozoic; Paleogene;
Testud!nesi tartaruga indet. _ Formatpn, South USAE USAE North Amer!cai Cenozo!ci Paleogenei 38,0-33,9 (Late | OM (TLM):
96 Cells and their biocomponents Osteocytes Testudines; (F19-27, F19-50); | Dakota; Sharps | USA; USA; | North America; | Cenozoic; Paleogene; Eocene) a 33,9- | Fotografia XRD Gallucci et al 2024
P y Testudines; mamifero indet. |Formation, South |USA; USA; |North America; | Cenozoic; Paleogene; 23,0 (Ol ocer,me) )?P ’
Mammalia; (F19-10, F19-18, | Dakota; Sharps | USA; USA |North America; | Cenozoic; Paleogene; ’ 9
Mammalia; F19-28); Formation, South North America; | Cenozoic; Paleogene;
Mammalia Merycoidodontoid | Dakota; Chadron North America | Cenozoic Paleogene
ea (FO8-77); Formation,
Brontotheriidae Wyoming;
(FO8-915-R, F08- Chadron
08, F08-09, F08- Formation,
10, F08-80). Wyoming
Paroxacron
valdense (UM- Phosphorites du
_— . DAM1-278, -279), . 42,0-24,0 (Late | OM (TLM);
97 Cells and their biocomponents Osteocytes Mammalia (UM-DAM1-280 a Quercy,CDalms, France Europe Cenozoic Paleogene Eocene) SEM-EDS Wu et al. 2024a
-282) e (UM- near Caylus
DAM1-283)
Temnospondyli: 298,9-293,5 OM;
98 Cells and their biocomponents Osteocytes Amphibia E ) - USA North America | Paleozoic Permian (Cisuralian, Early | Fotografia Armitage 2025
ryops sp. ; .
Permian) XP; EFM
Fm. Nordstrand
Point, site
Psammosteus sp. Nuﬁ\a/\ellft? 1F,m
(NUPV 1587); Catskill, 375,0 (Frasnian,
Bothriolepis sp. . o)
= localidade Powys Late Devonian);
(ANSP nédo
. Curve, 361,0
catalogado); . .
Bothriolepidae Pennsylvania; (Famennian, Late
indet (NTJFV Fm. Fram, site North America; | Paleozoic; Devonian; Devonian); 378,0
1586)' NV0403, Canada; |North America; | Paleozoic; Devonian; (Frasnian, Late
Fish; Fish; Fish; G racant’hus Ellesmere Island, USA; North America; | Paleozoic; Devonian; Devonian); 361,0 OM (TLM); Rogoff & Ullmann
99 Cells and their biocomponents Osteocytes Fish; Fish; Fish; yraca Nunavut; Fm. Canada; |North America; | Paleozoic; Devonian; (Famennian, Late ’ EDS 9 2025
; sherwoodi (ANSP ) . . . S 7 o o FESEM (2025)
Fish = . | Catskill, Red Hill, [USA; USA; [North America; | Paleozoic; Devonian; Devonian); 361,0
nao catalogado); . . S 7 Y .
; Pennsylvania; USA; USA |North America; | Paleozoic; Devonian; (Famennian, Late
Holoptychius sp. . . . - L
. Fm. Catskill, North America | Paleozoic Devonian Devonian); 361,0
(ANSP 23543); ) ;
; Tioga Rest Stop, (Famennian, Late
Megalichthys o R
O Pennsylvania; Devonian); 361,0
mullisoni (ANSP : ;
. . Fm. Catskill, Red (Famennian, Late
21165); Hyneria Hill Devonian)
lindae (ANSP M
25034) Pennsylvania;
Fm. Catskill, Red
Hill,
Pennsylvania.
Red, round,
nucleated
microstructures Tarbosaurus 83,6-72,1 Pawlicki &
100 Cells and their biocomponents consistent in size Dinosauria bataar Gobi Desert Mongolia Asia Mesozoic Cretaceous  [(Campanian, Late SEM XRF Nowogrodzka- | 1998
and morphology Cretaceous) Zagorska
with red blood cells
(RBCs)
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Red, round,
nucleated
microstructures Tyrannosaurus Hell Creek 72,1-66,0 OM: SEM: Schweitzer &
101 Cells and their biocomponents consistent in size Dinosauria Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, ! ’ EDS 1999
rex (MOR 555) TEM Horner
and morphology Montana Late Cretaceous)
with red blood cells
(RBCs)
Red, round,
nucleated
microstructures Beipiaosaurus |Yixian Formation 125,7-1214 Yao, Zhang &
102 Cells and their biocomponents consistent in size Dinosauria : o ! China Asia Mesozoic Cretaceous (Barremian, Early OM; TC ’ 2002
inexpectus Liaoning Province Tang
and morphology Cretaceous)
with red blood cells
(RBCs)
Red, round,
nucleated
microstructures Tyrannosaurus F%?llgtzggk 67,0-66,5 OM (TLM);
103 Cells and their biocomponents consistent in size Dinosauria . ) USA North America | Mesozoic Cretaceous (Maastrichtian, ’ Schweitzer et al. [2005a
rex (MOR 1125) | Garfield County, SEM
and morphology Montana Late Cretaceous)
with red blood cells
(RBCs)
Tiranosaurus rex (Ma?s_tersiihstian
(MOR 555); Montana: Hell Late Cretaceoué)'
Tiranosaurus rex |Creek Formation, 67-66.5 ’
Red, round, (FMNH-PR- McCone County; (Maastrichtian
nucleated Dinosauria; 2081); Hell Creek North America; | Mesozoic; Cretaceous; Late Cretaceoué)'
microstructures Dinosauria; Triceratops Formation; Hell |USA; USA; |North America; | Mesozoic; Cretaceous; 70-68 ’ Schweitzer,
104 Cells and their biocomponents consistent in size Dinosauria; horridus (MOR |Creek Formation; | USA; USA; |North America; | Mesozoic; Cretaceous; (Maastrichtian SEM; TEM Wittmeyer & 2007
and morphology Dinosauria; 699); Hell Creek USA North America; | Mesozoic; Cretaceous; Late Cretaceoué)' Horner
with red blood cells Dinosauria Tiranosaurus rex Formation, North America | Mesozoic Cretaceous 67-66.5 ’
(RBCs) (MOR 1125); Garfield County; (Maastrichtian
Brachylophosaur | Lower Judith Late Cretaceoué)'
us canadensis River Formation 78 (Campanian ’
(MOR 794) Late Cretaceous)
Red, round,
. nucleated Ribesalbes
microstructures Chelotriton sp | Lagerstatte, near 18 (Burdigalian
105 Cells and their biocomponents consistent in size Amphibia . Spain Europe Cenozoic Neogene . . | SEM; TEM EDS McNamara et al. | 2010
and morphology (MNCN 12555) | Castellon de la Early Miocene)
with red blood cells Plana
(RBCs)
Teropoda indet. Dinosaur Park
l(:{,\iggﬂsg})( Formation,
Red, round, Hadrosauriéae Alberta; Dinosaur
nucleated Dinosauria; Park Formation, Canada; |North America; | Mesozoic; Cretaceous;
. . 7 (NHMUK R4249, . ! S 7 ’ 83,6-66,0
microstructures Dinosauria; NHMUK R4243). Alberta; Lance Canada; |North America; | Mesozoic; Cretaceous; (Campanian- SEM: SEM- EDS: ToF-
106 Cells and their biocomponents consistent in size Dinosauria; : ’ Formation, USA; North America; | Mesozoic; Cretaceous; L ] ? Bertazzo etal. | 2015
. . Hadrosauridae e, . Y ) ’ Maastrichtian, FIB; TEM SIMS; EELS
and morphology Dinosauria; (NHMUK R4864); Alberta; Dinosaur | Canada; [North America; | Mesozoic; Cretaceous; Late Cretaceous)
with re(d blgo;:i cells Dinosauria dinossauro indet’ :grk Folr:)mation, Canada | North America | Mesozoic Cretaceous
RBCs ’ erta; Dinosaur
(NHMUK R.4493); Park Formation,
Ceratopsidae Alberta
(NHMUK R4484)
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Red, round,
nucleated Posidonia Shale
microstructures Ichthyosauria: Formation, 184,2-174,7 FESEM; XRD: XRF:
107 Cells and their biocomponents consistent in size Reptilia Stenopterygius |HOLCIM Cement | Germany Europe Mesozoic Jurassic (Toarcian, Early | TEM; FIB- ToF:SIMS’ Plet et al. 2017
and morphology sp. quarry, Jurassic) SEM
with red blood cells Dotternhausen
(RBCs)
Red, round,
nucleated Nothosauria: Gogolin
microstructures . go! 247 ,2-242 . Surmik,
A - L o Nothosaurus cf. Formation, . . - X SEM; ESEM- .
108 Cells and their biocomponents consistent in size Reptilia ; . Poland Europe Mesozoic Triassic (Anisian, Middle ToF-SIMS Rothschild & 2017
marchicus (SUT- | Gogolin Quarry, O EDS o
and morphology o Triassic) Pawlicki
; MG/f/98) Opole Silesia
with red blood cells
(RBCs)
Red, round, Liushu Formation,
nucleated Linxia Basin,
microstructures . Tibetan Plateau, 10,0-7,2
109 Cells and their biocomponents consistent in size Avialae Struthio sp (IVPP Nalesi town, China Asia Cenozoic Neogene (Tortonian, Late OM (TLM’ Li et al. 2021
V 25336) . . PLM); SEM
and morphology Dongxiang Miocene)
with red blood cells County, Shuang-
(RBCs) gong-bei village
Red, round,
nucleated -
. Telmatosaurus Sinpetru
microstructures transsylvanicus [Formation, Sibisel 70-68 Chandrasinghe et
110 Cells and their biocomponents consistent in size Dinosauria y . f § Romania Europe Mesozoic Cretaceous (Maastrichtian, SEM 9 2025
(LPB [FGGUB] R.| River, Hateg al.
and morphology 1305) Basin Late Cretaceous)
with red blood cells
(RBCs)
S Eomation, SRS-XRF;
Ichthyosauria: Kromer Slat’e 184,2-174,7 EDS;
111 Cells and their biocomponents Keratinocytes Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early SRXTM IHQ NanoSIMS; Lindgrenetal. | 2018
Quarry, village of ; .
sp. (MH 432) Jurassic) ToF-SIMS;
Ohmden,
Py-GC/MS
Holzmaden
Posidonia Shale
. - S o 184,2-174,7 . EDS; EBSD;
112 Cells and their biocomponents Keratinocytes Reptilia Plesiosauria: P03|don|en§ch|ef Germany Europe Mesozoic Jurassic (Toarcian, Early oM (TLM)’ FTIR; ToF- Marx et al. 2025
Indet. (MH 7) er Formation, . SEM; TEM
Jurassic) SIMS
near Holzmaden
131-120
(Hauterivian,
Melanophores Indet. (LEIUG . . South . . Early .
113 Cells and their biocomponents and/or melanosomal Avialae 115562); Indet. C;:alj? 'L:grrg:ttif:, D?agarﬁ;rk America; I\él)zf%zz%i% C;Z:zgezléz Cretaceous); CI)EI\IgSE?'Em- Vinther et al. 2008
organelles (MGUH 28.929) Europe 9 56,0-47,8 ’
(Ypresian,
Eocene)
Tiaojishan
Melanophores Anchiomis Dgf.rsrﬂ?ﬂ"s”.te 1(655%1\/?35 SEM-EDS;
114 Cells and their biocomponents and/or melanosomal Dinosauria huxleyi (BMNHC . ’ China Asia Mesozoic Jurassic . S ’ Li et al. 2010
Jianchang Kimmeridgian, TEM
organelles PH828) L2 .
County, Liaoning Late Jurassic)
Province
Mosasauria: | >moky Hill Chalk 88,0-80,0 OM; SEM-
Melanophores Platecarpus Member, (Coniacian- EDS;
115 Cells and their biocomponents and/or melanosomal Reptilia ¢ .t.p Niobrara Chalk USA North America | Mesozoic Cretaceous c ian. Lat Fot ’f. Lindgrenetal. | 2010
organelles ympaniticus Formation ampanian, Late otografia
(LACM 128319) Kansas ’ Cretaceous) FUV
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Melanophores . 56,0-41,2
116 Cells and their biocomponents and/or melanosomal Avialae Indet. (SMF-ME  \Messel Oil Shale, Germany Europe Cenozoic Paleogene (Ypresian- ESEM-EDS Vinther et al. 2010
3850) near Darmstadt .
organelles Lutetian, Eocene)
Pennaraptora
(IVPP V15388B);
. . Sinosauropteryx
Melanophores B:zgzgﬂﬁ:: sp. (IVPP Jehol Grou 131-120
117 Cells and their biocomponents and/or melanosomal Dinosauriaf V14202); Liaonin P. China Asia Mesozoic Cretaceous (Hauterivian, OM; SEM EDS Zhang et al. 2010
organelles Avialae ’ Sinornithosaurus 9 Early Cretaceous)
(IVPP V12811);
Confuciusornis
(IVPP V13171)
154,8-145,0
Melanophores Archaeopteryx e . )
118 Cells and their biocomponents and/or melanosomal Dinosauria lithographica Solnhof__en Germany Europe Mesozoic Jurassic (Kimmeridgian— OM; SEM Carney et al. 2012
Lagerstatte Tithonian, Late EDS
organelles (MB.Av.100) Jurassic)
Jiufotang
Melanophores Microrabtor s I_F;’r::gzg?]”’ 121,4-113,0
119 Cells and their biocomponents and/or melanosomal Dinosauria P P - 9, China Asia Mesozoic Cretaceous (Aptian, Early SEM; TEM Li et al. 2012
(BMNHC PH881) Jianchang
organelles N Cretaceous)
County, Liaoning
province
Melanophores 55,0 (Ypresian
120 Cells and their biocomponents and/or melanosomal Avialae Indet. (5-1003) Fur Formation Denmark Europe Cenozoic Paleogene Eérly é)ocene)‘ OM; SEM SRS-XRF Field et al. 2013
organelles
Melanophores . 56,0-41,2 . .
121 Cells and their biocomponents and/or melanosomal Avialae Indet. (SMFME | Messel Oil Shale, Germany Europe Cenozoic Paleogene (Ypresian-Lutetian, OM; ESEM; EPMA; EDS Vitek et al. 2013
organelles 3850) near Darmstadt Eocene); SEM-FIB




Supplementary Dataset S1. Documented records of biomaterial occurrences in vertebrate fossils compiled from the scientific literature

Conjunto de Dados Suplementar S1. Registros documentados de ocorréncias de biomateriais em foésseis de vertebrados compilados a partir da literatura cientifica

Taxonomy Geographic Distribution Geological Age Analytical Techniques
RecordID | Level of Biostructural Organization | Biomaterial Type Clade Subclade Locality Country Continent Era Period Age/ Epoch (Ma)| Optical Biological | Chemical Main Author Year
Tartaruga indet.
(PKUP V1070);
Squamata:
Yabeinosaurus
168,2-154,0
sp. (PKUP (Middle—Late
V1059); Jurassic); 129,7-
Squamata: 124 (Barremian,
Xianglong zhaoi Early Cretaceous);
(PMOL 000666); 129,7-124
Pterosauria: (Barremian, Early
Indet. (PMOL Cretaceous);
APOO(OZZ); 121.,4-113,0
Pterosauria: cf. Tiaojishan (é\pttlan, Early
Jianchangnathus |Formation; Yixian retaceous);
o LR 168,2-154,0
robustus Formation; Yixian (Middle-Late
S || ometon
; iufotang . i 124 (Barremian
. . China Jurassic '
Psittacosaurus Formation; Ch:na: Mesozoic; Cr:tacecl')uYS' Early Cretaceous);
lujiatunensis Tiaojishan China: Mesozoic; Cretac ! 129,7-124

Testudines: (PKUP V1050, ~ |Formation; Yixian | 0= Mesozoic; et €ous, | Barremian, Early
Reptilia; Reptilia; | PKUP V1051); |Formation; Yixian Ch:n ’ Asia; Asia; Mesozo!c; Se acec_Ju_s, Cretaceous);
Reptilia; Reptilia; | Sinosauropteryx |Formation; Yixian Chi a: Asia; Asia; Mesozoic; c utrassw, ) 129,7-124

Dinosauria; (IVPP 14202); |Formation; Yixian Ch:g:: Asia; Asia; MGSOZO!G C::tggggﬂz (B%rretm'an, E;ﬂr'y

Di . - N Ina; o Acia- €s0Z0iC; ; retaceous);

earopnores | DIOSSUIE | Bepmosaus | \Comaton v | G| ASEASEL | ol | Croaceous; | 129724
122 Cells and their biocomponents and/or melanosomal Dinosauria: BI\/TNHC F t ] China; Asiaz Asia: Mesozoic; Cretaceous; (Barremian, Early SEM Li et al. 2014
organelles : > ( ormation, China; ’ y Mesozoic; Cretaceous; Cretaceous);

Dinosauria; PH000911); Tiaojishan China: Europe; Asia; | mesozoic: Creta X 129.7-124

Dinosauria; Caudipteryx zoui Formation; L Asia; Asia; Mesozoic: © cequ's, B iian. Earl

i i China . ) Jurassic (Barremian, Early

Dinosauria; (PMOL Solnhofen > Asia; South Mesozoic: L Cretaceous):

. . Germany . ’ Jurassic )
Avialae; Avialae; ADO00020); Lagerstatte; China- ’ America Mesozoic; Cret . 129,7-124
Avialae; Avialae Microraptor Yixian Formation; Chi ’ Mesozoic; Cretaceousz (Barremian, Early

(BMNHC PH881); Yixian e Mesozoic; orotaceoie: Cretaceous);
Anchiornis Formationy; ~hina, Cenozoic relaceous, 168,2-154,0
huxleyi BMNHC |  Jiufotang ~ |Cina: Peru Paleogene (Middle-Late
PH828); Formation; Jurassic). 149,0-
Archaeopteryx Jiufotang 0 (Tit on_|ar1,
. L2 Late Jurassic);
(MB.Av.100); ave Formation; 129.7-124
Confuciusornis | Otuma Formation (Barremian, Early
sanctus (CUGB Cretaceous);
G20070001); 129,7-124
Enantiornithes (Barremian, Early
indet. (CUGB Cretaceous);
G20120001, 121,4-113,0

CUGB P1201);
Ornithurae indet.
(CUGB
G20100053);
Inkayacu
paracasensis
(MUSM 1444)

(Aptian, Early
Cretaceous); 41,2-
19,5 (Eocene-
Miocene)
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ave Indet. (SMF-
ME 3850); 56,0-41,2
Messelornis (Ypresian-
(SMF- Lutetian,
ME11402a); ave Eocene); 56,0-
Indet. (FUM- 41,2 (Ypresian-
N2275); Anura: Lutetian,
Palaeobatrachus Eocene); 56,0-
(SMF- Messel; Messel; | Germany; Cenozoic: Paleogene: 47,8 (Ypresian,
Avialae; Avialae; ME11390a); Fur Formation; Germany; Europe; S 9 ’ Eocene); 56,0-
: ) e . ' ’ Cenozoic; Paleogene; :
Avialae; Anura: Pipidae Messel; Mush Denmark; Europe; 7 ’ 41,2 (Ypresian-
oo i . ! ! Cenozoic; Paleogene; .
Amphibia; (MU 41-13); Valley; Mush Germany; Europe; 7 ’ Lutetian,
Melanophores Amphibia; Anura: Pipidae | Valley: Enspel | Ethiopia; |Europe: Africa; | S8N0Z0IC; | Paleogene; | g0 003 o
123 Cells and their biocomponents and/or melanosomal Amphibia; (MU 32-2A/B); Formation:; Ethiopia: |Africa: Europe: Cenozo!ci Neogenei 20,4 (Aquitanian, SEM ToF-SIMS Colleary etal. | 2015
organelles S ) . . . : Cenozoic; Neogene; . .
Amphibia; Anura: Pelobates | Messel; Messel; | Germany; Europe; 7 . Early Miocene);
s ) ’ : Cenozoic; Paleogene;
Mammalia; (PW 2005- 5034- Francis Germany; | Europe; North Cenozoic: Paleogene. 23,0-20,4
Mammalia; Fish LS_GDKE); Creek Shale, Germany; America Paleozoié Carbon%ferohs (Aquitanian, Early
morcego Mazon Creek USA Miocene); 27,8-
Hassianycteris 23,0 (Chattian,
(SMF- Oligocene); 56,0-
ME11407b); 41,2 (Ypresian-
morcego Lutetian,
Palaeochiropteryx Eocene); 315,2-
(SMF- 307 (Moscovian,
ME11406a); Carboniferous)
Cyclostomata
Melanophores Coliiformes Green River 50,0 (Ypresian XAS: SRS-
124 Cells and their biocomponents and/or melanosomal Avialae (AMNH FARB Formation, USA North America | Cenozoic Paleogene - (YP '’ | ESEM-EDS 4 Egerton et al. 2015
. Early Eocene) XRF
organelles 30806) Wyoming
Mayomyzon
pieckoensis
(LEIUG123268,
ROMV56806,
ROMV56788a, | Mazon Creek 315,7-303,7
Melanophores ROM56828b Lagerstatte, (Moscovian- | OM (PLM);
125 Cells and their biocomponents and/or melanosomal Fish; Fish ’ Francis Creek USA North America | Paleozoic Carboniferous . : . ToF-SIMS Gabbott et al. 2016
ROMV56800a,b, Kasimovian, Late | SEM-EDS
organelles Shale Member, .
PF10788a,b, llinois Carboniferous)
PF5687, PF5688,
PF15382);
Myxinikela siroka
(PF15373a,b)
. . 11,6-5,3 .
Melanophores Anura: Indet Libros Biota, (Tortonian- Py-GC/MS;
126 Cells and their biocomponents and/or melanosomal Amphibia | ; Libros Gypsum Spain Europe Cenozoic Neogene - SEM; TEM FTIR; ToF- | McNamara et al. | 2016
(MNCN 63663) . Messinian, Late
organelles Unit, near Teruel . SIMS
Miocene)
Melanophores Eoconfuciusornis Jelflll(jlajici/"iﬁ;p, 130,0 (Early SEM; TEM;
127 Cells and their biocomponents and/or melanosomal Avialae sp. (STM 7-144) Formation, China Asia Mesozoic Cretaceous Cretaceous) ESEM-EDS IHQ ChemiSTEM Pan et al. 2016
organelles . .
Fengning, Hebei
Tiaojishan
Melanophores . - Formation .
—_ . . Caihong juji . ’ . . . . 161,0 (Middle- | OM; SEM-
128 Cells and their biocomponents and/or melanosomal Dinosauria (PMoL-B00175) Qinglong Co_unty, China Asia Mesozoic Jurassic Late Jurassic) FIB Hu et al. 2018
organelles Gangou city,

