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A B ST R A CT 

The origin of Dinosauria is thought to be deeply rooted in the high-latitude southern hemisphere (Gondwana). Nearly 6–10 million years sep-
arates Gondwanan faunas and the oldest known dinosaur occurrence in the northern hemisphere (Laurasia). However, our understanding of 
dinosaur origins is biased by an apparent absence of Carnian-aged (237–227 Mya) Laurasian terrestrial strata. Here we report on UWGM 1975/
UWGM 7549, the oldest known Laurasian dinosaur Ahvaytum bahndooiveche gen. et sp. nov., and UWGM 7407/UWGM 7550, a silesaurid, from 
palaeoequatorial deposits of the lower Popo Agie Formation, Wyoming, USA. High-precision radioisotopic detrital ages [e.g. ≤229.04 ± 0.24 
Mya (2σ)] from the upper Popo Agie Formation constrain an age-depth model that predicts a ~230 Mya age for UWGM 1975, making Laurasia’s 
first unequivocal Carnian-aged sauropodomorph dinosaur comparable in age to the oldest dinosaur faunas of Gondwana. The presence of a 
~230 Mya, low-latitude, early sauropodomorph from the northern hemisphere, along with a silesaurid, challenges the hypothesis of a delayed 
dinosaurian dispersal out of high-latitude Gondwana. These data fill a critical gap in the early record of sauropodomorph dinosaur evolution and 
demonstrate widespread geographic distribution by the mid-late Carnian.
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I N T RO D U CT I O N
The Carnian Epoch of the Late Triassic (237–227 Mya) (Cohen 
et al. 2013) heralded the proliferation of early dinosaurs and 
their closest relatives ( Jones et al. 2013, Langer et al. 2018, Lee 
et al. 2018). At the same time, several prominent Early–Middle 
Triassic clades (e.g. rhynchosaurs, dicynodonts, and stereo-
spondyl amphibians) underwent a significant reduction in taxo-
nomic diversity or became extinct altogether by the earliest 
Norian (Dal Corso et al. 2020). For more than 50 years, the lack 

of Carnian dinosaurs from the northern hemisphere (Laurasia) 
has sharply contrasted with the prevalence of the world’s oldest 
dinosaurs in the southern hemisphere (Gondwana) (Langer et 
al. 2010, Lee et al. 2018, Kent and Clemmensen 2021, Novas et 
al. 2021, Griffin et al. 2022). Currently, the oldest known North 
American dinosaur, Lepidus praecisio Nesbitt and Ezcurra, 2015, 
is found in the lower Dockum Group near the classic Otis Chalk 
quarries of west Texas, USA, with an age no younger than the 
base of the Adamanian holochron (c. 221 Mya) but without 
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older temporal constraints (Nesbitt and Ezcurra 2015, Martz 
and Parker 2017).

Globally, biostratigraphic models and detrital zircon 
ages constrain the oldest dinosaurs to the mid–late Carnian 
(Hyperodapedon Assemblage Zone) of the Candelária Sequence 
in Brazil (c. 233 Mya) (Langer et al. 2018, Schultz et al. 2020), 
lower Ischigualasto Formation, Argentina (c. 230 Mya) (Desojo 
et al. 2020), Pebbly Arkose Formation, Zimbabwe (Griffin et 
al. 2022), and the lower Maleri Formation (Langer et al. 2010, 
Kammerer et al. 2016), India. The lack of Carnian-aged Laurasian 
dinosaurs has been hypothesized to reflect inhospitable envir-
onmental barriers (Dunne et al. 2021, Kent and Clemmensen 
2021, Griffin et al. 2022) that isolated high-latitude faunas until 
conditions improved during the Carnian Pluvial Episode (CPE), 
which is linked with a global increase in humidity lasting ~2 Myr 
(c. 234–232 Mya) (Simms and Ruffell 1989, Dal Corso et al. 
2020, Simms and Drost 2024). Despite increased sampling and 
improved high-resolution radioisotopic dating techniques re-
fining our understanding of the spatiotemporal distribution of 
the earliest dinosaurs and their kin (Irmis et al. 2011, Langer et 
al. 2018, Philipp et al. 2018, Desojo et al. 2020, Rasmussen et al. 
2020, Lovelace et al. 2024), there continues to be an apparent 
dearth of northern hemisphere Carnian-aged dinosaur body-
fossils.

