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RÉSUMÉ
L’étude de la distribution passée des espèces terrestres a joué un rôle historique en géologie
dans la datation de l’assemblage et du démantèlement de masses continentales – élément
clé de la validation de la tectonique des plaques. Néanmoins, de nombreuses découvertes
récentes en paléontologie et paléogéographie ont montré que la chronologie de connexion
entre terres émergées échoue souvent à expliquer la dispersion de nombreuses espèces, dont
certaines parmi les plus iconiques : primates, rongeurs, ou ongulés.
Mon projet de recherche s’inscrit dans une approche long-terme intégrée à la biogéographie qui considère la connectivité des écosystèmes au-delà de la position des masses continentales et de la continuité des terres émergées. J’investigue les mécanismes de ces dispersions à la chronologie singulière à travers la notion de corridor de dispersion, ceinture géographique aux conditions environnementales similaires qui permettent le déplacement sélectionné d’espèces terrestres partageant certains attributs (diète, locomotion, morphologie).
L’accumulation de données paléontologiques et paléoclimatiques, dans un cadre paléogéographique toujours plus avancé, nous permet aujourd’hui de tester si ces dispersions sont associées à l’ouverture et fermetures de corridors de dispersions. Mon travail vise à tester cette
idée pour plusieurs dispersions clés : reconstruire leur itinéraire et chronologie, leurs environnements associés, puis mettre en lumière les mécanismes conduisant à l’ouverture puis
fermeture de ces corridors. Spécifiquement, (1) je développe de nouveaux outils géochimiques et sédimentaires pour la reconstruction paléogéographique et paléoenvironnementale
des archives sédimentaires continentales ; (2) j’applique ces outils sur des archives sédimentaires synchrones le long de corridor de dispersions, puis (3) j’interprète ces reconstructions
dans un cadre multidisciplinaire et régional avec paléontologues, paléogéographes et modélisateurs du climat, pour comprendre la dynamique de ces corridors.
Pour ce faire, j’utilise une combinaison d’approches de terrain et de géochimie qui sont
détaillées dans le chapitre 3. Mes compétences techniques couvrent trois grandes disciplines
appliquées à l’étude des archives sédimentaires continentales : sédimentologie (pour reconstruire qualitativement les environnements de dépôt), géochronologie (pour les dater et
étudier leur provenance), et géochimie isotopique (pour en extraire des informations paléoenvironnementales quantitatives). J’utilise particulièrement deux types d’approche : l’étude de
la morphologie et de la géochimie isotopique (stable et clumped) des paléosols, fréquents
dans le domaine continental, et la datation U-Pb de minéraux accessoires pour la datation de
roches volcaniques et l’analyse de la provenance des grès anciens. Mon travail s’est jusqu’à
présent focalisé sur la reconstruction des environnements et paysages de l’Asie au cours
du Paléogène, une période clé de l’histoire des vertébrés (avec l’émergence de la plupart
des familles de mammifères modernes), du climat (marqué par la transition greenhouse à
icehouse) et de la géographie (rythmée par la collision indo-asiatique). Mes projets sont
résumés dans le chapitre 4 et sont divisés en trois grands axes :
• L’étude de l’histoire précoce des moussons asiatiques. L’évolution de la mousson est
intimement liée au développement de la topographie himalayo-tibétaine et contrôle la
distribution des écosystèmes le long de la marge néotethysienne. Mon travail dans
les bassins sédimentaires de deux régions distinctes, au sud (Birmanie) et nord (Chine
centrale) du Tibet, a montré l’existence précoce de moussons dès l’Eocène. En étudiant les paléosols, la flore, et le bois fossile de Birmanie, j’ai pu montrer un régime de
précipitation similaire à la mousson moderne dès l’Eocène moyen tardif, travail que
j’étends maintenant vers des temps plus récents (Oligocène et Miocène) avec mes étudiants. Au Tibet, notre travail s’est focalisé sur l’étude des paléosols et la provenance
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des poussières éocènes et oligocènes ; il a montré la similarité de la dynamique atmosphérique du Paléogène avec la dynamique moderne, et une désertification marquée
au cours de la chute dans l’icehouse oligocène. En collaboration avec mes collègues
modélisateurs du climat, nous avons proposé un régime de proto-mousson précédent
la surrection himalayenne et contrôlé par les contrastes latitudinaux de température.
Ce régime, plus dynamique que l’actuel, était vraisemblablement très impacté par les
variations de pCO2 atmosphérique.
• La reconstruction de la paléogéographie de l’Asie du Sud. Pour mieux contraindre le cadre géographique de nos investigations sur la mousson, nous avons étudié
l’évolution de la topographie régionale et de la position des masses continentales au
cours la collision indo-asiatique. Nos travaux sur la provenance des bassins de Birmanie centrale et la paléo-latitude du microcontinent birman privilégient les modèles
transtéthysiens pour la collision indo-asiatique, et placent la Birmanie le long d’un
arc volcanique océanique au cours du Crétacé, accrété à l’Inde au Paléocène, puis à
l’Asie à l’Eocène moyen. Ces travaux mettent en lumière une histoire complexe de
connectivité physique entre les différentes masses continentales asiatiques au cours
du Paléogène. Toujours en collaboration avec mes collègues modélisateurs du climat,
nous avons montré que la topographie tibétaine est vraisemblablement postérieure à
l’Eocène en réinterprétant les données paléoaltimétriques isotopiques régionales combinées à de nouvelles modélisations climatiques.
• L’étude de la biogéographie de l’Anatolie au cours de l’Eocène. Ce projet développe
les méthodes et thématiques des deux projets précédents en Turquie, en étudiant les
conditions paléoenvironnementales et paléogéographiques qui favorisèrent la dispersion d’espèces spécifiques (primates, rongeurs) le long de la marge néotethysienne au
cours de l’Eocène. En collaboration avec des paléontologues, mes étudiants et moi
avons montré l’existence d’un endémisme prononcé en Anatolie pour une grande partie de l’Eocène, contrôlé par la chronologie des accrétions continentales le long de la
marge néotethysienne.
Le chapitre 5 décrit les directions futures de ma recherche. Je compte tout d’abord contribuer au développement d’outils paléoenvironnementaux en me focalisant sur la reconstruction de l’intensité des pluies passées, donnée fondamentale en paléoclimat difficile à estimer quantitativement. Mon premier projet consiste à développer une calibration multidisciplinaire d’approches communes (composition isotopique des carbonates, des biomarqueurs,
assemblages polliniques) et moins communes (isotopie clumped et triple oxygène sur carbonates, phytolithes) le long d’un gradient de précipitation aux basses latitudes. Mon deuxième
chantier est triple : appliquer ces nouvelles approches à la reconstruction de l’évolution des
paléoenvironnements et de la paléogéographie de la marge néotethysienne afin d’étudier
trois grands dispersions régionales : la dispersion des primates anthropoïdes et rongeurs
hystricognathes au cours de l’Eocène moyen, la dispersion des ongulés et rongeurs asiatiques à l’origine de la Grande Coupure en Europe, et la dispersion des faunes terrestres hors
de l’Inde au cours et à la suite de la collision indo-asiatique. Ce chantier capitalise sur mes
travaux de terrain existants, toute en les étendant vers de nouvelles zones géographiques
(Iran), de nouveaux outils et nouvelles fenêtres temporelles. Sa finalité est d’éclaircir les mécanismes d’évolution des corridors de dispersion pour ces trois événements afin d’apporter
de nouvelles clés interprétatives à la paléo-biogéographie.
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INTRODUCTION

Assessing the complexities of environmental and geographic changes governing the distribution of species –the aim of biogeography– is a multidisciplinary task, impossible to address in
a purely experimental fashion. Biogeography in deep time is fed by ecological modeling, paleontological findings (and from phylogenetics since the 1990’s), paleogeographic reconstructions and paleoenvironmental data; the discipline has been historically led by enlightened
biologists with a strong geological background. For decades, the biogeographer community
has been split into two camps: ‘vicariance’ biogeographers, arguing that the modern fauna
distribution is mainly controlled by the separation of species by physical processes (mountain uplift, continental drift, sea level change; Wallace, 1880; Nelson and Platnick, 1981), and
dispersalists, arguing for discrete faunal dispersal events as the main control on modern biogeography (Simpson, 1978). Biogeography has been largely constrained by the notion that
only processes of vicariance offer testable patterns and refutable hypotheses, dispersal being
a random process essentially adding noise to a vicariant system (Cowie and Holland, 2006).
Dispersals have garnered increasing attention because of the ecological and economic damage caused by invasive species today in response to climatic stress (Mooney and Cleland,
2001; Leung et al., 2002; Clavero and García-Berthou, 2005; Hellmann et al., 2008). Dispersals are today so common that they have become the defining biogeographic mechanism of
the Anthropocene (Capinha et al., 2015). Recent paleontological findings and reviews have
shown that many fundamental features of the modern distribution of terrestrial species could
be explained by a handful amount of discrete dispersal events (Popp et al., 2011; Pyron, 2014;
Rolland et al., 2015; Beard, 2016; Marivaux et al., 2020; Münch et al., 2020). These findings
challenge the primacy of vicariance in shaping species distribution and shake the very foundation of biogeography. Yet, the underlying mechanisms or general principles governing
these dispersals remain nebulous, with many instances of discrete inter-continental dispersals defying the chronology of land bridge formation —leading critics to ridicule advocates
of dispersal as calling for “miracles” (De Queiroz, 2005).
Climate modeling studies have shown how changing geographies and atmospheric CO2
in deep time could have opened and closed dispersal corridors – belts with similar environmental conditions along which the dispersal of selected taxa can occur depending on
their biological attributes and evolutionary development (diet, locomotion, body-size; Wiens
and Donoghue, 2004; Klaus et al., 2016), either for transoceanic (Ali and Huber, 2010), or
terrestrial dispersals (Hamon et al., 2012; Barbolini et al., 2020). Determining the past existence and extent of these dispersal corridors provides us with potential mechanisms to
explain (1) inconsistencies between timing of land-bridge formation and dispersal and (2)
different chronologies of dispersal for different taxa. Yet, except for a few seminal studies
led by paleobotanists (e.g. Wolfe, 1994; Morley, 2018), the past geographical extent of terrestrial ecosystems such as deserts, alpine forests, rainforests, or grasslands remains poorly
documented and rarely considered in biogeography. With the expanding array of geochemical and paleobotanical approaches allowing the precise documentation of past ecosystems,
in conjunction with the development of kinematically constrained paleogeographic models (e.g. Barrier et al., 2018), it has become theoretically feasible to study the mechanisms
of these past dispersals by comparing paleontological, paleoenvironmental, and paleogeographic data. I was hired in 2019 by the CNRS to develop such an approach, with a project
entitled “A new look on terrestrial biogeography in deep time: Integrating topography and
climate to paleogeography to investigate species distribution in the geologic record”. The
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goal of this project is to test the existence of dispersal corridors for several key mammalian
dispersal events of the Cenozoic (the dispersal of Archaic perissodactyls, anthropoid primates, and modern ungulates), as a first step to develop a science of dispersal mechanisms
integrated to biogeography. I build on and expand this project for my Habilitation à Diriger
des Recherches.
The nature of this project is multidisciplinary – a requirement while working in biogeography. I have been immersed in biogeography and multi-disciplinarity since my PhD, focused
on the paleoenvironmental and paleogeographical context of the anthropoid primates of
Myanmar. As a sedimentary geologist, I decipher terrestrial sedimentary archives to reconstruct past climates and landscapes, while relying on biologists and paleontologists to complete my expertise in biogeography; this is unusual in a discipline commonly dominated by
biologists, and gives me the opportunity to bring a new eye to the field. Since my PhD, my
work has consisted in (1) developing new sedimentological and geochemical approaches to
extract meaningful paleoenvironmental and paleogeographic data from sedimentary successions; (2) applying these approaches to sedimentary archives of interest (fossil sites of importance, extreme climatic and biotic events); (3) interpreting these data in a multi-disciplinary
context, in collaboration with paleontologists, paleogeographers, and climate modelers.
Chapter 2 provides my detailed CV, synthesizing my experience in research, teaching, and
advising. In chapter 3, I describe the range of expertise I have acquired over the last ten
years in sedimentary geology and geochemistry and how I contributed to methodological
development in these fields. In chapter 4, I describe how I applied this expertise to the
reconstruction of Cenozoic paleogeography and paleoenvironments of Eurasia. Finally, I
detail the orientation of my future research in chapter 5.

2
2.1

C U R R I C U L U M V I TA E
education and employment

• since October 2020: CNRS research scientist (Chargé de recherche classe normale)
hosted at Centre de Recherche et d’Enseignement de Géosciences de l’Environnement
(CEREGE, Aix-en-Provence, France), team "Climat". Hired in CNRS section 18, "Terre
et planètes telluriques : structure, histoire, modèles".
• 2016-2020: Assistant Professor in the Department of Earth and Space Sciences (ESS) at
the University of Washington (UW, Seattle, USA). Chair of paleobiology.
• 2015-2016: Marie Curie postdoctoral fellow, at the Institut für Erd und Umweltwissenschaften
(Potsdam Universität, Germany). Research work on Asian paleoclimate, under the supervision of Manfred Strecker and Guillaume Dupont-Nivet.
• 2015 (first half): Postdoctoral position at the Biodiversity Institute, University of Kansas
(Lawrence, USA). Research work on Anatolian biogeography under the supervision of
K. Christopher Beard.
• 2014: Postdoctoral position at the Department of Geosciences, University of Arizona
(Tucson, USA), funded by the Fyssen Foundation. Research work on Eocene paleoclimatic and paleoaltimetric reconstructions under the supervision of Jay Quade and Paul
Kapp.
• 2010-2013: PhD student at the Institut de Paléontologie Humaine : Evolution et Paléoenvironnements (IPHEP, Poitiers, France) and Centre de Recherches Pétrographiques et
Géochimiques (CRPG, Nancy, France). PhD Thesis entitled "Paleodrainage, paleoenvironments and paleoclimate of the Burmese Eocene series: implications on the origin
and the early evolution of Asian anthropoids", under the supervision of Jean-Jacques
Jaeger (IPHEP) and Christian France-Lanord (CRPG).
• 2005-2010: Civil Engineering degree at the Ecole Polytechnique (Palaiseau, France).
Specialization at the Ecole Nationale Supérieure des Mines de Paris (ENSMP, Paris,
France), majored in Geosciences. Internship in geomagnetism and paleomagnetism at
the Institute Physique du Globe de Paris (IPGP) under the supervision of Yves Gallet and Gauthier Hulot. Two applied internships in sedimentary geology with Total
SA (Canada, under the Supervision of Patrice Imbert and Geoffray Musial) and Areva
BU Mines (Mongolia, under the supervision of Grégoire André). 2003-2005: Scientific
preparatory classes at Lycée Henri IV (Paris, France). Specialization in Mathematics
and Physics.

2.2

awards, grants, and fellowships

Awards
• Van Straelen award of the Société Géologique de France (2014). Best PhD on Surface
Geology in 2013.
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• First prize of the “Géophiles” competition (2000). National competition of Geography
and Earth Sciences (highschool level).
Research Grants and fellowships
• Appel à Projet Interne CEREGE (APIC) award (2021). 13.5 k€ to set-up a heavy mineral extraction line at CEREGE.
• ANR-Tremplin (ANR-T) award (2020-2022). 120 k€ to study Eocene primate biogeography.
• Royalty Research Fund (RRF) fellowship (2018-2019). 35 k$ to study the uplift history
of the Cascade Mountain Range.
• European Union Marie Curie Postdoctoral fellowship (2015-2016). 2-years Postdoctoral fellowship (shortened to one year after moving to the USA).
• Alexander von Humboldt Postdoctoral fellowship (2015). 2-year Postdoctoral fellowship –granted but declined because non cumulative with a Marie Curie postdoctoral
fellowship.
• Fyssen Foundation Postdoctoral fellowship (2014). 1-year Postdoctoral fellowship.
• AMX PhD fellowship (2010-2013). 3-year PhD fellowship from the Ecole polytechnique.

2.3

advising

Postdoctoral Researcher
• 2021-2022. Mustafa Kaya: Postdoctoral researcher at CEREGE, hired in February 2021
(advising: 100%). Research work focusing on the Eocene-Oligocene Transition in Southern France and in Turkey (magnetostratigraphic dating and stable isotope geochemistry).
PhD students
• 2018-2022. Hope Sisley: PhD student at the University of Washington, co-advised by
Julian Sachs (80%) and me (20%). Research work focusing on the paleoaltimetry of
the Cascade mountain Range in the Pacific Northwest via the isotopic analysis of leaf
waxes.
• 2017-2020. Jan Westerweel: PhD student at the University of Rennes (France); coadvised by Pierrick Roperch (40%), Guillaume Dupont-Nivet (40%) and me (20%).
Research work focusing on the paleogeography of Myanmar since the early Cretaceous. Tools including Paleomagnetism, U-Pb geochronology and fission-track thermochronology, and basin analysis.
• 2017-2020. Li Sen: PhD student at The China University of Geoscience - Wuhan
(China), advised by Hongtao Zhu. 100% advising during a one-year stay in my lab
(2019) at the University of Washington in the framework of a Chinese Research Council fellowship. Research work focusing on the Paleogene basin history of the Bohai Bay.
Tools including clumped isotopes and carbonate U-Pb dating.

• 2016-2021. Megan Mueller: PhD student at the University of Washington (USA); coadvised by Kate Huntington (20%) and me (80%). Research work focusing on the
successive continental collisions in central Anatolia, to refine our understanding of the
geodynamics of subduction zones and reconstruct the paleogeography of Turkey. Tools
including U-Pb geochronology for sedimentary provenance and dating, sandstone petrography, clastic sedimentology, and basin analysis.
In addition to the PhD students mentioned above, I have been in the PhD committee of the
following students at the University of Washington:
• Paige Wilson (advised by Caroline Strömberg; research work on K-Pg flora in Montana)
• Brody Hovatter (advised by Greg Wilson; research work on K-Pg fauna in Montana)
• Erin Williamson (advised by Ben Fitzhugh; research work on archeological pottery
tracking in Japan)
• Mikhail Echavarri (advised by Peter Lape; research work on archeological pottery tracking in the Philippines)
• Alex Lowe (advised by Caroline Strömberg; research work on Miocene flora in the
Pacific Northwest)
• Julia Kelson (advised by Kate Huntington; research work on clumped isotopes on
pedogenic carbonates)
• Erik Goosmann (advised by Roger Buick; research work on Precambrian aeolian systems)
• Susannah Morey (advised by Kate Huntington; research work on river flood sediment
tracking and modeling in the Himalayas)
• Mike Turzewski (advised by Kate Huntington; research work on river flood sediment
tracking in the Himalayas)
Master students
• 2019. Nicolas Gentis: Master student at the Muséum National d’Histoire Naturelle
(France); co-advised with Anaïs Boura (50%). M2 research work focusing on middle
Miocene fossil wood specimens from central Myanmar to reconstruct past monsoonal
ecosystems.
• 2018. Johanna Harlé: Master student at the Ecole Nationale Supérieure de Paris
(France); 100% advising during a 6-months M2 research internship at the University
of Washington. Research work focusing on the stable isotopic composition of modern
and fossil pedogenic carbonate in Myanmar to reconstruct the past monsoonal hydrological cycle.
• 2017-2019. Virginia Littell: Master student at the University of Washington; 100% advising. Research work focusing on the stable isotopic composition of modern and fossil
bivalves and gastropods in Myanmar to reconstruct the past monsoonal hydrological
cycle.
In addition to the Master students mentioned above, I hired and mentored two lab technicians (Master level) at the University of Washington, that I managed on a daily to weekly
basis:
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• 2020. Shelly Bergel: Lab technician at UW stable isotope lab (IsoLab), co-advised
by Andrew Schauer (25%) and me (75%). Work focusing on sample preparation and
analysis in clumped isotope geochemistry.
• 2017-2021. Tamas Ugrai: Lab technician at UW LA-ICP-MS lab (TraceLab), co-advised
by Alex Gagnon (80%) and me (20%). Work focusing on ICP-mass spectrometer maintenance and routine work.
Undergraduate students (University of Washington)
• 2019-2020. Ashika Capirala: Research work on modern soils and paleosols from Myanmar using Hydrus (soil fluxes modeling software), to reconstruct pedogenic carbonate
growth dynamics.
• 2019-2020. Anjali Manoj: Research work on fossil leaves from the Bison Basin of
Wyoming, to reconstruct Paleocene paleoenvironments (in collaboration with Alex
Lowe).
• 2019-2020. Brenden Britt: Research work on the uplift history of the Washington
Cascades using sedimentary provenance trackers on geological units on both sides of
the mountain range.
• 2019-2020. Derek Pierce: Research work on intrusives from Southwest Montana in order to reconstruct the uplift and exhumation history of the North American Cordillera,
using zircon and apatite geochronology.
• 2018-2020. Ian Spendlove: Research work on the Paleocene climate of North America,
using stable isotopes and sedimentology on sedimentary rocks from the Bison Basin,
Wyoming.
• 2018-2020. Chris Beard: Research work on sedimentary rocks from Southwest Montana in order to reconstruct the uplift history of the North American Cordillera, using
zircon geochronology and sandstone petrography. Now PhD student in Earth Sciences
at Montana State University (USA).
• 2018-2020. Jon Rowe: Research work on the isotopic composition of modern soils
and leaves from the Cascade Range, in order to understand the evolution of rainfall
and leaf waxes isotopes through orographic barriers, and apply it to paleoaltimetric
reconstructions.
• 2018-2019. Gui Aksit: Research work on Cretaceous sedimentary rocks from the
Sakarya Basin, Turkey in order to reconstruct the history of terrane collisions and deformation, using zircon geochronology and sandstone petrography. Now PhD student
in Earth Sciences at the University of Oregon (USA).
• 2018-2019. Aida Amirah Rusman: Research work on fluvial sedimentary rocks from
Myanmar in order to reconstruct the history of river drainage during the Neogene,
using zircon geochronology and sandstone petrography.
• 2018-2019. Stokke Xu: Research work on Miocene sedimentary rocks from Myanmar
in order to reconstruct the paleoenvironments of the first grasslands of South Asia,
using stable isotopes and phytolith analysis (co-advised with Caroline Strömberg).
• 2018. Christopher Remilly: Research work on fossil shells and gastropods from Myanmar, studying their preservation via SEM and cathodoluminescence microscopy.