Hebei Province
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Dawangzhangzi
Melanophores Confuciusornis Member, Yixian . .
129 Cells and their biocomponents and/or melanosomal Avialae sp. (CUGB Formation, China Asia Mesozoic Cretaceous 122,0 (Barremian, TOF'SIMS' Li et al. 2018
. Early Cretaceous) MALDI; RS
organelles P1401) Fengning County,
Hebei Province
e romation. SRSXRF;
Melanophores Ichthyosauria: Kromer Slat’e 184,2-174,7 EDS;
130 Cells and their biocomponents and/or melanosomal Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early IHQ NanoSIMS; Lindgrenetal. | 2018
Quarry, village of . .
organelles sp. (MH 432) Ohmden Jurassic) ToF-SIMS;
' Py-GC/MS
Holzmaden
Anura:
Pelophylax
pueyoi (MNCN
63775, MNCN
63776, NMP 11,6-5,3
39449, SMF-ME- (Tortonian-
Melanophores Amphibia; 00978, MNCN Libros Biota; Spain; . Cenozoic; Neogene; Me_;ssm|an', Late
L S 63798, MNCN . - Europe; S ! Miocene); 15,9-
131 Cells and their biocomponents and/or melanosomal Amphibia; Rubielos de Spain; o Cenozoic; Neogene; f CH AHPO McNamara et al. | 2018
organelles Amphibia 63848, MNCN Mora; Daohuguo China Europe; Asia Mesozoic Jurassic 11,3 (Middle
9 P 66503, NHM ’ 9 Miocene); 174,7-
49999); 161,5 (Middle
Salamandridae: Jurassic)
Chelotriton sp.;
Salamandridae:
indet. (CNU-V-
1264)
Melanophores Eocoracias 49,0 (Earl
132 Cells and their biocomponents and/or melanosomal Avialae brachyptera Messel Formation| Germany Europe Cenozoic Paleogene ! Y Babarovi¢ etal. | 2019
Eocene)
organelles (SMF-ME 1450A)
Ma.y‘lzmyz‘?” 330,0-298,9
peickoensis (Middle—Late
(FM(I;I_:—I _P}I;:688), Mazon Creek, Carboniferous);
Melanoohores , 'r?'(.: Fl\}/II?\IH Illinois; Mazon USA: USA: North America; | Paleozoic; Carboniferous; 330,0-298,9
133 Cells and their biocomponents and/or melgnosomal Fish; Fish; Fish; 9 elgF%I4(74 . Creek, lllinois; U’SA_ ’ INorth America; | Paleozoic; Carboniferous; (Middle—-Late CH AHPO; SRS- Rogers et al 2019
P Fish . ); Green River ’ North America; | Cenozoic; Paleogene; Carboniferous); XRF; XANES 9 ’
organelles Knightia sp. . Denmark . .
FOBU 17591): Formation; Fur Europe Cenozoic Paleogene 54,0 (Ypresian,
( ; ) Formation Early Eocene);
Tetraodontiforme .
s indet. (NHMD 54,0 (Ypresian,
199838) Early Eocene)
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Anura:
Pelophylax
pueyoi (NHML-
4999, NHML-
4982); Anura:
Eopelobates sp.
(NHMB-MB.Am.
908); Anura:
Palaeobatrachus 11,6-5,3
diluvianus (Tortonian-
(NHML-30271); Messinian, Late
Anura: Miocene);
Palaeobatrachus Miocene; 23,0-
luedecki (NHML- 15,9 (Early
35814); anfibio Miocene); 27,2-
caudado indet. 20,4 (Oligo-
(CNU-SAL- Miocene); 174,7-
NN2013002P); 154,8 (Middle—
Branchiosauridae . Late Jurassic);
: Apateon ngg:z: 303,7-293,5 (Late
pedestris (NHMB- Cenozoic: Neogene: Carbonlfer.ousT
MB.Am.1220); . Early Permian);
o . . Cenozoic; Paleogene-
Amphibia; Micromelerpetonti Spain: Cenozoic: Neoaene: 303,7-293,5 (Late
Amphibia; dae: Libros Biota: G pain, . M ! J ger ” Carboniferous—
Amphibia; Branchierpeton ibros Biota; ermany; €s0zoIc; urassic, Early Permian);
A S Orsberg; Rott, Germany; Europe; Paleozoic; Carboniferous- )
mphibia; amplystomus Landsberg; Czech Europe; Paleozoic; Permian; 303,7-293,5 (Late
Amphibia; (NHMD-155208); o . . ’ . . Carboniferous—
Amphibia- Micromeleroetonti Bohemia; Yanliao | Republic; Europe; Paleozoic; Carboniferous- Early Permian);
Melanophores Amphibiaz : dae'p : Biota; Saar-Nahe China; Europe; Asia; | Cenozoic; Permian; 4233/(Middle ’ Rossi. Webb &
134 Cells and their biocomponents and/or melanosomal Amphibia: Micromelér cton Basin; Messel; | Germany; Europe; Cenozoic; Carboniferous- Eocene SEM SRS-XRF Mcl,\lamara 2020
organelles M PhIbI: . >1erp Messel; Jehol; | Germany; Europe; Mesozoic; Permian; g
ammalia; credneri (NHMB- . S ’ o S . Paleogene); 48
Avialae; Avialae; | MB.Am.1187); Yanliao Biota; Germany; | Europe; Asia; | Mesozoic; Paleogene; (Middle Eocene
. K ol S oh Monte San China; Asia; Europe; Mesozoic; Paleogene; hk
Avialae; Reptilia Mamifero Paleogene)
) ! . g Giorgio (MSG); China; Asia Mesozoic; Cretaceous; ’
Reptilia; Reptilia; | Chiroptera indet. - S ! 130,0 (Early
Rentilia- HMLD-Me7069): Jehol Switzerland Mesozoic; Cretaceous; Cretaceous);
~eptilia, ( -vie ) : China Mesozoic; Cretaceous; ’
Dinosauria ave Indet. Mesozoic: Cretaceous- 130,0 (Early
(HLMD-Me5472, .’ ] Cretaceous);
\VPP-V13314 Mesozoic Cretaceous; 130,0 (Earl
' g Jurassic; Triassic; ’ y
IVPP-V18357); Cretaceous Cretaceous);
Yanornis (IVPP- 130,0 (Early
STM9-5); ave Cretaceous);
Protopterix 130,0 (Early
(IVPP-V16525); Cretaceous);
réptil Indet. 174,7-154,8
(IVPP-STM36-86, (Middle—Late
IVPP-STM36-2); Jurassic); 247,2-
Squamata indet. 237,0 (Middle
(CNU-VER- Triassic); 130,0
LB2009001); (Early
Neusticosaurus Cretaceous)

peyeri (PIMUZ-
T3412);
Neusticosaurus
edwardsii
(PIMUZ-T3749);
Dinossauro
Dromeosauridae
(IVPP-STM5-12)
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Melanophores . Fur Formation, . OM (PLM); .
135 Cells and their biocomponents and/or melanosomal Testudines Pan-Cheloniidae western Limfjord | Denmark Europe Cenozoic Paleogene 54,0 (Ypresian, FESEM; EDS’_ ToP- De La Garza et 2022
(DK 807) . Early Eocene) SIMS; FTIR al.
organelles region TEM
Ichthyosauria: OM;
Melanophores Stenopterygius S 184,2-174,7 Fotografia B .
136 Cells and their biocomponents and/or melanosomal Reptilia sp. (UMH-A- Posidonia Shale, Germany Europe Mesozoic Jurassic (Toarcian, Early FUV; SRS-XRF; De La Garza et 2023
Holzmaden town . . ToF-SIMS al.
organelles 0001, UMH-A- Jurassic) FESEM;
0002) TEM
Ichthyosauria: OM (PLM);
Melanophores Stenopter iué Schistes Carton Luxembour 184,2-174,7 Fotografia EDS: ToF-
137 Cells and their biocomponents and/or melanosomal Reptilia pieryg unit, near Europe Mesozoic Jurassic (Toarcian, Early FUV; " Wallstedt et al. | 2024
sp. (MNHNL g . . SIMS
organelles Dudelange town Jurassic) FESEM;
TV344)
TEM
Melanophores _ |Posidonia Shale, 184,2-174,7 _ EDS; EBSD;
- . Plesiosauria: Posidonienschief . . . OM (TLM); .
138 Cells and their biocomponents and/or melanosomal Reptilia ; Germany Europe Mesozoic Jurassic (Toarcian, Early . FTIR; ToF- Marx et al. 2025
Indet. (MH 7) er Formation, . SEM; TEM
organelles Jurassic) SIMS
near Holzmaden
Melanophores . . . ]
L . Dastilbe crandalli | Crato Formation, . . . 110,0 (Albian, OM; CM; EDS; RS;
139 Cells and their biocomponents and/ocl;rrgae;aerlllc;zomal Fish (GP/2E-9378b) Araripe Basin Brazil South America| Mesozoic Cretaceous Early Cretaceous) SEM FTIR Prado et al. 2025
Anura:
Pelobatidae e
Indet. (GMH Celll
4936a-1932,
GMH Celll 4967-
1932, GMH Celll
4983-1932, GMH
gﬂ'ﬁfggﬁ; gﬁ’_ Konservat: | o o 45,0 (Middle
Melanophores Amphibia; 1932 GMH Lagerstatten of Czech ’ Europe; Cenozoic; Paleogene; Eocene); 33,9-
140 Cells and their biocomponents and/or melanosomal Amphibia; ; . Geiseltal; . Europe; Cenozoic; Paleogene; 27,8 (Early SEM SRS-XRF Falk et al. 2025
o XXXV-11a-1970); N Repubilic; ) . .
organelles Amphibia . Bechlejovice; . Europe Cenozoic Neogene Oligocene); 23,0-
Anura: . . Spain .
Libros Biota 5,3 (Miocene)
Palaeobatrachus
luedecki (NHML-
OR35814);
Anura:
Pelophylax
pueyoi (NHML-
R4982, MNCN
63798)
Confuciusornis |\ . . 125,7-113,0 . EDS; FTIR;
141 Cells and their biocomponents Chondrocytes Avialae sanctus (MES- Y|?<|an Formathn, China Asia Mesozoic Cretaceous (Bgrremlan- SEM; micro- XANES; SRS- Jiang et al. 2017
Sihetun, Liaoning Aptian, Early CT XRF; ToF-
NJU 57002)
Cretaceous) SIMS
Hypacrosaurus Two Medicine 83,6-72,1
142 Cells and their biocomponents Chondrocytes Dinosauria stebingeri (MOR Formation, USA North America | Mesozoic Cretaceous (Campanian, Late | OM (TLM) HQ; IHQ Bailleul etal. {2020a
548) Alberta, Montana Cretaceous)
Caudipteryx Y:l)gz? gﬁ;g];gr?g’ 132,6-125,7 OM; SEM-
143 Cells and their biocomponents Chondrocytes Dinosauria . - China Asia Mesozoic Cretaceous (Hauterivian, . CH Zheng et al. 2021
(STM4-3) City, Dapingfang EDS; TEM
T Early Cretaceous)
own
Paroxacron
valdense (UM- Phosphorites du
- . DAM1-278, -279), . 42,0-24,0 (Late | OM (TLM);
144 Cells and their biocomponents Chondrocytes Mammalia (UM-DAM1-280 a Qﬁg;c;yég;rl?ss, France Europe Cenozoic Paleogene Eocene) SEM-EDS Wu et al. 2024a

-282) e (UM-

DAM1-283)




Supplementary Dataset S1. Documented records of biomaterial occurrences in vertebrate fossils compiled from the scientific literature
Conjunto de Dados Suplementar S1. Registros documentados de ocorréncias de biomateriais em fésseis de vertebrados compilados a partir da literatura cientifica