As such, the diachronous rise hypothesis, which suggests 
dinosaur origins as a Gondwanan phenomenon (Irmis et al. 
2011, Lee et al. 2018, Kent and Clemmensen 2021, Griffin et 
al. 2022), has largely relied on an absence of body-fossils in the 
northern hemisphere. Alternatively, the apparent absence of 
Carnian-aged dinosaurs in Laurasia can be explained by a pau-
city of well-studied time-equivalent terrestrial strata, most of 
which lack radioisotopic age control (Lovelace et al. 2024). Only 
a few Laurasian units have yielded faunal assemblages similar to 
those from chronostratigraphically similar Gondwanan strata 
(Fig. 1) (Benton and Walker 2010, Milroy et al. 2019, Zeh et al. 
2021, Lovelace et al. 2024, Tourani et al. 2023, Simms and Drost 
2024). The distribution of Carnian traces (e.g. UWGM 7435) 
across Laurasia attributed to dinosauromorphs (including dino-
saurs) further support the sampling bias explanation. These 
traces demonstrate the presence of Dinosauria well before the 
first temporally constrained northern hemisphere dinosaur 
body-fossils (Bernardi et al. 2018). However, these data should 
not be over extrapolated beyond simply indicating the presence 
of this clade where traces are known.

Here we report the first dinosauromorphs, including a new 
sauropodomorph dinosaur and an indeterminate silesaurid 
along with high-resolution radioisotopic detrital ages from the 
Late Triassic (Carnian) Popo Agie Formation of Wyoming, USA. 
Although often fragmentary, the lower Popo Agie fossil assem-
blage (Fig. 1C) is known to include metoposaurids (Kufner et al. 
2023), hyperodapedontine rhynchosaurs (Fitch et al. 2023), and 
loricatans (Dawley et al. 1979, Nesbitt et al. 2020b). Our findings 
of a novel species of sauropodomorph dinosaur from mid–late 
Carnian deposits in the northern hemisphere demonstrate the 
unambiguous presence of dinosaurs at low latitudes in strata 
chronostratigraphically equivalent to the oldest Gondwanan 
dinosaur faunas. Vertebrate remains are still considered to be 
relatively rare in the Popo Agie Formation (Lovelace et al. 2024), 

with the notable exceptions being two mass death assemblages 
dominated by metoposaurid (Kufner and Lovelace 2018) and 
latiscopid (So et al. 2024) stereospondyls. Although our study 
demonstrates the presence of at least one dinosaur (or more de-
pending on future consensus on the phylogenetic position of 
ornithischians relative to silesaurids), the relative abundance of 
dinosaurs in the Popo Agie fauna is still equivocal. Regardless, 
these new data challenge the diachronous rise hypothesis and 
call into question the impermeability of Pangaean latitudinal 
environmental barriers during the early-mid Carnian. This new 
assemblage is strongly reminiscent of those of dinosaur-bearing, 
high-latitude Gondwanan strata, making it unambiguously the 
oldest such assemblage in the northern hemisphere, and the 
oldest known low-latitude dinosaur globally.