• 2017-2020. Samuel Shekut: Research work on the uplift of the Olympic Mountains,
Washington, via zircon geochronology. Now PhD student in Earth Sciences at the
University of British Columbia (Canada).
• 2017-2018. Kyle Lowery: Research work on the sedimentary provenance of clastic
rocks in the Koaceli Basin, northern Turkey, via zircon geochronology.
• 2017-2018. Diana Park: Research work on the uplift of the Indo-Burman Ranges in
Myanmar, via zircon geochronology.
• 2017-2018. Dominic Jones: Research work on the climatic evolution of Myanmar using
various stable isotope proxies on organic matter.
• 2017-2018. Mara Page: Research work on reconstructing the past summer temperatures of NE Tibet using clumped isotopes. Now PhD student in Earth Sciences at the
University of Michigan (USA).
• 2017-2018. Andrea Hatsukami: Research work on fossil mollusks from the SinopBoyabat Region of Turkey, to reconstruct past depositional environments (co-advised
with Liz Nesbitt).
• 2017. Lauren Burch: Research work on drainage evolution of the Saricakaya Basin,
Turkey, via zircon geochronology.
• 2017. Kevin Jackson: Research work on the phytolith record of NE Tibet to reconstruct
regional paleoenvironments (co-advised with Caroline Strömberg).
Mentoring in the field
In addition to the advisees mentioned above, I have acted multiple times as field mentor
and advisor for graduate students sent to do fieldwork without their advisors (in Myanmar,
Turkey, China, USA). They include:
• 2019-2020. Daniel Perez-Pinedo: Master student at the University of Amsterdam (the
Netherlands); advised by Carina Hoorn. Research work focusing on Eocene pollen
assemblages of central Myanmar across the Eocene-Oligocene Transition.
• 2017-2021. Huasheng Huang: PhD student at the University of Amsterdam (the
Netherlands); advised by Carina Hoorn. Research work focusing on Eocene pollen
assemblages of central Myanmar.
• 2016-2021. Clay Campbell: PhD student at the University of Kansas (USA); advised by
Mike Taylor. Research work focusing on basin evolution in central Anatolia, Turkey, to
refine our understanding of the geodynamics of subduction zones and reconstruct the
paleogeography of Turkey. Tools including U-Pb and Hf geochronology for sedimentary provenance and dating, and basin analysis.
• 2016-2021. Hnin Hnin Swe and Myat Kay Thi: PhD students at the University of Yangon (Myanmar); advised by Day Wa Aung. Research work focusing on basin evolution
in central Myanmar. Tools including U-Pb geochronology for sedimentary provenance
and dating, sandstone petrography, clastic sedimentology, and basin analysis.
• 2015-2020. Niels Meijer: PhD student at the University of Potsdam (Germany); advised by Guillaume Dupont-Nivet. Research work focusing on the Eocene paleoclimatic evolution of the Xining Basin, NE Tibet. Tools including magnetostratigraphy,
sedimentology, grain-size and stable isotopic analysis.
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• 2014. Marie de Los Santos: Master student at the University of Arizona (USA); advised
by Jay Quade. Research work focusing on the history of Paleogene Laramide basins
in New Mexico. Tools including U-Pb geochronology for sedimentary provenance and
dating, stable isotopes on carbonates, clastic sedimentology, and basin analysis.

2.4

teaching

Courses taught at the University of Washington (2016-2020)
• Evolution of the Earth: Spring quarter 2019 (200-level course).
• Stratigraphy: Winter quarter 2017 and 2018 (400-level course).
• Sedimentary Geology and Depositional environments: Spring quarter 2017 and 2018
(400-level course).
• Summer Field School: Summer quarter 2017, 2018, and 2019 (400-level course).
• Seminar in Paleobiology: Winter quarter 2018 and 2019 (graduate level seminar).
• Seminar on the Carbon Cycle in deep time: winter quarter 2020 (graduate level seminar).
In addition to the courses mentioned above, I held a weekly lab meeting with my students
during four years, 2016-2020.
Before 2016
• Teaching Assistant (2010-2013). Teaching (undergraduate and graduate level) in Paleoclimatology, Regional Geology of France, Earth Surface Dynamics and Cartography at
the University of Poitiers (France).
• Trainer in Communication (2008-2011). Evening and week-end courses in communication skills through improvisation theater for Scène-Expériences (Paris, France).
• Oral Examiner in scientific preparatory classes (2008-2009). Weekly oral examiner in
Mathematics at Lycée Lakanal (Bourg-la-Reine, France).
• Learning support teacher for students in scientific preparatory classes (2007). Weeklong courses in Mathematics for Study-Up (Paris, France).

2.5

professional offices and services

Current duties
• Manager of the Myanmar Paleoclimate and Geodynamics Research Group (since 2016).
Various duties including: managing a team of >15 international scientists and graduate
students, organizing field trips and outreach activities in Myanmar, managing scientific
collaboration with Burmese authorities and academics, updating the team’s website
(https://myapgr.blog/).

Duties at the university of Washington (2016-2020)
• Co-manager of the TraceLab. The lab included two inductively coupled plasma (ICP)
mass spectrometers and one laser acquired in Summer 2016 and was designed to provide trace element compositional and isotopic analyses of a broad range of material.
Duties included: managing machine use and maintenance, managing and mentoring
one full time technician, designing a cost-center budget, controlling data quality.
• Co-manager of ESS rock preparation labs. Various duties including: managing machine use and maintenance, user training, designing the rock prep website and writing tutorials (http://rockprep.ess.washington.edu/), controlling the cleaning and the
safety of the rooms.
• Department colloquium organizer (Winter and Spring 2018).
• Member of the Graduate admission committee (2017), member of the Diversity Equity and Inclusion committee (2019-2020).
Organisation of conferences
• Organisation committee member of the 2020 American Quaternary Association conference
meeting, Seattle (USA, June 2020).
• Co-convener of the 2016, 2017, 2018, and 2019 scientific sessions on the Asian Monsoons at the European Geosciences Union conference meeting in Vienna (Austria).
• Co-convener of the 2018 scientific session on the Irrawaddy River at the American Geophysical Union conference meeting in Washington DC (USA).
• Main convener of the 2017 scientific session on Cenozoic paleoclimates and Ecosystem
at the Geological Society of America conference meeting in Seattle (USA).
• Organisation committee member of the 2016 Basin Geology symposium of the Turkish
association of Sedimentology, Eskisehir (Turkey).
Other academic activities
• Reviewer for peer-reviewed journals including Nature, Science, Nature Communications,
GSA Bulletin, Earth and Planetary Science Letters, Geology, Tectonics, Journal of Asian Earth
Sciences, Geophysical Research Letters, Geochemistry Geophysics Geosystems, Palaeogeography
Palaeoclimatology Palaeoecology, Climate of the Past.
• Reviewer for funding agencies and institutes: CNRS-INSU (France), Société Géologique
de France (France), DFG (Germany), NSF (USA), RRF (USA), SNF (Switzerland).
• Coeditor of special volume Reaching New Heights: Recent Progress in Paleotopography for
the journal Frontiers in Earth Science (2020-2021).

2.6

invited talks

• Monsoon Geoseminar, online weekly series of seminars on monsoons (January 2021).
• University of Aix-Marseille, CEREGE, France (December 2020).
• GeoMyanmar Conference, Yangon, Myanmar (January 2020).
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• AGU Fall meeting, San Francisco, USA (December 2019).
• University of Lausanne, Switzerland (October 2019).
• GSA PENROSE workshop CLAST, Juneau, Alaska, USA (August 2019).
• Western Washington University, Bellingham, USA (February 2019).
• University of Aix-Marseille, CEREGE, France (September 2018).
• Lousiana State University, Baton Rouge, USA (March 2018).
• University of Lyon, France (December 2017).
• University of Yangon, Myanmar (December 2016).
• University of East Yangon, Myanmar (December 2016).
• Biodiversität und Klima Forschungszentrum (Bik-F), Frankfurt, Germany (February
2016).
• Universität Frankfurt, Germany (January 2016).
• Geoforschungszentrum (GFZ), Potsdam, Germany (November 2015).
• University of Washington, Seattle, USA (April 2015)
• NSF Seminar the Colonization of Africa by Early Anthropoid Primates, Santa Fe, USA
(March 2015).
• University of Arizona, Tucson, USA (December 2014)
• University of Kansas, Lawrence, USA (September 2014)
• University of Washington, Seattle, USA (July 2014)
• Muséum National d’Histoire Naturelle, Paris, France (June 2014)
• Université de Rennes, France (June 2014)
• Laboratoire des Sciences du Climat et de L’environnement, Saclay, France (June 2014)
• Institut de Physique du Globe de Paris, France (May 2014)
• Université de Grenoble, France (May 2014)
• Utrecht Universiteit, The Netherlands (November 2013)

2.7

publications

*indicates students and staff I co-advise(d).

+ indicates

students I mentored in the field.

in review or revision
• A. Licht, J. Kelson, S. Bergel*, A. Schauer, S.V. Petersen, A. Capirala*, K.W Huntington,
G. Dupont-Nivet, Zaw Win, and Day Wa Aung. Dynamics of pedogenic carbonate
growth in the monsoonal tropical domain. Geochemistry, Geophysics, Geosystems.
• D. Tardif, A. Toumoulin, F. Fluteau, Y. Donnadieu, G. Le Hir, N. Barbolini, A. Licht, J-B.
Ladant, P. Sepulchre, N. Viovy, C. Hoorn, and G. Dupont-Nivet. Orbital variations as
a major driver of climate and biome distribution during late Eocene to early Oligocene
times. Science Advances.
• P.C. Bandopadhyay, D.J.J. van Hinsbergen, D. Bandyopadhyay, A. Licht, E.L. Advokaat,
A. Plunder, B. Ghosh, A. Dasgupta, and J. Trabucho-Alexandre. Paleogeography of
the West Burma Block and the eastern Neotethys Ocean: constraints from Cenozoic
sediments shed onto the Andaman-Nicobar ophiolites. Gondwana Research.
• A.-C. Sarr, Y. Donnadieu, C.T. Bolton, J.-B. Ladant, A. Licht, F. Fluteau, M. Laugié, D.
Tardif, and G. Dupont-Nivet. Reconciling South Asian Monsoon Rainfall and Wind
Histories. Nature Geoscience.
• A. Toumoulin, D. Tardif, Y. Donnadieu, A. Licht, J.-B. Ladant, L. Kunzmann, and
G. Dupont-Nivet. Evolution of continental temperature seasonality from the Eocene
greenhouse to the Oligocene icehouse - A model-data comparison. Climate of the Past.
• N. Gentis*, A. Licht, A. Boura, D. De Franceschi, Zaw Win, Day Wa Aung, and G.
Dupont-Nivet. Fossil wood from the lower Miocene of Myanmar (Natma Formation):
paleoenvironmental and biogeographic implications. Geodiversitas.
• M. Mueller*, A. Licht, C. Campbell+ , F. Ocakoğlu, G. Aksit*, G. Métais, P. Coster, K.C.
Beard, and M. Taylor. Closing the Neotethys in Western Anatolia, Part 2: Protracted
intercontinental collision from evolving plate coupling. Journal of Geophysical Research:
Solid Earth.
• C. Campbell+ , M. Mueller*, M. Taylor, F. Ocakoğlu, A. Möller, G. Métais, P. Coster, K.C.
Beard, and A. Licht. Closing the Neotethys in Western Anatolia, Part 1: Evidence for
Protracted Extension as Continental Lithosphere Subducted in Late Cretaceous Times.
Journal of Geophysical Research: Solid Earth.
• H. Ao, E.J. Rohling, R. Zhang, A.E. Holbourn, A.P. Roberts, J.B. Ladant, G. DupontNivet, W. Kuhnt, Y. Xu, Q. Liu, Z. Liu, M.J. Dekkers, C.J. Poulsen, A. Licht, J.C. H.
Chiang, X. Liu, G. Wu, C. Ma, W. Zhou, F. Wu, Z. Jin, X. Li, X. Peng, Q. Sun, P. Zhang,
X. Qiang, and Z. An. Global warming-induced continental-scale Asian hydroclimate
transition across the Miocene–Pliocene boundary. Nature Geoscience.
in 2021
• H. Huang+ , D. Pérez-Pinedo+ , R.J. Morley, G. Dupont-Nivet, A. Philip, Zaw Win, Day
Wa Aung, A. Licht, P.E. Jardine, and C. Hoorn (2021). At a crossroads: the late Eocene
flora of central Myanmar owes its composition to plate collision and tropical climate.
Review of Palaeobotany and Palynology 104441.
• F. Cong, J. Tian, F. Hao, A. Licht, Y. Liu, and J. Eiler. A thermal pulse induced by a
Permian mantle plume in the Tarim Basin, Southwest China: Constraints from clumped
isotope thermometry and in-situ calcite U-Pb dating. Journal of Geophysical Research:
Solid Earth 126 (4), e2020JB020636.
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• N. Meijer+ , G. Dupont-Nivet, N. Barbolini, A. Woutsen, A. Rohrmann, Y. Zhang, X.J.
Liu, A. Licht, H.A. Abels, C. Hoorn, R. Tjallingii, C. Andermann, M. Dietze, and N.
Nowaczyk (2021). Onset of Asian dust at 40 Ma. Paleoceanography and Paleoclimatology
36 (3), e2020PA003993.
• F. Poblete, G. Dupont-Nivet, A. Licht, D. van Hinsbergen, P. Roperch, M. Mihalynuk, S.
Johnston, F. Guillocheau, G. Baby, F. Fluteau, C. Robin, T. Van der Linden, D. Ruiz, and
M. Baatsen (2021). Global paleogeographic maps through the Greenhouse-Icehouse
transition at 60, 40 and 20 Ma. Earth Science Reviews 103508.
in 2020
• K.C. Beard, G. Métais, F. Ocakoğlu, and A. Licht (2020). An omomyid primate from
the Pontide Microcontinent of north-central Anatolia: implications for sweepstakes
dispersal of terrestrial mammals during the Eocene. Geobios.
• N. Meijer+ , G. Dupont-Nivet, A. Licht, J. Trabucho-Alexandre, S. Bourquin, and H.A.
Abels (2020). Identifying eolian dust in the geological record. Earth-Science Reviews,
103410.
• J. Westerweel*, A. Licht, N. Cogné, P. Roperch, G. Dupont-Nivet, Myat Kay thi+ , Hnin
Hnin Swe+ , H. Huang+ , Zaw Win, and Day Wa Aung (2020). Eocene to Miocene
northward motion of the Burma Terrane and its indentation in the Eastern Himalayas.
Tectonics 39, e2020TC006413.
• S. Shekut* and A. Licht (2020). Late middle Miocene emergence of the Olympic Peninsula shown by sedimentary provenance. Lithosphere (1), 7040598.
• H. Ao, G. Dupont-Nivet, E.J. Rohling, P. Zhang, J-B. Ladant, A.P. Roberts, A. Licht,
Q. Liu, Z. Liu, M.J. Dekkers, H.K. Coxall, Z. Jin, C. Huang, G. Xiao, C.J. Poulsen,
N. Barbolini, N. Meijer+ , Q. Sun, X. Qiang, J. Ya, and Z. An (2020). Orbital climate
variability on the northeastern Tibetan Plateau across the Eocene–Oligocene transition.
Nature Communications 11, 5249.
• N. Barbolini, A. Woutersen, G. Dupont-Nivet, D. Silvestro, D. Tardif, P.M.C. Coster,
N. Meijer+ , C. Chang, H.X. Zhang, A. Licht, C. Rydin, A. Koutsodendris, F. Han, A.
Rohrmann, X-J. Liu, Y. Zhang, Y. Donnadieu, F. Fluteau, J-B. Ladant, G. Le Hir, and C.
Hoorn (2020). Cenozoic evolution of the steppe-desert biome in Central Asia. Science
advances 6, eabb8227.
• A. Licht, G. Dupont-Nivet, N. Meijer+ , J. Caves-Rugenstein, A. Schauer, J. Fiebig, A.
Mulch, C. Hoorn, N. Barbolini, and Z. Guo. Decline of soil respiration in NE Tibet
through the fall into the Oligocene icehouse. Palaeogeography, Palaeoclimatology, Palaeoecology 560, 110016.
• A. Licht, Zaw Win, J. Westerweel*, N. Cogné, C.K. Morley, S. Chantraprasert, F. Poblete,
T. Ugrai*, B. Nelson, Day Wa Aung, and G. Dupont-Nivet (2020). Magmatic history of
central Myanmar and implications for the evolution of the Burma Terrane. Gondwana
Research 87, 303-319.
• D. Tardif, F. Fluteau, Y. Donnadieu, G. Le Hir, J.-B. Ladant, A. Licht, F. Poblete, G.
Dupont-Nivet, and P. Sepulchre (2020). The onset of Asian Monsoons: a modelling
perspective. Climate of the Past 16 (3), 847-865.

• H. Huang+ , R. Morley, A. Licht, G. Dupont-Nivet, F. Grimsson, R. Zetter, Zaw Win,
Day Wa Aung, and C. Hoorn. Eocene palms from central Myanmar in a SE Asian and
global perspective: Evidence from the palynological record (2020). Botanical Journal of
the Linnean Society 194, 177-206.
• G. Xiao, Y. Sun, J. Yang, Q. Yin, G. Dupont-Nivet, A. Licht, A.E. Kehew, Y. Hu, J. Geng,
Z. Wang, G. Dai, and Z. Wu (2020). Early Pleistocene integration of the Yellow River
shown by detrital zircon provenance. Palaeogeography, Palaeoclimatology, Palaeoecology
109691.
• M.D. Turzewski, K.W. Huntington, A. Licht, and K. Lang. Provenance and erosional
impact of Quaternary megafloods through the Yarlung-Tsangpo Gorge from zircon
U-Pb geochronology of flood deposits, Eastern Himalaya (2020). Earth and Planetary
Science Letters 535, 116113.
• R. Leary, P. Umhoefer, M. Smith, T. Smith, J. Saylor, N. Riggs, G. Burr, E. Lodes, D. Foley, A. Licht, M. Mueller*, and C. Baird* (2020). Provenance of Pennsylvanian-Permian
sedimentary rocks associated with the Ancestral Rocky Mountains orogeny in southwestern Laurentia: implications for continental-scale Laurentian sediment transport
systems. Lithosphere 12, 88-121.
in 2019
• M. Mueller*, A. Licht, C. Campbell+ , F. Ocakoğlu, M. Taylor, L. Burch*, T. Ugrai*,
M. Kaya, B. Kurtoglu, P. Coster, G. Métais, and K.C. Beard (2019). Collision chronology along the Izmir-Ankara-Erzincan suture zone: Insights from the Sarıcakaya Basin,
western Anatolia. Tectonics 38 (10), 3652-3674.
• J. Westerweel*, P. Roperch, A. Licht, G. Dupont-Nivet, Zaw Win, F. Poblete, Hnin Hnin
Swe+ , Myat Kay Thi+ , Day Wa Aung (2019). Paleomagnetic data from the Burma Terrane (Myanmar) constrain the geodynamic evolution of the India-Asia collision. Nature
Geoscience 12, 863–868.
• F. Polette, A. Cincotta, D.J. Batten, P. Depuydt, A. Licht, D. Neraudeau, G. Garcia and X.
Valentin (2019). Palynological assemblage from the lower Cenomanian plant-bearing
Lagerstätte of Jaunay-Clan-Ormeau-Saint-Denis (Vienne, western France): stratigraphic
and palaeoenvironmental implications. Review of Palaeobotany and Palynology 271, 104102.
• Z. Wang, C. Huang, A. Licht, R. Zhang and D.B. Kemp (2019). Middle to late Miocene
eccentricity forcing on lake expansion in NE Tibet: implications for the evolution of the
East Asian monsoon. Geophysical Research Letters 46, 6926-6935.
• S. Botsyun, P. Sepulchre, Y. Donnadieu, C. Risi, A. Licht, and J.K. Caves (2019). Revisited Paleoaltimetry Data Show Low Tibetan Plateau Elevation during the Eocene.
Science 363 (6430), eaaq1436.
• N. Meijer+ , G. Dupont-Nivet, H.A. Abels, M. Kaya, A. Licht, M. Xiao, Y. Zhang, P.
Roperch, M. Poujol, Z. Lai and Z. Guo (2019). Central Asian moisture modulated
by proto-Paratethys Sea incursions since the Early Eocene. Earth and Planetary Science
Letters 510, 73-84.
• M. Page*, A. Licht, G. Dupont-Nivet, N. Meijer+ , A. Schauer, K. Huntington, D. Bajnai,
J. Fiebig, A. Mulch, and Z. Guo (2019). Synchronous cooling and decline in monsoonal
rainfall in NE Tibet through the fall into the Oligocene Icehouse. Geology 47 (3), 203-206.
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• A. Licht, G. Dupont-Nivet, Zaw Win, Hnin Hnin Swe+ , Myat Kay Thi+ , P. Roperch, D.
Park*, V. Littell*, J. Westerweel*, D. Jones*, F. Poblete, Day Wa Aung, H. Huang+ , C.
Hoorn, and Kyaing Sein (2019). Paleogene evolution of the Burmese forearc basin and
implications for the history of India-Asia convergence. GSA Bulletin 131 (5-6), 730-748.
• F. Ocakoğlu, A. Hakyemez, S. Açıkalın, S. Altıner, Y. Büyükmeriç, A. Licht, U. Tekin,
H. Demircan, Ü. Şafak, A. Yıldız, İ. Yılmaz, M. Wagreich and C. Campbell+ (2019).
Chronology of Subduction and Collision along the İzmir-Ankara Suture in Western
Anatolia: records from the Central Sakarya Basin. International Geology Review 61, 12441269.
• M.F. Jones, P. Coster, A. Licht, G. Métais, F. Ocakoğlu, M.Taylor and K.C. Beard (2019).
A stem bat (Chiroptera: Palaeochiropterygidae) from the late middle Eocene of northern Anatolia: Implications for the dispersal and paleobiology of early bats. Palaeobiodiversity and Palaeoenvironments 99(2), 261-269.
in 2018
• G. Métais, P. Coster, J.R. Kappelman, A. Licht, F. Ocakoğlu, M. Taylor, and K.C. Beard.
(2018) Eocene metatherians from Anatolia illuminate the assembly of an island fauna
during Deep Time. Plos One 11, e0206181.
• Z. Wang, S. Yongjin, A. Licht, and C. Huang (2018). Sedimentology and magnetostratigraphy of the Middle Miocene Ashigong Formation, Guide Basin, China, and its implications for the tectonic and paleoclimatic evolution of NE Tibet. Paleoceanography and
Paleoclimatology 33, 1066-1085.
• M. De Los Santos+ , P. Copeland, T. Lawton, A. Licht, and S. Hall (2018). Magnetostratigraphy, age and depositional environment of the Lobo Formation, southwest
New Mexico: Implications for the Laramide orogeny in the southern Rocky Mountains.
Basin Research 30 (S1), 401-423.
in 2017
• A. Licht, P. Coster, F. Ocakoğlu, C. Campbell+ , G. Métais, A. Mulch, M. Taylor, and J.
Kappelman (2017). Tectono-stratigraphy of the Orhaniye Basin, Turkey: Implications
for collision chronology and Paleogene biogeography of central Anatolia. Journal of
Asian Earth Sciences 143, 45-58.
• A. Licht, J. Quade, A. Kowler, M. De Los Santos+ , A. Hudson, A. Schauer, K. Huntington, P. Copeland, and T. Lawton (2017). Impact of the North American monsoon on
isotope paleoaltimeters: implications for the paleoaltimetry of the American Southwest.
American Journal of Science 317, 1-23.
in 2016
• A. Licht, G. Dupont-Nivet, A. Pullen, P. Kapp, H.A. Abels, Z. Lai, Z. Guo, J. Abell, and
D. Giesler (2016). Resilience of the Asian atmospheric circulation shown by Paleogene
dust provenance. Nature Communications 7, 12390.
• A. Licht, A. Pullen, P. Kapp, J. Abell, and D. Giesler (2016). Eolian cannibalism: Reworked loess and fluvial sediment as the main sources of the Chinese Loess Plateau.
GSA Bulletin, B31375-1.

• A. Licht, L. Reisberg, C. France-Lanord, Aung Naing Soe, and J.-J. Jaeger (2016). Cenozoic evolution of the central Myanmar drainage system: insights from sediment provenance in the Minbu Sub-Basin. Basin Research 28, 237-251.
in 2015
• A. Licht, A. Boura, D. De Franceschi, T. Utescher, Chit Sein, and J.-J. Jaeger (2015). Late
middle Eocene fossil wood of Myanmar: implications for the landscape and the climate
of the Eocene Bengal Bay. Review of Palaebotany and Palynology 216, 44-54.
in 2014
• A. Licht, M. van Cappelle, H.A. Abels, J.-B. Ladant, J. Trabucho-Alexandre, C. FranceLanord, Y. Donnadieu, J. Vandenberghe, T. Rigaudier, C. Lécuyer, D. Terry Jr., R. Adriaens, A. Boura, Z. Guo, Aung Naing Soe, J. Quade, G. Dupont-Nivet, and J.-J. Jaeger
(2014). Asian monsoons in a late Eocene greenhouse world. Nature 513, 501-506.
• X. Valentin, B. Gomez, V. Daviero-Gomez, S. Charbonnier, P. Ferchaud, A.G. Kirejtshuke, A. Licht, D. Néraudeau, R. Vullo, and G. Garcia (2014). Plant-dominated assemblage and invertebrates from the lower Cenomanian of Jaunay-Clan, south-western
France. Comptes Rendus Palévol 13, 443-454.
• A. Licht, I. Cojan, L. Caner, Aung Naing Soe, J.-J. Jaeger, and C. France-Lanord (2014).
Role of permeability barriers in alluvial hydromorphic palaeosols: the Eocene Pondaung Formation, Myanmar. Sedimentology 61, 362-382.
• A. Licht, A. Boura, D. De Franceschi, S. Ducrocq, Aung Naing Soe, and J.-J. Jaeger
(2014). Fossil woods from the Late Middle Eocene Pondaung Formation, Myanmar.
Review of Palaebotany and Palynology 202, 29-46.
• I.G. Usoskin, G. Hulot, R. Roth, A. Licht, F. Joos, G.A. Kovaltsov, E. Thebault, and A.
Khokhlov (2014). Evidence for distinct modes of solar activity. Astronomy and Astrophysics 562, L10.
in 2013
• A. Licht, C. France-Lanord, L. Reisberg, C. Fontaine, Aung Naing Soe, and J.-J. Jaeger
(2013). A palaeo Tibet-Myanmar connection? Reconstructing the late Eocene drainage
system of central Myanmar using a multi-proxy approach. Journal of the Geological
Society, London 170, 929-939.
• A. Licht, G. Hulot, Y. Gallet, and E. Thebault (2013). Ensembles of low degree archeomagnetic field models for the past three millennia. Physics of the Earth and Planetary
Interiors 224, 38-67.