Taxonomy Geographic Distribution Geological Age Analytical Techniques
RecordID | Level of Biostructural Organization | Biomaterial Type Clade Subclade Locality Country Continent Era Period Age/ Epoch (Ma)| Optical Biological | Chemical Main Author Year
S 132,6-125,7 .
145 Cells and their biocomponents Oocyte Avialae Enantiornithine Jehol Biota China Asia Mesozoic Cretaceous (Hauterivian, OM (TLM); CH EDS Bailleul et al. |2020b
(STM10-12) SEM
Early Cretaceous)
Posidonia Shale
Ichthyosauria: Formation, 184,2-174,7 FESEM; XRD: XRF:
146 Cells and their biocomponents Platelet Reptilia Stenopterygius |HOLCIM Cement | Germany Europe Mesozoic Jurassic (Toarcian, Early | TEM; FIB- ToF:SIMS, Plet et al. 2017
sp. quarry, Jurassic) SEM
Dotternhausen
Biomacromolecules and/or their 208,5-201,4
147 . Collagen Dinosauria Prossauropode Indet. Indet. Indet. Mesozoic Triassic (Rhaetian, Late TEM XRD Isaacs et al. 1963
degradation products Triassi
riassic)
Biomacromolecules and/or their Benson fauna, 2,5-0,7 (Early
148 . Collagen Mammalia Equus Mendivil Ranch USA North America | Cenozoic Quaternary L OM; SEM CP; XRD Wyckoff et al. 1964
degradation products - . Pleistocene)
locality, Arizona
149 Blomacrqmolecules and/or their Collagen Dinosauria Indet. Gobi Desert Mongolia Asia Mesozoic Cretaceous 80 (Campanian, SEM Pawlicki, Dkorbel 1966
degradation products Late Cretaceous) & Kubiak
Biomacromolecules and/or their Morrison 154,8-149,2
150 . Collagen Dinosauria Sauropoda indet. Formation, USA North America | Mesozoic Jurassic (Kimmeridgian, HPLC Miller & Wyckoff | 1966
degradation products W . .
yoming Late Jurassic)
Biomacromolecules and/or their Nemegt Basin 83,6-72,1
151 . Amino acids Dinosauria Indet. h ’ Mongolia Asia Mesozoic Cretaceous (Campanian, Late | OM; SEM CP Nowicki et al. 1972
degradation products Gobi Desert
Cretaceous)
Biomacromolecules and/or their Tarbosaurus 83’6'.72’1 OM (TLM);
152 . Collagen Dinosauria Gobi Desert Mongolia Asia Mesozoic Cretaceous  [(Campanian, Late ’ Pawlicki 1976
degradation products bataar SEM
Cretaceous)
Biomacromolecules and/or their Hominidae: 1.9 (Gelasian,
153 . Collagen Mammalia Australopithecus Omo site Ethiopia Africa Cenozoic Quaternary Early RIA Lowenstein 1980
degradation products .
robustus Pleistocene)
Biomacromolecules and/or their . HominiQae: . - . . 1,9 (Gelasian, .
154 : Collagen Mammalia Australopithecus Omo site Ethiopia Africa Cenozoic Quaternary Early RIA Lowenstein 1981
degradation products .
robustus Pleistocene)
1,8-1,2 (Early
Pleistocene); 30,0
(Rupelian,
Oligocene); 70,0
(Maastrichtian,
Late Cretaceous);
70,0
Hominidae: Swartkrans, cave South Cenozoic: (Maastrichtian,
Australopithecus breccia; Africa; . . L Quaternary; Late Cretaceous);
. . . . |Africa; Europe; | Cenozoic; ;
. sp.; Emys sp.; |Bembridge Marls, | England; L L e Paleogene; 130,0
Mammalia; . . . S .’ | Asia; Eurasia; | Mesozoic; . =
N dinossauro indet.; | Isle of Wight; Mongolia; ; ) Cretaceous; (Hauterivian,
Testudines; Lo . ) ’ . Europe; Mesozoic; !
. S Siluridae; Indet.; Indet.; Russia; ’ S Cretaceous; Early
Biomacromolecules and/or their Dinosauria; Fish; Pachythrissops Sussex; England; Europe; Mesozoic; Cretaceous; Cretaceous);
155 q . Collagen Fish; Dinosauria; . . D ’ Europe; Mesozoic; A Sl SEM ARA IEC Armstrong et al. | 1983
egradation products NS sp.; Cetiosaurus Oxfordshire; England; ! L Jurassic; 170,0 (Bajocian,
Reptilia; Fish; : . o ! Eurasia; Mesozoic; L . )
v Y sp.; Ichthyosauria | Liassic shales, England; L .’ |Jurassic; Triassic; |Middle Jurassic);
Fish; Fish; b . y . ; . Eurasia; Mesozoic; .
indet.; Holostei; Dorset; Indet.; Russia; k ! Devonian; 200,0
Conodonta . . ) Europe; Paleozoic; 7 .
Plourdosteus sp.; Indet.; Russia; o Devonian; (Hettangian, Early
.. . 3 . . Europe Paleozoic; - >
Wijdeaspis sp.; Spitsbergen, Norway; Paleozoic Devonian Jurassic); 240,0
Indet. Svalbard; Leeds | England (Ladinian, Middle
Triassic); 370,0
(Famennian, Late
Devonian); 390,0
(Eifelian, Middle
Devonian); 400,0
(Emsian, Early
Devonian)
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. . Hell Creek 66.5-67.0 . i
156 Blomacrqmolecules and/or their Collagen Dinosauria Tyrannosaurus Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, SEM; TEM EDS; GC/MS; Schweitzer et al. | 1993
degradation products rex HPLC
Montana Late Cretaceous)
Biomacromolecules and/or their Tyrannosaurus Hell Creek 66.5-67.0
157 . Collagen Dinosauria Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, SDS-PAGE | EDS; HPLC | Schweitzer et al. |1994a
degradation products rex
Montana Late Cretaceous)
Biomacromolecules and/or their Tyrannosaurus 66.5-67.0 SDS-
158 . Collagen Dinosauria Choteau, Montana USA North America | Mesozoic Cretaceous (Maastrichtian, PAGE; EDS; HPLC | Schweitzer et al. |1994b
degradation products rex
Late Cretaceous) PCR
Biomacromolecules and/or their Tyrannosaurus E;!lngt?:: 66.5-67.0 SEM-EDS;
159 . Collagen Dinosauria ’ USA North America | Mesozoic Cretaceous (Maastrichtian, |TEM; EDPA; ARA HPLC Schweitzer et al. {1997a
degradation products rex (MOR 555) | McCone County,
Late Cretaceous) CM
Montana
Hell Creek 68.0
Biomacromolecules and/or their . . Tyrannosaurus Formation, . . . SEM; OM; . .
160 degradation products Collagen Dinosauria rex (MOR 1125) | Garfield County, USA North America | Mesozoic Cretaceous (Maastrichtian, TEM: AFM ELISA; IHQ| ToF-SIMS Schweitzer et al. | 2007
Late Cretaceous)
Montana
Judith River
. . Brachylophosaur . . . . ATR-FTIR;
161 Blomacrqmolecules andor their Collagen Dinosauria us canadensis I_zqrmatlon, USA North America | Mesozoic Cretaceous 80 (Campanian, | OM (TLM); ELI,SA’ ToF-SIMS; Schweitzer et al. | 2009
degradation products Phillips County, Late Cretaceous) FESEM IHQ; WB
(MOR 2598) M LC-MS/MS
ontana
Bajo de la Carpa
. . Enantiornithe Member, Rio 72,1-66,0 . . . )
162 Blomacrqmolecules andfor their Collagen Avialae (MUCPv 284, 305 Colorado Argentina | South America| Mesozoic Cretaceous (Maastrichtian, CM; FM; IHQ FTIR; ToF Avci et al. 2005
degradation products . AFM SIMS
and 306) Formation, Late Cretaceous)
Neuquén
Hell Creek 68.0
Biomacromolecules and/or their . . Tyrannosaurus Formation, . . o MS/MS; LC-
163 degradation products Collagen Dinosauria rex (MOR 1125) | Garfield County, USA North America | Mesozoic Cretaceous (Maastrichtian, MS/MS Asara et al. 2007a
Late Cretaceous)
Montana
Hell Creek
Biomacromolecules and/or their Tyrannosaurus Formation 68,0
164 . Collagen Dinosauria Y . ’ USA North America | Mesozoic Cretaceous (Maastrichtian, MS/MS Asara et al. 2007b
degradation products rex (MOR 1125) | Garfield County,
M Late Cretaceous)
ontana
Bajo de la Carpa
Biomacromolecules and/or their Enantiornithe Member, Rio 72,1-66,0
165 dearadation products Collagen Avialae (MUCPv 284, 305 Colorado Argentina | South America| Mesozoic Cretaceous (Maastrichtian, AFM IF Boyd et al. 2007
9 P and 306) Formation, Late Cretaceous)
Neuquén
. . Ichthyosauria: | Lower Lias beds, . .
166 3;0Taadcarggolic;udlscs:t:nd/or their Collagen Reptilia Ichthyosaurus sp. | Severn Valley, England Europe Mesozoic Jurassic 2%%?ag§iir)ly SEM-EDS Llr\}sgzlrg-:é‘,sorlr;iL& 2008
9 P (GLAHM V1180a)| Gloucestershire Y
Hell Creek
Biomacromolecules and/or their Tyrannosaurus Formation 72,1-66,0
167 : Collagen Dinosauria - ’ USA North America | Mesozoic Cretaceous (Maastrichtian, LC-MS/MS Organ et al. 2008
degradation products rex (MOR 1125) | Garfield County,
M Late Cretaceous)
ontana
Bovidae
(WRC10);
Biomacromolecules and/or their m:mmg::gf (\?Vol%lgae)- Happisburgh 1,5 (Calabrian, GC; MALDI-
168 . Collagen L S ’ England Europe Cenozoic Quaternary Early ARA ' Buckley & Collins | 2011
degradation products Mammalia; Elephantidae Norfolk . ToF; ZooMS
; i Pleistocene)
Mammalia (WRC12);
Bovidae
(WRC13)
. . Mosasauria: Ciply Phosphatic 72,1-66,0 . . . .
169 Blomacrqmolecules andfor their Collagen Reptilia Prognathodon sp. Chalk, Mons Belgium Europe Mesozoic Cretaceous (Maastrichtian, OM’_SEM’ IF; PCR EDS; FTIR; Lindgrenetal. | 2011
degradation products . TEM; CLSM proton NMR
(IRSNB 1624) Basin Late Cretaceous)
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| Fematon SRSXRF;
Biomacromolecules and/or their Ichthyosauria: Kromer Slat‘e 184,2-174,7 EDS;
170 . Collagen Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early SRXTM IHQ NanoSIMS; Lindgrenetal. | 2018
degradation products Quarry, village of . s
sp. (MH 432) Ohmden Jurassic) ToF-SIMS;
’ Py-GC/MS
Holzmaden
Tvrannosaurus Montana: Hell 72,1-66,0
re)): (MOR 1125), Creek Formation, (Maastrichtian,
171 Biomacromolecules and/or their Collagen Dinosauria; Brachvio hosau’r Garfield County; USA: USA North America; | Mesozoic; Cretaceous; Late Cretaceous); EDS: ESI-MS | San Antonio et al. | 2011
degradation products 9 Dinosauria us ca%mazensis Judith River ’ North America | Mesozoic Cretaceous 83,6-72,1 ’ ’
(MOR 2598) Formation, (Campanian, Late
Phillips County Cretaceous)
Eustenopteron
foordi (MNHM 06- Indet - 382,7-358,9 (Late
172 Biomacromolecules and/or their Collagen Fish: Dinosauria 615A); Escumenai: Ba Madagasca | Africa; North Paleozoic; Devonian; Devonian); 174,7- TEM Zylberberg & 2011
degradation products 9 ’ Lappentosaurus Quebec y: r; Canada America Mesozoic Jurassic 161,5 (Middle Laurin
madagascariensi Jurassic)
s
Biomacromolecules and/or their Lufengosaurus Ulggre;w:t:g?ﬁng 199,5-192,9
173 . Collagen Dinosauria sp. (C2019 ! China Asia Mesozoic Jurassic (Sinemurian, SR-FTIR; RS Reisz et al. 2013
degradation products 2A233 Lufeng County, .
) Yunnan Province Early Jurassic)
Biomacromolecules and/or their Camelini (NUFV | Canada's High 3,5 (Piacenzian, | TC: FEG-
174 : Collagen Mammalia Arctic, Ellesmere Canada | North America | Cenozoic Neogene SR, ’ p MALDI-ToF | Rybczynski et al. | 2013
degradation products 210) Pliocene) ESEM
Island, Nunavut
Hell Creek
Biomacromolecules and/or their Tiranosaurus rex Formation 67,0-66,5
175 . Collagen Dinosauria ’ USA North America | Mesozoic Cretaceous (Maastrichtian, MALDI-ToF Boatmanetal. | 2014
degradation products (MOR 555) McCone County,
Late Cretaceous)
Montana
Hell Creek
. . ) . 67,0-66,5 . . SR-FTIR;
176 Blomacrqmolecules andfor their Collagen Dinosauria Tiranosaurus rex Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, OM; SEM; IHQ EDS; u-XRF; Boatman etal. | 2019
degradation products (MOR 555) McCone County, TEM
M Late Cretaceous) M-XANES
ontana
. . . Weybourne crag,
177 B|omacr9mo|ecu|es andfor their Collagen Mammalia Bovidae West Runton, England Europe Cenozoic Quaternary 1’5 (Early LC-MS/MS Wadsworth & 2014
degradation products (WRC10) Norfolk Pleistocene) Buckley
Teropoda indet. Dinosaur Park
I(QNIEQAG%K Formation,
Had )d Alberta; Dinosaur
Dinosauria; adrosaurigae | o, Formation, Canada; |North America; | Mesozoic; Cretaceous;
. 7 (NHMUK R4249, . ’ S 7 ’ 83,6-66,0
Biomacromolecules and/or their Dinosauria; NHMUK R4243); Alberta; Lance Canada;  North America; | Mesozoic; Cretaceous, (Campanian- SEM; SEM- EDS; ToF-
178 . Collagen Dinosauria; : ) Formation, USA; North America; | Mesozoic; Cretaceous; pani; ] K Bertazzo etal. | 2015
degradation products . ) Hadrosauridae . . L S ! Maastrichtian, FIB; TEM SIMS; EELS
Dinosauria; NHMUK R4864)- Alberta; Dinosaur | Canada; |North America; | Mesozoic; Cretaceous; Late Cretaceous)
Dinosauria (dinossauro indet), Park Formation, Canada |North America; Mesozoic Cretaceous
" |Alberta; Dinosaur
(NHMUK R.4493)’ Park Formation,
Ceratopsidae Alberta
(NHMUK R4484)
Biomacromolecules and/or their Brachylophosaur J;::maigfr 83,6-72,1
179 . Collagen Dinosauria us canadensis [ ’ USA North America | Mesozoic Cretaceous (Campanian, Late IFI HPLC; HRMS| Cleland et al. 1968
degradation products Phillips County,
(MOR 2598) Montana Cretaceous)
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Messel Pit,
Allaeochelys Darmstadt;
crassesculpta Nemegt 48 (Middle
(SMF ME-2449); |Formation, Bugin Eocene, OM (TLM);
Biomacromolecules and/or their Testud!nesi Mongolemys Tsav, GO-bI German_yi Europe; Asia: Cenozo[c;. Paleogene;' Paleogeqe); 80,0 FESEM.-
180 ! Collagen Testudines; elegans (IGM- Desert; Mongolia; . Mesozoic; Cretaceous; (Campanian, Late ) Cadena 2016
degradation products . . ; > | South America . ! BSE; SEM-
Testudines 90/42); Repartidora Colombia Cenozoic Neogene Cretaceous); 13,6
7 . . EDS
Podocnemididae locality, La (Serravallian,
indet. (UR-CP- Victoria Middle Miocene)
0043) Formation,
Tatacoa Desert
Nothosauria:
Nothosaurus cf. ]
marchicus Zyglin quarry,
(WNoZz/s/7/166); Miasteczko
Nothosauria: Slaskie Town;
. . —_ ... | Nothosaurus cf. Gogolin 251,2-247,2 XRD; FTIR;
181 ?fTaadCart‘i’g]o"*rg‘é'j;:“d/or their Collagen Rept"F'{i; Ffiﬁgt"'a' marchicus (SUT- |  Formation, Poland Europe Mesozoic Triassic  |(Olenekian, Early | ESEM-EDS ToF-SIMS: | Surmiketal. | 2016
9 P P MG/F/Tvert/15); | Gogolin Town; Triassic) XPS
Archosauromorph Gogolin
a: Formation,
Protanystropheus | Gogolin Town
sp. (SUT-
MG/F/Tvert/2)
omaocende | Nemedt
(MPC-D Western Sa’ r (Maastrichtian, OM (TLM,
182 Biomacromolecules and/or their Collagen Dinosauria; 100/1201); Nemeat: Prigé Mongolia; Asia; North Mesozoic; Cretaceous; Late Cretaceous); | PLM); SEM- XRPD; FTIR; Surmik et al 2023
degradation products 9 Dinosauria ’ gt - USA America Mesozoic Cretaceous 67,0-66,5 EDS; AFM; ToF-SIMS :
Edmontosaurus |Creek Formation, S
: . . (Maastrichtian, FESEM
regalis (UAMES Colville River, Late Cretaceous)
52615) Alaska
. . 125,7-113,0 EDS; FTIR;
Biomacromolecules and/or their Confuciusornis Yixian Formation (Barremian- SEM-BSE; XANES; SRS-
183 : Collagen Avialae sanctus (MES- : Lo China Asia Mesozoic Cretaceous - . ’ R Jiang et al. 2017
degradation products Sihetun, Liaoning Aptian, Early micro-CT XRF; ToF-
NJU 57002)
Cretaceous) SIMS
Lufeng
. . Lufengosaurus - 199,5-192,9 .
184 Blomacrqmolecules andfor their Collagen Dinosauria sp. (CXPM Formation, Dawa, China Asia Mesozoic Jurassic (Sinemurian, SR-TXM; SR-FTIR; RS Lee et al. 2017
degradation products Lufeng County, . TAM
Z4644) v . Early Jurassic)
unnan Province
Posidonia Shale
Biomacromolecules and/or their Ichthyosauria: Formation, 184,2-174,7 FESEM; XRD: XRF:
185 . Collagen Reptilia Stenopterygius |HOLCIM Cement | Germany Europe Mesozoic Jurassic (Toarcian, Early | TEM; FIB- ’ y Plet et al. 2017
degradation products . ToF-SIMS
sp. quarry, Jurassic) SEM
Dotternhausen
Biomacromolecules and/or their Brachylophosaur J;::maigfr 83,6-72,1
186 . Collagen Dinosauria us canadensis - ’ USA North America | Mesozoic Cretaceous (Campanian, Late PAGE LC-MS/MS Schroeter etal. | 2017
degradation products Phillips County,
(MOR 2598) M Cretaceous)
ontana
Cerro Eortaleza 76.,0-70,0
Biomacromolecules and/or their Dreadnoughtus | Formation, east (Campanian- OM (TLM XRD; LA-
187 . Collagen Dinosauria schrani (MPM-PV | bank of the Rio | Argentina | South America| Mesozoic Cretaceous . ’ IF; ELISA ( Schroeter et al. | 2022
degradation products Maastrichtian, PLM) ICPMS
1156) La Leona, Santa
. Late Cretaceous)
Cruz Province
Nothosauria: Gogolin .
. . . 247 ,2-242 . Surmik,
1gg |Biomacromolecules andfor their Collagen Reptilia Nothosaurus cf. | _ Formation, Poland Europe Mesozoic Triassic (Anisian, Middle |SEM: ESEM- ToF-SIMS | Rothschild & | 2017
degradation products marchicus (SUT- | Gogolin Quarry, Triassic) EDS Pawlicki

MG/f/98)