M ET H O D S

CA-ID-TIMS (Chemical Abrasion Isotope Dilution Thermal 
Ionisation Mass Spectrometry) U–Pb detrital zircon analyses
Zircon crystals selected on the basis of previous previously pub-
lished LA-ICP-MS (Laser Ablation Inductively Coupled Mass 
Spectrometry) spot analysis (Lovelace et al. 2024) were removed 
from the epoxy mounts and subjected to a modified version 
of the chemical abrasion method (Mattinson 2005), whereby 
single crystals were partially dissolved in a single step with con-
centrated hydrofluoric acid at 190°C for 12 h. After rinsing and 
ultrasonication, residual crystals were spiked with the ET535 
mixed tracer solution (Condon et al. 2015), fully dissolved in 
concentrated hydrofluoric acid at 220°C for 48 h, dried, and 
re-dissolved in 6M hydrochloric acid at 180°C for 12 h. U and Pb 
were purified by anion exchange chromatography (Krogh 1973), 
eluted together, and loaded on a single zone-refined rhenium 
filament with a mixed silica gel and dilute phosphoric acid solu-
tion for mass spectrometry (Gerstenberger and Haase 1997). 
U–Pb geochronology methods for isotope dilution thermal ion-
ization mass spectrometry (ID-TIMS) following (Macdonald  
et al. 2018).

Pb and U isotope ratios were measured on an IsotopX 
Isoprobe-T thermal ionization mass spectrometer by single col-
lector peak jumping on a Daly conversion dynode ion-counting 
detector (Pb+) or static multicollection on Faraday cups fitted 
with 1012 W resistor amplifiers (UO2

+). U–Pb dates and uncer-
tainties for each analysis were calculated using the algorithms of 
(Schmitz and Schoene 2007), the U decay constants of Jaffey 
et al. ( Jaffey et al. 1971), and the 238U/235U ratio of Hiess et al. 
(Hiess et al. 2012). Propagated uncertainties are based upon 
non-systematic analytical errors, including counting statistics, 
instrumental fractionation, tracer subtraction, and blank sub-
traction. All CA-ID-TIMS data are reported in the Supporting 
Information, Table S1.

Age-modelling
An age model was generated using the R package 
‘modifiedBChron’ to estimate the upper and lower boundaries 
of the Upper Triassic Popo Agie Formation. The basis of the 
model is ‘Bchron’, a Bayesian age-depth model implemented in 
R (Haslett and Parnell 2008). Bchron was originally built to in-
clude radiocarbon analyses; however, it lacked necessary features 
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Figure 1. A palaeogeographic map (A) of Triassic outcrops shows the position of key localities (1 to 9); Chugwater Group, Wyoming, USA 
(inset), local geology surrounding Garrett’s Surprise (star). Chronostratigraphic context of early dinosaur-bearing units (B) shows the relative 
stratigraphic positions for first occurrences of dinosaurian body and trace fossils tied to a generalized stratigraphic section (C) of the upper 
Chugwater Group [after Lovelace et al. (2024)]. The shaded box highlights the stratigraphic position of UWGM 1975 and UWGM 7407 
within the Popo Agie Formation. Localities: 1, Argentina; 2, Brazil; 3, Zimbabwe; 4, India; 5, Germany; 6, Britain; 7, Morocco; 8, Texas, USA 
(Dockum Group); 9, south-western USA (Chinle/Moenkopi formations); 10, Wyoming, USA (Chugwater Group). Silhouettes (not to scale) 
on outcrop demonstrate faunal distribution within the Popo Agie and Jelm formations. At, Atreipus sp.; At–Gr, Atreipus–Grallator plexus; An, 
Anaschisma browni; Be, Beesiiwo cooowuse; Bu, Buettnererpeton bakeri; Br, Brachychirotherium sp.; Eu, Eubrachiosaurus browni; He, Heptasuchus 
clarki; Pa, Parasuchus bransoni; Po, Poposaurus gracilis; Ni, Ninumbeehan dookoodukah. Artist credits for silhouettes from Phylopic.org and 
abbreviated formation names provided in the Supporting Information, Text S1. Previously published dinosaur-bearing localities recovered 
from PBDB (PaleobioDB.org; accessed Feb, 2024; Supporting Information, Data S1).
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