2.8

presentations at international conferences

in 2021
• A. Toumoulin, Y. Donnadieu, D. Tardif, J.-B. Ladant, A. Licht, L. Kunzmann, and
G. Dupont-Nivet. Continental temperature seasonality from Eocene Warmhouse to
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Oligocene Coolhouse—A model-data comparison. EGU Fall Meeting, online (oral, April
2021).
• M. Mueller*, A. Licht, C. Campbell+ , F. Ocakoğlu, G. Akşit*, G. Métais, P. Coster, K.C.
Beard, and M. Taylor. Closing the Neotethys Ocean in western Anatolia: Insights from
forearc and foreland sedimentary basin records. EGU Fall Meeting, online (oral, April
2021).
• J. Westerweel*, P. Roperch, G. Dupont-Nivet, A. Licht, N. Cogne, and F. Poblete. Northward motion of the Burma Terrane alongside India during the Cenozoic. EGU Fall
Meeting, online (oral, April 2021).
in 2020
• C. Campbell+ , M. Taylor, F. Ocakoğlu, A. Licht, M. Mueller*, A. Möller, Ç. Ocakoğlu,
and C. Aşik. Evidence for Stepwise North to South Growth of the Cenozoic Central
Anatolian Plateau (Turkey). AGU Fall Meeting, online (oral, December 2020).
• M. Mueller*, A. Licht, F. Ocakoğlu, C. Campbell+ , G. Aksit*, K. Lowery*, M. Taylor, G.
Métais, P. Coster, and K.C. Beard. A sedimentary basin record of multi-phase continental collision in western Anatolia. AGU Fall Meeting, online (oral, December 2020).
• C. Seyler, J. Kirkpatrick, A. Licht, D. Silerova, and C. Regalla. Evidence for subduction
along the Leech River Fault and implications for Cordilleran tectonics. GSA Annual
Meeting, online (oral, October 2020).
• C. Campbell+ , M. Taylor, M. Mueller*, A. Licht, F. Ocakoğlu, and A. Möller. Subducting Gondwanan-affinity passive margin triggered late Cretaceous Back-Arc extension
of the Black Sea. GSA Annual Meeting, online (oral, October 2020).
• A. Manoj*, A. Lowe, A. Licht, I. Spendlove*, M. Mueller*, and K.C. Beard. A Paleobotanical Perspective on the Middle to Late Paleocene in Central Wyoming. Midcontinent
Paleobotany Symposium, online (oral, May 2020).
• N. Gentis*, A. Licht, A. Boura, D. De Franceschi, Zaw Win, Day Wa Aung, and G.
Dupont-Nivet. Fossil woods from the middle Miocene of Myanmar: implications for
the evolution of Dipterocarpaceae. Midcontinent Paleobotany Symposium, online (oral,
May 2020).
• J.K. Caves-Rugenstein, A. Winkler, S.H. Kramer, T. Kukla, D.E. Ibarra, A. Licht, and P.
Chamberlain. Exceptional greening of mid-latitude ecosystems during Cenozoic warm
intervals. Midcontinent Paleobotany Symposium, online (oral, May 2020).
• N. Meijer+ , G. Dupont-Nivet, A. Licht, P. Roperch, A. Rohrmann, A. Woutersen, C.
Hoorn, N. Barbolini, A. Sun, H.A. Abels. H. Meyer, and N. Nowaczyk. Intensified
hydrological cycle during the Early Eocene Climatic Optimum (EECO) recorded in the
Xining Basin, NE Tibet. EGU Annual Meeting, online (oral, May 2020).
• G. Dupont-Nivet, N. Meijer+ , M. Kaya, J. Westerweel*, D. Tardif, N. Barbolini, A.
Rohrmann, J. Aminov, D. Ruiz, A. Woutersen, H. Huang+ , F. Poblete, A. Licht, P. Roperch, C. Hoorn, J.N. Proust, F. Fluteau, Y. Donnadieu, and S. Guillot. Asian paleoenvironments, paleogeography and paleobiodiversity interactions during the GreenhouseIcehouse transition. EGU Annual Meeting, online (oral, May 2020).
• P. Ballato, A. Licht, K. Huntington, A. Schauer, A. Mulch, G. Heidarzadeh, M. Paknia, J.
Hassanzadeh, M. Mattei, M. Ghassemi, and M. Strecker. Constraints on the Timing of

Surface Uplift of the Iranian Plateau (Arabia-Eurasian Collision Zone) from Clumped
Isotope Thermometry on Pedogenic Carbonates. EGU Annual Meeting, online (oral,
May 2020).
• J. Westerweel*, P. Roperch, A. Licht, G. Dupont-Nivet, Zaw Win, F. Poblete, H. Huang+ ,
Hnin Hnin Swe+ , Myat Kay Thi+ , C. Hoorn, and Day Wa Aung. India-Asia collision
paleogeography constrained by Burma Terrane (Myanmar) Late Cretaceous to Miocene
paleomagnetic data. EGU Annual Meeting, Vienna, Austria (oral, May 2020).
• M. Mueller*, A. Licht, F. Ocakoğlu, C. Campbell+ , M. Kaya, B. Kurtoglu, G. Aksit*, M.
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• K.C. Beard, G. Métais, P. Coster, F. Ocakoğlu, A. Licht, and M. Taylor. Tethyan island
biogeography during the Eocene: a view from northern Anatolia. SVP Annual Meeting,
Salt Lake City, USA (oral, October 2016).
• A. Licht, A. Pullen, P. Kapp, J. Abell, and D. Giesler. Reworked loess and Yellow
River sediment as the main sources of the Chinese Loess Plateau. EGU Annual Meeting,
Vienna, Australia (poster, April 2016).
• A. Licht, G. Dupont-Nivet, A. Pullen, P. Kapp, H. Abels, J. Abell, and D. Giesler. Resilience of Asian atmospheric circulation revealed by Paleogene dust provenance. EGU
Annual Meeting, Vienna, Australia (poster, April 2016).
in 2014
• A. Licht, A. Pullen, P. Kapp, R. Adriens, H. Abels, M. van Kappelle, J. Vandenberghe,
and G. Dupont-Nivet. Asian Winter monsoons in the Eocene: Evidence from the aeolian dust series of the Xining Basin. AGU Fall Meeting, San Francisco, USA (poster,
December 2014).

21

• A. Licht, J.-B. Ladant, C. France-Lanord, Y. Donnadieu, C. Lécuyer, A. Boura, D. de
Franceschi, and J.-J. Jaeger. Modern-like Indian monsoons in the Eocene: Evidence
from the Sedimentary series of Myanmar. GSA Annual Meeting, Vancouver, Canada
(oral, October 2014).
in 2013
• A. Licht, I. Cojan, L. Caner, J.-J. Jaeger, and C. France-Lanord. Vers l’élaboration d’un
modèle général de variation latérale pédologique dans les dépôts alluviaux, outil stratigraphique pour les séries fluviatiles. 14ème congrès francais de Sédimentologie, Paris,
France (oral, November 2013).
• A. Licht, G. Hulot, Y. Gallet, and E. Thebault. Ensembles of low degree archeomagnetic
field models for the past three millennia. International Association of Geomagnetism and
Aeronomy 12th Scientific Assembly, Merida, Mexico (poster, August 2013).
• A. Boura, A. Licht, and D. De Franceschi. The Oldest Paleo-Sal Forest? Reconstruction of Myanmar Eocene vegetation. 2nd International Conference of Agora Paleobotanica,
Arino, Spain (oral, July 2013)
• A. Licht, G. Hulot, Y. Gallet, and E. Thebault. A_FM, ASD_FM et ASDI_FM, une
nouvelle famille de modèles de champ archéomagnétique. Colloquium of the French
paleomagnetists - Paléomagnetisme en France: résultats récents et perspectives, Paris, France
(oral, March 2013).
• A. Licht, I. Cojan, L. Caner, J.-J. Jaeger, and C. France-Lanord. Paleoenvironments of the
Burmese Paleogene primates: the late Middle Eocene Pondaung Formation, Myanmar.
2nd Southeast Asian Gateway Evolution Meeting, Berlin, Germany (oral, March 2013).
in 2012
• A. Licht, C. France-Lanord, C. Fontaine, Chit Sein, Aung Naing Soe, and J.-J. Jaeger.
Sediment provenance of the Central Myanmar Eocene drainage system: a multi-proxy
approach. AGU Fall meeting, San Francisco, USA (poster, December 2012)
• A. Licht, C. France-Lanord, I. Cojan, Aung Naing Soe, and J.-J. Jaeger. Evolution of the
depositional systems of central Myanmar: setting apart climatic, tectonic and drainage
changes. 1st colloquium of French Chinese International laboratory on Sediment transport
And Landscape DYNamics, Paris, France (poster, November 2012).
• A. Licht, I. Cojan, L. Caner, J.-J. Jaeger, and C. France-Lanord. Paleosoil-landscape associations in alluvial deposits: the Late Middle Eocene Pondaung Formation, Myanmar.
International Association of Sedimentologist, 29th Meeting of Sedimentology, Schladming,
Austria (poster, September 2012).
in 2011
• A. Licht, G. Hulot, Y. Gallet, and E. Thebault. On the relevance of alternative low
degree archeomagnetic field models. AGU Fall Meeting, San Francisco, USA (poster,
December 2011)

3

EXPERTISE

The multidisciplinary nature of my research, covering paleogeography, paleoclimate, with
links to paleontology, has sometimes put me in peculiar situations where I am mistaken for
a climate modeler, a paleontologist, or a paleobotanist. This chapter aims to clear this ambiguity by synthesizing my expertise. My technical competences cover three main disciplines
(Fig. 1), which are all part of my integrated approach to decipher sedimentary archives: sedimentology (to identify the depositional history of sedimentary records), geochronology (to
date sedimentary records and reconstruct their provenance) and stable isotope geochemistry
(to extract quantitative paleoenvironmental data from these records).

3.1

sedimentological work

I am not a geomorphologist, nor a full-time sedimentologist or a pedologist, but my knowledge of continental depositional systems is advanced enough to allow me to identify most
continental sedimentary features and relate them to modern environments. I acquired an
expertise in continental depositional systems and in paleo-pedology during my first internship at Total SA under the direction of Patrice Imbert, and during my PhD and first postdoc
under the mentoring of Isabelle Cojan and Jay Quade. The field recognition of paleosols
is one of my most important competences, as paleosols are under-used paleoenvironmental
archives, rarely studied or recognized by stratigraphers, and one of the primary features I
now target for isotopic paleoenvironmental proxies (see section 3.3). My first sedimentological work combined fluvial sedimentology and pedology and focused on the paleosols of the
Eocene Pondaung Formation of Myanmar (Licht et al., 2014b). I studied their distribution in
floodplain deposits which resulted in a detailed reconstruction of the paleo-landscape and
hydrology; this work emphasized the role of alluvium lithology in driving the distribution
and intensity of hydromorphic traits, pedogenic features that are commonly hard to decipher in the stratigraphic record. Sedimentary logging, the description and interpretation of
sedimentary facies and pedogenic features, and their implications to reconstruct basin history represent significant sections of my longest papers (Licht et al., 2017a; Licht et al., 2019;
Mueller* et al., 2019; Westerweel* et al., 2020)1 . I also taught Sedimentary Geology, depositional
environments, and Stratigraphy to undergraduate students for several years (2016-2020) at the
University of Washington; I was the only faculty instructor of the geology summer field
camp of my department, which included a dominant component on sedimentary geology.

3.2

geochronological work

I was initially trained to Nd and Sr geochronology under the supervision of Laurie Reisberg
at CRPG during my PhD, to track the provenance of sedimentary rocks (Licht et al., 2013,
2016c). I moved away from Nd and Sr geochronology to specialize in U-Pb geochronology
during my postdocs, though I have come back lately to Nd and Sr isotopes in a recent paper
combining multiple proxies (Licht et al., 2020b). My interests in U-Pb geochronology are
1 in citations, *indicates a paper I coauthored led by a student I directly (co-)advised; + indicates a paper I coauthored
led by a student I mentored in the field;  indicates other papers I coauthored.
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Figure 1: Synthesis of the tools I use to decipher past climates and landscapes in continental archives.
Picture from the Eocene strata of the Xining Basin (see section 4.1.2)

multiple. First, single-grain U-Pb dating of detrital, U-rich minerals (zircons, rutile, titanite,
and other accessory minerals) is becoming one of the most efficient approaches to decipher
complex sedimentary provenances – a key approach to reconstruct regional paleogeography
from sedimentary basins. By extracting and dating multiple grains from a single sedimentary sample, this approach allows to distinguish contributions from multiple sources, which
is not possible in Nd and Sr geochronology, commonly done in bulk. The development of
Laser Ablation (LA) and the improvements made in inductively coupled mass spectrometry
(ICP-MS) have pushed the limits of U-Pb geochronology, with new methods and applications
developed every year. Moreover, U-Pb geochronology allows the dating of pre-Quaternary
sedimentary sequences when adequate, datable material is present. Having precise age constraints in the pre-Quaternary record is always a challenge for field geologists, and most
stratigraphers rely on external geochronologists to date their sections. My integrated approach allows me to log and then date the sedimentary records I work on without relying
on the expertise of others.
I was trained in 2014 to U-Pb geochronology at the LA-ICP-MS facility at the University
of Arizona (at the LaserChron, the American state-of-the-art U-Pb facility funded by the National Science Fundation) by Paul Kapp and George Gehrels. While at the University of
Washington, I set-up two new labs: one dedicated to heavy mineral extraction, and one
mass-spectrometry lab (co-managed with Alex Gagnon), including one LA unit and two
ICP-MS (one single-collector and one quadrupole). I focused our first two years of operation on zircon dating, developing and calibrating an acquisition method in line with the
most recent developments in U-Pb geochronology (e.g. the community driven synthesis by
Horstwood et al., 2016), considering the effect of 207 Pb beam intensity in the calculation of
207 Pb/206 Pb ages (e.g. Matthews and Guest, 2017), and allowing a high sample throughput
(1800 unknowns per day of analysis) at relatively good precision (a systematic uncertainty
of ∼ 2.5%) and accuracy (1 − 4%). Data acquired in my lab are featured in my most recent
papers and in my students papers (Licht et al., 2019; Mueller* et al., 2019; Licht et al., 2020b;
Shekut* and Licht, 2020; Westerweel* et al., 2020). I provided zircon U-Pb dating as a service
to several of my collaborators (Ryan Leary from New Mexico Tech, Douwe van Hinsbergen
from Utrecht University, James Kirkpatrick from McGill University, Elizabeth Schermer from
Western Washington University, Kate Huntington from the University of Washington); their
results are just starting to be released (Leary et al., 2020).
I also explored carbonate U-Pb dating, a method that has recently boomed since the development of well-calibrated international standards (Roberts et al., 2017), but complicated
by matrix effects and common lead in carbonate minerals. This method has a great potential

Figure 2: (a) Example of recent zircon U-Pb provenance problem with large zircon datasets: the provenance of loess deposits from the Chinese Loess Plateau, commonly proposed as sourced
from the Mu Us Desert, the Central Sand Deserts of China, the Qaidam Basin and the Yellow
River alluvium (see section 4.1.2). (b) Zircon age distribution of a Loess zircon dataset, with
histograms, kernel density estimates (black lines), and main age components (reconstructed
using BayesMix; Compston and Gallagher, 2012); (c) cumulative age distribution for the loess
zircon dataset of 2b and of their four proposed provenance areas; (d) Dissimilarity to the
loess layers of the Chinese Loess Plateau for each possible combination of the four potential
source regions(A: Mu Us Desert; B: central sand deserts; C: Qaidam Basin; D: upper Yellow
River). Each triangle is a ternary diagram of contribution from the provinces A, B, and D
for a given contribution of C (contributions of A + B + C + D = 100% for each triangle; see
example for C = 20% on the left side of the figure). The color bar indicates the range of values
for the dissimilarity measure, here the Kolmogorov-Smirnov statistic. The combinations that
best fit the loess age distribution are the ones that give the lowest dissimilarity values (after
Licht et al., 2016b).

for stratigraphy because it allows the dating of carbonate material rich in uranium (mostly
present in the form of pedogenic and lacustrine carbonates in the continental domain) in
sedimentary basins devoid of volcanic material. I used a slightly modified version of the
approach of Drost et al. (2018), which consists in selecting and pooling pixels from 2-D elemental and isotopic ratio maps of carbonate slices. The first carbonate U-Pb ages acquired
in my lab are currently in revision (Cong et al., 2021). My second analytical development
was to expand my work on zircon U-Pb dating to other accessory minerals: rutile, monazite,
and titanite. The challenge here lies in the extraction of these minerals, which are harder
to find and collect in sandstones. My graduate student Megan Mueller at the University of
Washington is currently working on acquiring our first set of ages on monazite.
Finally, my work in U-Pb geochronology also includes a significant part on improving data
interpretation. Dealing with large age datasets is a relatively new challenge in sedimentary
provenance studies (less than 10 years old, with the boom of zircon U-Pb dating; see example
on Fig. 2a). Multiple provenances are commonly assessed by comparing the presence of
absence of similar age population in zircon age distributions (Fig. 2b); for datasets with
many ages (commonly > 1000; Pullen et al., 2014), age population sizes are only minorly
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impacted by subsampling effects, allowing a direct comparison of the relative size of their
age components (Fig. 2b) or of their cumulative age distributions (Fig. 2c). I developed
a statistical approach to mixture modeling for U-Pb provenance tracking. This approach
quantitatively assesses the contribution of different provenances of known age distribution
in the age distribution of samples of unknown origin. It is based on evaluating the misfit
between the age distribution of randomly generated mixtures of the potential source areas
and the samples of unknown origin (Fig. 2d), using the Kolmogorov-Smirnov statistic, a
statistical measure of the misfit between discrete populations (Licht et al., 2016a,b). Alternate
versions of the method I developed are now integrated in a user-friendly software and are
available to a broad audience (Sundell and Saylor, 2017).

3.3

isotopic work

I was trained to carbon and oxygen isotopic analysis applied to carbonates, organic matter
and water at the CRPG under the supervision of Christian France-Lanord during my PhD.
I used this approach along the growth axis of fossil teeth and gastropods to reconstruct
seasonality and monsoonal intensity (Licht et al., 2014c). I was then trained to clumped
isotopic analysis during my postdoc at the University of Arizona with Jay Quade and during
a later three-month visit at the University of Frankfurt with Jens Fiebig and Andreas Mulch
in the framework of my Marie Curie postdoctoral position in Germany.
I was introduced to pedogenic carbonates by Jay Quade and I have since then spent a
significant amount of time working with this type of material. It has been shown since the
early 1980’s that pedogenic carbonate grows in equilibrium with soil water and CO2 ; its
isotopic composition is linked to the oxygen isotopic composition of rainwater, and to the
carbon isotopic composition of the atmospheric CO2 and of the soil biological respiration
(which both contribute to soil CO2 ; Salomons et al., 1978; Cerling, 1984). When (through
the year, seasonally) and how (by evaporation, by decrease of soil respiration) pedogenic
carbonate grows remain poorly understood – yet essential to interpret paleoenvironmental
records based on its isotopic composition. My first study focused on understanding the
dynamics of pedogenic carbonate growth in the American Southwest by analyzing the isotopic composition of Holocene carbonates; I proposed a shift of carbonate growth season
from throughout-the-year to summer only with increasing altitude, constrained by decreasing temperature and the narrowing of soil evaporation to the summer season only at high
altitudes. I then analyzed the isotopic composition of Eocene pedogenic carbonates from the
Colorado Plateau and used this carbonate growth model for paleoaltimetry purposes (Licht
et al., 2017b). This type of geographical control in pedogenic carbonate growth behavior are
today poorly documented and barely considered in paleo-studies. My student Mara Page
and I used growth temperatures T∆47 derived from clumped isotopes on Eocene pedogenic
carbonates in Tibet to show that changes of carbonate growth season are likely as important as changes of local temperature in controlling the clumped isotopic record in deep time
(Page* et al., 2019). These results call for a systematic study of carbonate growth dynamics
at the regional scale. I am currently doing this type of systematic study in Myanmar to be
able to later interpret the many carbonate-bearing paleosols I sampled there thorough the
years. I have recently sampled Holocene pedogenic carbonates along an important precipitation gradient (cf section 5.1) to study the impact of rainfall amount on the carbonate growth
season; preliminary results indicate a carbonate growth season biased toward winter, after
the summer rainy season, which seems to be insensitive to rainfall amount, and unique to
monsoonal climates (Licht et al., in review).
Building upon the development of the Soil Respiration Database (SRDB, Bond-Lamberty
and Thomson, 2010) which provides soil respiration data from different biomes world-wide,

Figure 3: The two sources of carbon to soil CO2 , resulting in an isotopic mass balance equation that
links the isotopic composition of pedogenic carbonates, soil respired CO2 (recorded in soil
organic matter) and atmospheric CO2 (Cerling, 1984, 1991).

my colleague Jeremy Caves-Rugenstein and I developed a new quantitative method that
allows to reconstruct soil respiration from pedogenic carbonate isotopic data and compare
it to the one of modern biomes. This method relies on a isotopic mass balance between soil
respired CO2 , atmospheric CO2 , and soil CO2 (Fig. 3), expressed in the following equation,
proposed by Thure Cerling in the 1980’s:
S(z)
δ13 Catm − δ13 Csoil
= 13
CO2atm
δ Csoil –1.0044δ13 Cresp − 4.4

(1)

where CO2atm and δ13 Catm are the content (in ppm) and the carbon isotopic composition (in ‰ V-PDB) of the atmospheric CO2 ; S(z) and δ13 Cresp are the content and the
carbon isotopic composition of the soil respired CO2 at depth z; δ13 Csoil is the carbon
isotopic composition of soil CO2 (Cerling, 1984).
Soil CO2 isotopic composition δ13 Csoil is recorded in soil carbonate with a T-dependent
fractionation factor (Romanek et al., 1992). With clumped isotope carbonate growth temperatures T∆47 or by making assumptions about past soil temperatures, it becomes possible
to determine δ13 Csoil from the stable and clumped isotopic composition of pedogenic carbonates. By using soil organic δ13 C values as a proxy for δ13 Cresp , marine carbonates
δ13 C values as indirect proxies for δ13 Catm (Tipple et al., 2010), and empirical estimates
of S(z) either based on soil type (Montanez, 2013) or carbonate horizon depth (Retallack,
2009), these equations have been used to reconstruct past atmospheric CO2 content based
on carbonate δ13 C values and carbonate growth temperature (e.g. Ekart et al., 1999; Foster
et al., 2017). Following the idea of Jeremy Caves-Rugenstein (Caves et al., 2016), I reverted
the soil barometry application to reconstruct soil respired CO2 content at depth by using
past atmospheric CO2 values based on independent proxies (stomata, boron isotopes, and
alkenones; Foster et al., 2017). I then converted soil respired CO2 content at depth S(z) to
soil respiration at the surface by using a simple soil CO2 production model (Cerling, 1991;
Bowen and Beerling, 2004); I modified this model by adding a Monte-Carlo approach to take
into account the many uncertainties related to past soil CO2 production (characteristic depth
of CO2 production, depth of the soil profile, sampling depth, etc). I proposed to compare
the reconstructed past soil respiration values with the modern SRDB (Bond-Lamberty and
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Thomson, 2010) to identify the potential biomes associated with the paleosols, as soil respiration generally decreases from tropical to boreal ecosystems. This approach works relatively
well when applied to Holocene soils, for which most of equation inputs are known. I then
applied this approach to a 20 million years long Paleogene record of pedogenic carbonate in
Tibet, where I acquired stable and clumped isotopic data, making assumptions on the past
atmospheric CO2 content and isotopic composition (Licht et al., 2020a). The results show a
dramatic change in soil respiration, that requires changes of vegetation cover and a change
of the carbonate growth season away from the vegetation growing season (cf section 4.1.2).
These findings emphasize the complexity of carbonate growth seasonality, but also open
new avenues for interpreting isotopic data from paleosols, when atmospheric CO2 content
and isotopic composition are constrained. Work in progress includes the expansion of this
new method to other sites, and the comparison of reconstructed soil respiration rates with
outputs from climate simulations associated with vegetation models.
In addition to my work on pedogenic carbonates, I have lately used sulfur isotopes on
Eocene lignites to determine their freshwater vs marine environment (Licht et al., 2019). I
am also involved in research using the hydrogen and carbon isotopic composition of lipid
biomarkers, in collaboration with Julian Sachs at the University of Washington. Two of the
students I co-advised (Jon Rowe and Hope Sisley) have worked on studying the evolution
of the hydrogen and carbon isotopic composition in n-alkanes across a topographic gradient
in the Cascade Mountain Range in Washington State, in order to understand the regional
processes of atmospheric distillation and carbon fractionation in plants with changing elevation. The ultimate goal of this on-going project is to use these data to calibrate the stable
isotope paleoaltimetry approach in the region. Stable and clumped isotopic paleoaltimetry
is a growing field that drives part of my research in isotope geochemistry; beyond the Cascades, I have been involved in paleoaltimetry projects in Myanmar (work of my graduate
student Virginia Littell), Tibet (work with Svetlana Botsyun, published in Botsyun et al.,
2019), and Iran (collaboration with Paolo Ballato, University of Roma).