Opole Silesia
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Camelops Sixtymile Area
hesternus Loc. 3 (P8203),
Biomacromolecules and/or their Mammalia; (CMNFV 42390, | Sixtymile River, 3,4 (Quaternary. LC-MS/MS; Buckley, Lawless
189 dearadation products Collagen Mammalia{ CMNFV 46728); | Yukon Territory; Canada | North America | Cenozoic Quaternary Léte Pleistocene’) MALDI-ToF; &R t;cz nski 2019
9 P cf. Paracamelus | Old Crow River, MS/MS ybezy
sp. (CMN 27266, |Locality 29 e 11A,
CMN 48096) Yukon Territory
Paja Formation,
Radio Lenguerke
Biomacromolecules and/or their . Aspidorhynchidae | station antenna . . . 125’7.'121 4 OM (TLM’_ FTIR; ToF- | Alfonso-Rojas &
190 . Collagen Fish . Colombia | South America| Mesozoic Cretaceous (Barremian, Early | PLM); TC; 2020
degradation products (UR-CP-0001) |region, Zapatoga Cretaceous) SEM-EDS SIMS Cadena
city, Santander
Province
Biomacromolecules and/or their Hypacrosaurus Two Medicine 83,6-72,1
191 : Collagen Dinosauria stebingeri (MOR Formation, USA North America | Mesozoic Cretaceous (Campanian, Late | OM (TLM) HQ; IHQ Bailleul etal. {2020a
degradation products
548) Alberta, Montana Cretaceous)
Biomacromolecules and/or their Enantiornithine 132,6-125,7 OM (TLM);
192 : Collagen Avialae Jehol Biota China Asia Mesozoic Cretaceous (Hauterivian, ’ CH EDS Bailleul etal. [2020b
degradation products (STM10-12) Early Cretaceous) SEM
Cambay
. . Formation, .
193 Blomacrqmolecules and/or their Collagen Fish Indet. (BSIP Cambay Basin, India Asia Cenozoic Paleogene 54,0 (Ypresian, CLSM; XRM IF Py-GCxGC- Dutta et al. 2020
degradation products 41815) I Eocene) TOFMS
Vastan lignite
mine
Standing Rock
. . Edmontosaurus . 67,0-66,5 .
194 Blomacrqmolecules andfor their Collagen Dinosauria annectens Hadrosaur Site, USA North America | Mesozoic Cretaceous (Maastrichtian, oM PAGE‘ LA-ICPMS Ullmann et al. 2020
degradation products s Corson County, ELISA; IF
(SRHS-DU-231) South Dakota Late Cretaceous)
Liushu Formation,
Linxia Basin,
. . . Tibetan Plateau, 10,0-7,2
195 Blomacrqmolecules and/or their Collagen Avialae Struthio sp (IVPP Nalesi town, China Asia Cenozoic Neogene (Tortonian, Late oM (TLM’ Li et al. 2021
degradation products V 25336) ) . PLM); SEM
Dongxiang Miocene)
County, Shuang-
gong-bei village
67,0-66,5
EEUI(::::?-S(’)tg(Sﬂ%R)L'J- (Maastrichtian,
’ Late Cretaceous);
Taphrosphys 67 0-66 5
(5291_7'55':%_20202020 2’ (Maastrichtian,
’ Late Cretaceous);
. . 0.4162)‘ tartaruga Horngrstown North America; | Mesozoic; Cretaceous; 67,0-66,5
Testudines; indet. (RU-EFP- | Formation, Jean 7 L ! .
Testudines: 02295): tartaruga |and Ric Edelman |USA; USA:; North America; | Mesozoic; Cretaceous; (Maastrichtian,
Biomacromolecules and/or their . ’ . ’ . ’ ’ |North America; | Mesozoic; Cretaceous; Late Cretaceous); | OM (TLM, PAGE;
196 . Collagen Testudines; indet. (RU-EFP- Fossil Park, USA; USA; Y ._ . . ) XRD Voegele et al. 2022
degradation products Testudines- 04161-8); Mantua USA: USA North America; | Cenozoic; Paleogene; 66,0-61,6 PLM); SEM | ELISA; IF
Reotilia- Re :[ilia Crocod Iomo‘r ha | Township. New ’ North America; | Mesozoic; Cretaceous; (Danian, Early
ptilla; Rep : Y P P, North America | Mesozoic Cretaceous; Paleogene); 67,0-
: Thoracosaurus Jersey 66.5
neocesariensis (Maastrfchtian
(RU-EFP-00006); Late Cretaceous);
Crocodylomorpha 67 0-66.5
mdet(.)égéjd)EFP— (Maastrichtian,
Late Cretaceous)
Biomacromolecules and/or their Edmontosaurus Ec?!lmirt?oerln( 67,0-66,5 ATR-FTIR;
197 . Collagen Dinosauria . ’ USA North America | Mesozoic Cretaceous (Maastrichtian, XPol MS; LC- Tuinstra et al. 2025
degradation products sp. (UOL GEO.1) | Harding County, Late Cretaceous) MS/MS
South Dakota
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Maleri Formation,
Pranhita-
. . Godavari (PG) 227.0-208.5
Semionotidae valley, (Norian, Late
(DUGF/C-101); | Telangana; Kota s ain).
. . . Triassic); 192,9-
Semionotidae Formation, PG i
. 161,5 (Middle—
(BUGF/C-111, valley, Mesozoic, Triassic; Jurassic; | Late Jurassic);
Biomacromolecules and/or their Fish; Fish; Fish; | DUGF/C-113); Telangana; India; India; | Asia; Asia; Mesozoic; ’ o ’ Py-GCxGC- |Umamaheswaran
198 . Collagen ; - . ) . o . SR 7 Cretaceous; 67,0-66,5 2023
degradation products Fish Lepisosteidae; intertrappean India; India Asia; Asia Mesozoic; N - TOFMS et al.
) . eogene (Maastrichtian,
Osteichthyes beds, Naskal, Cenozoic Late Cretaceous);
(CUH/PPL/C/S/M, Telangana; 36-2.5 ’
CUH/PPL/C/S/2, Siwalik (Piace,nzia’n Late
CUH/PPL/C/S/3) |sediments, Kimin : i
! Pliocene)
Formation,
Arunachal
Pradesh
. Maevarano
. . . Rahonavis . 72,1-66,0 .
199 Blomacrqmolecules andfor their Keratlns. (a and/qr B) Avialae ostromi (UA Formation, Madagasca Africa Mesozoic Cretaceous (Maastrichtian, SEM; TEM IHQ XPS; ToF- Schweitzer et al. |1999a
degradation products and their derivatives MAD93-18 r SIMS
8656) . . Late Cretaceous)
site/locality
Biomacromolecules and/or their Keratins (a and/or ) Shuvuuia deserti Djadokhta 80 (Campanian
200 : . S Dinosauria Formation, Ukhaa | Mongolia Asia Mesozoic Cretaceous v | SEM; TEM IHQ ToF-SIMS Schweitzer et al. |1999b
degradation products and their derivatives (IGM 100/977) Tolgod Late Cretaceous)
EDS; FTIR;
. . . Hell Creek 72,1-66,0 . T~ ’
201 Blomacrqmolecules and/or their Keratlns. (a apd/qr B) Dinosauria Edmontosaurus Formation, North USA North America | Mesozoic Cretaceous (Maastrichtian, oM (T_LM)’ ARA Py GC/MS’_ Manning etal. | 2009
degradation products and their derivatives sp. (MRF-03) ESEM; BSE MALDI-MS;
Dakota Late Cretaceous)
LC-ESI-MS
. . . 41,2-37,7 . .
202 Blomacrqmolecules and/or their Keratlns. (a apd/qr B) Avialae Indet. (SMF ME Messel shale, Germany Europe Cenozoic Paleogene (Bartonian, SEM; ESEM,; Vinther et al. 2010
degradation products and their derivatives 3850) near Darmstadt, : EDS
Middle Eocene)
. . . . . FTIR; XRD;
203  |Biomacromolecules and/or their Keratins (a and/or @) Reptilia Squamata (BHI- | _ Green River USA | North America | Cenozoic Paleogene | 20 (Ypresian, oM SRS-XRF; | Edwardsetal. | 2011
degradation products and their derivatives 102B) Formation, Utah Eocene) Py-GC/MS
. . . Citipati . . .
204 Blomacrqmolecules and/or their Keratlns. (a and/qr B) Dinosauria osmolskae (MPC- DJadokhta Mongolia Asia Mesozoic Cretaceous 75,0 (Campanian, | SEM-EDS; IHQ Moyer, Zheng & 2016
degradation products and their derivatives D 100/979) Formation Late Cretaceous) TEM Schweitzer
Jehol Group,
Biomacromolecules and/or their Keratins (a and/or 8) . Eoconfuciusornis Huajiying . . . 130,0 (Early SEM; TEM; .
205 degradation products and their derivatives Avialae sp. (STM 7-144) Formation, China Asia Mesozoic Cretaceous Cretaceous) ESEM-EDS IHQ ChemiSTEM Pan et al. 2016
Fengning, Hebei
. . . Crato Formation, . OM; SEM-
206 Blomacrqmolecules and/or their Keratlns. (@ ar)d/qr B) Avialae Indet. (MN 7754- Araripe Basin, Brazil South America| Mesozoic Cretaceous 120,0 (Aptian, EDS; TEM; FTIR Campos etal. | 2019
degradation products and their derivatives V) Ceara Early Cretaceous) CLSM
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_— 160,0 (Late
Anchiornis N
huxleyi (STM 0— JUESSIC)z 130,0
214); . (Hauterivian,
Eoconfuciu,sornis Jianchang, Early
sp. (STM7-144); Liaoning; Cretaceous);
Yp.n i (STMé Fengning, China; Mesozoic; Jurassic; 120,0 (Aptian,
Avialae; Avialae; 53_8 Sd " | northern Hebei; China; Asia: Asia: Mesozoic; Cretaceous; Early
Biomacromolecules and/or their Keratins (a and/or B) Avialae; Avialae; ),' (lan; %\\/(OO Chaoyang, China; Asia:AsiaZ Mesozoic; Cretaceous; Cretaceous); 26-
207 ' (@ and/o Dinosauria; isolada (DY western China; 18 21381 Cenozoic; Paleogene; 23 (Chattian, | SEM; TEM IHQ ChemiSTEM Pan et al. 2019
degradation products and their derivatives . 7 1502006); . N S Asia; Asia; L . h A
Dinosauria; D » Liaoning; China; Asia Mesozoic; Cretaceous; Oligocene); 130,0
Dinosauria .nr(;Jrrt1aeSoTs,\zle51rl1 23‘? Lunpola, Tibet; | Mongolia; Mesozoic; Cretaceous; (Hauterivian,
indet. ( . - ).‘ Fengning, Mongolia Mesozoic Cretaceous Early
Shuvuuia deserti rthern Hebei- c 750
(IGM 100/977); northern Hebei; retaceogs), ,
R Indet.; Indet. (Campanian, Late
Citipati _
Cretaceous); 75,0
osmolskae (MPC- X
D (Campanian, Late
).
Cretaceous)
. . . Tethymyxine Hadjula 100,5-93,9 ) .
g0 |Biomacromolecules and/or their Keratins (a andjor §) Fish tapirostrum (BHI | Lagerstétte, 10 | Lebanon Asia Mesozoic | Cretaceous | (Cenomanian, TC SRS-XRF: | \jivashita etal. | 2019
degradation products and their derivatives XANES
6445) km east of Byblos Late Cretaceous)
125,7-121,4
(Barremian, Early
Enantiornithine Cretaceous);
(STM7-26); | 1001 Biota; Jehol | China; Mesozoic; | Cretaceous; 125,7-121,4 ,
. . . . Cn .| Enantiornithine L S o ) ! (Barremian, Early ToF-SIMS;
Biomacromolecules and/or their Keratins (a and/or B) | Avialae; Avialae; . Biota; Jehol China; Asia; Asia; Mesozoic; Cretaceous; ) ’
209 : - oo o (8TM7-27); P . A . X Cretaceous); FESEM ATR-FTIR; Pan et al. 2024
degradation products and their derivatives | Avialae; Indet. - Biota; Tibetan China; Asia; Asia Mesozoic; Cretaceous;
Ornithuromorpha Plateau China Cenozoic Paleogene 125,7-121,4 RS
(STM8-23); Indet. 9 (Barremian, Early
(TF) Cretaceous);
33,9-23,0
(QOligocene)
Fur Formation,
Biomacromolecules and/or their Keratins (a and/or ) . Tasbacka danica | Ejerslev Mo-clay . 54,0 (Ypresian, FESEM; ToF-SIMS; .
210 | jegradation products and their derivatives | 1ostudines (MHM-K2) | pit, Isle of Mors, | D€nmark Europe Cenozoic Paleogene Early Eocene) TEM IHQ FTIR Lindgren etal. | 2017
Jutland
S Fommaton. SRS-XRF;
Biomacromolecules and/or their Keratins (a and/or 3) Ichthyosauria: Kromer Slat,e 184,2-174,7 EDS;
211 . . L Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early SRXTM IHQ NanoSIMS; Lindgrenetal. | 2018
degradation products and their derivatives Quarry, village of . .
sp. (MH 432) Jurassic) ToF-SIMS;
Ohmden,
Py-GC/MS
Holzmaden
Pterosaur!a: 165,3-160,0
Anurognathidae Yanliao Biota (Callovian-
212  |Biomacromolecules andfor their Keratins (a andjor B) | g o Reptitia | (NJY=57003) |\ ioudeng, China Asia Mesozoic Jurassic Oxfordian, SEM: FM FTIR; LSF Yangetal. | 2019
degradation products and their derivatives Pterosauria: . -
. Daohugou, Hebei Middle—Late
Anurognathidae Jurassic)
(CAGS-2070)
Confuciusornis 125.7-121 4
213 Blomacrqmolecules and/or their Keratlns. (a and/qr B) Avialae; Avialae (I.VPP.V 13171); Jehol Biota China Asia Mesozoic Cretaceous (Barremian, Early XANES; FTIR Slater et al. 2023a
degradation products and their derivatives Sinornithosaurus Cretaceous)
(IVPP V 12811)
Biomacromolecules and/or their Hemoglobin and its Tyrannosaurus Hell Creek 66.5-67.0 SEM-EDS; PAGE; HPLC; UV-
214 . derivatives (heme, Dinosauria Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, |TEM; EDPA; Y vis; RMN; Schweitzer et al. |1997b
degradation products : rex (MOR 555) ELISA; WB .
porphyrins) Montana Late Cretaceous) CM RPE; RS
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. . Judith River
. . Hemoglobin and its Brachylophosaur . . . . ATR-FTIR;
215 Blomacrqmolecules andfor their derivatives (heme, Dinosauria us canadensis Eqrmatlon, USA North America | Mesozoic Cretaceous 80 (Campanian, | OM (TLM); ELI,SA’ ToF-SIMS; Schweitzer et al. | 2009
degradation products : Phillips County, Late Cretaceous) FESEM IHQ; WB
porphyrins) (MOR 2598) Montana LC-MS/MS
. . Hell Creek
. . Hemoglobin and its - 68,0
216 Blomacrqmolecules andor their derivatives (heme, Dinosauria Tyrannosaurus Fgrmanon, USA North America | Mesozoic Cretaceous (Maastrichtian, MS/MS Asara et al. 2007b
degradation products : rex (MOR 1125) | Garfield County,
porphyrins) M Late Cretaceous)
ontana
Tyrannosaurus CMOEtﬁna: Ht(?II 66.5-67.0
rex (MOR 1125); Gr:refiel dO(E“;ﬁAfy”y (Maastrichtian,
. . . . Brachylophosaur . . ’ .. - . Late Cretaceous);
Biomacromolecules and/or their Hemog!obm and its D!nosaur!az canadensis (MOR Judith Rlver USA; USA; North Amer!ca: Mesozo!cj Cretaceous: 72,1-66,0 OM (TLM’_ . Schweitzer,
217 . derivatives (heme, Dinosauria; . Formation, North America; | Mesozoic; Cretaceous; - PLM); SEM; | CH; IHQ 2016
degradation products : . : 2598); -~ . USA . ) (Maastrichtian, Moyer & Zheng
porphyrins) Dinosauria Phillips County; North America | Mesozoic Cretaceous . TEM
Brachylophosaur Judith Ri Late Cretaceous);
canadensis (MOR Igorlmatilc;lr?r 80 (Campanian,
2967) Phillips County Late Cretaceous)
Biomacromolecules and/or their Hemoglobin and its Tasbacka danica Eig:sreo\:rpﬂ?atjg;,y 54,0 (Ypresian FESEM; ToF-SIMS;
218 degradation products derivatives (heme, Testudines (MHM-K2) pit, Isle of Mors, Denmark Europe Cenozoic Paleogene Early Eocene) TEM IHQ FTIR Lindgren etal. | 2017
porphyrins)
Jutland
Posgo
Biomacromolecules and/or their Hemoglobin and its Ichthyosauria: Kromer Slat,e 184,2-174,7 EDS;
219 . derivatives (heme, Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early SRXTM IHQ NanoSIMS; Lindgrenetal. | 2018
degradation products : Quarry, village of . .
porphyrins) sp. (MH 432) Jurassic) ToF-SIMS;
Ohmden,
Py-GC/MS
Holzmaden
Heyuannia
. . huangi (ootaxon
Biomacromolecules and/or their Hemog!obln and its . . Macroolithus Hongcheng . . . 83’6'.72‘1 HPLC-ESI-Q- .
220 . derivatives (heme, Dinosauria o A . China Asia Mesozoic Cretaceous  |(Campanian, Late Wiemann etal. | 2018
degradation products : yaotunensis: Basin, Jiangxi TOF-MS
porphyrins) NMNS CYN- Cretaceous)
2004-DINO-05/1)
Heyuannia
huangi (NMNS Yuanou
CYN-2004-DINO- P
05): Fo'rmatlcl).n,
Microtroodontid Dqlaadr:)gcﬂ,ta
(IGM 100/1323); jad .
. - Formation, Gobi
Microtroodontid Desert; Djadochta | China;
Dinosauria; (MAE 14-40); Formétiojn Gobi | Mon oIi‘a'
Dinosauria; Large Troodontid Desert: D'a,dochta Mongolia: Asia; Asia;
Biomacromolecules and/or their Hemoglobin and its Dinosauria; (AMNH FARB Formétiojn Gobi Mongolia: Asia; Asia; 83,6-72,1 Wiemann, Yang
221 d . derivatives (heme, Dinosauria; 6631); Large T ) Asia; North Mesozoic Cretaceous (Campanian, Late oM RS ’ 2018
egradation products ) . L . Desert; Djadochta | Mongolia; SR & Norell
porphyrins) Dinosauria; troodontid (IGM . ) . America; Asia; Cretaceous)
; . - Formation, Gobi USA; -
Dinosauria; 100/1003); . . Africa
- P . Desert; Cloverly | Mongolia;
Avialae; Avialae Deinonychus . . .
. Formation, Big Algeria
antirrhopus Horn Count
(AMNH 3015); Y .
L ontana;
Enantiornithine Diadochta
(IGM 100/1339), jac .
- Formation, Gobi
Psammornis Desert; Djokran
rothschildi (ZFMK V) :
23a:lll/c/23)
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Biomacromolecules and/or their Hemoglobin and its Brachylophosaur J;::malzglr?r 80 (Campanian
222 : derivatives (heme, Dinosauria us canadensis . ’ USA North America | Mesozoic Cretaceous P ' RS Long et al. 2018
degradation products : Phillips County, Late Cretaceous)
porphyrins) (MOR 2598) M
ontana
Biomacromolecules and/or their Hemoglobin and its Tiranosaurus rex E;!lmirt?:: 66.5-67.0 OM; SEM; SR-FTIR;
223 : derivatives (heme, Dinosauria ’ USA North America | Mesozoic Cretaceous (Maastrichtian, ! ’ IHQ EDS; uy-XRF; | Boatmanetal. | 2019
degradation products : (MOR 555) McCone County, TEM
porphyrins) Montana Late Cretaceous) p-XANES
. . Hemoglobin and its - Fur Formation, . OM (PLM); .
224 Blomacrqmolecules and/or their derivatives (heme, Testudines Pan-Cheloniidae western Limfjord | Denmark Europe Cenozoic Paleogene 54,0 (Ypresian, FESEM; EDS’_ ToF- De La Garza et 2022
degradation products : (DK 807) . Early Eocene) SIMS; FTIR al.
porphyrins) region TEM
. . Hemoglobin and its Messel Pit (Grube . I
Biomacromolecules and/or their LS . Atractosteus . 48,0 (Ypresian, XRD; ToF- Siljestrom,
225 degradation products derivatives (heme, Fish (MEMS201) Messel), near Germany Europe Cenozoic Paleogene Early Eocene) SEM-EDS SIMS: RS |Neubeck & Steele 2022
porphyrins) Darmstadt
Tvrannosaurus Monatana: Hell 66.5-67.0
. . y MOR 1125): Creek Formation, (Maastrichtian,
Biomacromolecules and/or their Hemog_lobln and its Dinosauria; rex ( 5) Garfield County; . Mesozoic; Cretaceous; Late Cretaceous);
226 . derivatives (heme, . - Brachylophosaur O ’ USA North America > : | OM (TLM) IHQ RR Long et al. 2025
degradation products : Dinosauria - Judith River Mesozoic Cretaceous 83,6-72,1
porphyrins) us canadensis F i C ian. Lat
(MOR 2598) -ormation, (Campanian, Late
Phillips County Cretaceous)
Intracellular
compounds
. . X Hell Creek 66.5-67.0 . )
227 Blomacrqmolecules andfor their phemlcglly Dinosauria Tyrannosaurus Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, SEM; TEM EDS; GC/MS; Schweitzer et al. | 1993
degradation products consistent with DNA rex HPLC
! . Montana Late Cretaceous)
(or its chemical
markers)
Intracellular
Biomacromolecules and/or their f:?wrgr?l?ganlsls Tyrannosaurus Hell Creek 66.5-67.0
228 : . . Dinosauria Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, SDS-PAGE | EDS; HPLC | Schweitzer et al. |1994a
degradation products consistent with DNA rex
! . Montana Late Cretaceous)
(or its chemical
markers)
Intracellular
. . compounds 66.5-67.0 SDs-
229  |Biomacromolecules and/or their chemically Dinosauria | 1Yf@NNOSAaUTUS | cpoteay Montana |  USA | North America | Mesozoic |  Cretaceous | (Maastrichtian, PAGE; | EDS;HPLC | Schweitzer et al. |1994b
degradation products consistent with DNA rex Late Cretaceous) PCR
(or its chemical
markers)
Intracellular
compounds Hell Creek . ) .
230 Biomacromolecules and/or their phemicglly Dinosauria Tyrannosaurus Formation, USA North America | Mesozoic Cretaceous (Mfasgsiri?:;;tign TSI’EIIE\/INI EEDDF§A ARA HPLC Schweitzer et al. |1997a
degradation products consistent with DNA rex (MOR 555) | McCone County, Late Cretaceou’s) ’CM ’ )
(or its chemical Montana
markers)
Intracellular TVrannosaurus Montana: Hell 66.5-67.0
compounds re}: (MOR 1125); Creek Formation, (Maastrichtian,
2 Biomacromolecules and/or their chemically Dinosauria; ' | Garfield County; . North America; | Mesozoic; Cretaceous; Late Cretaceous); |, ,. . . .
31 . . . . . Brachylophosaur . . USA; USA . . SEM; TEM; FM IFI; HQ MS/MS Schweitzer et al. | 2013
degradation products consistent with DNA Dinosauria us canadensis Judith River North America | Mesozoic Cretaceous 83,6-72,1
(or its chemical (MOR 2598) Formation, (Campanian, Late
markers) Phillips County Cretaceous)
Intracellular
compounds 83.6-72 1
232 Blomacrqmolecules and/or their phemma}ly Dinosauria Tarbosaurus Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late | SEM; FM IHQ Pawlicki 1995
degradation products consistent with DNA bataar Cretaceous)

(or its chemical
markers)
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Intracellular
Biomacromolecules and/or their %?12&?;;%/5 Hypacrosaurus Two Medicine 83,6-72,1
233 d : . . Dinosauria stebingeri (MOR Formation, USA North America | Mesozoic Cretaceous (Campanian, Late | OM (TLM) HQ; IHQ Bailleul et al. |2020a
egradation products consistent with DNA
' . 548) Alberta, Montana Cretaceous)
(or its chemical
markers)
Mammuthus 2,0-1,2
trogontheri Krestovka River, (Calab,rian, Earl
Intracellular ("Krestovka", PIN | Kolyma region, PIeistocené)' y %’
compounds M . 3491-3); M. Sibéria; Adycha . . . ) ;0
. . : ammalia; . . Russia; Eurasia; Cenozoic; Quaternary; 1,0 (Calabrian,
234 Biomacromolecules and/or their chemically Mammalia; trogontherii River, Russia; Eurasia; Cenozoic; Quaternary; Early SS van der Valk et al. | 2021
degradation products consistent with DNA o ("Adycha", PIN Oskhorkokh > o Y ’ . . )
1 . Mammalia . . O Russia Eurasia Cenozoic Quaternary Pleistocene); 1,0-
(or its chemical 3723-511); M. locality, Sibéria; 0,6 (Calabrian
markers) primigenius Chukochya River, ’ Early ’
("Chukochya", Sibéria h
PIN 3341-737) Pleistocene)
Intracellular
compounds Yixian Formation, 132.6-125.7
Biomacromolecules and/or their chemically . . Caudipteryx near Chaoyang . . . o OM; SEM-
235 degradation products consistent with DNA Dinosauria (STM4-3) City, Dapingfang China Asia Mesozoic Cretaceous Ea(rll-lagtrzrtg/(l:?argus) EDS: TEM CH Zheng et al. 2021
(or its chemical Town y
markers)
F4 facies,
Intracellular Fg:]rig;i%sn
compounds . ’
. . - Lepidochelys sp. Chagres 7,2-5,3 . .
236  |Biomacromolecules andfor their chemically Testudines | (MUPAN-STRI- |  Sandstone Panama | centa Cenozoic Neogene | (Messinian, Late | OM (TLM); CH Cadena, Gracia & | ),
degradation products consistent with DNA America . FM Combita-Romero
. . 39311) Member, South Miocene)
(or its chemical . .
markers) section of P|r_1a
beach (Locality
620012)
Biomacromolecules and/or their Tarbosaurus 83,6-72,1
237 . Lipids Dinosauria Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late CH Pawlicki 1977b
degradation products bataar Cretaceous)
Biomacromolecules and/or their 83,6-72,1 OM; SEM;
238 . Lipids Dinosauria Indet. Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late i ’ CH Pawlicki 1984a
degradation products Cretaceous) TEM
Slottsmgya
Member,
. . . . . Agardhfijellet GC; FLEEMS; .
239 Blomacrqmolecules and/or their Lipids Reptilia I?hosaundae. . Formation, Norway Europe Mesozoic Jurassic 150 (the FM Microtermom Kihle, Hurum & 2012
degradation products Pliosaurus funkei . Jurassic) . Liebe
Spitsbergen etria
Island, Svalbard
Archipelago
El Cien
. . Formation, near .
240 Blomacrqmolecules and/or their Lipids Mammalia Baleia indet. San Juan de la Mexico | North America | Cenozoic Paleogene Oligocene OM GC/MS; ToF- Thiel et al. 2014
degradation products ; SIMS
Costa, Baja
California Sur
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Conjunto de Dados Suplementar S1. Registros documentados de ocorréncias de biomateriais em foésseis de vertebrados compilados a partir da literatura cientifica

Taxonomy Geographic Distribution Geological Age Analytical Techniques
RecordID | Level of Biostructural Organization | Biomaterial Type Clade Subclade Locality Country Continent Era Period Age/ Epoch (Ma)| Optical Biological | Chemical Main Author Year
Nothosauria:
Nothosaurus cf. ]
marchicus Zyglin quarry,
(WNoZz/s/7/166); Miasteczko
Nothosauria: Slgskie Town;
. . —_ ... | Nothosaurus cf. Gogolin 251,2-247,2 XRD; FTIR;
241 ?fTaadC;gg]o'erg‘é'j;:“d/°r their Lipids Rept"F'{i; Ffiﬁgt"'a' marchicus (SUT- |  Formation, Poland Europe Mesozoic Triassic  |(Olenekian, Early | ESEM-EDS ToF-SIMS: | Surmiketal. | 2016
9 P P MG/F/Tvert/15); | Gogolin Town; Triassic) XPS
Archosauromorph Gogolin
a: Formation,
Protanystropheus | Gogolin Town
sp. (SUT-
MG/F/Tvert/2)
Biomacromolecules and/or their Messelirrisoridae Messel UNESCO 48 (Middle
242 : Lipids Avialae World Heritage Germany Europe Cenozoic Paleogene Eocene, Py-GC/MS O'Reilly et al. 2017
degradation products (SMF-ME 11593) . .
Site, Hessen Cenozoic)
Posidonia Shale
Biomacromolecules and/or their Ichthyosauria: Formation, 184,2-174,7 FESEM; XRD: XRE-
243 . Lipids Reptilia Stenopterygius |HOLCIM Cement | Germany Europe Mesozoic Jurassic (Toarcian, Early TEM; FIB- ’ y Plet et al. 2017
degradation products . ToF-SIMS
sp. quarry, Jurassic) SEM
Dotternhausen
e Fomation. SRS-XRF;
Biomacromolecules and/or their Ichthyosauria: Kromer Slat‘e 184,2-174,7 EDS;
244 . Lipids Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early SRXTM IHQ NanoSIMS; Lindgrenetal. | 2018
degradation products Quarry, village of . s
sp. (MH 432) Jurassic) ToF-SIMS;
Ohmden,
Py-GC/MS
Holzmaden
Biomacromolecules and/or their Apodemus atavus \;\?iﬂgzha;hesgﬁ 3,0 (Piacenzian XRD; SRS-
245 dearadation products Lipids Mammalia (GZG.W.20027b, Northeim Baix,a Germany Europe Cenozoic Neogene ’ Pliocene) ’ | ESEM-EDS XRF; XAS; Manning etal. | 2019
9 P GZG.W.17393a) St XANES; FTIR
axbnia
Richards Spur
locality, Dolese
246  |Biomacromolecules and/or their Lipids Amphibia | Temnospondyli Brothers USA | North America | Paleozoic Permian Early Permian | OM (PLM) Armitage | 2023
degradation products Cacops sp. Limestone
Quarry, Lawton,
Oklahoma
Hell Creek
Biomacromolecules and/or their Triceratops Formation, 72,1-66,0
247 . Lipids Dinosauria . Dawson County, USA North America | Mesozoic Cretaceous (Maastrichtian, OM (PLM) Cruz & Armitage | 2024
degradation products horridus . .
Glendive city, Late Cretaceous)
Montana
Biomacromolecules and/or their 154,8-149,2
248 . Amino acids Dinosauria Stegosaurus sp. - USA North America | Mesozoic Jurassic (Kimmeridgian, CP Abelson 1954
degradation products .
Late Jurassic)
. . . 360,0
249  |Biomacromolecules andfor their Amino acids Fish Dinichthys | ONi Black Shale, | ;5 | North America | Paleozoic Devonian  |(Famennian, Late | OM (PLM) cP Abelson 1957
degradation products Ohio D )
evonian)
- . 89,8-72,1
Biomacromolecules and/or their Mosasauria: Morrison (Coniacian-
250 . Amino acids Reptilia Mosasaurus Formation, USA North America | Mesozoic Cretaceous . HPLC Miller & Wyckoff | 1968
degradation products (V67155) Wyoming Campanian, Late