3.4

other proxies

I incorporate additional proxies for dating and paleoenvironmental reconstructions in most
of my field studies. I have developed basic skills in clay mineralogy and elemental geochemistry, both proxies being of particular use for paleosol analysis and cyclostratigraphy
(Licht et al., 2014b; Wang et al., 2018). I am also trained in paleomagnetic sampling and
basic analysis for magnetostratigraphic dating and paleolatitude reconstructions (Licht et al.,
2017a; Meijer+ et al., 2019; Westerweel* et al., 2019); I rely on the labs and advanced expertise of my colleagues from Rennes (Pierrick Roperch, Guillaume Dupont-Nivet) and Utrecht
(Douwe van Hinsbergen). I have competences in paleobotany, and more particularly in fossil
wood anatomy (Licht et al., 2014a, 2015; Gentis* et al., in review); I rely on my colleagues
at the Museum National d’Histoire Naturelle (Anaïs Boura, Dario de Franceschi) for an advanced expertise. Finally, I am also trained to paleontological prospecting in the field by my
colleagues from Kansas (K. Chris Beard) and Muséum National d’Histoire Naturelle (Grégoire Métais). This versatility is essential when it comes to study continental sedimentary
archives, given the complexity of their record.

4

PA S T A N D C U R R E N T R E S E A R C H W O R K

In deep time (millions of years), topographic changes in individual ranges (Boos and Kuang,
2010) or at the scale of complete orogens (Manabe and Broccoli, 1990), the retreat of discrete
seas (Fluteau et al., 1999) or the closure of wide oceans (Zhang et al., 2014) significantly impact global oceanic and atmospheric circulation, weathering fluxes and atmospheric pCO2 .
Changing paleogeography also modifies the Earth system climate sensitivity to CO2 and its
response to brutal climatic events (Farnsworth et al., 2019a). Climate and geography are intertwined on so many scales (regional and global, short-term and long-term) that studying their
past mechanisms requires documenting their evolution conjointly. Fortunately, sedimentary
geologists have no choice but to simultaneously address both topics, as climatic trends and
tectonic signals are interfingered in sedimentary archives. This is particularly the case in
continental Asia since the Mesozoic, where the history of most continental basins has been
directly impacted by Neotethyan geodynamics. Reconstructing past climate and geography
from the same records is also justified by one of my main long-term goals: the reconstruction
of past dispersal corridors, defined by their environmental and physical continuity.
Over the last ten years, I have applied the methods described in chapter 3 to reconstruct
past Eurasian environments and landscapes, with a focus on the Paleogene (66-23 Million
years ago, or Ma; Fig. 4). This period is an excellent laboratory to investigate the complex interactions between climate, paleogeography, and species distribution because all three reach
a climax of dynamism during this interval. The Paleogene is marked by a long-term shift
from Greenhouse to Icehouse, associated with a two- to four-fold drop of pCO2 (Anagnostou
et al., 2016; Foster et al., 2017), and a transition from high to moderate equilibrium climate
sensitivity (Farnsworth et al., 2019a; Tierney et al., 2020). This long-term trend is punctuated by short-lived events, characterized by dramatic changes in pCO2 , ice sheet extent and
global temperature: the Paleocene-Eocene Thermal Maximum (PETM), Middle Eocene Climatic Optimum (MECO), and Eocene-Oligocene Transition (EOT and Oi-1 events), with a
dramatic impact on biota and unclear trigger mechanisms. The Paleogene is also marked
by the India-Asia and Afroarabia-Asia collision, the two main steps of the closure of the
Neotethys. These events have reshaped Eurasian topography and seaways, and impacted
regional moisture supply and ecosystems. Finally, the Paleogene is also marked by the
emergence of most modern families of mammals and the formation of Asian biodiversity
hotspots (De Bruyn et al., 2014; Linnemann et al., 2018). It is paced by numerous discrete
episodes of mammalian dispersal out of Asia (and their subsequent diversification) that are
chronologically associated with climatic events or seaway closures: the dispersal of archaic
perissodactyls out of India during the early phases of the India-Asia collision, of early euprimates during the PETM, of anthropoid primates during the MECO, and of Asian rodents
and ungulates at the EOT.
My work can be divided in three different –yet related– main projects:
• The early evolution of the Asian monsoons. Monsoons are the archetype of climatic
process controlled by regional geographic features; they are also the dominant moisture
supply mechanism in South Asia and control the ecosystem distribution along the
remnant of the Neotethyan margin. This project focuses on documenting their early
history and how they responded to the Paleogene pCO2 and paleogeographic changes.
• Reconstructing the paleogeography of South Asia during the Paleogene. The Tibetan Himalayan orogen is considered as a natural laboratory for continent-continent
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Figure 4: The Cenozoic time-scale with benthic δ18 O and δ13 C from Ogg et al. (2016), envelope of
proposed pCO2 from paleoceanography data (Foster, 2020), major hyper- and hypo-thermals
(PETM, MECO, EOT and Oi-1 events) and the two steps of Neotethys Seaway closure.

collisions, and climate modeling sensitivity experiments show that its development
must have significantly impacted monsoonal rainfall and regional ecosystems. Yet, the
chronology of India-Asia collision, lithospheric deformation and Tibetan-Himalayan
uplift remain highly debated. Documenting the paleogeographic evolution of the IndiaAsia collision is an essential step in my exploration of the Asian Paleogene.
• Paleogeographic and paleoenvironmental controls on Anatolian biogeography. This
project builds on my work in Asia and investigates the paleoenvironmental and paleogeographical conditions that favored the dispersal of several key mammalian families
(including anthropoid primates, Asian rodents and ungulates) further west, by focusing on fossiliferous sites along the Tethyan margin in Turkey.

4.1

the early evolution of the asian monsoons

The South Asian monsoon generates some of the highest surface run-off in the world and
plays an active role in global weathering fluxes (Caves-Rugenstein et al., 2019). Climate
modeling studies emphasize that South Asian monsoonal intensity is substantially enhanced
by the region’s topography. In early summer, solar heating of the land drives a drop in
pressure over northern India and an associated reversal of surface winds over southern India,
leading to the onset of strong diurnal precipitation and high relative humidity (Zhang and
Wang, 2008). Solar heating is enhanced by the high Tibetan topography which acts as an
active summer heat pump (Prell and Kutzbach, 1992; Ramstein et al., 1997). In the meantime,
sensible and latent heat builds up in the atmospheric boundary layer in the Bay of Bengal
and instigates deep atmospheric convection; individual ranges surrounding the Bengal Bay
confine sensible and latent heat to the Himalayan foreland and act as rainfall amplifiers
(Xie et al., 2006; Boos and Kuang, 2010). Beyond topography, climate modeling studies
have also established that many other factors influence the monsoon on a wide range of
timescales by modifying thermal gradients, atmospheric heating, and water vapor content:
ENSO, variations in polar ice volume, pCO2 , and insolation (e.g., Webster et al., 1998; Chou
et al., 2003; Clift and Plumb, 2011; An, 2014; Roe et al., 2016).

Figure 5: The Asian monsoonal domain, with the location of study sites of sections 4.1 and 4.2 (IBR:
Indo Burman Ranges. CMB: Central Myanmar Basins).

The patterns of the strong present-day monsoonal precipitation have long been thought
to have originated 25 to 22 Myr ago and have been linked to the development of high topographic relief associated with the uplift of the Tibetan-Himalayan region following the
India-Asia collision (An et al., 2001; Roe et al., 2016). At the time of my PhD, this “Neogene
onset” scenario for the monsoon, with uplift as the main forcing driver, was being challenged
by new findings that pointed towards a much older beginning for monsoonal activity. The
timing of topography formation had been shifted further back in time with estimates of the
core of the Tibetan Plateau as high as modern near the onset of the India-Asia collision ca. 50
Myr ago (Rowley and Currie, 2006; Quade et al., 2011). Concurrently, re-analyses of Chinese
pollen data indicated monsoonal rainfall during the entire Eocene similar to present-day
conditions (Quan et al., 2012). My PhD research (2010-2013) focused on the paleoenvironments and paleogeography of the Eocene anthropoid primates of Myanmar, under the joint
supervision of a paleontologist (Jean-Jacques Jaeger, University of Poitiers) and a geochemist
(Christian France-Lanord). It thus made sense to explore my Burmese paleoenvironmental
data in the light of past monsoonal activity, as Myanmar sits today in the “engine room” of
the South Asian monsoon (fig. 5), where summer latent heat reaches its highest values.
4.1.1

Work in Myanmar (2010-today)

My work on Burmese Eocene primate fossil sites first consisted in a systematic sedimentological and pedological description of the localities. The Primate-bearing Pondaung Formation,
of late middle Eocene age, is primarily made of floodplain fines and channel bodies deposited by avulsion-driver fluvial systems, as witnessed by the numerous crevasse splays
and heterolithic belts observed in the field. The lack of clear tidal or deltaic sedimentary
features but the presence of mangrove floral elements (see below) at most fossil sites suggest
that they represent the upper deltaic floodplain of such fluvial systems. Importantly, the paleosols of the Pondaung Formation bear many features indicating well-marked seasonality.
I identified them as pseudogleyic paleo-vertisols –soils characterized by seasonal shrinking
and swelling (vertic) features such as pseudoanticlines, high smectite content, carbonate nodules, and prismatic peds, but also by seasonal water saturation of the upper soil horizons,
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Figure 6: (a) Picture of a paleosol of the Pondaung Formation, with interpreted pedological features
and horizons (after Licht et al., 2014b); (b) landscape reconstruction of the Pondaung Formation based on pedological and botanical features, analogue to the landscape of the Teraï
ecosystem along the Himalayan foothills (after Licht et al., 2015). WPA: Wuntho-Popa Arc
(volcanic Arc of central Myanmar, see section 4.2).

resulting in their bleaching (pseudogleys; Fig. 6a). The presence of pseudogleys in the paleosols is irregular and indicates the presence of micro-topographic highs and lows in the
floodplains of the Pondaung Formation, which is common in seasonally water-logged vertisols (we speak of “Gilgai” microtopography). These combined features indicate a landscape
of seasonal wetlands for the Pondaung Formation, likely open-forested as dense forest rooting would have inhibited the formation of soil microtopography. These results, published
in Sedimentology (Licht et al., 2014b), questioned the nature of this Eocene seasonality, that I
further investigated in subsequent studies.
The presence of an open-forested landscape at the time of the Pondaung Formation was
particularly surprising as the geological unit is rich in fossil wood specimens. I sampled as
many fossil wood species as possible and worked for several months on their identification,
under the guidance of the fossil wood specialist at the Museum National d’Histoire Naturelle
(Anais Boura, Dario de Franceschi). We identified sixteen fossil wood species divided into
three assemblages, comparable to modern (1) mangroves, (2) riparian forests of the Bengal
Bay, and (3) monsoon forests of South Asia, which are dry deciduous forests dominated by
dipterocarps (Fig. 6b). In particular, riparian forests, monsoon forests and seasonal wetlands
are only found together today in the Teraï ecosystem, a mosaic ecosystem spanning along the
Himalayan lowlands and characterized by moderate monsoonal rainfall (1000 to 2000 mm)
and a well-marked dry season (up to 8 months without water). These results were published
in two consecutive studies in Review of Palynology and Paleobotany (Licht et al., 2014a, 2015).
To confirm the monsoonal nature of the Burmese Eocene climate, I used oxygen isotopic
tracers. Indeed, modern monsoonal rainfall is convective and monsoonal rainwaters are
highly depleted in heavy oxygen isotopes. Though there is no clear relationship between
rainfall intensity of individual rainfall events and their isotopic composition, a well-marked
correlation between rainfall isotopic depletion (low δ18 O values) and summer monsoon intensity is observed at the annual scale in South Asia (Vuille et al., 2005; Breitenbach et al.,
2010; Wang et al., 2020). Evaporative recycling of surface waters in the Bay of Bengal derived
from freshwater monsoon runoff is thought to enhance isotopic depletion of subsequent precipitation, and controls isotopic depletion during the late monsoon season (Breitenbach et
al., 2010). Convective effects, the isotopic composition of the source vapor and its rainout
history of moisture are also thought to exert a strong control over rainfall isotopic depletion
(Kurita et al., 2009; Pausata et al., 2011; Battisti et al., 2014; Chakraborty et al., 2016; Wei et al.,

Figure 7: (a) Comparison of δ18 O of tooth enamel (phosphate phase) from Burmese fossil mammals
(green triangles) with tooth enamel data from the younger Himalayan Foreland Basin (red
circles, Pakistan (Siwaliks); grey circles, Pakistan (Bugti Hills); blue circles, central India).
(b) Comparison of δ18 O values of Burmese fossil gastropod shells with δ18 O values from
fossil and modern shells in the Himalayan Foreland Basin. Whiskers indicate minimum
and maximum values. (c-d), Examples of δ18 O cycles from a rhinocerotid tooth (enamel
carbonate phase, two to four cycles) and gastropod shell (one cycle). after Licht et al. (2014c).

2018). In contrast, infrequent rains during the winter are strongly enriched in heavy isotopes
(high δ18 O values). These rainfall isotopic features control surface water isotopic compositions and are partly preserved in the δ18 O of continental carbonates. In particular, seasonal
cycles in surface water δ18 O are recorded in the isotopic composition of riparian gastropod
shells and tooth enamel, when sampled along their growth axis. I sampled fossil teeth and
freshwater gastropods shells from the Pondaung Formation and its predecessor, the latest
middle Eocene Yaw Formation, and showed that they displayed extremely low δ18 O values
(4–6 ‰ and 3.5–4 ‰ lower than their modern analogue; Fig 7a and 7b). After showing that
Pondaung river waters were likely locally derived using sedimentary provenance proxies
(see section 4.2.1), I showed that even with a longer distance to the atmospheric moisture
sources and a modified isotopic composition for the Indian Ocean, these low values could
only be explained by intense convective rainfall, at least as intense as today. In addition,
both types of material exhibit well-marked seasonal changes in isotopic composition, similar
in amplitude to what is found today (Fig 7c and 7d). These results argue for modern-like
monsoonal rainfall during the Eocene, and were published in Nature (Licht et al., 2014c).
This paper benefited from the contribution of two other research groups which are now
some of my closest collaborators. First, Guillaume Dupont-Nivet (University of Rennes) and
his field collaborators provided sedimentological and grain-size data from the Xining Basin
in northeast Tibet, showing the existence of Eocene dust in central China. These results were
particularly relevant as the onset of dust sedimentation in China is commonly associated
with the onset of winter monsoonal winds (e.g. An et al., 2001; see section 4.1.2). Moreover,
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Figure 8: Climatic simulations at 40 Ma, illustrating Eocene monsoonal circulation on the Asian mainland. Two orbital scenarios were tested: a ‘warm austral’ extreme and a ‘warm boreal’ extreme. (a) Winter rainfall and 850-hPa winds fomr the warm boreal scenario; (b) summer
rainfall and 850-hPa winds for the warm boreal scenario (winds are displayed in areas lower
than 2,000 m elevation); blue and red arrows illustrate the seasonal reversal of the winds;
(c) Asian paleogeography used for the simulations, with pCO2 x4 Pre-industrial levels and
ice-free Antarctica; (d) decrease of annual rainfall in Xining (with standard deviations) while
decreasing pCO2 and glaciating Antarctica; after Licht et al. (2014c).

Yannick Donnadieu (now at CEREGE) and Jean-Baptiste Ladant (now at LSCE) provided
climate simulations run with the IPSL atmospheric Global Circulation Model LMDz (Fig. 8a
and 8b), with Eocene boundary conditions and a paleogeographic map I built with the help
of Frederic Fluteau (IPGP; Fig. 8c). These climate simulations corroborated intense monsoonal rainfall with Eocene boundary conditions despite lower Tibetan-Himalayan topography, enhanced by high atmospheric pCO2 (x4 pre-industrial levels), and likely decreasing
through time with the Fall into the Oligocene Icehouse, as illustrated by the decrease of
annual rainfall in Tibet with decreasing pCO2 (Fig. 8d).
Our stable isotopic results did not address the atmospheric processes nor the potential
monsoonal nature of the atmospheric circulation (with a clear seasonal reversal of surface
winds) associated with this “monsoon-like” rainfall. Following posterior discussion with
climatologist colleagues, we now prefer speaking of “proto-monsoons” rather than Eocene
monsoons (see discussion in section 4.2.3). Most of my post-PhD work on monsoons has focused on defining the climatic features of these proto-monsoons: rainfall amount, seasonality,
geographical expansion, and sensitivity to atmospheric CO2 and paleogeographic changes.
Pursuing my investigations in Myanmar required the adequate logistical framework and
funding. First, my colleague Guillaume Dupont-Nivet was awarded an ERC Consolidator
Grant to study Paleogene monsoons (ERC MAGIC) that included funding to work in Myan-

mar and Tibet. I was also awarded a Marie Curie Fellowship to do paleoenvironmental
work at these two locations, and later start-up funds for my position of Assistant Professor at the University of Washington. In the meantime, I founded the Myanmar Paleoclimate
and Geodynamics Research Group (MYAPGr, see section 2.5), an interdisciplinary group of international and Burmese scientists with the aim of documenting and mapping previously
inaccessible areas of Myanmar, in close collaboration with the university of Shwebo (Zaw
Win) and University of Yangon (Day Wa Aung). The MYAPGr and the continuous stream of
funding allowed me to go back to the field in Myanmar every year since 2014, to focus on
stratigraphical, paleogeographical, and paleoenvironmental work, and to bring international
collaborators in the field in addition to my Burmese collaborators.
To test a potential CO2 control on the intensity of these proto-monsoons, we decided to
identify late Eocene to early Oligocene deposits, a period encompassing the most-documented
example of atmospheric CO2 drop in the Paleogene. The period spanning from 40 to 30 Ma
is associated with a two- to three-fold pCO2 drop bringing CO2 atmospheric level close to
preindustrial levels (Beerling and Royer, 2011; Steinthorsdottir et al., 2016). This decrease
prompted the sudden development of expanded Antarctic ice sheets, controlled by favorable
orbital conditions and a CO2 threshold (DeConto and Pollard, 2003; Pearson et al., 2009).
Ice sheet growth is recorded by two consecutive shifts in marine δ18 O values, at the EOT
isotope event 1 (coeval to the EOT) at 34.0 Ma and again at the Oligocene isotope event 1
(Oi-1) glaciation at ca. 33.5 Ma (Katz et al., 2008; Miller et al., 2009). Each of these events
resulted a ∼5°C cooling at high latitudes and a ∼100 m total drop in sea level (Liu et al.,
2009; Miller et al., 2009). In this context, a question naturally comes to mind: did monsoonal
intensity decrease in Burmese sedimentary archives after the Pondaung Formation (dated at
41-40 Ma), paralleling the pCO2 drop?
We identified a new area, in the Chindwin Basin (Fig. 9a), that was partly logged in
the 1970’s (United Nations, 1978). The Myittha Valley and its tributaries, near Kalewa, cut
through the sedimentary basin and expose quasi-continuously Eocene-to-Miocene deposits
on its banks. We focused on the Upper Eocene Yaw and Oligo-Miocene Letkat and Natma
Formations, the three geological units following the Pondaung Formation in the Chindwin
Basin (Fig. 9b). We spent three years logging and sampling both units, which resulted in
several stratigraphic papers (Licht et al., 2019; Westerweel* et al., 2020). Unfortunately, we
unravelled the existence of a disconformity between the top of the Yaw Formation and the
base of the Letkat Formation. We dated the top of the Yaw Formation at ∼37 Ma, followed by
a sedimentary gap until at least ∼25 Ma (Westerweel* et al., 2020). The origin of this disconformity and a synthesis of this stratigraphic work is discussed in the next section. Yet, we
used the opportunity of having well-dated, latest Middle to Upper Eocene (Yaw Formation)
and late Oligocene-Early Miocene (Letkat Formation) and Middle Miocene (Natma Formation) continental deposits to gather additional paleoenvironmental data. This includes the
work of four graduate students that I advised directly (Virginia Littell, Johanna Harlé) or
co-advised (Huasheng Huang, Nicolas Gentis):
• Virginia Littell (M.s. Student, 2017-2019 University of Washington) and Johanna Harlé
(visiting Master 2 student from the Ecole Normale Superieure de Paris, Spring 2018)
studied the stable isotopic record of bivalves and gastropods from the Yaw Formation, and pedogenic nodules from the Pondaung, Yaw, Letkat and Natma Formations.
The goal of this project was to identify whether the oxygen isotopic features (intense
depletion during the rainy season – recorded in shells and pedogenic nodules), and
seasonal patterns (recorded along the growth axis of shells) found in the Pondaung
Formation were preserved in younger units. Their results showed that shells preserve
the same highly depleted values throughout the sequence, though with varying seasonal patterns, suggesting the persistence of intense convective rainfall until at least 37
Ma. Interestingly they showed that pedogenic carbonates record less depleted values,
suggesting that pedogenic carbonate records the isotopic composition of winter surface
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Figure 9: (a) Schematic map of central Myanmar; boundaries between Tibetan and SE Asian terranes
are not precisely drawn because they are poorly known. The approximate axis of the WunthoPopa Arc (WPA) is shown by a thick, dashed black line. The sub-basins of central Myanmar are indicated with thin, dashed black lines: the Chindwin, Minbu, and Pathein Basins
(Cb, Mb, and Ptb) in the forearc, the Shwebo and Pegu Basins (Sb and Pb) in the backarc.
ITSZ—Indus-Tsangpo Suture Zone; SF—Sagaing Fault; KF—Kabaw Fault. The red line indicates the location of the cross section in Fig. 14. (b) stratigraphic log of the two main forearc
basins (location displayed with stars on the map); colored bars indicated the chronology of
my field seasons in central Myanmar (log after Westerweel* et al., 2020).

waters (rather than summer, that are highly depleted). These results are particularly
interesting as they call for a reinterpretation of previous paleoenvironmental studies
using pedogenic carbonates isotopic data as a proxy for monsoonal intensity (cf section 5.1; Quade and Cerling, 1995; Rowley and Currie, 2006; Hoke et al., 2014b; Ingalls
et al., 2018). Virginia also used Burmese isotopic data as a near-sea level station for
paleoaltimetric reconstructions of the Tibetan domain, though our more recent work
suggests that stable isotopic paleoaltimetry fails providing accurate estimates in Tibet
for the Eocene (see section 4.2).
• Huasheng Huang (PhD student, 2017-2021, University of Amsterdam, the Netherlands)
studied the pollen assemblages of the Yaw and Letkat Formations, under the supervision of Carina Hoorn, who joined the MYAPGr as the leading palynologist. Huasheng
work has consisted in describing and identifying the extremely rich and diversified
pollen record, with the final goal of reconstructing the forested ecosystems of the latest
middle Miocene and Oligo-Miocene. His first paper (Huang+ et al., 2020) focused on
palm pollen and showed that the Indo-Malayan area was a hotspot for palm biodiversity in the Eocene. His forthcoming papers will integrate pollen assemblages along our
dated log; preliminary results suggest the presence of dry to moist deciduous forests
similar to those found in modern monsoonal areas of Thailand, thus slightly wetter
and therefore different to the vegetation found in the Pondaung Formation (Huang+
et al., 2021).
• Nicolas Gentis (M.s. student, 2018-2019, Muséum Nationale d’Histoire Naturelle, France)
studied fossil wood specimens from the Natma Formation, under the co-supervision of
Anais Boura. Nicolas’ work showed much wetter forested ecosystems for the middle
Miocene Natma Formation, dominated by a high diversity of dipterocarps and similar to semi-evergreen forests of peninsular Southeast Asia. His work showed that the
Eocene was likely not the wettest episode of the Cenozoic history of Myanmar and
provided interesting insights into the evolutionary history of dipterocarps, suggesting
a long-term adaptation to wetter and less seasonal environments (Gentis* et al., in
review).
Exploratory work in the Minbu Basin led us to identify two new localities in 2018 and
2019 where the EOT is likely preserved. The Minbu Basin sustained moderate subsidence
during most of the Paleogene with only slow sedimentation rates (Pivnik et al., 1998; Gough
et al., 2020; Westerweel* et al., 2020), and the basin was likely never overfilled. The Eocene
– Oligocene Transition is mapped at the interface of the Upper Eocene Yaw Formation and
Lower Oligocene Shwezetaw Formation, which is marked by a gradual coarsening upward
sequence and a shift from fine-grained subtidal to sandy deltaic deposits. We logged a
first 350-m-thick section across both formations in 2018 near the city of Minbu, where our
colleague micropaleontologist Willem Renema identified lowermost Oligocene foraminifera
mid-section. The palynological work of Daniel Perez-Minedo (M.s. student, 2019-2020; University of Amsterdam, co-advised with Carina Hoorn and Robert Morley) confirms the presence
of the EOT mid-section by identifying Uppermost Eocene and Lowermost Oligocene pollen
taxa markers. This preliminary work also suggests a well-marked cooling and drying trend
through the EOT, with a transition from Late Eocene perhumid megathermal tropical forests
dominated by palm, to Oligocene temperate forests dominated by frost-tolerant, non-tropical
evergreen coniferous and needle-leaved gymnosperms. In 2019, I identified a second section
near Saw, that appears better suited for an extensive paleoenvironmental study because
thicker (>1000 m), fresh and well-exposed, rich in fossil wood specimens and invertebrates.
The low-stand at the EOT is associated with a clear shift from shallow marine to continental
deposition and is marked by a 2-m thick coal bed, which opens the door for future detailed
paleobotanical and isotopical analysis.
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Figure 10: Xining area (square) lays at the interface between the Chinese Loess Plateau (in yellow) and
the Tibetan Plateau (TP, in orange). (a) and (b) shows the location of winterpressure highs
(H, in purple) and associated winds (black arrows) carrying winter dust, the average annual
position of the subtropical jet stream (dashed line) as well as the areas of significant summer
rainfall (blue shaded areas) for interglacials (a) and glacials (b). (c) Regional stratigraphy
of Xining Basin (after Page* et al., 2019); (d) Eocene hypothesis 1 for pre-monsoonal circulation proposes a semi-permanent subtropical high in eastern China, generating aridity
only locally, while (e) Eocene hypothesis 2 proposes a 20° northward shift of the synoptic
atmospheric system and the anchoring of the ITCZ to the Tibetan Plateau that would have
generated prominent easterly winds (after Licht et al., 2016a).

4.1.2 Work in Tibet (2014-2019)
After my PhD defense, I was invited by Guillaume Dupont-Nivet to join his team working in
Tibet. Dupont-Nivet had been investigating for ten years the Xining Basin, a sub-basin in the
western part of a broad Paleocene–Miocene basin complex at the western end of the Chinese
Loess Plateau (fig. 5). The Xining Basin constitutes one of the most exceptional records
of Paleogene Asian and global climate evolution, with a long, nearly-complete stratigraphic
record from ∼50 to ∼15 Ma dated via magneto-, cyclo-, and mammalian bio-stratigraphy (Dai
et al., 2006; Xiao et al., 2010; Abels et al., 2011; Bosboom et al., 2014). Present-day rainfall in
Xining is sparse (∼350 mm of annual precipitation) and monsoonal, with 70% of precipitation
occurring during the summer and the remaining part occurring during the winter from
westerly-derived moisture. Xining lies at the westernmost limit of penetration of summer
monsoonal rainfall in central China, at the edge of the Tibetan highlands and central Asian
deserts. The area is blanketed by Quaternary dust, brought today by winter storms and
trapped by the sparse vegetation at the limit of the summer monsoonal moisture penetration
zone (Fig. 10a). Most of the dust likely accumulated during glacials, brought by Westerly
winds (Fig. 10b; Mischke et al., 2010; Pullen et al., 2011), while interglacials are periods of
lowered dust input, vegetation spread and pedogenesis of the dust deposits. Studying the
past dust and moisture supply dynamics in Xining thus provides the opportunity to study
monsoonal penetration and evolution in central China. Hence, the presence / absence of dust
is likely very sensitive to regional aridity (which generates the dust) and the penetration of
summer monsoonal winds (which brings rainfall and promotes the expansion of vegetation
that traps the dust).
The Middle to Upper Eocene sedimentary units of the Xining Basin are dominated by
carbonate-bearing red mudstones alternating with gypsum beds (Fig. 10c). Previous sedi-

mentological studies have shown that gypsiferous layers formed during obliquity-controlled
periods of relatively higher water supply in shallow saline lakes, whereas mudstone layers
developed during more arid periods in a dry playa environment (Abels et al., 2011). The
gypsum beds decrease in thickness through the Upper Eocene and they eventually disappear completely through the EOT, indicating increased aridity (Dupont-Nivet et al., 2007).
The recent work from Dupont-Nivet team had shown the partly aeolian nature of the Xining
red mudstones (Licht et al., 2014c). However, clear evidence that this dust was coming from
the Asian interior was missing, preventing to make an analogy with the modern atmospheric
circulation (with arid conditions to the west generating dust, and rainfall coming from the
east), and to show the monsoonal nature of the rainfall. Hence, other scenarios favoring only
local dust sourcing (Fig. 10d; Zhang et al., 2012) or completely different synoptic circulation
(Fig. 10e; after Allen and Armstrong, 2012) had been proposed.
My first project in Xining was to study the provenance of the Eocene dust using singlegrain U-Pb dating of detrital zircons from Xining red mudstones. Back then (in 2014), U-Pb
dating of multiple individual zircons was an exponentially growing technique in sedimentary provenance tracking, but had been barely applied in loess and other dust deposits. The
project presented multiple challenges: first, aeolian zircons in dust are commonly very small
(<30 microns in most loess), which make them hard to extract (they blow away or get flushed
away during heavy mineral extraction) and hard to date by laser ablation (small zircons require the use of a small laser spot diameter, resulting in low Pb beam intensity for most
mass spectrometers). Second, dust storms commonly gather dust quasi-continuously along
the storm pathway and often rework previously deposited dust. The likely presence of multiple, potentially reworked sources makes the provenance reconstruction particularly complex,
only indicated by subtle differences in zircon age distribution (with varying contributions of
age population), which would require a high number of zircon ages (thousands) to be observed and adequate statistics to be quantified. In 2014, I was conveniently located at the
University of Arizona and had access to the LaserChron facility. Their recent LA-ICP-MS setup (including a Nu Plasma multicollector) solved the low beam intensity issue, allowing us to
get ages at laser spot diameter down to 12 microns. I worked on zircon extraction for weeks
and eventually set-up an in-house, “wet” extraction line for small zircons adapted from the
line of Hoke et al. (2014a): fine-grained samples are mixed with water, ultrasonicated, and
moved from beaker to beaker with a gentle water flow, allowing the heaviest grains to settle
in the first beakers. I first extracted zircons from quaternary loess and modern rivers around
the Chinese Loess Plateau, to understand the broad features of the age distribution of the
Quaternary dust system in China and its sources. I then developed a statistical method to
deal with high numbers of grains and subtle differences in age population while solving
zircon mixture problems (this method is described in section 3.2).
The application of this method on Quaternary loess (Fig. 2) confirmed the presence of
multiple sources and the prominence of reworking processes during dust deposition, with
70% of Quaternary dust zircons being likely reworked from fine-grained alluvium brought
by the Yellow River along the dust storm pathway. It showed that only ∼20 to 30% of the
zircons are sourced from distant deserts, particularly to the west of the Chinese Loess Plateau
along the Westerlies pathway (Qaidam Basin and North Tibetan deserts; Licht et al., 2016b). I
then applied the same method on Eocene red mudstones from the Xining Basin. The results
showed that the age distribution of red mudstones is statistically different from the one of
fluvial deposits of the same basin, and is best explained by a mixture similar to modernday budget, with 30% of zircons brought by the westerlies and 70% reworked from local
fluvial deposits. These results confirmed the aeolian nature of the Xining red mudstones and
showed that wind direction and the location of dust-generating arid zones in the Eocene were
very similar to today. These results confirmed the monsoonal analogy for the Eocene dust
system of Xining; the orbitally-controlled lacustrine expansions with alternating episodes of
evaporative lakes (leaving gypsum) and dry mudflats (leaving red mudstones) mirror Plio-
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Quaternary rainfall dynamics in central Asia, with enhanced moisture supply accompanied
by weakened aeolian input (Mischke et al., 2010; Pullen et al., 2011). This second loess
provenance study was also published in 2016 (Licht et al., 2016a). Note that this study only
focused on zircons, which represent only a minor part of the coarse fraction (>10 microns)
of modern and Eocene dust. The sedimentary contributions proposed by these two studies
do not encompass the fine fraction (<10 microns) common in most dust, and do not exclude
contributions from other sources that do not significantly contribute to the zircon budget.
We later expanded this work with PhD student Niels Meijer (University of Potsdam, advised
by Guillaume Dupont-Nivet); Niels’ work extended the Xining magnetostratigraphic record
deeper in time, up to the early Eocene (Meijer+ et al., 2019) and showed using various
sedimentological techniques (grain-size distribution, grain morphology, sedimentary facies
distribution) that Xining dust deposition started right after the MECO, at ∼40 Ma, mixed
with fluvioclastic input (Meijer+ et al., 2020; Meijer+ et al., 2021).
The second stage of my work in Tibet focused on studying the paleoenvironmental record
of the carbonate cements found in the red mudstones and on testing the idea of declining
monsoonal rainfall supply through the fall into the Oligocene icehouse. I capitalized on the
high-resolution of paleomagnetic and cyclostratigraphic dating in the basin to sample red
mudstones at high chronological resolution (every ∼40 kyr). With one of my undergraduate
research assistants, Mara Page (now graduate student at the University of Michigan), we
studied the petrographic nature of the carbonate cements using cathodoluminescence and
polarized-light microscopy. Carbonates were identified as vadose-grown cements precipitated from soil water and did not show any evidence of subsequent diagenetic alteration.
Vadose-grown cements can precipitate from soil water or shallow groundwater and commonly form in the same growth season as soil carbonates (Quade and Roe, 1999; Fan et al.,
2018). We then analyzed selected samples of these cements for clumped isotopes at the
University of Washington, a work that I had already started during my postdoc in 2016 in
Germany. Our results showed two successive dramatic (>9 °C) temperature drops in T∆47 ,
at 37 Ma and at 33.5 Ma (Fig. 11a). These temperature drops are much higher than what is
found in other late Eocene temperature records, and can only be explained by a combination
of both regional cooling and a change of carbonate growth season to cooler months. We
initially interpreted this shift to cooler months as representing a shift from monsoonal rainfall to westerly-derived rainfall, because pedogenic carbonate in the monsoonal domain had
been considered so far as growing during the summer (Quade et al., 2013). Preliminary data
I have acquired on modern pedogenic carbonates in Myanmar rather suggest winter growth
for carbonates in the monsoonal domain (cf section 5.1); the mechanisms generating these
carbonate growth changes remain thus unclear. Nonetheless, these results suggest that the
response of Asian surface temperatures and rainfall seasonality to the steady decline of atmospheric CO2 and global temperature through the late Eocene was nonlinear and occurred
in several dramatic steps. In particular, they support a major continental cooling event coeval
to the Oligocene isotope event 1 (Oi-1) glaciation at 33.5 Ma. These results were published
in 2019 in Geology (Page* et al., 2019).
I then acquired a dataset of stable isotopic values (>200 samples) from Xining cements
covering the 42-25 Ma time window (Fig. 11b), together with δ13 C analysis of the soil
organic carbon (Fig. 11c). Combining these data with T∆47 values, an independent database
for atmospheric isotopic composition (Tipple et al., 2010), and two scenarios for atmospheric
CO2 (Fig. 11d), I reconstructed the evolution of respired CO2 at depth S(z) (Fig. 11e)
and the soil respiration at the surface (Fig. 11f) using the approach described in section
3.3. Results show a massive and gradual, 4x to 7x drop in soil respiration through the late
Eocene, with minimum values reached at the EOT, before the Oi-1 event, and lasting for
most of the Oligocene. These low values are today only found in deserts and boreal steppes.
The comparison between soil respiration of Eocene paleosols and modern biomes remains
exploratory, as it is difficult to predict how much Eocene subtropical biomes would have

Figure 11: (a) Carbonate growth temperature derived from clumped isotopes in Xining (red dots with
standard errors); (b) carbonate and (c) organic matter δ13 C values (uncertainty < 0.01‰ VPDB); (d) two atmospheric CO2 scenarios (shaded areas) used to reconstruct soil respiration:
a synthetic scenario with a 1-step CO2 drop through the EOT, and a scenario that averages
data from a wide database (alkenone, stomata and boron data; black dots with standard
errors); (e) reconstructed S(z) and (f) soil respiration Rs in Xining for both atmospheric CO2
scenarios (average and standard deviation). Rs is compared with annual soil respiration of
temperate and boreal ecosystems (from the SRDB); blue arrow indicates the effect of soil
water saturation on reconstructed Rs , a parameter that doesn’t vary in the modeling and
can affect CO2 diffusion in the soil. Figure and data after Licht et al. (2020a).

41

respired with a different plant composition and higher temperatures. However, the gradual
drop of soil respiration to extremely low values must reflect some amount of vegetation
cover loss that predates regional (and global) cooling.
These results suggest that Xining late Eocene desertification is rather linked to decreased
rainfall supply than to regional cooling; they corroborate a decrease of Eocene proto-monsoonal
rainfall through the fall into the Oligocene icehouse. Interestingly, the magnitude of the drop
in soil respiration also suggests a change of carbonate growth season, far away from the plant
growing season when soil respiration is at its highest (Spring-Summer in Tibet). Increased
aridity through the fall into the Oligocene Icehouse is thus likely associated with a significant
change in rainfall seasonality, though identifying the nature of this change remains difficult
without a better understanding of pedogenic carbonate growth in the monsoonal domain.
These results were published in 2020 (Licht et al., 2020a), conjointly with two other papers
I co-authored, which describe the onset of desertification at the EOT in Xining from pollen
data (Barbolini et al., 2020) and cyclostratigraphic data (Ao et al., 2020), as well as climate
simulations supporting a decrease of moisture supply and desertification through the EOT.
I have synthesized our current understanding of Paleogene monsoonal dynamics in section
4.2.3, after addressing several critical paleogeographic questions in the next section.

4.2

the paleogeography of south asia

The interpretation of Paleogene environmental data in the broader framework of monsoonal
evolution is complicated by the numerous uncertainties surrounding the India-Asia collision, the chronology of Tibetan-Himalayan uplift, and the broader Asian paleogeographical
evolution in deep time.
Until the early 1990’s, A simple India-Asia geodynamic model prevailed proposing that
the Indian Plate moved northward until collision of Greater India with the Asian margin in
the late Eocene, ca. 40 Ma (Molnar and Tapponnier, 1975). More recent sedimentary provenance and geochronological studies support a Paleocene (ca. 58-56 Ma) collision age, at a
time when the Indian continent was at near-equatorial latitudes, thousands of kilometers
away from the southern Asian margin (see review in Hu et al., 2016). Three families of geodynamic models have been competing to explain this discrepancy. A first family of models
(Fig. 12a) proposes an Asian margin at low latitudes (10 to 15°N), and post-collisional deformation mostly accommodated by the extrusion of Asian continental blocks away of the
collision zone (Replumaz and Tapponnier, 2003; Cogné et al., 2013); this model is yet invalidated by palaeomagnetic data placing the Asian margin at much higher latitudes (Lippert et
al., 2014). Alternatively, the second family of models (Fig. 12b) proposes an extra-large continental Greater India (Ingalls et al., 2016) or a greater India oceanic basin separating south
India and the Himalayas (van Hinsbergen et al., 2012), explaining a Paleocene collision age at
higher latitudes (∼25°N). Finally, the third family of models (Fig. 12c) proposes the existence
of a Transtethyan subduction system with which the Indian continent would have initially
collided in the Paleocene before jointly colliding with Asia later in the late Eocene (Jagoutz
et al., 2015). These three families propose completely different scenarios for Neotethyan seaway closure –with significant impact on land sea distribution and monsoonal intensity— and
paleo-location for Myanmar. All three models acknowledge a post Eocene phase of TibetanHimalayan build-up. However, recent stable isotope paleoaltimetry studies have argued for
a modern-like Tibetan topography since the early Eocene, likely created by long-term crustal
thickening in an Andean-type subduction setting (Rowley and Currie, 2006; Ding et al., 2014;
Hoke et al., 2014b). Documenting the presence and extent of Paleogene Tibetan topography
is critical to better understand the dynamics of monsoonal rainfall.

Figure 12: Paleogeographic models for pre-collisional South Asia. (a) Models for which most of the
postcollisional convergence is accommodated by extrusion of continental blocks; (b) models
for which the postcollisional convergence is accommodated by the subduction of a huge
(1000+ km) Greater India; (c) Transtethyan models for which the convergence is accommodated by a dual subduction system. KA: Kohistan Arc; LT: Lhasa Terrane; ST: Sibumasu
Terrane; BT: Burma Terrane. Note that the paleoposition of the Burma Terrane is different
in the three types of models.

On the topographic front, I have been lately involved in a broad comparison study between stable isotopic data from Tibet and the results of climate simulations run with a water
isotope module (LMDZ-iso), led by my colleagues from LSCE, in the framework of the PhD
thesis of Svetlana Botsyun (2014-2018, LSCE, co-advised by Yannick Donnadieu and Pierre
Sepulchre). Svetlana run climate simulations using the Eocene paleogeographic map I designed for our 2014 study, and compared rainfall isotopic outputs with a broad compilation
of carbonate isotopic data gathered all over Asia. We showed that the highly depleted isotopic composition found in Eocene Tibetan carbonates, commonly interpreted as reflecting
high elevation, are better explained by high convective effects, high temperatures, and moisture mixing at low elevation. These results raised doubts on the application of the stable
isotopic paleoaltimetry approach in Tibet, and suggested a recent (post-Eocene) uplift for
the central Tibetan Plateau (Botsyun et al., 2019). The paleogeography used for running
these climate simulations is debatable due to the uncertainties emphasized above; however,
these results provide a key to explain why stable isotopic data on Tibet suggest high Tibetan
elevation during the Eocene, while paleobotanical data do not (Su et al., 2019), and support
a potentially lower Tibet during the Paleogene. A clear scenario for the paleo-topographic
evolution of Tibet remains to be drawn; lower regional topography could yet partly explain
higher CO2 sensitivity of Asian moisture supply during the Eocene.
Two additional questions were primordial to solve in order interpret our Burmese data
that I addressed from a basinal and geochronological perspective:
• When were developed the topography and river drainages surrounding the central
Myanmar Basins? Local topographic effects could have impacted rainfall isotopic composition in the Eocene, while distant and elevated drainages could have changed the
river and lake waters isotopic composition.
• Where was the Burma Terrane (on which lie the Central Myanmar Basins) located
during the Eocene? Knowing the location of Myanmar related to mainland SE Asia and
India in the Eocene is essential for model-data comparison with climate simulations
and to identify the potential sources of atmospheric moisture.
4.2.1 Work on Burmese drainage and topography
My first work on Burmese drainages and topography focused on the Pondaung Formation
and showed the local nature of the drainage of the Pondaung Formation, and the absence
of nearby topographic high in the Eocene. This work was a necessary step to interpret sta-
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Figure 13: (a) Map of Southeast Asia showing the Bengal Basin and the Central Myanmar Basins (BB
and CMB, respectively, yellow shaded areas), the Indo-Burman Ranges (IBR), the Tsangpo
(Ts)-Brahmaputra and Irrawaddy (Ir) Rivers and their possible connection through the eastern Himalayan syntaxis (EHS); (b) zoom on Myanmar and the Bengal Bay showing modern drainage connections; (c) hypothesized former drainage patterns during the Paleogene.
Gg= Ganga River; SF: Sagaing Fault; ITSZ: Indus-Tsangpo Suture Zone; H: Himalayas; TA:
Transhimalayan Arc; WPA: Wuntho-Popa Arc. Star: study sites in Myanmar. After Licht
et al. (2016c).