Cretaceous)
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83,6-72,1
(Santonian-
Campanian, Late
Cretaceous);
72,1-66,0
Indet. (V67142); (Maastrichtian,
Dinosauria; Indet. (V67146); North America; | Mesozoic; Cretaceous; Late Cretaceous);
Biomacromolecules and/or their Dinosauria; Sauropoda Morrison USA; USA; |North America; | Mesozoic; Cretaceous; 154,8-149,2
251 dearadation products Amino acids Dinosauria; (V67138); Indet. Formation, USA; USA; |North America; | Mesozoic; Jurassic; (Kimmeridgian, HPLC Miller & Wyckoff | 1968
9 P Dinosauria; (V67148); Wyoming USA North America; | Mesozoic; Jurassic; Late Jurassic);
Dinosauria Diplodocus North America | Mesozoic Jurassic; 150
(V67150) (Kimmeridgian—
Tithonian, Late
Jurassic); 150
(Kimmeridgian—
Tithonian, Late
Jurassic)
Biomacromolecules and/or their . . . . Nemegt Basin . . . 83’6'.72’1 L
252 . Amino acids Dinosauria Indet. b ’ Mongolia Asia Mesozoic Cretaceous (Campanian, Late | OM; SEM CP Nowicki et al. 1972
degradation products Gobi Desert
Cretaceous)
Biomacromolecules and/or their Ka’i:;arg?"tilt(;rji:'e” USA: North America; ((‘jgr?c‘)?;g%ign— Wyckoff &
253 . Amino acids Dinosauria Indet. Creek, Mesa ’ - | Mesozoic Cretaceous o GC et 1976
degradation products Verde Lance Canada | North America Maastrichtian, Davidson
N Late Cretaceous)
Belly River
1,8-1,2 (Early
Pleistocene); 30,0
(Rupelian,
Oligocene); 70,0
(Maastrichtian,
Late Cretaceous);
70,0
Hominidae: Swartkrans, cave South Cenozoic: (Maastrichtian,
Australopithecus breccia; Africa; . . . Quaternary; Late Cretaceous);
) 3 . . |Africa; Europe; | Cenozoic; .
. sp.; Emys sp.; |Bembridge Marls, | England; L s S Paleogene; 130,0
Mammalia; . . . S -’ | Asia; Eurasia; | Mesozoic; . .
o dinossauro indet.; | Isle of Wight; Mongolia; . S Cretaceous; (Hauterivian,
Testudines; P ) ) ’ . Europe; Mesozoic; !
. L Siluridae; Indet.; Indet.; Russia; ! S Cretaceous; Early
254 Biomacromolecules and/or their Amino acids Ei'gﬁsgﬁ:fs’aiﬁgﬁ Pachythrissops Sussex; England; Etﬁgpz: mgzgzg:gj Cretaceous; Cretaceous); SEM ARA IEC Armstrong et al. | 1983
degradation products P | sp.; Cetiosaurus Oxfordshire; England; P! | ! Jurassic; 170,0 (Bajocian, 9 ’
Reptilia; Fish; : ; o ! Eurasia; Mesozoic; AR -
L. sp.; Ichthyosauria | Liassic shales, England; 0 .~ |Jurassic; Triassic; |Middle Jurassic);
Fish; Fish; b . . . ; - Eurasia; Mesozoic; .
indet.; Holostei; Dorset; Indet.; Russia; ] ! Devonian; 200,0
Conodonta . ) 0 Europe; Paleozoic; 7 .
Plourdosteus sp.; Indet.; Russia; ) Devonian; (Hettangian, Early
. i ] . . Europe Paleozoic; . 2
Wijdeaspis sp.; Spitsbergen, Norway; Paleozoic Devonian Jurassic); 240,0
Indet. Svalbard; Leeds | England (Ladinian, Middle
Triassic); 370,0
(Famennian, Late
Devonian); 390,0
(Eifelian, Middle
Devonian); 400,0
(Emsian, Early
Devonian)
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1,0 (Calabrian,
Bubalus Trinil site, Java; Early
paleokerabau chinji town; Pleistocene); 13,0
Mammalia; (RMNH 5); Manchones town, | Indonesia; Asia: Asia- Cenozoic; Quaternary; (Serravallian,
255 Blomacrqmolecules and/or their Amino acids Mammalla; Bovidae (IVAU 6); Sgragoga Paklsf[an; Eur,ope' ’ Cenozo!c; Neogene; Middle Miocene); ELISA: RIA Ulrich et al. 1087
degradation products Testudines; Caprotragoides | Province; Olalla Spain; Euro e: Cenozoic; Neogene; 13,0 ’
Mammalia sehlini (IVAU 7); locality, Spain P Cenozoic Paleogene (Serravallian,
Theridomorpha | Calamocha city, Middle Miocene);
(RMNH 8) Teruel Province 30,0 (Rupelian,
Oligocene)
Tyrannosaurus
Biomacromolecules and/or their 8:282232:3 Panoél%éaurus Judith River 74,0-72,1
256 degradation products Amino acids Dinosauria: sp.: Formation, Canada | North America | Mesozoic Cretaceous (Campanian, Late IEC; GC; MS Ostrom et al. 1990
Di - . Alberta Cretaceous)
inosauria Ceratopsidae;
Hadrosauridae;
Morrison
Formation, 150
257 Biomacromolecules and/or their Amin id Di . Sei Brushy Basin USA North Ameri M . J . Ki idai RP-HPLC Gurl t al 1991
degradation products o acids inosauria eismosaurus sp. Member, o] merica €s0zoic urassic (Kimmeri gian, urley et al.
S Late Jurassic)
andoval County,
New Mexico
Pingling
Biomacromolecules and/or their . . . . Macroohthgs Fo.rmatlon, . . . . 72’1'.66‘(.)
258 degradation products Amino acids Dinosauria yaotunensis Nanxiong Basin, China Asia Mesozoic Cretaceous (Maastrichtian, GC Zhao et al. 1993
(ooespécie) Guangdong Late Cretaceous)
Province
Teropoda indet. Dinosaur Park
g\iggﬂeg})( Formation,
Hadrosauriéae Alberta; Dinosaur
Dinosauria; (NHMUK R4249 Park Formation, | Canada; |[North America; | Mesozoic; Cretaceous; 83.6-66.0
Biomacromolecules and/or their Dinosauria; NHMUK R4243)j Alberta; Lance Canada; |North America; | Mesozoic; Cretaceous; (Car,npan,ian- DDC-SEM,; EDS: ToF-
259 degradation products Amino acids Dinosauria; Hadrosauridae, Formation, USA; North America; | Mesozoic; Cretaceous; Maastrichtian SEM-FIB; SIMS', EELS Bertazzo etal. | 2015
Dinosauria; (NHMUK R4864): Alberta; Dinosaur | Canada; |North America; | Mesozoic; Cretaceous; Late Cretaceods) TEM ’
Dinosauria dinossauro indet’ Aljsrk Folrjmation, Canada | North America | Mesozoic Cretaceous
’ erta; Dinosaur
(NHMUK R.4493) ' | Park Formation,
Ceratopsidae Alberta
(NHMUK R4484)
Biomacromolecules and/or their Brachylophosaur Jlggrl::a?grfr 83,6-72,1
260 degradation products Amino acids Dinosauria us canadensis Phillips Cour;ty USA North America | Mesozoic Cretaceous (Campanian, Late IFI HPLC; HRMS | Cleland et al. 2015
(MOR 2598) Montana ’ Cretaceous)
Nothosauria:
Nothosaurus cf. ]
marchicus Zyglin quarry,
(WNoZz/s/7/166); Miasteczko
Nothosauria: Slaskie Town;
. . —_ ... | Nothosaurus cf. Gogolin 251,2-247,2 XRD; FTIR;
261 SQOTaadCa'ggo'i‘;‘é'j;:”d’or their Amino acids Rept'gi; ?ﬁgt"'a' marchicus (SUT- |  Formation, Poland Europe Mesozoic Triassic  |(Olenekian, Early | ESEM-EDS ToF-SIMS: | Surmiketal. | 2016
9 P P MG/F/Tvert/15); | Gogolin Town; Triassic) XPS
Archosauromorph Gogolin
a: Formation,
Protanystropheus | Gogolin Town
sp. (SUT-

MG/F/Tvert/2)
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Confuciusornis 125,7-113,0 EDS; FTIR;
262 Blomacrqmolecules and/or their Amino acids Avialae sanctus (MES- Y'.X'an Forr_natlc_m, China Asia Mesozoic Cretaceous (Bgrremlan- SEM; micro- XANES; SRS- Jiang et al. 2017
degradation products NJU 57002) Sihetun, Liaoning Aptian, Early CT XRF; ToF-
Cretaceous) SIMS
Nothosauria: Gogolin .
. . . 247,2-242 . Surmik,
263  |Blomacromolecules andjor their Amino acids Reptiia | Nothosaurus cf. | Formation, Poland Europe | Mesozoic Triassic | (Anisian, Middle |SEM: ESEM- ToF-SIMS | Rothschild & | 2017
degradation products marchicus (SUT- | Gogolin Quarry, Triassic) EDS Pawlicki
MG/f/98) Opole Silesia
Pterosauria:
Anurognathidae . . 165,3-160,0
Biomacromolecules and/or their (NJU-57003); Yanliao Biota, (Callovian-
264 ! Amino acids Reptilia; Reptilia e Mutoudeng, China Asia Mesozoic Jurassic Oxfordian, SEM; FM FTIR; LSF Yang et al. 2019
degradation products Pterosauria: . -
. Daohugou, Hebei Middle-Late
Anurognathidae Jurassic)
(CAGS-2070)
Paja Formation,
Radio Lenguerke
Biomacromolecules and/or their . . . Aspidorhynchidae | station antenna . . . 125’7.'121 4 OM (TLM’, FTIR; ToF- | Alfonso-Rojas &
265 . Amino acids Fish . Colombia | South America| Mesozoic Cretaceous (Barremian, Early | PLM); TC; 2020
degradation products (UR-CP-0001) |region, Zapatoga SIMS Cadena
: Cretaceous) SEM-EDS
city, Santander
Province
Lameta
Titanosauridae: Formatllon, Bagh-
cogenos | Il 21CE OF 67,0-66,5 Py-GC/MS
. . . . ; ar Distric ,U-00, ; . y- ;
266 Blomacrqmolecules andor their Amino acids D'T‘OS""“”?’ Megaloolithus . (Madhya India Asia Mesozoic Cretaceous (Maastrichtian, SEM-EDS; Py-GCxGC- Dhiman et al. 2021
degradation products Dinosauria (DUG/LDE/P11); XRM
o Pradesh) and Late Cretaceous) TOFMS
Fusioolithus |- o Lioli/Raiyoll
(DUG/LDE/DR4) area of Kheda
District (Gujarat)
Korytnica Clays,
Korytnica Basin,
. . Korytnica-
o7  |Biomacromolecules andfor their Amino acids Fish OTH-07/006, | Kotnica-Forest | o, Europe Cenozoic Neogene 14,0 (Langhian, | AFM; TEM; ARA EBSD;LC- | gy arskietal. | 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
Homalocephale Nemegt
calathocercos Formation, (Mgz’s(:;iii‘t?an OM (TLM
268 Biomacromolecules and/or their Amino acids Dinosauria; 1%'}?26?) xl\;e;frp gﬁg; Mongolia; Asia; North Mesozoic; Cretaceous; Late Cretaceous); | PLM); SEM- XRPD; FTIR; Surmik et al 2023
degradation products Dinosauria ’ gt, e USA America Mesozoic Cretaceous 67,0-66,5 EDS; AFM; ToF-SIMS )
Edmontosaurus |Creek Formation, o
: . . (Maastrichtian, FESEM
regalis (UAMES Colville River, Late Cretaceous)
52615) Alaska
Biomacromolecules and/or their Edmontosaurus E;!lmirt?:: 67,0-66,5 ATR-FTIR;
269 : Amino acids Dinosauria . ’ USA North America | Mesozoic Cretaceous (Maastrichtian, XPol MS; LC- Tuinstra et al. 2025
degradation products sp. (UOL GEO.1) | Harding County,
Late Cretaceous) MS/MS
South Dakota
Biomacromolecules and/or their Inkayacu Yumagque Point, 37,7-33,9
270 . Eumelanin Avialae paracasensis |Paracas National Peru South America| Cenozoic Paleogene (Priabonian, Late SEM Clarke et al. 2010
degradation products
(MUSM 1444) Reserve Eocene)
. ] 41,2-37,7 . .
271 Blomacrqmolecules andor their Eumelanin Avialae Indet. (SMF ME Messel shale, Germany Europe Cenozoic Paleogene (Bartonian, SEM; ESEM, Vinther et al. 2010
degradation products 3850) near Darmstadt, Middle Eocene) EDS
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Gansus .
. . . Xiagou 121,4-113,0 EDS; FTIR;
272 |Blomacremolecules andfor ther Eumelanin Avialae vy Formation, China Asia Mesozoic | Cretaceous | (Aptian, Early | VP-FESEM RPE;Py- | Bardenetal. | 2011
9 P MGSF317)’ Yumen, Gansu Cretaceous) GC/MS
131,4-120,0
(Hauterivian-
Confuciusornis Aptian, Earl){
sanctus Cretaceous);
115,0-105,0
(MGSF315, Aotian-Albi
LL12418); Jehol Group; (Ap fan-Albian,
Gansus Xiagou Cret arly .
yumenensis Formation; Green . o Mesozoic; Cretaceous; retaceous);
! . T China; Asia; Asia; S ’ 56,0-47,8
Avialae; Avialae; (MGSF317); River Formation; China; North America; Mesozoic; Cretaceous; (Ypresian, Early
. . . A * |Indet. (BHI-6358); Green River CTIQA. .| Cenozoic; Paleogene; ] SRS-XRF;
273 Blomacrqmolecules and/or their Eumelanin Awalag, Awglae, Indet. (HMNS  |Formation; Green USA, U_SA’ North Amer!ca: Cenozoic; Paleogene; Eocene); 56’0' VP-FESEM XANES; Wogelius et al. | 2011
degradation products Avialae; 2010.185.02): Ri = tion- USA; North America; c ) Pal ! 47,8 (Ypresian, s
Dinosauria; Fish 185.02); | River Formation; | o0 | Eyrope: North | C8N9Z0ic; aleogene; Early Eocene); EXAFS; FTIR
’ Indet. (BHI-6403); Solnhofen USA ’ América Mesozoic; Jurassic; 56.0-47 8 ’
Archaeopteryx Lagerstatte; Cenozoic Paleogene Y T E |
lithographica Green River (E pre3|ar.1,1 Sirg
(MB.Av.100); Formation 009;‘;5)'0 8-
Gosiutichthys . .
parvus (BHI- (Kimmeridgian—
6319) Tithonian, Late
Jurassic); 56,0-
47,8 (Ypresian,
Early Eocene)
. . L . OM (TLM);
Biomacromolecules and/or their . . Argentinoidei . . 54,0 (Ypresian, ' i EDS; ToF- .
274 degradation products Eumelanin Fish (FUM-N-2050) Fur Formation Denmark Europe Cenozoic Paleogene Early Eocene) SEQ/IHO'I_’_lE_é\;/I, SIMS: FTIR Lindgrenetal. | 2012
Eosphargis ;
breineri (FUM-N- K?”Fdek."”t’ 'rﬂ]a”d 55.0 (Yoresi
1450): of Fur in northern ,0 (Ypresian,
Mosasau’ria' Jutland, Fur Eocene); 86,0
. . . . : Formation; Denmark; |Europe; North | Cenozoic; Paleogene; (Coniacian, Late .
275 ?éorpaadc;gcr)r:]oli(;udljst:nd/or their Eumelanin R(;reﬁlti:fjgzsiilia r;ry|033L|J.I’US Boquillas USA; America; Mesozoic; Cretaceous; Cretaceous); SEM EDSSIM-I—QF' Lindgren etal. | 2014
9 P ptilia; P epaeo |cus. Formation, England Europe Mesozoic Jurassic 199,5-192,9
(Iim#yggasjig Texas; Blue Lias (Sinemurian,
indet. (YORYM Formatllaoan, Lyme Early Jurassic)
1993.338) y
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ave Indet. (SMF-
ME 3850); 56,0-41,2
Messelornis (Ypresian-
(SMF- Lutetian,
ME11402a); ave Eocene); 56,0-
Indet. (FUM- 41,2 (Ypresian-
N2275); Anura: Lutetian,
Palaeobatrachus Eocene); 56,0-
A o . (SMF- . Messel; Messe.l; Germanyi . Cenozoic: Paleogene; 47,8 (Ypr.eS|an,
vialae; Avialae; ME11390a); Fur Formation; Germany; Europe; Cenozoic: Paleogene. Eocene); 56,0-
Avialae; Anura: Pipidae Messel; Mush Denmark; Europe; Cenozoicf Paleogenez 41,2 (Ypresian-
Amphibia; (MU 41-13); Valley; Mush Germany; Europe; Cenozoicz Paleogenez Lutetian,
Biomacromolecules and/or their . Amphibia; Anura: Pipidae Valley; Enspel Ethiopia; |Europe; Africa; 7 7 Eocene); 23,0-
276 degradation products Eumelanin Amphibia; (MU 32-2A/B); Formation; Ethiopia; |Africa; Europe; 82:8;2:23 mgggzzgj 20,4 (Aquitanian, SEM ToF-SIMS Colleary etal. | 2015
Amphibia; Anura: Pelobates | Messel; Messel; | Germany; Europe; Cenozoicz Pale(? ené' Early Miocene);
Mammalia; (PW 2005- 5034- Francis Germany; | Europe; North Cenozoic: Paleogenez 23,0-20,4
Mammalia; Fish LS_GDKE); Creek Shale, Germany; America Paleozoié Carbon%ferohs (Aquitanian, Early
morcego Mazon Creek USA Miocene); 27,8-
Hass(igp/lchteris 530 (Cha)ttiSaGn,0
- igocene); 56,0-
ME11407b); 41,2 (Ypresian-
morcego Lutetian,
Palaeochiropteryx Eocene); 315,2-
(SMF- 307 (Moscovian,
ME11406a); Carboniferous)
Cyclostomata
. . . Green River . OM (TLM); .
277 Blomacrqmolecules and/or their Eumelanin Avialae Coliiformes (AMNH Formation, USA North America | Cenozoic Paleogene 50,0 (Ypresian, SEM; TEM; XAS; SRS- Egerton et al. 2015
degradation products FARB 30806) . Early Eocene) XRF
Wyoming nano-TC
Interval between
the Stolle Klint
. . . Clay (QlIst . SEM; .
278 Blomacrqmolecules andfor their Eumelanin Fish Teleostei (FUM- Formation) and Denmark Europe Cenozoic Paleogene 54,0 (Ypresian, FESEM; EDS; ToF- Lindgren etal. |2015a
degradation products N-2268) . Early Eocene) SIMS
Fur Formation, TEM
Isle of Fur,
Limfjord region
N Tiaojishan
. . Anchiornis . 174,7-145,0 OM (TLM); .
a79  |Biomacromolecules and/or their Eumelanin Avialae huxleyi (YFGp- | formation, China Asia Mesozoic Jurassic (Middle-Late | SEM; TEM; EDS: TOF- | Lindgren etal. |2015b
degradation products T5199 Jianchang, ; SIMS
) Liaoni Jurassic) nano-TC
iaoning
. | o Jiufota.ng 121,4-113,0
280 Blomacrqmolecules andfor their Eumelanin Avialae Bohaiornithidae Eormatlon, China Asia Mesozoic Cretaceous (Aptian, Early FESEM; CT RS Peteya et al. 2016
degradation products (CUGB P1202) Jianchang, Cretaceous) Scan
Liaoning
" Knudekint OM; SEM-
Biomacromolecules and/or their . . Indet. (FUM- . . 54,0 (Ypresian, EDS; XAS; XANES;
281 degradation products Eumelanin Avialae 1980) locality, Island of | Denmark Europe Cenozoic Paleogene Early Eocene) FESEM: ToF-SIMS Gren et al. 2017
Fur, northern SRXTM
Jutland
Fur Formation,
Biomacromolecules and/or their . . Tasbacka danica | Ejerslev Mo-clay . 54,0 (Ypresian, FESEM; ToF-SIMS; .
282 degradation products Eumelanin Testudines (MHM-K2) pit, Isle of Mors, Denmark Europe Cenozoic Paleogene Early Eocene) TEM IHQ FTIR Lindgrenetal. | 2017
Jutland
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Posidonia Shale SRS-XRF-
Biomacromolecules and/or their Ichthyosauria: Klr::r;n;?tlscl)gt‘e 184,2-174,7 EDS;
283 . Eumelanin Reptilia Stenopterygius . Germany Europe Mesozoic Jurassic (Toarcian, Early SRXTM IHQ NanoSIMS; Lindgrenetal. | 2018
degradation products Quarry, village of . s
sp. (MH 432) Ohmden Jurassic) ToF-SIMS;
' Py-GC/MS
Holzmaden
Anura:
Pelophylax
pueyoi (MNCN
63775, MNCN
63776, NMP 11,6-5,3
39449, SMF-ME- (Tortonian-
- 00978, MNCN . . . . Messinian, Late
. . Amphibia; ’ Libros Biota; Spain; . Cenozoic; Neogene; - N g ) .
284 Blomacrqmolecules andfor their Eumelanin Amphibia; 63798, MNCN Rubielos de Spain; Europe, . Cenozoic; Neogene; Mlocene)_, 15,9 OM; SEM; CH AHPO McNamara et al. | 2018
degradation products Amphibia 63848, MNCN Mora: Daohuduo China Europe; Asia Mesozoic Jurassic 11,3 (Middle FM
P 66503, NHM ’ 9 Miocene): 174,7-
49999); 161,5 (Middle
Salamandridae: Jurassic)
Chelotriton sp.;
Salamandridae:
indet. (CNU-V-
1264)
. . Crato Formation, . OM; SEM-
285 Blomacrqmolecules and/or their Eumelanin Avialae Indet. (MN 7754- Araripe Basin, Brazil South America| Mesozoic Cretaceous 120,0 (Aptian, EDS; TEM; FTIR Campos etal. | 2019
degradation products V) . Early Cretaceous)
Ceara CLSM
Biomacromolecules and/or their TE;t)er?;:gt?/ﬁ;s %r:;?aigrgf;fg’ 121,4-113,0 SR-UXRF;
286 d . Eumelanin Reptilia . . ’ Brazil South America| Mesozoic Cretaceous (Aptian, Early SEM RS; HPLC; Pinheiro et al. 2019
egradation products imperator (CPCA Cariri Valley, Cretaceous) LC-MS
3590) Ceara
Anura:
11,6-5,3
Pelo_phylax (Tortonian-
pueyol _(NHML_' Messinian, Late
R4999); Anura: Miocene); 11,6-
Amphibia; Pelophylax . . Spain; Europe; Cenozoic; Neogene; P
Biomacromolecules and/or their Amphibia; pueyoi (NHML- Libros biota, Spain; Europe; Cenozoic; Neogene; 5,3 (anonlan-
287 d . Eumelanin ) L Libros biota; - ’ ) ' Messinian, Late SEM CH SRS-XRF Rossi et al. 2019
egradation products Reptilia; R4982); reéptil Messel- Messel Germany; Europe; Cenozoic; Paleogene; Miocene): 56,0-
Mammalia Indet. ’ Germany Europe Cenozoic Paleogene 478 (Eérly’
(HMLDMe9018); Eocene); 56,0-
morcego o
Chiroptera 4220(5::)}/
(HMLDMe7069)
Bearpaw Shale
. . . Formation, 83,6-72,1 .
288 Blomacrqmolecules and/or their Eumelanin Dinosauria Hadrosauridae Crawford Ranch, USA North America | Mesozoic Cretaceous (Campanian, Late OM (PLM); EDS; RS Fabbri et al. 2020
degradation products (YPMPU 016969) Wheatland Cretaceous) SEM
County, Montana
Scombridae
(FUM-N-12779);
Perciformes .
OIS | Sttt
289 Blomacrqmolecules and/or their Eumelanin FISh;. Fléh;. Fish; | Percoidei (FFJM' Danish Basin, Denmark Europe Cenozoic Paleogene 54,0 (Ypresian, OM; FESEM EDS; ToF- Heingard et al. | 2021
degradation products Fish; Fish N-13476); Limfjord region Early Eocene) SIMS
Actinopterygii ’
(FUM-N-16240); northern Jutland
Perciformes
(NHMD 625460)
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. . .. Fur Formation, . OM (PLM); .
290 Blomacrqmolecules and/or their Eumelanin Testudines Pan-Cheloniidae western Limfjord | Denmark Europe Cenozoic Paleogene 54,0 (Ypresian, FESEM; EDS’, ToP- De La Garza et 2022
degradation products (DK 807) region Early Eocene) TEM SIMS; FTIR al.
Ichthyosauria: OM;
. . Stenopterygius I 184,2-174,7 Fotografia B .
291 E;OT: dc;’gg}oligtélﬁstsand/or their Eumelanin Reptilia sp. (UMH-A- Z%sl’lzdn(:gljae?t]g\lsﬁ Germany Europe Mesozoic Jurassic (Toarcian, Early FUV; S‘I’EE?IT/IZ DeLa Slarza et 2023
9 P 0001, UMH-A- Jurassic) FESEM; '
0002) TEM
161,5-154,8
(Oxfordian, Late
dinossauro Yi qi Jurassic); 56,0-
(STM 31-2); 41,2 (Ypresian-
Anura: Pipidae Lutetian,
(MU 41-3, MU 32- Eocene); 56,0-
2A/B); Anura: 41,2 (Ypresian-
Palaeobatrachus Lutetian,
(SMF-ME Eocene); 56,0-
11390a); Ave 41,2 (Ypresian-
indet. (FUM-N Tiaoiishan China; Mesozoic; Jurassic; Lutetian,
. - 2275); Ave indet. ) . Ethiopia; Asia; Africa; Cenozoic; Paleogene; Eocene); 56,0-
Dinosauria; | Formation; Mush . ; T ’ X
S (SMF-ME 3850); ) | Germany; Europe; Cenozoic; Paleogene; 41,2 (Ypresian-
Amphibia; . Valley; Messel; ’ ’ L ’ .
o Messelornis o Denmark; Europe; Cenozoic; Paleogene; Lutetian,
Biomacromolecules and/or their Amphibia; (SMF-ME Fur Formation, Germany; Europe; Cenozoic; Paleogene; Eocene); 56,0-
292 . Eumelanin Avialae; Avialae; . Messel; Messel; ’ NP ) ! U OM; SEM ToF-SIMS Roy et al. 2023
degradation products Avialae: Avialae: 11402a); Yixian Formation: Germany; | Europe; Asia; | Cenozoic; Paleogene; 41,2 (Ypresian-
Mam’malia' ’ Sapeornis sp. Messel- Messel" China; Europe; Mesozoic; Cretaceous; Lutetian,
Mammalia- F’ish (STM 15-18); Mazon’ Creek | Germany; | Europe; North | Cenozoic; Paleogene; Eocene); 121,4-
’ morcego linois ’ Germany; America Cenozoic; Paleogene; 100,5 (Aptian-
Hassianycteris USA Paleozoic Carboniferous Albian, Early
(SMF-ME Cretaceous);
11407b); 56,0-41,2
morcego (Ypresian-
Palaeochiropteryx Lutetian,
(SMF-ME Eocene); 56,0-
11406a); 41,2 (Ypresian-
Cyclostomata Lutetian,
indet. Eocene); 315,2-
307 (Moscovian,
Carboniferous)
Sinornithosaurus
o 132,6-121,4
m|IIe1n2||8(1I\1/F.’P v (Hauterivian-
Confuci ); . Barremian, Early
onfuciusornis Cretaceous);
S35 PP |Jehol Biota: Jehol | Ch M Cret 132,6-121,4
. . . - 433, IVPP V ehol Biota; Jeho ina; o es0zoic; retaceous; o . .
293 Blomacrqmolecules andfor their Eumelanin .D|no.saur|a,. . 13171); Anura: Biota; Libros China; Asia; Asia; Mesozoic; Cretaceous; (Haut.erman SEM AHPO-HPLC; Slater et al. 2023b
degradation products Avialae; Amphibia . - Europe ) Barremian, Early ToF-SIMS
Pelophylax Biota Spain Cenozoic Neogene .
) Cretaceous);
pueyoi (CKGM F 11 6-5.3
6434, MNCN 6-9,
(Tortonian-
63678, MNCN -
Messinian, Late
63694, MNCN Miocene)
63773)
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125,7-121,4
Barremian, Earl
y
Enantiornithine Cretaceous);
Er(grl;t'\l/(l)?r;ft?])lne Jehol Biota; Jehol China; Mesozoic; Cretaceous; B 125,7'-121I,E4 | ToF-SIMS:
294 Biomacromolecules and/or their Eumelanin Avialae; Avialae; (STM7-27): Biota; Jehol China; Asia; Asia; Mesozoic; Cretaceous; ( aCrrretmlan, a!ry SEM ATR-FTIR,' Pan et al 2024
degradation products Avialae; Indet. Ornithuromorﬁha Biota; Tibetan China; Asia; Asia Mesozoic; Cretaceous; 122870_??13‘1’ RS ’ )
(STM8-(%_3|‘:)); Indet. Plateau China Cenozoic Paleogene (Barremian, Early
Cretaceous);
33,9-23,0
(Qligocene)
Anura:
Pelophylax :
pueyoi (CKGM- Libros Biota; 10.’0 (Tortfnman,
Biomacromolecules and/or their Amphibia; m142;); Anatidae Libros Biota; Spain; Europe; Cenozoic; Neogene; Ml(o'l%er?oen)i’;no,o Rossi, Unitt &
295 ! Eumelanin mp T (MNCN 2.017 Bolca Biota, P 1 Europe; Cenozoic; Neogene; . o SEM RS ’ 2024
degradation products Avialae; Fish N . : Spain; ltaly ) Miocene); 49,0 Mcnamara
AV-001-a;); Mene | Pesciara site, Europe Cenozoic Paleogene (Ypresian
rhombea Verona E%cene),
(MCSNV 18-
19/2020)
Biomacromolecules and/or their . . Dastilbe crandalli | Crato Formation, . . . 110,0 (Albian, OM; CM; EDS; RS;
296 degradation products Eumelanin Fish (GP/2E-9378b) Araripe Basin Brazil South America| Mesozoic Cretaceous Early Cretaceous) SEM FTIR Prado et al. 2025
EDS; XAS;
. . A 27,3-23,0 . SRS-XRF;
297 Blomacrqmolecules andfor their Pheomelanin Amphibia . Anura: Girino Enspel Formation | Germany Europe Cenozoic Paleogene (Chattian, SEM; V- XANES; Barden et al. 2015
degradation products indet. (FS003a,b) Oligocene) FESEM FTIR: Py-
GC/MS
ave Indet. (SMF-
ME 3850); 56,0-41,2
Messelornis (Ypresian-
(SMF- Lutetian,
ME11402a); ave Eocene); 56,0-
Indet. (FUM- 41,2 (Ypresian-
N2275); Anura: Lutetian,
Palaeobatrachus Eocene); 56,0-
(SMF- Messel; Messel; | Germany; - . 47,8 (Ypresian,
Avialae; Avialae; ME11390a); Fur Formation; Germany; Europe; g::g;g:gj Eg::ggzxf Eocene); 56,0-
Avialae; Anura: Pipidae Messel; Mush Denmark; Europe; Cenozoici Paleogenez 41,2 (Ypresian-
Amphibia; (MU 41-13); \)/allllley;EMushl (Iszer:many; Europ?; Cenozoicz Paleogenej c Luteti)ar;,3 o
Biomacromolecules and/or their . Amphibia; Anura: Pipidae alley; Enspe thiopia; |Europe; Africa; 7 7 ocene); 23,0-
298 degradation products Pheomelanin Amphibia; (MU 32-2A/B); Formation; Ethiopia; |Africa; Europe; gg:g;g:gi mgggzzgj 20,4 (Aquitanian, SEM ToF-SIMS Colleary etal. | 2015
Amphibia; Anura: Pelobates | Messel; Messel; | Germany; Europe; Cenozoicj Palec? ené' Early Miocene);
Mammalia; (PW 2005- 5034- Francis Germany; | Europe; North Cenozoicf Paleogenez 23,0-20,4
Mammalia; Fish LS_GDKE); Creek Shale, Germany; America Paleozoié Carbon%feroljs (Aquitanian, Early
morcego Mazon Creek USA Miocene); 27,8-
Hasszigp/lchteris O2|30 (Che;ttiSaf?,0
- igocene); 56,0-
ME11407b); 41,2 (Ypresian-
morcego Lutetian,
Palaeochiropteryx Eocene); 315,2-
(SMF- 307 (Moscovian,
ME11406a); Carboniferous)
Cyclostomata
Tiaojishan
. . — . 174,7-145,0 SEM; . )
299  |Biomacromolecules and/or their Pheomelanin Avialae Anchionis Formation, China Asia Mesozoic Jurassic (Middle-Late | FESEM; EDS; ToF- | | indgren etal. |2015b
degradation products huxleyi Jianchang, Jurassic) TEM SIMS
Liaoning
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Biomacromolecules and/or their Psittacosaurus Jehol Biota, (1\:/3a3Ia?1-1|$1?a?1- Fotografia
300 . Pheomelanin Dinosauria Yixian Formation, China Asia Mesozoic Cretaceous g XP; OM LSF Vinther et al. 2016
degradation products sp. (SMF R 4970) Liaonin Barremian, Early (PLM): SEM
9 Cretaceous) ’
Borealopelta Wabiskaw Fotografia
Biomacromolecules and/or their . . . markmitchelli Member, . . 83’6'72.‘1 XP; ) ToF-SIMS;
301 d . Pheomelanin Dinosauria Clearwater Canada | North America | Mesozoic Cretaceous (Campanian, Fotografia Brown et al. 2017
egradation products (TMP Formation Early Cretaceous)| FUV; TC; Py-GC/MS
2011.033.0001) ’ L
Alberta SEM
Biomacromolecules and/or their Apodemus atavus \;\?iglalgzthae:tjesgﬁ 3,0 (Piacenzian XRD; SRS-
302 dearadation broducts Pheomelanin Mammalia (GZG.W.20027b, Northeim Baixé Germany Europe Cenozoic Neogene ’ Pliocene) '’ | ESEM-EDS XRF; XAS; Manning etal. | 2019
9 P GZG.W.17393a) St XANES; FTIR
axonia
Pterosauria:
Anurognathidae . . 165,3-160,0
Biomacromolecules and/or their (NJU-57003); Yanliao Biota, (Callovian-
303 d . Pheomelanin Reptilia; Reptilia e Mutoudeng, China Asia Mesozoic Jurassic Oxfordian, SEM; FM FTIR; LSF Yang et al. 2019
egradation products Pterosauria: . -
. Daohugou, Hebei Middle—Late
Anurognathidae Jurassic)
(CAGS-2070)
Sinornithosaurus
millenii (IVPP V g,_?:u?elsfaﬁ
Conljgll)c;rnis Barremian, Early
Cretaceous);
eSSZégCK/%'\S\F/ Jehol Biota; Jehol | ~ Chi Mesozoi Cret 132 6'121‘1
. . . . ehol Biota; Jeho ina; . . €s0Zz0ic; retaceous; o
Biomacromolecules and/or their . Dinosauria; . ) i L Asia; Asia; 7 ’ (Hauterivian- AHPO-HPLC;
304 degradation products Pheomelanin Avialae; Amphibia 13171); Anura: Blota,_ Libros Chln_a, Europe Mesozop, Cretaceous; Barremian, Early SEM ToF-SIMS Slater et al. 2023b
Pelophylax Biota Spain Cenozoic Neogene Cretaceous);
pueyoi (CKGM F 11 6-5 3 ’
63676, MNCN (Tortonian-
’ Messinian, Late
63694, MNCN Miocene)
63773)
Heyuannia
huangi (ootaxon 83.6-72.1
305 Biomacromolecules and/or their Biliverdina Dinosauria Macroollth.us. Hongcheng China Asia Mesozoic Cretaceous  |(Campanian, Late HPLC-ESIQ-1 \viomann etal. | 2017
degradation products yaotunensis: Basin, Jiangxi Cretaceous) TOF-MS
NMNS CYN-
2004-DINO-05/1)
Posidonia Shale
. . Ichthyosauria: Formation, 184,2-174,7 . .
306 Blomacrqmolecules and/or their Leukocyte Reptilia Stenopterygius |HOLCIM Cement | Germany Europe Mesozoic Jurassic (Toarcian, Early XRD; XRF; Plet et al. 2017
degradation products . ToF-SIMS
sp. quarry, Jurassic)
Dotternhausen
Biomacromolecules and/or their Two Medicine 66.5-67.0
307 . Leukocyte Dinosauria Maiasaura sp. Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, OM; SEM EDS Barreto et al. 2007
degradation products
Montana Late Cretaceous)
Biomacromolecules and/or their Tarbosaurus 83,6-72,1
308 . Carbohydrate Dinosauria Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late CH Pawlicki 1977a
degradation products bataar Cretaceous)
Biomacromolecules and/or their 83,6-72,1 OM; SEM;
309 q : Carbohydrate Dinosauria Indet. Gobi Desert Mongolia Asia Mesozoic Cretaceous (Campanian, Late ! ’ CH Pawlicki 1984a
egradation products Cretaceous) TEM
Hell Creek
. . ) ; 66.5-67.0 . . SR-FTIR;
310 Blomacrqmolecules and/or their Carbohydrate Dinosauria Tiranosaurus rex Formation, USA North America | Mesozoic Cretaceous (Maastrichtian, OM; SEM; IHQ EDS; u-XRF; Boatman etal. | 2019
degradation products (MOR 555) McCone County, Late Cret TEM XANES
Montana ate Cretaceous) -
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Fur Formation,
Biomacromolecules and/or their . . Tasbacka danica | Ejerslev Mo-clay . 54,0 (Ypresian, ToF-SIMS; .
311 degradation products Tropomyosin Testudines (MHM-K2) pit, Isle of Mors, Denmark Europe Cenozoic Paleogene Early Eocene) IHQ FTIR Lindgrenetal. | 2017
Jutland
Montana: Hell 66.5-67.0
Creek Formation, (Maastrichtian,
Tyrannosaurus | McCone County; Late Cretaceous);
rex (MOR 555); Hell Creek 66.5-67.0
Tyrannosaurus Formation, (Maastrichtian,
rex (MOR 1125); | Garfield County; Late Cretaceous);
Dinosauria; Tyrannosaurus Hell Creek North America; | Mesozoic; Cretaceous; 866.5-67.0
Dinosauria; rex (MOR 1126); Formation, USA: USA: North America; | Mesozoic; Cretaceous; (Maastrichtian, OM (TLM);
Biomacromolecules and/or their . Dinosauria; Tyrannosaurus | Garfield County; ’ * INorth America; | Mesozoic; Cretaceous; Late Cretaceous); ' " . .
312 ! Tropomyosin . 0 . USA; USA; Y . ’ SEM; TEM; CH; IHQ ToF-SIMS Schweitzer et al. | 2025
degradation products Dinosauria; rex (MOR 1128); Hell Creek USA: USA North America; | Mesozoic; Cretaceous; 66.5-67.0 nano-TC
Dinosauria; Brachylophosaur Formation, ’ North America; | Mesozoic; Cretaceous; (Maastrichtian,
Dinosauria us canadensis | Garfield County; North America | Mesozoic Cretaceous  |Late Cretaceous);
(MOR 2598); Judith River 83,6-72,1
Ceratopsideo Formation, (Campanian, Late
indet. (MOR Phillips County; Cretaceous);
10857) Judith River 83,6-72,1
Formation, Valley (Campanian, Late
County Cretaceous)
Struthio camelus
(LOT 13901); Laetoli; Olduvai | Tanzania; Cenozoic: Neogene: 3,8 (Pliocene);
313 Biomacromolecules and/or their Struthiocalcin Avialae; Avialae; | Struthio camelus Gorge; Tanzania; | Africa; Africa; Cenozoicj Quatgrna . 1,3 (Pleistocene); ARA LC-MS/MS; Demarchi et al 2016
degradation products Avialae (LOT 14426); Wonderwerk South Africa ! n: 1,0-0,9 Q-TOFMS )
. . Cenozoic Quaternary ]
Struthio camelus Cave Africa (Pleistocene)
(LOT 15575)
. Linxia Basin, 9,0-6,5
Biomacromolecules and/or their Struthio sp. Liushu Formation (Tortonian-
314 : Struthiocalcin Avialae (ootaxon Liushu) ’ China Asia Cenozoic Neogene - TC LC-MS/MS Demarchi etal. | 2022
degradation products Hezheng County, Messinian, Late
(IVPP V26107) .
Hezheng County Miocene)
Struthio Linxia Basin, 9,0-6,5 OM (TLM,
315 Blomacrqmolecules and/or their Struthiocalcin Avialae linxiaensis (IVPP Liushu Formation, China Asia Cenozoic Neogene (Tqrt.onlan- PLM)_; SEM- CH RS Wu et al. 2024b
degradation products Hezheng County, Messinian, Late | EDS; SEM-
V26107) .
Hezheng County Miocene) BSE
1,0 (Calabrian,
Bubalus Trinil site, Java; Early
paleokerabau chinji town; Pleistocene); 13,0
Mammalia; (RMNH 5); Manchones town, | Indonesia; Asia: Asia: Cenozoic; Quaternary; (Serravallian,
316 Blomacrqmolecules and/or their Osteocalcins Mamm.allai Bovidae (IVAU 6); S.arag.oga Paklsj[a.n; Europe: Cenozo!ci Neogenei Middle Miocene); ELISA: RIA Ulrich et al. 1987
degradation products Testudines; Caprotragoides | Province; Olalla Spain; Eurone Cenozoic; Neogene; 13,0
Mammalia sehlini (IVAU 7); locality, Spain P Cenozoic Paleogene (Serravallian,
Theridomorpha | Calamocha city, Middle Miocene);
(RMNH 8) Teruel Province 30,0 (Rupelian,
Oligocene)
Psephophorus Maryland; Indet.;
sp- (F30.52); 1 det - Judith 15,0 (Burdigalian,
dinossauro cf. . : : .
. . River Formation, . . . Early Miocene);
Testudines; Centrosaurus . USA; ... | Cenozoic; Neogene; )
Biomacromolecules and/or their Dinosauria; (F33.12, F33.46); Dinosaur Indet.; North America; Mesozoic; Cretaceous; Late Cretaceous;
317 . Osteocalcins . 7 o . » | Provincial Park; ” Indet.; Indet.; S A Late Jurassic; DIBA; RIA RP-HPLC Muyzer et al. 1992
degradation products Dinosauria; Sauropoda (F34. : s Indet.; - Mesozoic; Jurassic;
- : ‘ Alberta; Wapiti North America . 83,6-72,1
Dinosauria CV); : Canada Mesozoic Cretaceous :
Lamb Formation, (Campanian, Late
amoeosaurus Grande Prairie, Cretaceous)
sp. (F38.2, F38. Alberta
51)
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. SDS-
. . Smokejacks 125,7-121,4 . )
318 Blomacrqmolecules and/or their Osteocalcins Dinosauria Iguanodon sp. Brickworks, England Europe Mesozoic Cretaceous (Barremian, Early OoM PAGE‘ . FPLC; RP- Embery et al. 2003
degradation products (R6600) Ockley, Surrey Cretaceous) WB; DIBA,; HPLC
’ CAE
Biomacromolecules and/or their cf. Megalosaurus Rognacian 72,1-66,0
319 . Scleroprotein Dinosauria ) . France Europe Mesozoic Cretaceous (Maastrichtian, SEM IEC Voss-Foucart 1968
degradation products sp. Formation Late Cretaceous)
Biomacromolecules and/or their Iguanodon sp Smokejacks 130,0-125,7 P?—\%SE_
320 . Phosphoprotein Dinosauria ' Brickworks, England Europe Mesozoic Cretaceous (Hauterivian, SEM . '~. | FPLC; HPLC Embery et al. 2000
degradation products (R6600) Ockley, Surrey Early Cretaceous) WBC,:RIIEBA,
Elephantidae:
Palaeoloxodon
recki (fdrg103
13a);
Hippopotamidae:
Archaeopotamus
sp. (KNM-LT
26247);
Hippopotamidae 1,5 (Calabrian,
indet. (KNM-NP Early
64551); Pleistocene); 7,0
Deinotheriidae: (Messinian, Late
e s | Ttkana Basi: Miocene)
Mammalia; 65217); Fofrggtti)érf?,';i\area Kenya; Cenozoic; Quaternary; Messinian, Late
Mammalia; Mammutidae: 103); Lothagam Kenya; Cenozoic; Neogene; Miocene); 16
Mammalia; Zygolophodon sp. - 9 Kenya; e Cenozoic; Neogene; (Burdigalian,
Mammalia; KNM-WS site (Nawata Kenya; Africa; Africa; Cenozoic; Neogene; Early Miocene);
Biomacromolecules and/or their Dentin matrix Mammaliaz (6565-3)' Formation); Kenga: Africa; Africa, Cenozoic3 Neogenef 16 (éurdigalian,
321 q . . ) .| Napudet site; ’ Africa; Africa; S ’ . ’ LC-MS/MS Green et al. 2025
egradation products protein 1 (DMP1) Mammalia; Gomphotheriidae: e Kenya; . ' | Cenozoic; Neogene; Early Miocene);
Mammalia; Gomphotheriidae Buluk site; Buluk Kenya; Africa; Africa; Cenozoic; Neogene; 16 (Burdigalian
0 - P site; Buluk site; ’ Africa; Africa ) ! - ’
Mammalia; indet. (KNM-WS = | Kenya; Cenozoic; Neogene; Early Miocene);
) . Locherengan site; ! ) ! S
Mammalia; 101824); .| Kenya; Cenozoic; Neogene; 17 (Burdigalian,
. . ! Locherengan site; . - '
Mammalia Rhinocerotidae o Kenya Cenozoic Paleogene Early Miocene);
indet. (KNM-LC Loperot site; 17 (Burdiaali
" e1'7(680)- . Topernawi site Eaﬁlyul\r/lilogcael:g)‘
Anthracothériidae 18 (Burdigalian,
: Brachyodus Early Miocene);
aequatorialis 29 (Rupelian,
(KNM-LC 30762); Oligocene)
Rhinocerotidae:
cf. Chilotheridium
pattersoni (KNM-
LP 30);
Arsinoitheriidae:
IArsinoitherium sp.
(KNM-TP
102134)
Biomacromolecules and/or their Hominidae: 1.9 (Gelasian,
322 . Albumin (ALB) Mammalia Australopithecus Omo site Ethiopia Africa Cenozoic Quaternary Early RIA Lowenstein 1980
degradation products .
robustus Pleistocene)
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RecordID | Level of Biostructural Organization | Biomaterial Type Clade Subclade Locality Country Continent Era Period Age/ Epoch (Ma)| Optical Biological | Chemical Main Author Year
Hominidae: indet. | Venta Micena
(VM-0, VM1960); site, Orce,
Equideo Equus | Granada; Venta
Mammalia; caballus (EEG, Micena site, 16-14
323 Blomacrqmolecules and/or their Albumin (ALB) Mammal!af V,M1653); Orce, GrgnaQa; Spain Europe Cenozoic Quaternary (Calabrian, Early RIA; ELISA Borja et al. 1997
degradation products Mammalia; Equideo Equus | Cueva Victoria, :
. ] Pleistocene)
Mammalia caballus (CV-5); Cartagena,
Bovidae indet. Murcia; Venta
(VM786, Micena site,
VM1587) Orce, Granada
. . Stephanorhinus | Dmanisi, Kvemo 1,7 (Quaternary, . .
324 Blomacrqmolecules andfor their Albumin (ALB) Mammalia sp. (Dm.5/157- Kartli region, Georgia Eurasia Cenozoic Quaternary Early AAR; MSIMS; Cappellinietal. | 2019
degradation products h RP-HPLC
16635) South Caucasus Pleistocene)
325 Biomacromolecules and/or their Albumin (ALB) Mammalia Hominidae: Homo Dmanisi Georgia Eurasia Cenozoic Quaterna " (%?r;lﬁbrian’ ARA RP-HPLC; Welker et al 2020
degradation products erectus (D4163) 9 ry -any LC-MS/MS '
Pleistocene)
Haughton
Biomacromolecules and/or their Epiaceratherium Halfor:trgﬁtigrna;ter 21,8 (Aquitanian HPLC; LC-
326 . Albumin (ALB) Mammalia sp. 9 ’ | Canada | North America | Cenozoic Neogene ’ qu ’ ARA . Paterson etal. | 2025
degradation products C Devon Island, Early Miocene) MS/MS
(CMNFV59632) ;
Nunavut, Canada
s High Arctic
Anacleto
. . Sauropoda ; 83,6-72,1 . .
327 Blomacrqmolecules and/or their Ovalbumin Dinosauria (ootaxon Forrpatlon, Argentina | South America| Mesozoic Cretaceous  [(Campanian, Late SEM; TEM; ELISA EDS Schweitzer et al. |2005b
degradation products s Neuquén Group, CM
Megaloolithidae) . Cretaceous)
Patagénia
Judith River
. . Brachylophosaur . . . ATR-FTIR;
3pg  |Blomacromolecules andfor their Elastin Dinosauria | us canadensis | ,-ormation USA  |NorthAmerica| Mesozoic | Cretaceous |0 (Campanian, | OM(TLM): i) sa \Ha| ToF-SIMS! | Schweitzer et al. | 2009
degradation products Phillips County, Late Cretaceous) FESEM
(MOR 2598) M LC-MS/MS
ontana
Montana: Hell 66.5-67.0
Creek Formation, (Maastrichtian,
Tyrannosaurus | McCone County; Late Cretaceous);
rex (MOR 555); Hell Creek 66.5-67.0
Tyrannosaurus Formation, (Maastrichtian,
rex (MOR 1125); | Garfield County; Late Cretaceous);
Dinosauria; Tyrannosaurus Hell Creek North America; | Mesozoic; Cretaceous; 866.5-67.0
Dinosauria; rex (MOR 1126); Formation, USA: USA: North America; | Mesozoic; Cretaceous; (Maastrichtian, OM (TLM);
399 Blomacrqmolecules and/or their Elastin D!nosaur!ai Tyrannosaurus_ Garfield County; USA: USA. North Amer!cai Mesozo!ci Cretaceousi Late Cretaceous); SEM: TEM: | CH: IHQ ToF-SIMS | Schweitzer et al. | 2025
degradation products Dinosauria; rex (MOR 1128); Hell Creek USA: USA North America; | Mesozoic; Cretaceous; 66.5-67.0 nano-TC
Dinosauria; Brachylophosaur Formation, ’ North America; | Mesozoic; Cretaceous; (Maastrichtian,
Dinosauria us canadensis | Garfield County; North America | Mesozoic Cretaceous |Late Cretaceous);
(MOR 2598); Judith River 83,6-72,1
Ceratopsideo Formation, (Campanian, Late
indet. (MOR Phillips County; Cretaceous);
10857) Judith River 83,6-72,1
Formation, Valley (Campanian, Late
County Cretaceous)
Hell Creek 66.5-67.0
Biomacromolecules and/or their . . . Tiranosaurus rex Formation, . . R OM; ESEM;
330 degradation products Elastin Dinosauria (MOR 555) McCone County, USA North America | Mesozoic Cretaceous (Maastrichtian, TEM IHQ EDS Boatman etal. | 2019
M Late Cretaceous)
ontana
Judith River
Biomacromolecules and/or their Brachylophosaur Formation 80 (Campanian
331 . Laminin Dinosauria us canadensis - ’ USA North America | Mesozoic Cretaceous ’ ESEM ELISA; IHQ EDS Schweitzer et al. | 2009
degradation products (MOR 2598) Phillips County, Late Cretaceous)
Montana
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Montana: Hell 66.5-67.0
Creek Formation, (Maastrichtian,
Tyrannosaurus | McCone County; Late Cretaceous);
rex (MOR 555); Hell Creek 66.5-67.0
Tyrannosaurus Formation, (Maastrichtian,
rex (MOR 1125); | Garfield County; Late Cretaceous);
Dinosauria; Tyrannosaurus Hell Creek North America; | Mesozoic; Cretaceous; 866.5-67.0
Dinosauria; rex (MOR 1126); Formation, USA: UsA: |North America; | Mesozoic; Cretaceous; (Maastrichtian,
Biomacromolecules and/or their o Dinosauria; Tyrannosaurus | Garfield County; ' * |North America; | Mesozoic; Cretaceous; |Late Cretaceous); . .
332 degradation products Laminin Dinosauria; rex (MOR 1128); Hell Creek d liJSSéAliJSS'; North America; | Mesozoic; Cretaceous; 66.5-67.0 ) ESEM ELISA; HQ EDS Schweitzer et al. | 2025
Dinosauria; Brachylophosaur Formation, ' North America; | Mesozoic; Cretaceous; (Maastrichtian,
Dinosauria us canadensis | Garfield County; North America | Mesozoic Cretaceous  |Late Cretaceous);
(MOR 2598); Judith River 83,6-72,1
Ceratopsideo Formation, (Campanian, Late
indet. (MOR Phillips County; Cretaceous);
10857) Judith River 83,6-72,1
Formation, Valley (Campanian, Late
County Cretaceous)
Tyrannosaurus Montana: H(?II 66.5—.67.9
rex (MOR 1125); Creek Formation, (Maastrichtian,
333 Biomacromolecules and/or their Actin Dinosauria; Brachylophosau’r Garfield County; USA: USA North America; | Mesozoic; Cretaceous; Late Cretaceous); ESEM ELISA: IHQ EDS Schweitzer et al. | 2013
degradation products Dinosauria us canadensis Judith River ’ North America | Mesozoic Cretaceous 83,6-72,1 ’ :
(MOR 2598) Formation, (Campanian, Late
Phillips County Cretaceous)
Tyrannosaurus Montana: Hell 66.5-67.0
_ . _ . rex (MOR 1125); Creek Formation, _ . (Maastrichtian,
334 CI?lomacro.molecules and/or their Tubulin Dlposaurlg, Brachylophosaur Garfle'ld Cgunty, USA: USA North Amerlg:a, Mesozop, Cretaceous; Late Cretaceous); SEM: TEM: FM  IF1: HQ MS/MS Schweitzer et al. | 2013
egradation products Dinosauria us canadensis Judith Rlver North America | Mesozoic Cretaceous 83,6-72,1
(MOR 2598) F.o.rmatlon, (Campanian, Late
Phillips County Cretaceous)
Tyrannosaurus Montana: Hell 66.5-67.0
' . ' . rex (MOR 1125); Creek Formation, ' . (Maastrichtian,
335 ?lomacrqmolecules and/or their Histone H4 Dlposaurlg, Brachylophosaur Garfle_ld C(_)unty, USA: USA North Amerlpa, Mesozop, Cretaceous; Late Cretaceous); SEM: TEM: FM  IFL: HQ MS/MS Schweitzer et al. | 2013
egradation products Dinosauria us canadensis Judith River North America | Mesozoic Cretaceous 83,6-72,1
(MOR 2598) Formation, (Campanian, Late
Phillips County Cretaceous)
Tyrannosaurus Montana: Hell 66.5-67.0
. |Creek Formation, (Maastrichtian,
336 Biomacromolecules and/or their PHEX Dinosauria; ';X (l\rflOIR;125), Garfield County; USA: USA North America; | Mesozoic; Cretaceous; Late Cretaceous); SEM: FESEM| IFI: HQ EDS: XRD | Schweit tal | 2013
degradation products Dinosauria nga):\gzeﬁ?;ur Judith River ’ North America | Mesozoic Cretaceous 83,6-72,1 ’ ’ ’ chweitzer et al.
(MOR 2598) Formation, (Campanian, Late
Phillips County Cretaceous)
. . . Stephanorhinus | Dmanisi, Kvemo 1,7 (Quaternary, .
337 ?lomacrqmolecules andfor their Amelogenin Mammalia sp. (Dm.5/157- Kartli region, Georgia Eurasia Cenozoic Quaternary Early SEM, EDS; XRD Cappellinietal. | 2019
egradation products (AMELX) 16635) South Caucasus Pleistocene) FESEM
Chuifeng Cave,
. . . . . Bubing Basin, 1,9 (Gelasian, .
338 E;ZT: dc;gg}oﬁgglﬁst:nd/or their Aail/ﬁggg;n Mammalia a'g;zt?ggr_]gzug) Gt}i\angxi Zhuang China Asia Cenozoic Quaternary _Early FSEES,\I@M EDS; XRD Welker et al. 2019
utonomous Pleistocene)
Region
Biomacromolecules and/or their Amelogenin M i Hominidae: Homo D - . E . . 17 (Céalzlabrian, ARA RP-HPLC; Welk | 202
339 degradation products (AMELX) ammalia erectus (D4163) manisi Georgia urasia Cenozoic Quaternary Pleis?(;g/ene) LC-MS/MS elker et al. 020
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Haughton
Bi lecules and/or thei Amelogeni Epiaceratherium |, TRl 0T 21,8 (Aquitani HPLC; LC
340 dlomacrqmo ecules andjor their melogenin Mammalia sp. augnton trater, Canada | North America | Cenozoic Neogene 8 ( quitanian, ARA ol Paterson etal. | 2025
egradation products (AMELX) (CMNFV/59632) Devon Island, Early Miocene) MS/MS
Nunavut, Canada’
s High Arctic
Elephantidae:
Palaeoloxodon
recki (fdrg103
13a);
Hippopotamidae:
Archaeopotamus
sp. (KNM-LT
26247);
Hippopotamidae 1,5 (Calabrian,
indet. (KNM-NP Early
64551); Pleistocene); 7,0
Deinotheriidae: (Messinian, Late
Prodeinotherium -~ Miocene); 11-5
hobleyi (KNM-WS | ' acaria Basin: (Tortonian-
Mammalia; 65217); Formation (Area Kenya; Cenozoic; Quaternary; Messinian, Late
Mammalia; Mammutidae: 103); Lothagam Kenya; Cenozoic; Neogene; Miocene); 16
Mammalia; Zygolophodon sp. 'té (Nawata Kenya; Africa: Africa: Cenozoic; Neogene; (Burdigalian,
Mammalia; (KNM-WS SF' Do Kenya; e | Cenozoic; Neogene; Early Miocene);
. . . ! ormation); ! Africa; Africa; ) ! ST
341 Blomacrqmolecules and/or their Amelogenin Mammal!a, 65653);" Napudet site; Kenya; Africa- Africa: Cenozo!c, Neogene; 16 (Burgilgallan, LC-MS/MS Green et al. 2025
degradation products (AMELX) Mammalia; Gomphotheriidae: Buluk site: BuI[Jk Kenya; Africaf Africaf Cenozoic; Neogene; Early Miocene);
Mammalia; Gomphotheriidae | " gk site: Kenya; Africa: Affica Cenozoic; Neogene; 16 (Burdigalian,
Mammalia; indet. (KNM-WS Site; Bulux site; .| Kenya; Tica, Alrica Cenozoic; Neogene; Early Miocene);
. Locherengan site . S
Mammalia; 101824); Locherengan sitez Kenya; Cenozoic; Neogene; 17 (Burdigalian,
Mammalia Rhinocerotidae Loperot site: ’ Kenya Cenozoic Paleogene Early Miocene);
indet. (KNM-LC Topernawi si:[e 17 (Burdigalian,
17680); Early Miocene)
Anthracotheriidae 18 (Burdigalian,
: Brachyodus Early Miocene);
aequatorialis 29 (Rupelian,
(KNM-LC 30762); Oligocene)
Rhinocerotidae:
cf. Chilotheridium
pattersoni (KNM-
LP 30);
Arsinoitheriidae:
IArsinoitherium sp.
(KNM-TP
102134)
. . . Stephanorhinus | Dmanisi, Kvemo 1,7 (Quaternary, . .
342 Slomacrqmolecules and/or their Ameloblastin Mammalia sp. (Dm.5/157- Kartli region, Georgia Eurasia Cenozoic Quaternary Early AAR; MS/MS; Cappellini et al. | 2019
egradation products (AMBN) 16635) South Caucasus Pleistocene) RP-HPLC
Chuifeng Cave,
. . . . . Bubing Basin, 1,9 (Gelasian, .
343 (?(I%Taa dcargaoﬁzudljstsnd/or their Arrzil&tg?\ls)tln Mammalia (ngg?it?ggt'gﬂug) Gli\ezjr:cg);(ioi]houuasng China Asia Cenozoic Quaternary PleiE,?ggene) MSl\zl\S/I/SMé_ C Welker et al. 2019
Region
344 Biomacromolecules and/or their Ameloblastin M i Hominidae: Homo D . G . E . c . t 17 (Céal?brian, ARA RP-HPLC; Welk t al 2020
degradation products (AMBN) ammalia erectus (D4163) manisi eorgia urasia enozoic Quaternary arly LC-MS/MS elker et al.