ble isotopic data from gastropods and fossil teeth and relate them to local rainfall isotopic
composition. Reconstructing the evolution of Burmese drainage has a much broader impact
because it is closely linked to the mode and chronology of Asian lithosphere deformation following the India-Asia collision. The unusual geometry of the wide rivers wrapping around
the Eastern Himalayan Syntaxis (Tsangpo, Salween, Mekong), with deeply incised gorges,
closed spacing, a marked narrowing of their drainage area and well-marked bends, has
resulted in two competitive drainage evolution scenarios that advocate for different Asian
deformation mechanisms:
• The close spacing, parallel trends, and arcuate shape of the drainage has led some
authors to argue that eastern Himalayan river drainages have barely changed in extent
but have been significantly deformed in shape; they can be seen as passive markers
of the continuous, regional deformation and crustal thickening of Asian lithosphere
(Hallet and Molnar, 2001);
• Other authors have argued that these drainages have been significantly cut and reorganized, and cannot be seen as markers of regional shortening; these authors rather
support models with locally focused deformation such as scenarios involving lateral
extrusion of Asian lithospheric blocks away from the collision zone (Clark et al., 2004);
In particular, it has been proposed that the Tsangpo River was once flowing into central
Myanmar (Clark et al., 2004), a hypothesis supported by zircon Hf data typical of Tibetan
magmatism found in Paleogene units of central Myanmar (Liang et al., 2008; Robinson et
al., 2014). The Tsangpo nowadays follows an abrupt and tight loop in the Namche Barwa
Massif (at the core of the the Eastern Himalayan Syntaxis; Fig. 13) before becoming the
Brahmaputra River in the Assam Valley of India, while central Myanmar is drained north to
south by one single river, the Irrawaddy River, sourced at the southern edge of the Eastern
Himalayan Syntaxis. A former Tsangpo-Irrawaddy connection would have been lost in the
early Miocene, when the first Tibetan sediment input is recorded in the Bengal Bay (Bracciali
et al., 2015).
My field observations in the Pondaung Formation led me to doubt of this integrated
drainage between Tibet and Myanmar, as most channel bodies in the Pondaung Formation

are shallow (<3m) and narrow, and often include conglomerate channel lags rich in weathered granitic pebbles, an observation incompatible with the idea of a wide and distant river
system. I measured paleocurrents in the field, Nd and Sr isotopes of bulk sediment, and
heavy minerals and sandstone modal composition in the Pondaung Formation; all the data
I have acquired are rather suggestive of a local sourcing from the volcanic arc from central
Myanmar, the Wuntho-Popa Arc, today an area of bare elevation. I published these results
in a first paper in 2013 (Licht et al., 2013). I expanded part of this work to younger units of
central Myanmar in subsequent studies, using sandstone modal analysis, Nd isotopes, and
U-Pb dating of detrital zircons, combined with detailed stratigraphy. A first study covered
all Eocene to Quaternary geological units from the Minbu Basin (southern forearc of central Myanmar; Fig 9) with Nd data and sandstone modal analysis (Licht et al., 2016c). It
showed a gradual shift from a provenance dominated by the input from the Wuntho-Popa
Arc in the Eocene to a more mature source through the latest middle Eocene to the Oligocene.
This shift indicated the onset of metamorphic basement exhumation in the central Myanmar
drainage basin, which I hypothesized as marking the onset of activity of strike-slip deformation further East of central Myanmar. Indeed, Myanmar has been deformed by dextral
strike-slip shear, resulting in the partitioning by pull-apart subsidence of the Central Myanmar Basins and in high grade metamorphism spots and exhumation of the basement east of
central Myanmar, along the Mogok-Mandalay Belt (Fig. 9; Bertrand et al., 2001; Barley et al.,
2003; Bertrand and Rangin, 2003; Searle et al., 2007). This strike-slip deformation regime
of Myanmar is commonly explained as resulting from the hyper-oblique convergence of the
Indian Plate below the Burmese margin. The oblique convergence and subsequent deformation partitioning resulted in the dragging of western Myanmar northwards (Socquet et al.,
2002; Maurin and Rangin, 2009; Morley, 2009). The timing for the onset of strike-slip deformation is not clear but is suggested to be at least Oligocene to middle Eocene in age (Barley
et al., 2003; Morley and Arboit, 2019), which fits with my provenance interpretations. Work
with paleomagnetist colleagues now suggests that this exhumation event might be related
to the Burma-Asia collision (see next subsection). Regardless, this study failed to provide
any evidence for an ephemeral Tibet-Myanmar connection during the Cenozoic. A later paper by Chinese geologists showed that the Wuntho-Popa Arc produces zircons with a Hf
fingerprint similar to the one of Tibetan batholiths (Zhang et al., 2017), thus dismissing the
only piece of evidence for a Tsangpo-Irrawaddy connection during the Paleogene.
The Indo-Burman Ranges, west of central Myanmar, separate the Burma Terrane from the
Indian Foreland Basin and the Bengal Bay (Fig. 14a), and constitute the accretionary complex produced by the Indian subduction under the Burmese active margin (Brunnschweiler,
1966; Maurin and Rangin, 2009; Bannert et al., 2011). Today, they represent a well-marked
topographic high (up to 3000 m), creating strong orographic effects on Burmese rainfall. The
timing of their uplift remains poorly documented, though particularly critical to interpret
paleoenvironmental data from central Myanmar. The youngest marine deposits found in
the Indo-Burman Ranges are dated at ∼37 Ma (Allen et al., 2008), indicating that parts of
the ranges were still under water until at least the late middle Eocene (at the time of the
Pondaung Formation). In a study of the stratigraphy and provenance of the Chindwin Basin,
I used sedimentology and U-Pb dating of volcanic and detrital zircons to decipher the Paleogene history of the subduction margin. Sedimentary facies showed the presence of wide
tidal flats (Fig. 14b) and shallow marine anoxic conditions typical of barrier-bound estuaries (Fig. 14c) between 39 and 37 Ma in northern central Myanmar. The set-up of these
estuaries indicates the presence of nascent emerging land west of the basins, and is associated with a well-marked change of sedimentary provenance, with the recurring presence of
pre-Mesozoic zircon ages in sandstones younger than 39 Ma. I interpreted these changes
as reflecting the set-up of southward directed drainage, indicating the final closure of the
east-west Myanmar-Bengal Bay connection (Fig. 14d and 14e) and attributed this episode
of emergence and uplift of the Indo-Burman Ranges to the onset of strike-slip deformation

45

Figure 14: (a) Schematic cross section across a W-E transect in western and central Myanmar (location
on Fig. 9) after Maurin and Rangin (2009); (b) wavy and lenticular bedding typical of
tidal flats found in the Yaw Formation in the Chindwin Basin; (c) facies model for the yaw
Formation in the Chindwin Basin, showing the different facies associations (FA) identified
in the field; (d,e) changes of morphologies and drainages occuring during the late middle
Eocene in central Myanmar. AT: Arakan Trench; AP: Accretionary prism; FB: Forearc basin;
WPA: Wuntho-Popa Arc; BB: Backarc Basin; MMB: Mogok-Mandalay Belt; CB: Chindwin
Basin; MB: Minbu Basin

along the Burmese subduction margin, which in turn might have resulted in the rapid uplift
of the accretionary prism (Licht et al., 2019).
Taken together, these studies show that central Myanmar was open to the Bengal Bay and
fed by local river networks in the middle Eocene; it then experienced a major and unknown
deformation event between the late middle Eocene and the Oligocene, with the uplift of the
accretionary prism and potential onset of strike-slip deformation. I am currently pursuing
the exploration of past Burmese drainages with two Burmese PhD students, Hnin Hnin Swe
and Myat Kay Thi (2016-today, University of Yangon, advised by Day Wa Aung) who study
the sedimentary provenance signal in the late Oligocene and Early Miocene units of central
Myanmar.
4.2.2

Work on Burmese paleo-location

In the framework of Guillaume Dupont-Nivet’s ERC project, my colleague paleomagnetists
of the MYAPGr and I decided to undertake the first detailed paleo-latitude study of the
Burma Terrane, to better constrain the location of Myanmar during the Eocene, how much
central Myanmar had been displaced by strike-slip motion, and what is the meaning of the
late middle Eocene to Oligocene deformation event. This work has been the focus of the
PhD thesis of Jan Westerweel (2016-2020, University of Rennes), whom I assisted both in
the field (logging, sampling) and in the lab (geochronological dating of paleomag samples).
We sampled Cretaceous to Miocene rocks of central Myanmar for virtual geomagnetic pole
reconstructions, in order to reconstruct the paleolatitude of the Burma Terrane through time.
Jan’s work showed that late middle Eocene sedimentary rocks, today located at ca. 20°N,
record near-equatorial paleolatitudes in the Eocene, implying ∼2000 km of northward translation for the Burma Terrane, much more than previously proposed. These results, combined
with latest Cretaceous, early Eocene, Oligocene and Miocene data, show that Myanmar has
been fully coupled with the Indian Plate and dragged northward by India since ca. 60 Ma.
Moreover, early Cretaceous paleolatitudes acquired on Wuntho-Popa Arc magmatic rocks at
ca. 20°N in central Myanmar, indicate a near-equatorial position in the southern hemisphere
at 95 Ma, in the middle of the Neotethys Ocean (Fig. 15). These results indicate that central
Myanmar and the Wuntho-Popa Arc were once part of a Transtethyan volcanic arc, and got
accreted to India around 60 Ma. They are particularly critical as they are only compatible
with geodynamic models for the India-Asia collision involving an initial collision of India
with a near-equatorial Transtethyan subduction system (that would have included the Burma
Terrane), followed by a later collision with the Asian margin (Bouilhol et al., 2013; Jagoutz
et al., 2015). The Eocene and Cretaceous poles of this work were published in 2019 in Nature Geoscience (Westerweel* et al., 2019), while the remaining poles remain to be published.
Our geochronological work in the Wuntho-Popa Arc to date the sites sampled for paleomagnetism was also published in an individual publication highlighting the different magmatic
flux episodes in central Myanmar (Licht et al., 2020b). We showed that the magmatic history
of the Wuntho-Popa Arc does not correlate with the mainland volcanic arcs of Asia and is
compatible with an independent, Transethyan origin for the Burma Terrane.
As a follow-up to this paleolatitude study, Jan focused on deciphering the meaning of
the late middle Eocene to Oligocene deformation event in central Myanmar; we dated by
geochronology and magnetostratigraphy the disconformities we had earlier identified in the
Chindwin Basin, and related them with changes of sedimentary provenance. We showed
that the Chindwin Basin is marked by two disconformities, with sedimentary gaps dated
between ∼37-25 Ma and ∼22-17 Ma (Fig. 9b; Westerweel* et al., 2020). We propose to relate
the first disconformity to Burma-Asia collision in northernmost Myanmar, in agreement
with Transtethyan collision models that suggest an India-Asia collision in the late Eocene
(Bouilhol et al., 2013; Jagoutz et al., 2015); the second unconformity is coeval with increased
exhumation in the eastern Himalayan Syntaxis (Haproff et al., 2019) and likely relates to
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Figure 15: Gplates reconstructions of the Burma Terrane and Asia at (a) 95 Ma, (b) 58 Ma, and (c)
40 Ma, incorporating Burmese paleomagnetic data. The reconstructions use the global
rotations, continental polygons and combined hotspot (0-70 Ma) and paleomagnetic (70-250
Ma) reference frame from the Matthews 2016 GPlates model as a template (Matthews et
al., 2016). KA: Kohistan Arc; BT: Burma Terrane; GI: Greater India; BB: Bengal Bay; SL:
Sundaland; SB: Simubas; LT: Lhasa Terrane. after Westerweel* et al. (2019, in preparation).

the onset of oroclinal bending in this area. I am currently investigating the record of this
Burma-Asia collision further south, in the Andaman Islands, with Douwe van Hinsbergen
(University of Utrecht),by using zircon U-Pb dating to track the sedimentary provenance of
Paleogene units sampled by van Hinsbergen’s team.
4.2.3

Proto-monsoonal evolution in the light of changing paleogeography

The detailed paleogeographic reconstruction achieved in the framework of Jan’s thesis led
us to rethink our interpretations of past monsoonal proxies in Myanmar. In particular, the
near-equatorial position of Myanmar at 40 Ma invalidates the monsoonal nature of the convective effects seen in the isotopic composition of Pondaung and Yaw surface waters, because
equatorial rainfall, in the intertropical convergence Zone (ITCZ), is globally convective. Yet,
the numerous pieces of evidence for a well-marked dry season in the Pondaung Formation
require a highly mobile ITCZ, moving away seasonally from the equator. Interestingly, middle Eocene fossil leaf assemblages on continental China suggest a well-marked but gradual
seasonality, comparable to that of the present-day Australasian monsoonal domain, where
monsoonal rainfall is driven by the gradual migration of the ITCZ, following the seasonal
migration of the insolation maximum (Spicer et al., 2016). These results suggest that Eocene
proto-monsoons have significantly different drivers than modern-days monsoons.
The current modeling work of Anta Sarr and Yannick Donnadieu at CEREGE (Sarr et al.,
in review) and the climate sensitivity experiments of Acosta and Huber (2020) shed interesting light on these interpretations. In agreement with previous studies, their simulations
show a prominent control of Asian topography on monsoonal rainfall, particularly in South
Asia. They also highlight that the modern large-scale atmospheric circulation of the South
Asian monsoon is mainly a consequence of the Miocene emergence of the northern Arabian
Peninsula and uplift of Middle Eastern topography, which drive the pathway and strength
of summer winds in the Indian Ocean. However, these different drivers do not control the
seasonal distribution of rainfall nor its convective nature; summer monsoon-like convective
rainfall at mid-latitude in continental South Asia is resilient to the removal all Eurasian topography and the immersion of the Arabian Peninsula in climate sensitivity studies (Prell
and Kutzbach, 1992; Roe et al., 2016; Acosta and Huber, 2020; Sarr et al., in review). This resilient but weaker proto-monsoonal rainfall is only canceled by playing significantly with latitudinal temperature gradients, either by altering land-sea distributions in continental Asia,

Figure 16: Proposed three-stage evolution for the Asian monsoons during the Cenozoic (in green). The
evolution of topographic building in Tibet, Zagros, and the Himalayas (in red), sea retreats
in south and central Asia (in blue), time span of our Xining and Burmese records (green
boxes), and onset of monsoonal oceanic circulation in the Indian Ocean (in black; Betzler
et al., 2016) are also displayed.

for example by drowning central Asia with the Paratethys Sea (Fluteau et al., 1999; Zhang et
al., 2012), or by changing the paleolatitude of the African and Indian landmasses (Farnsworth
et al., 2019b). The few climate simulations which succeed to cancel proto-monsoonal rainfall
exhibit a wide and perennial anticyclone anchored to the Paratethys and Tibetan Plateau,
dampening any monsoonal moisture penetration.
I propose a synthetic three-stage scenario for the evolution of the Asian monsoons (Fig.
16) that parallels the evolution of the dominant controls on monsoonal rainfall. Our Middle and Upper Eocene Burmese record indicates proto-monsoonal rainfall brought by ITCZ
migration, such as expected with a seasonal breeze driven by latitudinal temperature contrasts. This driving mechanism makes rainfall more sensitive to atmospheric CO2 and orbital
forcing than for modern monsoons, as observed in the Xining record and our 2014 climate
simulations. Our results thus suggest an intermediate state between an earlier complete absence of monsoonal rainfall in continental Asia, and the modern monsoons which are driven
by seasonal latent heat accumulation since the setup of the modern Eurasian topography.
This scenario remains hypothetical and likely hides a more complex picture of monsoonal
evolution, with gradual shifts and multiple paleogeographic drivers. Its chronology remains
barely constrained, though the recent climate simulations of Farnsworth et al. (2019b) suggest a shift from no monsoon to proto-monsoons in the early Paleocene (ca. 60 Ma), and
a gradual shift to modern monsoons between the late Eocene and early Miocene (40-20
Ma). We lately integrated the results of our paleomagnetic reconstructions in Myanmar in a
new set of Cenozoic paleogeographical reconstructions, designed by my colleague Fernando
Poblete (Poblete et al., 2021); these paleogeographic maps were used as the basis for climate
simulations with the last IPSL model version for the PhD theses of Delphine Tardif (20172020, Paris VI University, co-advised by Fred Fluteau and Guillaume Lehir) and Agathe
Toumoulin (2017-2020, Aix-Marseille, advised by Yannick Donnadieu). Climate simulations
with our paleogeographic map at 40 Ma interestingly fail to reproduce any migration of the
intertropical convergence zone or any dry season at low latitude (Tardif et al., 2020, in review) but simulate a "no monsoon" state with a wide desert covering most continental Asia,
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Figure 17: distribution of Eocene anthropoid primate sites along the Neotethys (stars), compared with
the relative amount of summer rainfall for warm boreal simulations of Fig. 8 in our first
run of climate simulations (Licht et al., 2014c).

by contrast to the Late Eocene simulations of Farnsworth et al. (2019b) and Baatsen et al.
(2020). These results illustrate the paleogeographic sensitivity of the late Eocene monsoonal
climate and show the importance of precise paleogeographic reconstructions; this sensitivity
suggests that the period around 40 Ma might have displayed a high monsoonal variability.
They also call for more detailed, data-based reconstructions of Eocene Asian paleoenvironments, as climate simulations still fail to converge towards an unified picture of the Eocene
climate.

4.3

anatolian biogeography during the paleogene

My PhD work on Burmese Eocene paleoenvironments had direct paleobiological implications as the Pondaung Formation has yielded the most prolific and diversified assemblage
of early fossil anthropoid primates. My work suggested that early anthropoid primates were
adapted to seasonal, water-stressed environments, and thrived in mosaic landscapes, which
is supported by the few other prolific sites of the Eocene fossil record, in Egypt (Fayum)
and China (Beard et al., 1996). The distribution of Eocene anthropoid sites in Asia and
North Africa matches exactly the areas where summer monsoonal rainfall is prominent in
our first run of simulations (Fig. 17) as well as in previous ones (Huber and Goldner, 2012).
These observations raised a new and exciting question: could have the evolution of protomonsoons driven the dispersal (and subsequent diversification) of anthropoid primates, and
other mammalian communities along the Neotethys?
During the Paleogene, the mammalian fossil record indicates several discrete dispersal
events between Africa and Eurasia along the Neotethyan oceanic margins, some of them involving the earliest anthropoid primates. In particular, the comparison of Eocene anthropoid
fauna from the Pondaung Formation in Asia, Egyptian and Lybian fauna in Africa, and Amazonian fossils in south America suggests that anthropoids dispersed from Asia to Africa and
to South America within less than one or two million years, around the MECO, 40 million
years ago (Fig. 18a; Chaimanee et al., 2012; Bond et al., 2015; Beard, 2016; Jaeger et al., 2019).
Another group of small arboreal mammals, hystricognathous rodents, followed exactly the
same dispersal trajectory, at the same time (Sallam et al., 2009; Rowe et al., 2010; Marivaux
et al., 2014). To reach Africa from Asia, early anthropoids and rodents would have had to
cross at least 500 km of water across the Neotethys Ocean, and an additional 800 km to reach
South America (Fig. 18b; Barrier et al., 2018). Temporary stepping stones across both Eocene
oceans, such as the Walvis Ridge in the Southern Atlantic (potentially partly emerged at that
time; Detrick et al., 1977) and the Taurides and Sanandaj-Sirjan terranes in the Middle East

(Tirrul et al., 1983; Gheerbrant and Rage, 2006), could have significantly increased the likeliness of transoceanic dispersal through regular short-distance ‘island hopping’ (De Oliveira
et al., 2009; Warren et al., 2010). However, these potential temporary stepping stones fail
to explain why only primates and rodents are the only groups to have made the trip. The
most widely accepted yet controversial alternate mechanism to explain this dispersal is longdistance transport by rafting. ‘Floating islands’, made of dislodged vegetation from river
banks and deltas and commonly spotted in major equatorial river systems, have been shown
to be potential carriers for small animals over short distance of water (tens of kilometers;
Houle, 1999; De Queiroz, 2005). This mechanism has been proposed to explain the Eocene
colonization of Madagascar by ancestral lemurs (Ali and Huber, 2010). However, this potential scenario raises more questions than answers: long-distance rafting must have occurred
at least twice during the same time window, and likely many more times to increase the
genetic diversity of the immigrant population and thus preventing its decline after a few
generations. A monsoonal control can partly solve the apparent limitations of both dispersal mechanisms. An expansion of monsoonal climates and forested ecosystems favorable to
anthropoids along the arid Neotethyan margin during the MECO might have provided a
dispersal corridor for primates and rodents to Africa via stepping stones in a temporarily
less arid Middle East, as it has been proposed for India-Asia precollisional dispersals (Spicer
et al., 2017). By contrast, phylogeographic studies highlight how salt intolerant taxa such as
frogs have colonized oceanic islands off the west coast of Africa, presumably by rafting on
vegetation mats discharged from the mouths of major African river systems during major
flooding events (Measey et al., 2007; Bell et al., 2015); the causal relationship between flooding and rafting events provides a model that potentially links episodes of extreme climate
(such as the MECO) with overwater colonization of new terrains by terrestrial organisms.
I was invited to explore these questions by American paleontologist K. Chris Beard during
at an NSF retreat in Santa Fe in 2015 and during a postdoc at the University of Kansas. Chris
Beard had been working on Asian and African anthropoids for two decades and was starting
a new project with paleontologist Grégoire Métais (Muséum Nationale d’histoire Naturelle)
in Anatolia. Turkey is today at the biogeographic crossroads of Europe, Asia and Africa,
and is today a patchwork of individual rifted terranes and volcanic arcs accreted during the
late Cretaceous to Oligocene. Chris and Greg hypothesized that if anthropoids made it to
Africa via stepping stones, these stones are likely hidden in this accretionary complex and
fossil anthropoids should be found in Turkey. They invited me to join them into this quest to
solve the paleogeographic evolution of Turkey in the Eocene, date their fossil sites and test a
potential monsoonal nature of their environments.
I first focused on studying the record of the Haymani-Polatli-Orhaniye Basin, on the Pontide microcontinent of Anatolia (Fig. 19a), which hosts the first Paleogene fauna studied
by Chris and Greg. The Orhaniye Basin had yielded a highly enigmatic -yet poorly datedPaleogene mammal fauna, the endemic character of which suggests high faunal provincialism associated with paleogeographic isolation of the Anatolian landmass during the early
Cenozoic. This fauna includes mammals of Gondwana affinity such as embrithopods and
marsupials (Kappelman et al., 1996; Maas et al., 2001), and archaic European mammals
(Pleuraspidotheriids) that had disappeared in the latest Paleocene. I combined sedimentological logging, U-Pb dating and magnetostratigraphic dating (in collaboration with Pauline
Coster) to infer the chronology and depositional history of the Orhaniye Basin. Results indicated an unequivocal late middle Eocene age (44-43 Ma) for the Orhaniye fauna, showing that
pleuraspidotheriids have survived more than 10 million years in Turkey after their extinction
elsewhere in the world, and confirmed the endemic character of the fauna. Stable isotopic
data and sedimentary facies of the Orhaniye Basin suggests a wet yet seasonal ecosystem,
monsoonal nature of which remains to be shown. I showed that the fauna was deposited in
a post-collisional context during one of the final stages of Anatolia landmass, the closure of
the İzmir-Ankara-Erzincan Suture (IAES) between the Pontides and the Tauride-Anatolide

51

Figure 18: (a) Phylogenetic tree of anthropoid primates (after Chaimanee et al., 2012), with major primate families and their geographic location (Asia: in blue; Africa: in pink; South America:
in red). (b) Paleogeographic map of the world 40 million years ago (after Licht et al., 2014c),
with Eocene anthropoid sites (circles), dispersal pathways (arrows) and study sites in Anatolia (star).