Pleistocene)
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Haughton
Biomacromolecules and/or their Ameloblastin Epiaceratherium HaL'J:or:trgﬁtigrnéter 21,8 (Aquitanian HPLC; LC-
345 . Mammalia sp. 9 * | Canada | North America | Cenozoic Neogene ’ qu ’ ARA . Paterson etal. | 2025
degradation products (AMBN) (CMNFV59632) Devon Island, Early Miocene) MS/MS
Nunavut, Canada’
s High Arctic
Elephantidae:
Palaeoloxodon
recki (fdrg103
13a);
Hippopotamidae:
Archaeopotamus
sp. (KNM-LT
26247);
Hippopotamidae 1,5 (Calabrian,
indet. (KNM-NP Early
64551); Pleistocene); 7,0
Deinotheriidae: (Messinian, Late
nobleyi (KNN-WS | Turkana Basin N fortonian-
Mammalia; 65217); Fofrr(:gtti)érf?,';i\&lrea Kenya; Cenozoic; Quaternary; Messinian, Late
Mammalia; Mammutidae: 103); Lothagam Kenya; Cenozoic; Neogene; Miocene); 16
Mammalia; Zygolophodon sp. - 9 Kenya; e Cenozoic; Neogene; (Burdigalian,
Mammalia; KNM-WS site (Nawata Kenya; Alrica; Africa; Cenozoic; Neogene; Early Miocene);
Biomacromolecules and/or their Ameloblastin Mammalia: (6565-3)' Formation); Kenza: Africa; AfriCa; | Genozoic Neogene: 16 (éurdigalian’
346 q . ) .| Napudet site; ’ Africa; Africa; S ’ . ’ LC-MS/MS Green et al. 2025
egradation products (AMBN) Mammalia; Gomphotheriidae: e Kenya; .~ | Cenozoic; Neogene; Early Miocene);
Mammalia; Gomphotheriidae Buluk site; Buluk Kenya; Alrica; Africa; Cenozoic; Neogene; 16 (Burdigalian
0 - P site; Buluk site; ’ Africa; Africa ) ! - ’
Mammalia; indet. (KNM-WS = | Kenya; Cenozoic; Neogene; Early Miocene);
) . Locherengan site; ! ) ! S
Mammalia; 101824); .| Kenya; Cenozoic; Neogene; 17 (Burdigalian,
. . ! Locherengan site; . - ’
Mammalia Rhinocerotidae o Kenya Cenozoic Paleogene Early Miocene);
indet. (KNM-LC Loperot site; 17 (Burdigali
" e1'7(680)- - Topermawi site Eal(r|yu|\r/|ilc?:efg)’
Anthracothériidae 18 (Burdigalian,
: Brachyodus Early Miocene);
aequatorialis 29 (Rupelian,
(KNM-LC 30762); Oligocene)
Rhinocerotidae:
cf. Chilotheridium
pattersoni (KNM-
LP 30);
Arsinoitheriidae:
IArsinoitherium sp.
(KNM-TP
102134)
. . Stephanorhinus | Dmanisi, Kvemo 1,7 (Quaternary, . .
347  |Biomacromolecules and/or their Enamelin (ENAM) | Mammalia | sp. (Dm.5/157- | Kartliregion, | Georgia Eurasia Cenozoic | Quatemary Early AAR MSIMS: | ppelliini et al. | 2019
degradation products 16635) South Caucasus Pleistocene) RP-HPLC
Chuifeng Cave, G
. . . . Bubing Basin, 1,9 (Gelasian, .
348 Blomacrqmolecules and/or their Enamelin (ENAM) Mammalia Glgaqtoplthecus Guangxi Zhuang China Asia Cenozoic Quaternary Early MSMS; LC- Welker et al. 2019
degradation products blacki (CF-B-16) AUtONOMOUS Pleistocene) MS/MS
Region
. . . 1,7 (Calabrian
Biomacromolecules and/or their . . Hominidae: Homo . . . . ’ ’ RP-HPLC;
349 degradation products Enamelin (ENAM) Mammalia erectus (D4163) Dmanisi Georgia Eurasia Cenozoic Quaternary Early ARA LC-MS/MS Welker et al. 2020

Pleistocene)
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Haughton
Bi lecules and/or thei Epiaceratherium |, “r7el 2" 21,8 (Aquitani HPLC; LC
350 dlomacrqmo ecules andfor their Enamelin (ENAM) Mammalia sp. aughton Crater, Canada | North America | Cenozoic Neogene 8 ( qL_utanlan, ARA ol Paterson etal. | 2025
egradation products (CMNFV59632) Devon Island, Early Miocene) MS/MS
Nunavut, Canada’
s High Arctic
Elephantidae:
Palaeoloxodon
recki (fdrg103
13a);
Hippopotamidae:
Archaeopotamus
sp. (KNM-LT
26247);
Hippopotamidae 1,5 (Calabrian,
indet. (KNM-NP Early
64551); Pleistocene); 7,0
Deinotheriidae: (Messinian, Late
Prodeinotherium .~ Miocene); 11-5
hobleyi (KNM-WS T“&g&? E;Z'”' (Tortonian-
Mammalia; 65217); Formation (Area Kenya; Cenozoic; Quaternary; Messinian, Late
Mammalia; Mammutidae: 103); Lothagam Kenya; Cenozoic; Neogene; Miocene); 16
Mammalia; Zygolophodon sp. 'té (Nawata Kenya; Africa: Africa: Cenozoic; Neogene; (Burdigalian,
Mammalia; (KNM-WS s! R Kenya; ORI Cenozoic; Neogene; Early Miocene);
Biomacromolecules and/or their Mammalia; 65653); Formation); Kenya; Africa; Africa, Cenozoic; Neogene; 16 (Burdigalian
351 . Enamelin (ENAM) ) .| Napudet site; ’ Africa; Africa; S ’ 419 ’ LC-MS/MS Green et al. 2025
degradation products Mammalia; Gomphotheriidae: Buluk site: Buluk Kenya; Africa: Africa- Cenozoic; Neogene; Early Miocene);
Mammalia; Gomphotheriidae ite: Bul ,k ite: Kenya; Afi ' Afri ’ Cenozoic; Neogene; 16 (Burdigalian,
Mammalia; indet. (KNM-WS site, Buluk site, . Kenya; rica, Afnca Cenozoic; Neogene; Early Miocene);
. Locherengan site . S
Mammalia; 101824); Locherengan sitez Kenya; Cenozoic; Neogene; 17 (Burdigalian,
Mammalia Rhinocerotidae Loperot site: ’ Kenya Cenozoic Paleogene Early Miocene);
indet. (KNM-LC Topernawi si:[e 17 (Burdigalian,
17680); Early Miocene)
Anthracotheriidae 18 (Burdigalian,
: Brachyodus Early Miocene);
aequatorialis 29 (Rupelian,
(KNM-LC 30762); Oligocene)
Rhinocerotidae:
cf. Chilotheridium
pattersoni (KNM-
LP 30);
Arsinoitheriidae:
IArsinoitherium sp.
(KNM-TP
102134)
. . Stephanorhinus | Dmanisi, Kvemo 1,7 (Quaternary, . .
352 SQOTaadCa'ggo'i‘;‘é'j;:”d’or their Amelotin (AMTN) Mammalia | sp. (Dm.5/157- | Kartiiregion, | Georgia Eurasia Cenozoic | Quatemary Early AA%M?{_“{':S’ Cappellini etal. | 2019
9 P 16635) South Caucasus Pleistocene)
Chuifeng Cave,
. . . . Bubing Basin, 1,9 (Gelasian, .
353 glomacrqmolecules and/or their Amelotin (AMTN) Mammalia Glgaqtoplthecus Guangxi Zhuang China Asia Cenozoic Quaternary Early MSMS; LC- Welker et al. 2019
egradation products blacki (CF-B-16) AUtONOMOUS Pleistocene) MS/MS
Region
Haughton
. . Epiaceratherium Formation, _— .
354 Blomacrqmolecules andor their Amelotin (AMTN) Mammalia sp. Haughton Crater, Canada | North America | Cenozoic Neogene 218 (Aql_utanlan, ARA HPLG; LC- Paterson etal. | 2025
degradation products (CMNFV59632) Devon Island, Early Miocene) MS/MS
Nunavut, Canada’
s High Arctic
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Elephantidae:
Palaeoloxodon
recki (fdrg103
13a);
Hippopotamidae:
Archaeopotamus
sp. (KNM-LT
26247);
Hippopotamidae 1,5 (Calabrian,
indet. (KNM-NP Early
64551); Pleistocene); 7,0
Deinotheriidae: (Messinian, Late
Prodeinotherium | Turkana Basin: Miocene); 11-5
hobleyi (KNM-WS Koobi Fora (Tortonian-
Mammalia; 65217); Formation (Area Kenya; Cenozoic; Quaternary; Messinian, Late
Mammalia; Mammutidae: 103); Lothagam Kenya; Cenozoic; Neogene; Miocene); 16
Mammalia; Zygolophodon sp. | site (Nawata Kenya; Africa: Africa: Cenozoic; Neogene; (Burdigalian,
Mammalia; (KNM-WS Formation); Kenya; .. | Cenozoic; Neogene; Early Miocene);
Biomacromolecules and/or their . Mammalia; 65653); Napudet site; Kenya; Afr!ca, Afr!ca, Cenozoic; Neogene; 16 (Burdigalian
355 d . Amelotin (AMTN) ) . o ’ ’ Africa; Africa; L ’ - ’ LC-MS/MS Green et al. 2025
egradation products Mammalia; Gomphotheriidae: | Buluk site; Buluk Kenya; Africa: Africa: Cenozoic; Neogene; Early Miocene);
Mammalia; Gomphotheriidae | site; Buluk site; Kenya; Africa,' Africa’ Cenozoic; Neogene; 16 (Burdigalian,
Mammalia; indet. (KNM-WS |Locherengan site; | Kenya; ’ Cenozoic; Neogene; Early Miocene);
Mammalia; 101824); Locherengan Kenya; Cenozoic; Neogene; 17 (Burdigalian,
Mammalia Rhinocerotidae siten; Loperot Kenya Cenozoic Paleogene Early Miocene);
indet. (KNM-LC site; Topernawi 17 (Burdigalian,
17680); site Early Miocene)
Anthracotheriidae 18 (Burdigalian,
: Brachyodus Early Miocene);
aequatorialis 29 (Rupelian,
(KNM-LC 30762); Oligocene)
Rhinocerotidae:
cf. Chilotheridium
pattersoni (KNM-
LP 30);
Arsinoitheriidae:
Arsinoitherium sp.
(KNM-TP
102134)
. . Matrix Stephanorhinus | Dmanisi, Kvemo 1,7 (Quaternary, . )
356 5:;0Taadcarggolic;udljcs:tsnd/or their metalloproteinase- Mammalia sp. (Dm.5/157- Kartli region, Georgia Eurasia Cenozoic Quaternary Early Mgp_ﬁgf_l\és Cappellinietal. | 2019
9 P 20 (MMP20) 16635) South Caucasus Pleistocene)
Chuifeng Cave,
. . Matrix . . Bubing Basin, 1,9 (Gelasian, .
357 ?lomacrqmolecules and/or their metalloproteinase- Mammalia Glgan.toplthecus Guangxi Zhuang China Asia Cenozoic Quaternary Early MS/MS; LC- Welker et al. 2019
egradation products 20 (MMP20) blacki (CF-B-16) AUtONOMOUS Pleistocene) MS/MS
Region
. . Matrix . . 1,7 (Calabrian, .
358 glomacrqmolecules and/or their metalloproteinase- Mammalia Hominidae: Homo Dmanisi Georgia Eurasia Cenozoic Quaternary Early ARA RP-HPLC; Welker et al. 2020
egradation products 20 (MMP20) erectus (D4163) Pleistocene) LC-MS/MS
Haughton
Bi lecul Jor thei Matrix Epiaceratherium H For:matlcc:)n,t 21 8 (Aquitani HPLC: LC
359 dlomacrqmo ecules andfor their metalloproteinase- Mammalia sp. aughton Crater, Canada North America Cenozoic Neogene 8 ( qgltanlan, ARA ondl Paterson etal. | 2025
egradation products 20 Devon Island, Early Miocene) MS/MS
(MMP20) (CMNFV59632) N ,
unavut, Canada
s High Arctic
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Elephantidae:
Palaeoloxodon
recki (fdrg103
13a);
Hippopotamidae:
Archaeopotamus
sp. (KNM-LT
26247);
Hippopotamidae 1,5 (Calabrian,
indet. (KNM-NP Early
64551); Pleistocene); 7,0
Deinotheriidae: (Messinian, Late
Prodeinotherium -~ Miocene); 11-5
hobleyi (KNM-WS T“Q;i’;? FB;?”' (Tortonian-
Mammalia; 65217); Formation (Area Kenya; Cenozoic; Quaternary; Messinian, Late
Mammalia; Mammutidae: 103); Lothagam Kenya; Cenozoic; Neogene; Miocene); 16
Mammalia; Zygolophodon sp. .te’ (Nawata Kenya; Africa: Africa: Cenozoic; Neogene; (Burdigalian,
. Mammalia; (KNM-WS s! R Kenya; RPN Cenozoic; Neogene; Early Miocene);
Biomacromolecules and/or their Matrix Mammalia; 65653); Formation); Kenya; Africa; Africa, Cenozoic; Neogene; 16 (Burdigalian
360 . metalloproteinase- ) Napudet site; ’ Africa; Africa; L ’ - ’ LC-MS/MS Green et al. 2025
degradation products 20 (MMP20) Mammalia; Gomphotheriidae: Buluk site: Buluk Kenya; Africa: Africa- Cenozoic; Neogene; Early Miocene);
Mammalia; Gomphotheriidae o TR Kenya; NI Cenozoic; Neogene; 16 (Burdigalian,
) - site; Buluk site; ! Africa; Africa S ! - ’
Mammalia; indet. (KNM-WS Locherengan site; Kenya; Cenozoic; Neogene; Early Miocene);
Mammalia; 101824); Locherengan sitez Kenya; Cenozoic; Neogene; 17 (Burdigalian,
Mammalia Rhinocerotidae Loperot site: ’ Kenya Cenozoic Paleogene Early Miocene);
indet. (KNM-LC Topernawi siie 17 (Burdigalian,
17680); Early Miocene)
Anthracotheriidae 18 (Burdigalian,
: Brachyodus Early Miocene);
aequatorialis 29 (Rupelian,
(KNM-LC 30762); Oligocene)
Rhinocerotidae:
cf. Chilotheridium
pattersoni (KNM-
LP 30);
Arsinoitheriidae:
Arsinoitherium sp.
(KNM-TP
102134)
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Elephantidae:
Palaeoloxodon
recki (fdrg103
13a);
Hippopotamidae:
Archaeopotamus
sp. (KNM-LT
26247);
Hippopotamidae 1,5 (Calabrian,
indet. (KNM-NP Early
64551); Pleistocene); 7,0
Deinotheriidae: (Messinian, Late
Prodeinotherium -~ Miocene); 11-5
hobleyi (KNM-WS T“Q;i’;? FB;?”' (Tortonian-
Mammalia; 65217); Formation (Area Kenya; Cenozoic; Quaternary; Messinian, Late
Mammalia; Mammutidae: 103); Lothagam Kenya; Cenozoic; Neogene; Miocene); 16
Mammalia; Zygolophodon sp. Pt Kenya; . . ae. . | Cenozoic; Neogene; (Burdigalian,
7 site (Nawata ! Africa; Africa; ) ! : .
Mammalia; (KNM-WS Formation): Kenya; Africa- Africa: Cenozoic; Neogene; Early Miocene);
361 Biomacromolecules and/or their COL1A1, COL1AZ2, Mammalia; 65653); Napudet sité' Kenya; Africaf Africaf Cenozoic; Neogene; 16 (Burdigalian, | OM (TLM); EDS Green et al 2025
degradation products COL3A1 Mammalia;  (Gomphotheriidae: | g |k site: Buluk | <€ | Africa: Africa. | C€NOZOIC; Neogene; Early Miocene); SEM '
Mammalia; Gomphotheriidae o TR Kenya; NI Cenozoic; Neogene; 16 (Burdigalian,
) - site; Buluk site; ! Africa; Africa S ! - ’
Mammalia; indet. (KNM-WS Locherengan site; Kenya; Cenozoic; Neogene; Early Miocene);
Mammalia; 101824); Locherengan sitez Kenya; Cenozoic; Neogene; 17 (Burdigalian,
Mammalia Rhinocerotidae Loperot site: ’ Kenya Cenozoic Paleogene Early Miocene);
indet. (KNM-LC Topernawi siie 17 (Burdigalian,
17680); Early Miocene)
Anthracotheriidae 18 (Burdigalian,
: Brachyodus Early Miocene);
aequatorialis 29 (Rupelian,
(KNM-LC 30762); Oligocene)
Rhinocerotidae:
cf. Chilotheridium
pattersoni (KNM-
LP 30);
Arsinoitheriidae:
Arsinoitherium sp.
(KNM-TP
102134)
. . . ) 1,7 (Calabrian, .
362 glomacrqmolecules andfor their COL17a1 Mammalia Hominidae: Homo Dmanisi Georgia Eurasia Cenozoic Quaternary Early OM (TLM); ARA EDS Welker et al. 2020
egradation products erectus (D4163) Pleistocene) SEM
Chuifeng Cave,
. . . . Bubing Basin, 1,9 (Gelasian, .
363 Biomacromolecules and/or their Alpha-2-HS- Mammalia Gigantopithecus Guang>?i Zhuang China Asia Cenozoic Quaternary (Early OM (TLM); ARA EDS Welker et al. 2019
degradation products glycoprotein (AHSG) blacki (CF-B-16) AUtONOMOUS Pleistocene) SEM
Region
Haughton
. . Formation
. . Epiaceratherium ’ . OM (TLM,
364 Blomacrqmolecules andfor their AIpha-?-HS- Mammalia P sp. Haughton Crater, Canada | North America | Cenozoic Neogene 218 (Aqgltanlan, PLM)(; SEM:; ARA EDS; RS Paterson etal. | 2025
degradation products glycoprotein (AHSG) (CMNFV59632) Devon Island, Early Miocene) SEM-BSE
Nunavut, Canada’
s High Arctic
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Korytnica Clays,
Korytnica Basin,
Phycis tenuis gloerg;nr:i(;a'
Biomacromolecules and/or their (ZPAL P.21/C- Korytnica-Fc;rest 14,0 (Langhian, | AFM; TEM,; EBSD; LC-
365 : Alpha-tectorin Fish OTH-07/006, Poland Europe Cenozoic Neogene N ’ y ’ ARA ’ Stolarski et al. | 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
Korytnica Clays,
Korytnica Basin,
Phycis tenuis gf’erg;nr:i(;a'
Biomacromolecules and/or their (ZPAL P.21/C- Ko tnica-Fo,rest 14,0 (Langhian, | AFM; TEM; EBSD; LC-
366 . Beta-tectorin Fish OTH-07/006, vy Poland Europe Cenozoic Neogene T ’ y ’ ARA ’ Stolarski etal. | 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
Korytnica Clays,
Korytnica Basin,
Phycis tenuis foryinica-
Biomacromolecules and/or their (ZPAL P.21/C- Ko tnica-Fc;rest 14,0 (Langhian, | AFM; TEM,; EBSD; LC-
367 . Otogelin Fish OTH-07/006, ry Poland Europe Cenozoic Neogene T ’ y ’ ARA ’ Stolarski etal. | 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| _localities,
southern slopes
of the Holy Cross
Mountains
Korytnica Clays,
Korytnica Basin,
Phycis tenuis glc)rt))/tnlpa-
Biomacromolecules and/or their (ZPAL P.21/C- K te' anllza, t 14,0 (Langhian, | AFM; TEM,; EBSD; LC-
368 . Otolin-1 Fish OTH-07/0086, orytnica-rorest | pyang Europe Cenozoic Neogene = {-anghian, : ' ARA ' Stolarski etal. | 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
Korytnica Clays,
Korytnica Basin,
Phycis tenuis glorgtnlpa-
Biomacromolecules and/or their (ZPAL P.21/C- K te' anII:a, t 14,0 (Langhian, | AFM; TEM,; EBSD; LC-
369 . Neuroserpin Fish OTH-07/006, orytnica-rores Poland Europe Cenozoic Neogene o kang ’ ! ’ ARA ' Stolarski et al. 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
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RecordID | Level of Biostructural Organization | Biomaterial Type Clade Subclade Locality Country Continent Era Period Age/ Epoch (Ma)| Optical Biological | Chemical Main Author Year
Korytnica Clays,
Korytnica Basin,
Phycis tenuis gloerg;nr:i(;a'
Biomacromolecules and/or their Collagenase, type (ZPAL P.21/C- Ko tnica-Fc;rest 14,0 (Langhian, | AFM; TEM,; EBSD; LC-
370 . ’ Fish OTH-07/0086, ry Poland Europe Cenozoic Neogene R ’ ’ ’ ARA ’ Stolarski et al. 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
Korytnica Clays,
Korytnica Basin,
Phycis tenuis gf’erg;nr:ic;a'
Biomacromolecules and/or their (ZPAL P.21/C- Ko tnica-Fo,rest 14,0 (Langhian, | AFM; TEM; EBSD; LC-
371 . Protocadherin FAT4 Fish OTH-07/006, v Poland Europe Cenozoic Neogene T ’ y ’ ARA ’ Stolarski etal. | 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
Korytnica Clays,
Korytnica Basin,
Phycis tenuis foryinica-
Biomacromolecules and/or their (ZPAL P.21/C- Ko tnica-Fc;rest 14,0 (Langhian, | AFM; TEM,; EBSD; LC-
372 . Thrombospondin-1 Fish OTH-07/006, ry Poland Europe Cenozoic Neogene T ’ y ’ ARA ’ Stolarski etal. | 2023
degradation products ZPAL P.21/C- and Mt. Lysa Miocene) FESEM MS/MS
OTH-07/008-027)| __localities,
southern slopes
of the Holy Cross
Mountains
373 Biomacromolecules and/or their Osteonectin Mammalia ax;?:grlizis Willershausen, German Europe Cenozoic Neogene 3,0 (Neogene, OM; SEM; SDS- EDS Schmidt-Schultz, 2021
degradation products Lower Saxony y P 9 Late Pliocene) TEM PAGE; WB Reich & Schultz
(GZG.W.35028)
. . Anancus . :
Biomacromolecules and/or their . . . Willershausen, . 3,0 (Neogene, OM; SEM; SDS- Schmidt-Schultz,
374 degradation products Osteopontin Mammalia arvernensis Lower Saxony Germany Europe Cenozoic Quaternary Late Pliocene) TEM PAGE: WB EDS Reich & Schultz 2021
(GZG.W.35028)
. . Bone Anancus ) ) . .
375 S;OT: dc;ggoligtélsgt:nd/or their morphogenetic Mammalia arvernensis Vggwgsrh;:;::, Germany Europe Cenozoic Neogene iﬁtéNPel%%izzi) OM.l’_ESﬁM’ PA?BEI;'S;NB EDS Séler:ngS%mﬂlttzz 2021
9 P protein 2 (BMP-2) (GZG.W.35028) y '
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Allosaurus (YPM
VP 4944);
Deinonychus
(YPM VP 5220);
Deinonychus
(AMNH 3015);
Troodontidae
(IGM 100/1323);
Troodontidae
(MAE 14-40);
Troodontidae
(AMNH FARB
6631);
Troodontidae
(IGM 100/1003);
Troodontidae
(PFMM-
0014003517);
Troodontidae
(YPM VP PU
023259);
Deinonychus
(AMNH 3015);
Dryosaurus (YPM
VP 7324);
Saurépode (YPM
VP 1907);
Saltasauridae
(STIPB E360);
Titanosauridae
(YPM PU 21158);
Heyannia (NMNS
CYN'285O)A_"DINO' Indet.; Mesozo!c; Jurassic;
Melanos7aurus :nge:.; Mesozo!c; gretaceous;
ndet.; €S0Z0ic; . retaceous;
Dinosauria; (;(‘:D 8|\31\;'P af/,(LaJ Indet.; Mesozoic; C\rJ:tI:cS:(I)%S' Cretaceous;
. 7 ) Indet.; Mesozoic; ’ Cretaceous;
Dinosauria; Telmatornis (YPM ’ L Cretaceous; ’
Dinosauria; VP 902); ave Indet. Mesozoic; Cretaceous; Cretaceous;
DinosauriaZ Enantiorn,ithine Indet.; Mesozo!c; Cretaceous: Cretaceous;
Dinosauria: (IGM 100/1339); Indet.; Mesozo!c; CretaceousZ Cretaceous;
Dinosauria; ave Psammornié ::g:: m:zgzg!gf Cretaceous; g:ztggzguzf
Dinosauria; (ZFMK 23a: Indet.; Indet.; Indet.: Indet.; Indet.; Mesoio:ci Cretaceous; Jurassicu' ’
Dinosauria; l/c/23); Indet.; Indet.; Indet.z Indet.; Indet.; Mesozoicz Cretaceous; Jurassic:
Dinosauria; Pterosauria: Indet.; Indet.; Indet.z Indet.; Indet.; Mesozoic: Cretaceous; Cretaceou,s
Dinosauria; Rhamphorhyncho | Indet.; Indet.; Indet.: Indet.; Indet.; Mesozoici Jurassic; Cretaceousz
Dinosauria; idea (YPM VP Indet.; Indet.; Indet.z Indet.; Indet.; Mesozoicz Jurassic; Cretaceous:
Dinosaur?a; 9150); Indet.; Indet.; Indet.z Indet.; Indet.; Mesozoicf Cretaceous; Cretaceousz
N-, O-, and S- B!nosaur!a: Pterosauria: Indet.: Indet.Z Indet. Indet.Z Indet.: Mesozoic: CretaceousZ Cretaceous:
heterocyclic !nosaur!ai Pteranodon (YI?M Indet.: Indet.: Indet.- Indet.: Indet.j Cenozoic: Cretaceous: Quaternary; _
Biomacromolecules and/or their polymers D!nosaur!a: vP (.)02271.)’ Indet.; Indet.; Indet.; Indet.; Indet.; Mesozoic; Cretaceousz Jurassic; Wiemann,
376 q . . Dinosauria; Plesiossauria Indet.; Indet.; ; Indet.; Indet.; S Cretaceous; . RS Crawford & 2020
egradation products (degradation Avialae: Avialae: | indet. (YPM VP Indet.- Indet - Indet.; Indet.- Indet - Mesozoic; Quaternary: Cretaceous; Briqas
products of proteins, Avllalae-, RV' i ! indet. ( ) n e.: n e.: Indet.; n e.: n e'j Mesozoic; J ry Jurassic; 99
lipids, and sugars) Rwa ge: ept! !az 06.5733),' Indet.: Indet.: Indet.: Indet.: Indet.: Mesozoic: urassic; ' Jurassic:
eptilia; Reptilia; Plesiossauria Indet.; Indet.; Indet - Indet.; Indet.; Mesozoic: Cretaceous; Jurassic-
Reptilia; Reptilia; | indet. (YPM VP Indet.; Indet.; Indet.z Indet.; Indet.; Mesozoic: Jurassic; Jurassicz
Reptilia; Reptilia; 065736); Indet.; Indet.; Indet.z Indet.; Indet.; Mesozoic: Jurassic; Jurassicz
Reptilia; Ichthyosauria: Indet.; Indet.; Indet.: Indet.; Indet.; Mesozoicz Jurassic; Cretaceou,s
Amphibia; Ichthyosaurus Indet.; Indet.; Indet.z Indet.; Indet.; Mesozoic: Jurassic; Jurassic: ’
Amphibia; (YPM VP Indet.; Indet.; Indet.z Indet.; Indet.; Paleozoic,' Jurassic; Permian,'
Lepospondyli; 065735); Indet.; Indet. ” Indet.; Indet. ) Cretaceous; Y
Fish; Fish; Crocodylomorpha Indet. Paleozollc, Jurassic; Perm'af"
S 7. Indet.; Cenozoic; o Cenozoic;
Synapsida; :indet. (YPM VP Indet - Cenozoic: Permian; Cenozoic:
Reptilia; Reptilia; 065732); PN - 7 | Permian; Indet.; T
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. . - . Wickieup, L . . 5,3-2,5 .
377 Blomacrqmolecules and/or their Collagen Mammalia Pliohippus sp.; Arizona: Wellton, | USA: USA North Amerlga, Cenozmg, Neogene; (Pliocene); 23,0- TEM CH Armlta_lge & 1968
degradation products Stenomylus sp. Arizona North America | Cenozoic Neogene 5,3 (Miocene) Solliday
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