platform to the south, rifted from Gondwana. These results were published in 2017 (Licht et
al., 2017a), and were followed by subsequent paleontological findings in the Orhaniye Basin,
underlining its endemic character (Métais et al., 2018; Jones et al., 2019). We recently identified the first (non-anthropoid) primate in the Orhaniye Basin (Beard et al., 2020); unlike
other fossil species of the fauna, this primate shares coeval late Middle Eocene relatives in
Asia, suggesting a relatively late dispersal to Anatolia, and emphasizing the ability of this
mammalian family for transoceanic dispersals.
Our work is now focused on better documenting and explaining the paleogeographic and
paleoclimatic context of Anatolian endemism, and on investigating its role in favoring /
limiting dispersals along and across the Neotethys. My work is divided into two main tasks.
First, I have been assisting paleontologists in identifying new fossil sites, dating them and
studying their depositional environments. Since 2016, we have identified two new fossil
localities, Tarakle, in the Central Sakarya Basin, and Cicekdagi, on the Kirsehir Massif (Fig.
19a), that I both logged and dated (at respectively 61-55 and 37-35 Ma) by a combination of
geochronology and magnetostratigraphy in collaboration with Jan Westerweel and Pauline
Coster. I have also gathered a wide database of stable and clumped isotopic data from
both sites to study their paleoenvironmental record. Preliminary results from the fossil
fauna of these two sites confirm endemism in Anatolia since at least the late Paleocene
(Tarakle site) and the massive arrival of Asian immigrant taxa by the late Eocene (Cicekdagi
site), suggesting massive biogeographic changes sometime between 43 and 37 Ma. These
results are not yet published, as we are waiting for more paleontological material to be
recovered. My second objective has been to decipher the paleogeographic history of Anatolia
associated with the assemblage and demise of the endemic fauna, focusing on the closure
of the IAES, the main regional tectonic event of the early Paleogene. This work is carried
on in collaboration with my Turkish colleague Faruk Ocakoğlu (Ocakoğlu et al., 2019) and
in the framework of two PhD theses that I advise (Megan Mueller, 2016-today, University of
Washington) or mentor (Clay Campbell, 2016-today, University of Kansas, advised by Mike
Taylor).
Megan and Clay have focused on deciphering the history of the Central Sakarya Basin,
western Anatolia, a wide composite basin on the Pontides and along the IAES that experienced continuous deposition from the Jurassic to latest Eocene, using two sets of proxy:
sedimentary geology and U-Pb geochronology (Megan), and zircon Hf fingerprinting and
low-temperature geochronology (Clay). Their first study focused determining the timing
of thick-skin deformation in the basin, associated with IAES suturing. Regional thick-skin
thrusting resulted in the formation of a broken foreland Basin south of the Central Sakarya
Basin, the smaller Saricakaya Basin (Fig. 19b), that they dated at ∼53 Ma, giving a minimum
age for Pontides - Tauride-Anatolide collision in western Anatolia (Mueller* et al., 2019).
Their subsequent work focused on investigating the earlier record of collision. Clay’s Hf
data from Cretaceous magmatic zircons show a major drop to isotopically enriched signature at ∼94 Ma, likely reflecting the onset of continental subduction and IAES closure; this
early phase is associated with extension rather than shortening on the Pontides, and the
separation of the Pontides from the Eurasian margin by back-arc rifting. Megan’s work on
sedimentary provenance in the Sakarya Basin shows the onset of uplift and denudation at
∼76 Ma with the onset of Sakarya Basement exhumation and erosion (Fig. 19c), quickly followed by a regional unconformity along the margin of the basin. These three steps (87, 76
and 53 Ma) illustrate the complex and polygenetic history of IAES closure and show that
the nature of the coupling between the subducted (Tauride-Anatolide) and upper (Pontides)
plates has changed through time (Campbell+ et al., in review; Mueller* et al., in review).
Further, they date the assemblage of the Pontides-Tauride-Anatolide landmass between 76
and 53 Ma, likely reflecting the onset of regional endemism. This work is still in its preliminary phase; I am currently focusing on reconstructing the paleogeography of Anatolia
between 45 and 35 Ma, updating and refining existing paleogeographic maps (Barrier et al.,
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Figure 19: (a) Terranes and sutures of central Anatolia (IAES: Izmir-Ankara-Erzurum Suture; BS: BitlisZagros Suture), with the location of the Haymani-Polatli-Orhaniye Basin (HPO) and Central
Sakarya Basin (CSB). (b) Compilation of zircon Hf and U-Pb ages from the Central Sakarya
Basin (CSB) and the Saricakaya Basin (SB) south of the CSB, displayed with composite logs
of both basins; Hf data are plotted as a 40-pt running median, and gray and dark gray envelopes represent the 95% (2-sigma) and 99.7% (3-sigma) confidence intervals, respectively,
of bivariate optimized-bandwidth kernel density estimates (HafniumPlotter; Sundell et al.,
2019). DM: depleted mantle; CHUR: chondritic uniform reservoir. The histogram (1 Myr
bin) and probability density function depict all 150 to 30 Ma SB and CSB Detrital zircon ages.
The three shading colors (pink, green, and blue) highlights the collision phases discussed in
the text. CSB and SB composite stratigraphic columns are from Ocakoğlu et al. (2019) and
Mueller* et al. (2019). (c) age distributions of samples from the CSB and SB for the three
phases of collision, compared to the age distribution of CSB basement rocks. Figure after
Mueller* et al. (in review).

2018) with more recent paleomagnetic compilations (Van Hinsbergen et al., 2020) to identify
the paleogeographic changes which could have caused the end of Anatolian endemism (see
section 5.3). I am also building up a detailed record of paleoenvironmental data over this
period.

appendix: additional work in the us
I lived in the United States from 2014 to 2020, but for a 1-year break in Germany for a Marie
Curie postdoctoral fellowship. I felt the need to apply the methods I developed and applied
in the Neotethyan domain in North America, to expand my work on climate-tectonic-biota
interaction and for teaching and training purposes. I was quickly convinced by Jay Quade
to explore the history of the North American cordillera and associated neighboring orogens.
The timing and mechanisms of uplift of the North American cordillera was the focus of
intense research in the early 2010’s. DeCelles (2004) had proposed the existence of a wide,
Nevadaplano covering big parts of modern Nevada and Utah and Colorado in the late Cretaceous and early Paleogene, later demised after the end of the Laramide orogeny in the
late Eocene. The development of stable isotopic paleoaltimetry (Rowley et al., 2001) generated subsequent studies that showed that topographic build-up moved west and south of
the Rockies in the Paleogene, with the uplift of the Sierra Nevada pushed back in time to
the Eocene (Mulch et al., 2006), as well as the uplift of the Colorado Plateau (Flowers et al.,
2008), as a response to tectonic mechanisms that are still poorly understood. The presence of
high topography in North America as early as the late Cretaceous has been used to explain
the resilience of North American fauna to late Paleogene cooling events (Eronen et al., 2015).
My work on this topic has first focused on improving the quantitative methods for paleoaltimetry estimates in the North American domain. This work is synthesized in section 3.3 on
my contribution to stable isotopic methods and has consisted in studying the hydrological
cycle and its record in continental proxies in two areas where I lived: the American Southwest and the Pacific Northwest. I also directly worked on documenting the past history of
topographic building in North American sedimentary basins. In the American southwest,
part of this work is included in my first calibration paper (Licht et al., 2017b), which suggested at least ∼1km of paleoelevation for the Colorado Plateau in the late Paleogene based
on Eocene pedogenic carbonates on the plateau. I also co-mentored graduate student Marie
de los Santos (M.s. thesis, 2014-2018, University of Arizona, advised by Jay Quade) in the
field and in the lab, on her study of Laramide deformation and topographic building in
New Mexico; this work included geochronological, magnetostratigraphic dating and stable
isotopic analysis of early Paleogene deposits in the Lobo Basin, and refined the timing of
Laramide deformation in the area (De los Santos+ et al., 2018).
Most of my research on the US cordillera has moved to the Northwestern U.S. after I took
an Assistant Professor position at the University of Washington. I had been introduced to
the Laramide basins of Wyoming and their high-resolution sedimentary archives by Chris
Beard in 2015; since 2016, I have brought my graduate students and undergraduate research
volunteers for ten days every other year to the Greenriver Basin of central Wyoming to train
them to field methods, and produce, at the same time, high resolutions stratigraphic and
paleoenvironmental data on Paleocene fossil sites studied by Chris Beard (Beard, 2000). In
the long-term, we hope to explain the evolution of the Paleocene assemblages of this part
of Wyoming in terms of evolving paleoenvironments and paleoaltimetry. Further west, I
have started studying the Laramide and Sevier orogeny record in the sedimentary basins
of Southwest Montana, where I taught the University of Washington summer fieldcamp for
three years. Research undergraduate volunteer Chris Baird (now graduate student at the
University of Montana State), Megan Mueller and myself started studying the evolution of
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sedimentary provenance through the Permian to late Cretaceous strata of SW Montana via
zircon U-Pb dating and sandstone modal analysis. Our aim was to link episodes of drainage
reorganization with the development of Ancestral Rockies and the later Sevier fold and
thrust belt. Part of this work was incorporated in the paper of Ryan Leary on the Ancestral
Rockies (Leary et al., 2020); this project led by Megan and Chris is still in its infancy.
I was awarded a grant from the Royalty Research Fund of the University of Washington
to study the topographic history of the mountain ranges in Washington State, namely in the
North Cascade mountains and the Olympic Peninsula. Part of this work carried on with
undergraduate research volunteer Samuel Shekut (now graduate student at the University
of British Columbia), with whom we sampled units from the Pacific coast and the Cascadia
forearc in western Washington to track the drainage reorganizations induced by the uplift of
the Olympic Peninsula. We showed a clear changed of drainage in the forearc between 16 and
13 Ma, interpreted as evidence of the first sediment input from the newly emerged peninsula
(Shekut* and Licht, 2020). I recently expanded this sedimentary provenance work on units
on both sides of the North Cascades, with research undergraduate volunteer Brenden Britt
and in collaboration with USGS geologist Ralph Haugerud. I am also working on calibrating
paleoaltimeters in the North Cascades (cf section 3.3) with the long-term goal of tracking the
onset of the Cascades’ orographic effect in sedimentary units on both sides of the Cascades.
Finally, this work in the Pacific Northwest gave me the opportunity to collaborate with
structural geologists studying the evolution of the subduction zone and Cascadia Arc in
deep time, such as Liz Schermer (University of Western Washington) and Jamie Kirkpatrick
(McGill University) for whom my lab has provided occasional zircon U-Pb analysis.

5

FUTURE RESEARCH DIRECTIONS

Alfred Wallace, often recognized as the founder of biogeography for having defined the first
biogeographic provinces and explained them in an evolutionary context (Knapp, 2013), is
also the first to have acknowledged the significance of past discrete dispersals to explain
mammalian distribution, and the role of changing sea-level and paleogeography in controlling them (Wallace, 1880). The existence of putative dispersals in the fossil record were
quickly identified by the taxonomical comparison of regional paleontological assemblages,
which resulted in the first paleo-biogeography controversies as early as the 1890’s, with the
first debates on the polarity and chronology of dispersal between North and South America (Ameghino, 1892). The fatherhood of the idea of dispersal corridor can be attributed to
William Matthew, who first emphasized the role of climate in controlling mammalian dispersals, by allowing warm-adapted species to disperse via high latitude land bridges during
periods of global warming (Matthew, 1915).
During the second part of the XXth century, biogeography became a tool of particular
interest for geologists, building upon paleontological findings and on the work of a new generation of evolutionary biologists (Simpson, 1940; Gould and Eldredge, 1972). The study of
the past distribution of terrestrial species provided vicariance-based validation of plate tectonics (Wegener, 1966); the dating of terrestrial faunal and flora expansion to new locations
or the development of regional endemism became a proxy of choice for paleogeographical
reconstructions, allowing the dating of continental collisions (Marshall, 1988; Jaeger et al.,
1989) or rifting (McGlone, 1985). These approaches all use the assumption that vicariance
and dispersal processes at the continental scale are mainly controlled by the formation and
disappearance of physical barriers. The importance of environmental barriers against physical barriers in controlling the distribution of species, recognised early in ecology, evolutionary and conservation biology, has barely been acknowledged in deep time. One exception is
worth mentioning: the study of faunal exchanges during the PETM, which benefited from
an exceptional paleontological and paleoclimatic record in North America, and corroborates
Matthew’s ideas on the opening of a dispersal corridor at high latitudes (Bowen et al., 2002;
Smith et al., 2006; Beard, 2008). Climatic controls on most other past dispersals remain virtually unexplored because of the difficulty to link past environmental variations to dispersal
events.
The occurrence of past dispersals is nowadays tested using statistical tools such as DispersalVicariance Analysis (DIVA), approach that determines which combination of vicariance and
dispersal events best explains the cladogram (or phylogenetic tree) of selected species (Ronquist, 1997; Yu et al., 2010). This type of approach provides a quantitative way to validate
or reject the existence of past dispersal events, but does not provide any mean to investigate
the trigger of these past dispersals, as well as their polarity, itinerary and recurrence. These
features are reconstructed using dispersal–extinction–cladogenesis models, such as STEPPINGOUT (Mithen and Reed, 2002) or LAGRANGE (Ree and Smith, 2008; Matzke, 2016)
which simulate the likeliness, chronology and pathway of past dispersals based on timecalibrated, spatially distributed phylogenies. These models yet require numerical estimates
for the probability of selected taxa to pass geographic and environmental barriers, parameters that are species-dependent and vary according to the addressed barrier (mountain range,
narrow seaway, desert, etc. . . ).
Higher Earth system climate sensitivity to pCO2 in the past, the occurrence of extreme
climatic events with no recent analogue, and a limited understanding of the world’s past
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paleogeography make these numerical estimates particularly challenging (if not arbitrary) in
deeper time. Not surprisingly, the paleontological record displays many apparent dispersals
that appear statistically unfeasible with this type of approach, such as overwater dispersals,
dispersals across apparent deserts or other important environmental barriers (Mazza et al.,
2019) or others with chronologies that defy simple geographic explanations (De Queiroz,
2005; Bacon et al., 2016). The impossibility of clear quantification of these past processes
has led some biogeographers to consider dispersal events as a random process (Morrone
and Crisci, 1995). Yet, the fossil record yields unequivocal pieces of evidence for multiple
episodes of coordinated dispersal among unrelated taxa, coined geodispersals by Lieberman
(2003, 2005), and contradicting their potential random origin. The approach I advocate for
studying the mechanisms of geodispersals is straightforward: reconstructing the evolution
of paleoenvironments and landscape along the hypothetical corridor of dispersal, to identify
any synchronous environmental or paleogeographic change. Once identified, the recurrence
of this change –and thus likeliness— can be estimated in the light of our growing knowledge
of past climate history, sensitivity and paleogeographic evolution.
Two important limitations complicate such an approach. First, the lack of quantitative tools
for paleoenvironmental reconstructions in deep time. While basic sedimentological and isotopic data allow qualitative interpretations of past environments, comparing the ecosystems
of multiple sedimentary archives requires adequate metrics which are often lacking. I have
shown in section 3.3 how the use of soil paleobarometry and clumped isotopes is a positive
step towards quantification for paleoenvironmental proxies, a direction that I aim to pursue.
The second limitation deals with spatial and temporal resolution. It is virtually impossible to
reconstruct the extent of dispersal corridors through time in a purely data-oriented fashion:
contemporaneous continental sedimentary archives are extremely rare and often spaced by
hundreds of kilometers. The approach I advocate for rely on the study of selected sites dated
at high precision, combined with simulations to fill up the spatial gaps and provide a mean
to test the sensitivity and unicity of these dispersal corridors. I am pursuing this data-model
integration in close collaboration with Yannick Donnadieu at CEREGE.
In this chapter, I explain how I will address these limitations and describe several applications to past dispersal events. I have narrowed my area and window of study to the
Paleogene Neotethyan domain. As emphasized in chapter 4, the Paleogene is a critical period
for mammalian evolution and the Neotethyan domain is a recurring corridor of dispersal for
iconic mammals: archaic ungulates during the early Paleogene (Prasad et al., 2007), primates
during the MECO (Chaimanee et al., 2012), ungulates and rodents during the late Eocene
(Bohme et al., 2014; Tissier et al., 2018). The Asian Paleogene is also particularly relevant to
study for understanding Greenhouse climate dynamics (Tierney et al., 2020) and convergent
tectonics (Kapp and DeCelles, 2019), thus multiplying opportunities for interdisciplinary collaborations and external contributions. Finally, the Paleogene Neotethyan domain is rich in
continental archives, from western Europe to eastern China.

5.1

refining paleoenvironmental proxies in the neotethyan
domain

The Asian component of the Neotethyan margin is today dominated by monsoonal rainfall,
and my work shows that it was likely already the case in the Eocene (chapter 4). Though
there is still considerable debate on when exactly this monsoonal climate was set up, climate
simulations displaying monsoonal rainfall with Paleogene boundary conditions show that
these monsoonal conditions extended along the Neotethyan margin up to southern Europe
(Huber and Goldner, 2012; Licht et al., 2014c). The long-term closure of the Neotethyan
possibly drove the decline of summer monsoonal rainfall in these areas, replaced by drier

conditions and the later set-up of modern-day summer-dry Mediterranean climate. Studying the evolution of paleoenvironments in the Neotethyan domain via field-based proxies
thus requires a clear understanding on how proxy material records monsoonal and Mediterranean climate features, and how these features can be differentiated in the proxy record.
There are unfortunately only few direct proxies of past rainfall dynamics, particularly
in the monsoonal domain. Many palaeoceanographical proxies for monsoon intensity are
linked to wind or weathering fluxes and do not correlate well with humidity of the continental climate (Clift and Webb, 2019). Two main families of proxies are commonly considered
as directly linked to rainfall and are used in the Neotethyan domain:
• δ18 O and δD isotopic ratios: Summer monsoonal rainfall is convective and monsoonal
rainwaters are highly depleted in heavy oxygen and hydrogen isotopes, and this enrichment is regionally linked to summer monsoonal intensity (cf section 4.1.1). This
contrasts with rainfall in the Mediterranean domain, which is rarely convective, more
enriched in heavy isotopes, and the isotopic composition of which is strongly dependent on the origin of the moisture mass (Celle-Jeanton et al., 2001). These rainfall
isotopic features control surface water isotopic compositions and are partly preserved
in the δ18 O of continental carbonates (pedogenic, lacustrine, speleothems) and the δD
of leaf waxes, which are the basis for most continental records of past monsoonal intensity in deep time, including our Burmese Eocene record.
• Vegetation markers: Rainfall amount and seasonality directly impact vegetation composition, structure, and cover. South Asian monsoonal areas are dominated by vegetation
types that gradually change with increasing rainfall and decreasing dry season length,
from mixed C4-C3 grasslands, to dry deciduous forests, moist deciduous forests and
finally semi-evergreen forests (Morley, 2018). Mediterranean areas are dominated by
shrublands, temperate deciduous and sclerophyllous forests in varying proportion during the Neogene (Rodríguez-Sánchez and Arroyo, 2011). These changes are recorded
in pollen and phytolith assemblages, leaf waxes and soil carbon isotopes.
Unfortunately, the calibration of these two types of approach and our understanding of
their sensitivity often rely on models and discrete field measurements. In particular, none
of these approaches has been properly calibrated in the South Asian monsoonal domain,
with the rare calibration studies in South Asia done either along topographic gradients for
paleoaltimetry purposes (e.g. Bonnefille et al., 1999; Hren et al., 2009) or in areas of mixed
contribution between East Asian and South Asian moisture, with complex hydrological dynamics (different moisture isotopic composition, vegetation, and delayed rainfall seasonality;
e.g. Tan and Cai, 2005). The lack of regional calibration raises several critical issues that
weaken existing interpretations about past monsoonal systems.
First, it remains unclear at which geographic scale the patterns observed regionally in
rainfall water isotopes are recorded in surface waters; do soil water, small lakes and streams
record the same water isotopic trend as found in rainfall? Preliminary surface water data
gathered in 2018 and 2019 from lakes, ponds and rivers in Myanmar suggest that the driest
and most inland areas of Myanmar have well marked δD depletion (Fig. 20a) while δ18 O
data remain insensitive to these local changes (not shown).
Secondly, how monsoonal features are preserved in proxy material (carbonate, biomarkers, pollen, phytoliths, etc) is poorly understood. Do the isotopic composition of pedogenic
carbonate of leaf waxes record summer monsoonal, winter, or annual average isotopic values? Preliminary clumped isotopic data I gathered on Burmese pedogenic carbonates in
2018-2019 indicate a well-marked winter bias in the carbonate growth season (Fig. 20b). A
dry-season, winter bias in South Asia with soil water saturation during the summer, which
favors calcite dissolution rather than formation. Yet, most pedogenic carbonate studies in
the monsoonal domain interpret pedogenic data as reflecting late spring or summer values,
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Figure 20: (a) Winter river and lake water δD values from a preliminary dataset in Myanmar; (b)
clumped isotope carbonate growth temperature from Burmese pedogenic carbonates. Sample location on Fig 21; After Licht et al. (in review).

based on calibration studies made outside the monsoonal domain (see review in Kelson et
al., 2020). The same question arises for leaf waxes, which also experience strong seasonal
bias (Thomas et al., 2014) that remain poorly constrained in the monsoonal domain.
The preservation of monsoonal features in vegetation proxies – pollen and phytolith assemblages, carbon isotopes—is also poorly understood. Early studies show that pollen assemblages record floristic, phenological and structural changes in the vegetation occurring
along monsoon gradients of rainfall amount and seasonality (e.g. Anupama et al., 2000; Barboni and Bonnefille, 2001; Barboni et al., 2003; Basumatary et al., 2014; Pandey and Minckley,
2019), but these studies encompass a relatively narrow range of monsoonal rainfall (1000 to
2000 mm), often include topographic changes, and their results cannot be extended to the
whole monsoonal domain. Systematic carbon isotopic analysis of leaf waxes, soil carbon
(organic matter and carbonates, for the use of soil paleobarometry), as well as phytolith
identification and counting in the South Asian monsoonal domain remain virtually absent.
My first major project is thus to work on these calibrations. Since I have started my position at CEREGE, I have been interacting with (paleo-)climatologists who share my interest
on the hydrological cycle (Christine Vallet-Coulomb) and on paleobotanical and isotopic approaches (Doris Barboni, Anne Alexandre, Edouard Bard, Guillaume Leduc, Yannick Garcin;
and Mathieu Daëron at LSCE). In Winter 2020, I submitted an ANR collaborative project
proposal with their support to fund this effort. The goal of this project is to determine: (1)
how rainfall and surface water isotopes locally relate to rainfall amount; (2) how monsoonal
vegetation types and local aridity are recorded in pollen and phytolith assemblages, carbon isotopes in soil and leaf waxes; and (3) how and when water and carbon isotopes are
recorded in carbonates, soil carbon and leaf waxes.
Building up on the collaboration network I developed in Myanmar, I propose to achieve
such a calibration at field stations (soils and lakes) along a low-altitude rainfall gradient
in the central Myanmar lowlands (Fig. 21). Central Myanmar has several advantages that
makes it an ideal location. First, central Myanmar is at the core engine of the South Asian
monsoon (Roe et al., 2016); the central Myanmar lowlands remain near sea-level with little regional temperature variation (±3 degrees of variation among climate stations) while
experiencing dramatic changes of rainfall amount over short distance (500 km): from 4000
mm to 500 mm of annual precipitation landward. This decrease in rainfall amount is partly
enhanced by the rainout effect of the Indo-Burman Ranges, which block some of the monsoonal moisture. This rainfall gradient is associated with a dramatic change in vegetation,

Figure 21: Location of preliminary data and proposed transect in central Myanmar.

from semi-evergreen forests along the coast to savannas landward. This rainfall gradient and
associated changes are similar to those observed from east to west in the Himalayan Foreland
Basin over a much longer distance (2000 km), created by the gradual rainout of monsoonal
rains along the Gangetic jet. Second, central Myanmar is also associated with numerous natural lakes and reservoirs, pedogenic carbonates (in areas up to 2 m of annual rainfall), local
natural preserves where vegetation has been barely impacted by anthropogenic activity, and
numerous climate stations where precipitation and temperatures are recorded daily.
Field stations will be equipped with temperature and humidity monitors, and with rainfall
collectors, which will be gathered monthly by our field collaborators. At all field stations, I
plan to sample pedogenic carbonate, soil and lake sediment, and seasonally sample surface
water and leaves. Water δD and δ18 O will be compared with rainfall and temperature data
in order to determine what is the relationship between summer rainfall and surface water
isotopes. Carbonate stable and clumped isotope data, and sediment leaf waxes isotopic data
will be compared with seasonal temperatures (for clumped isotopes) and with water and
leaf data (for stable isotopes) to determine potential seasonal biases and their links with
varying rainfall amount. In addition, I propose to acquire δ17 O data on rainfall, surface
waters and phytoliths, a novel and promising tool for understanding the monsoonal hydrological cycle than will expand my range of isotopic expertise. 17 O excess in other monsoonal
domains has been either related to raindrop reevaporation (Landais et al., 2010) or regional
relative humidity (Uechi and Uemura, 2019), both tightly linked to summer monsoonal intensity. 17 O excess has been barely studied in surface waters (Passey and Ji, 2019). The
greatest 17 O excess variability has been observed in leaf water and is mainly dependent
on atmospheric relative humidity; this dependency is imprinted in phytoliths as recently
demonstrated at CEREGE by the work of Anne Alexandre (Alexandre et al., 2018), with the
potential to provide a new proxy for past monsoonal activity. This isotopic work will be
combined with botanical sampling (phytoliths and pollen) at the same stations, led by my
palebotanist colleagues Doris Barboni and Carina Hoorn. Pollen taxa markers, pollen and
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phytolith assemblages and indices will be compared to vegetation type, habitat openness,
and climate data to identify the most relevant markers for monsoonal intensity. These data
will be systematically compared with δ13 C data to assess the robustness of vegetation reconstructions based on δ13 C, and their link to reconstructed soil respiration rates via soil
barometry (cf section 3.3).
These calibrations will provide quantitative estimates of the accuracy and uncertainty of
each of the proposed proxies, and potentially enable quantitative reconstructions of rainfall
amount, duration of the rainy season, and associated ecosystem types in the monsoonal
domain. The results will open the way for the re-interpretation of past South Asian monsoonal archives (Holocene to Eocene), and a subsequent calibration of these proxies in the
Mediterranean domain, which remains to be drawn.

5.2

the middle eocene sweepstake dispersal of anthropoid primates and rodents

Transoceanic dispersals, also called sweepstake dispersals, have always been assumed to be
an unpredictable process in which taxa cross a geographic barrier in an essentially random
manner (hence the allusion to winning a lottery or sweepstake; Simpson, 1940). Yet, recent
findings have found this simple assumption to be outdated. Recent paleontological findings
have shown that in deep time, there have been several instances of successful long-distance
transoceanic dispersals that appear coordinated and non-random (Lieberman, 2005; Gheerbrant and Rage, 2006). The most prominent example involves hystricognathous rodents
and the distant ancestors that we share with apes and monkeys (see section 4.3), and ranks
among the most pivotal events during the course of primate history as it sets the stage for
their later evolution (Chaimanee et al., 2012; Beard, 2016).
Anthropoid primates; a group that today includes humans, apes, and monkeys, appeared
∼45 million years ago in East Asia, during the middle Eocene epoch (Fig. 18; Beard et al.,
1996). The paleontological record and modern genetics indicate that they spread to Africa
and South America (Simpson, 1978; Seiffert et al., 2005; Poux et al., 2006) around the MECO
40 million years ago (Chaimanee et al., 2012; Bond et al., 2015). The synchronicity between
the dispersal and the MECO suggest that there might be a paleoenvironmental trigger to the
dispersal that remains unidentified. This example of coordinated long-distance dispersals,
at the boundary between geodispersals and sweepstake dispersals, is not explained in modern biogeographical sciences; their predictability constitutes a major unknown in dispersal
models (e.g. Johnson and Gaines, 1990).
Identifying the potential mechanisms of this dispersal requires a detailed paleogeographic
and paleoclimatic framework across several continents during the late middle Eocene. As
this framework is gradually becoming clearer, this project aims to shed light on the mechanisms (island hopping and/or rafting; cf section 4.3) and triggers (paleogeography and/or
climate) of the dispersal. This project only focuses on the first part of the primates’ journey, along and across the Neotethys. It builds on the collaborations and work I have already started in Turkey and Myanmar and expands them to a new frontier area along the
Neotethyan margin: Iran, on which I have been working with Paolo Ballato (Uni Roma)
since 2017. I also consider expanding my work to Kyrgyzstan and Uzbekistan, countries that
display numerous late middle Eocene units (Kaya et al., 2019), if Iran remains inaccessible
for fieldwork. To fund this work, I have submitted unsuccessfully two ERC Starting Grant
proposals in 2018 and 2019, but was awarded an ANR-Tremplin as bridge funding in 2019
to pursue my efforts with the ERC. I have divided the work into three inter-related research
directions:

Figure 22: (a) Location of the main fieldwork areas proposed for this project, and (b) synthetic geological map of Iran, emphasizing its different terranes and localities with potential middle to
Upper Eocene continental deposits. Uzb: Uzbekistan; Kyrg: Kyrgyzstan.

(1) Pioneering a paleoclimatic and paleoenvironmental record on land for the late middle Eocene to evaluate the influence of changing climatic patterns on the local biota and
episodes of mammalian dispersal, with a particular focus on the MECO. The extension of
monsoonal climates along the Neotethyan margin during the MECO might provide a trigger for a dispersal either via a dispersal corridor on stepping stones in the Middle East, or
by increasing the frequency and intensity of summer storms favoring overwater dispersals.
However, empirical data capable of testing the idea that monsoonal climate and ecosystems
extended along the Tethyan margin are virtually nonexistent. It is unclear if this expansion
occurred, how rainfall, aridity, and ecosystems were impacted, and if so, for how long. In
parallel with our work focused on refining past monsoonal proxies, a significant part of this
documentation work can already be achieved, by dating and logging sections to identify the
MECO interval, reconstructing the first order evolution of ecosystems through pedological
and stable isotopic approaches (and investigating a shift from arid ecosystems to subtropical
ecosystems), and by tracking the presence or absence of convective monsoonal rainfall in
continental carbonates.
(2) Testing the hypothesis of short-distance island hopping on potential stepping stones
pathways by reconstructing the timing of drift and accretion of Middle Eastern microplates
and by compiling high resolution paleogeographic maps to test potential dispersal routes.
Though significant work has already been carried out on this topic (in the framework of
the Darius project, Barrier et al., 2018), the chronology of continental accretions, and in particular the timing of collision of the Afro-Arabian plate with Asia, remain unclear. Several
studies have shown the onset of collisional tectonics in Iran and Turkey along the Arabia
- Asia suture before the MECO (e.g. Ballato et al., 2018); however, retro deformation of
the collision zone suggests that oceanic closure could not have happened before the late
Oligocene (McQuarrie and van Hinsbergen, 2013). Moreover, the African mammalian record
displays continental-scale endemism and isolation until the early Miocene (Sen, 2013). These
uncertainties raise many questions: Was the 40 Ma dispersal forced by paleogeographic
redistributions of Middle Eastern terranes and arcs following the onset of collisional tectonics along the Arabia - Asia suture? Could there be a tectonic control on the dispersal?
Reconstructing the paleo position of these individual terranes and the chronology of suturing is essential for studying dispersal pathways, as well as for a broader understanding of
Neotethyan geodynamics. Latitude reconstructions via paleomagnetism are expected to be
precise at ±5° at these latitudes (Butler, 1992), and are not sufficient. Building on existing
work in Kurdistan (Koshnaw et al., 2019), I propose to date precisely the collision between
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Africa and Asia through a detailed sedimentary provenance study of geological units south
of the Bitlis-Zagros Suture Zone (Fig. 22) which were deposited on the Arabian Plate. Dating
the first input of Eurasian-sourced orogenic detritus onto the Arabian passive margin is a
direct insight into the age of the suturing, already applied to the dating of the India-Asia collision (see examples in Najman and Garzanti, 2000; Hu et al., 2016). Capitalizing on the new
LA-ICP-MS facility at CEREGE, I will use U-Pb dating of detrital zircons and grain-counting
of sandstones, as well as two new methods I have already been working with: zircon Hf
tracing, and U-Pb dating of rutile, titanite, and monazite. These results will be integrated
into kinematic plate reconstructions considering the Neotethys domain as a whole, adding
high-resolution plate-kinematic constraints from the surrounding blocks.
(3) Testing the validity and the potential routes of sweepstake dispersal by long-distance
rafting by modeling paleo-ocean currents and running climate simulations based on the paleogeographic and climatic data developed in the framework of this project. As illustrated
previously, I already started working closely with paleogeographers and climate modelers
on the late middle Eocene of Asia to reconstruct regional monsoonal intensity; I plan to extend this work to the Middle Eastern portion of the Tethyan margin with well-constrained
paleogeographic maps. With the new maps, we will run a set of climate simulations and investigate the patterns of oceanic currents and surface winds during the middle Eocene. Following the approach of Ali and Huber (2010) for the colonization of Madagascar by lemurs,
the climate simulations will allow us to test (a) if and where oceanic currents might have
been favorable to act as a conveyor to floating islands; (b) how long a hypothetical rafting
trip would have taken along the identified oceanic pathways, and whether primates and rodents could have survived it. Furthermore, we will investigate how winds and currents were
affected by the MECO, and whether this event might have facilitated the trip. We will also
investigate how the MECO affected seasonality and flooding on land, these effects having
a significant impact on the production of floating island vegetation mats. Our simulations
will be tested in the light of the paleoclimatic data acquired at our study sites. Finally, we
will address the likelihood of rafting as a process for sweepstake dispersal across the South
Atlantic as well. Although the field component of this project does not address the followup dispersal of anthropoids and rodents from Africa to South America, our set of climate
simulations will allow us to test the viability of floating islands in this case as well.

5.3

the grande coupure

The biogeographic story of Eurasia during the Paleogene is typically told as the evolution
of two partly porous biogeographic provinces, Europe and East Asia, separated by several
epicontinental seaways connecting the Neotethys, Paratethys, and the Arctic Oceans. For
most of the Paleocene and Eocene, both provinces displayed significantly different endemic
mammalian fauna, paced by episodic faunal exchanges with North America, Gondwana, and
India. The separation between the two provinces is brutally lifted in the earliest Oligocene,
33.9 to 33.4 million years ago, with the disappearance of endemic Eocene animals in western
Europe, such as paleotheriid and nyctitheriid placentals, and the appearance of new Asian
immigrants, including the ancestors of modern families of rodents and ungulates (perissodactyls and artiodactyls; Vianey-Liaud, 1991; Hartenberger, 1998; Hooker et al., 2004).
This faunal turnover is often referred as the “Grande Coupure” (Stehlin, 1909). The stratigraphic record of the Ebro Basin (Spain; Costa et al., 2011) and the Hampshire Basin (England; Hooker et al., 2004) suggests that the Grande Coupure postdates the EOT by several
kyrs and is synchronous with the Oi-1 glaciation (dated at 33.5 Ma), the most dramatic
episode of ice-sheet growth, eustatic drop, and global cooling associated with the fall into
the Oligocene Icehouse (Miller et al., 2009). The eustatic drop would have favored landmass

Figure 23: (a) The Neotethyan realm today, with major terranes highlighted as follows: Ib, Iberia;
and Eu, Western Europe (shown in green, comprising the core of mainland Europe); ACP,
AlCaPa; GA, Greater Adria; Td, Taurides (Gondwana-derived blocks shown in purple); T,
Tisza; D, Dacia; Pd, Pontides; LC, Lesser Caucasus (Laurasian-derived blocks shown in
red); SS, Sanandaj-Sirjan; SC, South Caspian; L, Lut; AB, Afghan Blocks (Middle Eastern
Cimmerian blocks shown in blue). India is displayed in pink, Afro-Arabia in orange. (b) The
Neotethyan domain during the middle Lutetian, 45 Million years ago (color scheme similar
to (a)); the areal extent of the island or archipelago comprising Balkanatolia is highlighted
by a white dashed line; black dots are land mammal fossil sites of Eocene age. TS = Turgai
Straight.

connectivity, dried out part of the Paratethys and favored the westward dispersal of Asian
mammals (Legendre, 1987; Prothero, 1994; Mennecart et al., 2018); climatic deterioration and
competition following the dispersal would have caused the extinction of the European fauna
(Legendre, 1987).
This simple story of two biogeographic provinces controlled by eustasy has been challenged in recent years in multiple ways. Paleogeographic studies have shown that the Turgai
Strait, connecting the Arctic Sea to the Parathetys and frequently proposed as the main
biogeographic barrier between Europe and East Asia, completely dried out by 37 Ma, well
before the Oi-1 glaciation, and experienced earlier events of closure during the Eocene (Kaya
et al., 2019; Poblete et al., 2021). Asian perissodactyls, including amynodontidae, hyracodontidae, and bronthotheridae, as well as Asian anthracotheriid artiodactyls had been
previously reported in eastern Europe prior to the Grande Coupure (Nikolov and Heissig,
1985); recent discoveries of additional Eocene fossil of Asian affinity such as anthracotheriids in Italy (Grandi and Bona, 2017), Asian perissodactyls in the Balkans (Mennecart et al.,
2018; Tissier et al., 2018) as well as cricetids rodents (de Bruijn et al., 2018) indicate an earlier
arrival of Asian immigrants in southern Europe sometime between the Lutetian to the Pri-
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abonian, potentially up to 10 million years before the Grande Coupure. The oldest of these
fossils is attributed to the latest Lutetian – Bartonian of Hungary (∼45 to 37.8 Ma), though its
origin remains unclear (Tissier et al., 2018). When and how the first Asian mammals made
it to southern Europe remain poorly understood, because most of these fossil localities are
often dated at low resolution by mammal biostratigraphy, correlating European fossil sites
with distant Asian sites. The distribution of these early immigrants spreads over a mosaic
of terranes in southern Europe, hereinafter referred to as "Balkanatolia", which formed a
quasi-continuous emerged landmass from the Alpine region to central Anatolia for part of
the Eocene (Fig. 23). It has thus been proposed that Asia-derived mammals dispersed to
Europe in several steps along an alternate dispersal corridor, a “southern route” through
Balkanatolia (Becker, 2009; Bohme et al., 2014).
Balkanatolia assembled by the accretion of Gondwana-derived terranes (Alcapa, Greater
Adria, Taurides) to Laurasia-derived terranes (Tisza, Dacia, Rhodope and Standja Massif,
Pontides), a process which started in the Albian and achieved in the Lutetian by the final
closure of the IAES (Van Hinsbergen et al., 2020), and which I am currently investigating
with my students (see section 4.3). Until the end of the Eocene, Balkanatolia alternated
between periods of emersion and partial inundation by sea transgressions (Barrier et al.,
2018), with a maximum of ∼950,000 km2 emerged surface in the middle Lutetian, roughly
1.6x the area of Madagascar. Yet, It remained permanently separated from other landmasses:
from Europe by > 100 km wide seaways through the Swiss Foreland Basin, Carpathian Basin
and the Ludia Kamchia Trough; from western Asia by the Paratethys; from Africa by the
southern branch of the Neotethys; and from South Asia by remnant seaways connecting the
Neotethys to the Paratethys in eastern Anatolia and western Iran, on both sides of the Lesser
Caucasus (Barrier et al., 2018). The chronology of sea closure and retreat of these numerous
seaways is not always precisely known, but the Eocene physical isolation of Balkanatolia
is particularly well-expressed in the Eocene Anatolian fauna of the Pontide and Tauride
terranes, as revealed by the work of my paleontologist colleagues in Turkey (section 4.3).
The first arrival of Asian ungulates in Anatolia is documented at the Tarakle site, which I
dated at 37-35 Ma, confirming a dispersal through Balkanatolia prior to the EOT.
The glacio-eustatic explanation for the Grande Coupure is thus invalidated, and an alternative scenario proposing a chronology and a geographic evolution for the gradual opening of
a dispersal corridor is needed. I thus propose to re-investigate the chronology of the Grande
Coupure through two new working hypotheses:
• Asian mammals followed a southern dispersal corridor to reach Europe, along the
Neotethyan shorelines, where temperature and ecosystems were likely more favorable;
• The gradual opening of a dispersal corridor was controlled by Neotethyan tectonics
and ecosystem shifts along the Neotethyan shorelines; the 34 Ma Grande Coupure only
reflects the final and westernmost corridor extension through the Carpathian Basin.
The long-term objectives of this project include (a) developing a late Eocene-Oligocene continental paleoenvironmental record of the Neotethyan margin, to study the potential spread
of wetter / drier (and monsoonal) ecosystems; (b) reconstructing the chronology of emergence and exhumation of the Middle Eastern Neotethyan domain across the late Eocene –
Oligocene, and (c) refining the dating of previous and forthcoming new Paleogene fossil sites
in the Middle East. This project is deeply connected with the previous one, as the research
objectives, field areas (Turkey, Iran), and proposed paleoenvironmental and paleogeographic
approaches partly overlap, but are applied to a younger time window (37-32 Ma) and to a
different research question. Part of this work is already funded by an American National Science Foundation grant awarded to my collaborators (NSF INSPIRE grant, PI: Chris Beard);
this provides me with time and ressources to acquire preliminary data necessary to write a
strong proposal in the future. Regardless of the validity of the proposed hypothesis –a south-

ern, gradual dispersal corridor for the Grande Coupure— understanding the mechanisms of
major faunal turn-over is critical to understand the origin of modern Eurasian biodiversity.

5.4

what drove biotic interchange between india and
mainland asia?

The timing of the first major terrestrial biotic interchange between Asia and India, dated
at ∼54 Ma (Jaeger et al., 1989; Clementz et al., 2011), has long been considered as a key
argument for an early Eocene collision between the two land masses< This is in agreement
with recent sedimentary geology studies dating the onset of collisional tectonics at ∼58-56
Ma (see review in Hu et al., 2016). The collision between both continents is considered as a
major biotic turn-over episode which would have paved for the appearance of the modern
families of mammals. The Indian subcontinent rifted from Gondwana in the early Mesozoic
and was characterized by flourishing endemic flora and fauna (Bossuyt et al., 2006; Karanth,
2006; Prasad et al., 2007); the India-Asia collision would have caused the early Eocene out-ofIndia spread of early perissodactyls, dipterocarp trees, as well as some modern freshwater
amphibian families and other terrestrial species (Bossuyt and Milinkovitch, 2001; Dutta et al.,
2011; Rose et al., 2014).
Once again, other findings have challenged this simple scenario and suggested much more
complex Cenozoic biotic interactions between India and mainland Asia. Regardless of the
collision scenario and the width of Greater India (section 4.2), a > 100 km’s wide continuous seaway separated mainland Asia and emerged India until at least 44 Ma in the late
middle Eocene (DeCelles et al., 1998). More importantly, a compilation of paleontological
and phylogenetic studies of Asian fauna and flora revealed a much more complex dispersal
history (Klaus et al., 2016; Morley, 2018). While dispersal rates increased significantly in
the late middle Eocene, corroborating the formation of a permanent land-bridge, they only
peaked in the early to mid-Miocene, 10 to 20 Ma later (Klaus et al., 2016). Moreover, archaic
ungulates and adapisoriculids –small mammals commonly found in the Cretaceous and Paleocene fossil record of Eurasia and Africa– appear in the Indian fossil record at ∼70 Ma
(Prasad et al., 2007; Smith et al., 2010). Sporadic exchange of terrestrial reptiles and amphibians between Asia and India started around that time (Klaus et al., 2016). These findings
raise two major questions: how could terrestrial species have reached India 70 million years
ago? And what delayed the peak of India-Asia biotic interchange until the Miocene? As
discussed for the dispersal of Eocene anthropoid primates, it is unclear if the first exchanges
occurred by sweepstake dispersals or island hopping through semi-continuous land bridges;
the pre-collisional geography of the Indian Ocean and the geodynamics of Indian subduction
are even more debated than the processes and chronology of the Arabia-Asia collision.
Investigating the potential mechanisms of dispersal to and from India requires one to first
decipher the correct India-Asia collision scenario, which is part of my on-going research
in Myanmar. Our work supports the Transtethyan subduction model for the India-Asia
collision (section 4.2) but its chronology remains to be drawn. If the Transtethyan Arc served
as a land bridge for India-Asia Interchanges before the Eocene, its paleolocation, extent,
and collision history remain to be clearly drawn in deeper time. Late Paleogene – Neogene
paleoenvironmental changes in the Himalayan foreland as well as the regional evolution
of topographic barriers are important drivers to investigate later biotic exchanges, because
the late middle Eocene retreat of the Indian foreland seaway is unlikely the main driver
of dispersal. These observations call for expanding my previous work on the Eocene in
Myanmar and Tibet deeper in time, to the late Cretaceous, as well as to younger times, to
the late Miocene. I am already involved in Miocene studies in both areas (work of Nicolas
Gentis; and work of graduate student Zhixiang Wang; Wang et al., 2018, 2019); this work
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is still in its infancy and corresponds to a new research direction that I intend to pursue
at CEREGE, in collaboration with paleoceanographers who investigate Miocene monsoonal
dynamics (Clara Bolton, Baptiste Sucheras-Marx, Luc Beaufort, Thibault de Garidel-Thoron).

5.5

conclusion and perspectives

The objectives I propose to pursue are ambitious: developing a scientific and rigorous approach to evaluate the mechanisms of geodispersals through the study of past dispersal corridors; reconstructing the history of several pivotal dispersal events in mammalian history;
and more broadly, reconciling vicariance biogeography and dispersalism. Following a recurring theme from of French Institut National Des Sciences De l’Univers (INSU), I strongly
believe that the next frontier in Earth System sciences is interdisciplinarity: breaking the
language and proxy barriers between different disciplines, including between climate modeling and environmental geochemistry, paleontology and paleoclimate, geodynamics and
paleoenvironments. The ideas and research directions developed here, at small scale, stand
at the interface of these wide fields, and I aspire at pursuing this interdisciplinary integration rather than at narrowing my expertise to a given set of proxies. The biggest challenge I
have always been facing is to find the right balance between technical expertise and interdisciplinary depth. My research achievements, and my relative balance at the interface of many
fields, owe significantly to the tight network of collaboration I have built over the years. I
count on this network to last and grow since my (re-)integration to a dynamic community of
deep time Earth scientists in France. This Habilitation à Diriger des Recherches is a necessary
step to enlarge my research team and continue my interdisciplinary integration.
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and K. Beard (in review), “Closing the Neotethys in Western Anatolia, Part 2: Protracted
intercontinental collision from evolving plate coupling,” Journal of Geophysical Research:
Solid Earth.

79

Mueller*, M., A. Licht, C. Campbell, F. Ocakoğlu, M. Taylor, L. Burch, T. Ugrai, M. Kaya, B.
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RAPPORT DE SOUTENANCE
Sur proposition des Ecoles Doctorales Ingénierie Chimique, Biologique et Géologique et Sciences pour l'Ingénieur et après
approbation du Conseil de la Faculté des Sciences et du Conseil Scientifique de l'Université de Poitiers, il est demandé au Jury de
ne plus décerner la mention « Très honorable avec félicitations» à compter du I" mars 2001.

Lors de la soutenance orale, Alexis LlCHT a présenté durant quarante cinq minutes l'essentiel de ses
travaux. Son exposé a mis en valeur ses qualités pédagogiques exceptionnelles. Alexis LlCHT a su
présenter les enjeux de chaque thématique d'une façon accessible à l'audience, puis développer
l'argumentation
scientifique
permettant
d'étayer ses conclusions. Le jury a été unanime pour
reconnaître l'ampleur,

la rigueur et l'originalité

du travail accompli.

Durant plus d'une heure, Alexis LlCHT s'est entretenu avec le jury, montrant une parfaite maîtrise des
domaines abordés. Il a répondu avec pertinence aux questions (enfrançais et également en anglais
pour les membres étrangers du jury}, faisant preuve d'une grande maturité scientifique, n'éludant
aucune question, répondant avec conviction mais également mesure. Les différents aspects de la
thèse au contenu éminemment
partir
de la sédimentologie,

riche ont été abordés: restitution du réseau paléohydrographique
à
minéralogie
et analyses isotopiques,
apport
des données

paléopédologiques,
paléobotaniques
et isotopiques
à la caractérisation
notamment à la mise en évidence d'une mousson dès l'Eocène moyen.

des

paléoclimats

et

Les examinateurs ont tous été élogieux sur cette thèse d'excellente facture, tant au niveau de la
forme que du fond. Le travail présenté est remarquable par la quantité, la qualité et la diversité des
méthodes utilisées. Alexis LlCHT, parfaitement autonome dans ses recherches, a su tisser un large
réseau de collaborateurs,

aptitude exceptionnelle

en un temps aussi court.

Le jury a décerné à l'unanimité le titre de docteur de l'Université
par ailleurs à lui adresser ses félicitations.

Le Président du Jury,

de Poitiers à Alexis LlCHT. Il a tenu
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