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Research Interests            
Carbon cycle biogeochemistry; natural and engineered carbon removal; ocean acidification; oxygen and 
nutrient cycling in terrestrial and aquatic systems; greenhouse gas cycles 
 
Education             
 • 2012 – PhD, Earth Sciences, University of California, Riverside 
 • 2008 – MS, Earth Sciences, University of California, Riverside 
 • 2005 – BS, Ecology & Evolutionary Biology, University of Kansas 
 
Professional Appointments           
 • 2023-present  – Georgia Power Chair, Georgia Institute of Technology 

• 2020-present  – Associate Professor, Georgia Institute of Technology 
 • 2014-2020  – Assistant Professor, Georgia Institute of Technology 
 • 2012-2014  – O.K. Earl Postdoctoral Fellow, California Institute of Technology 
 • 2006-2012  – Research/Teaching Assistant, University of California, Riverside 
 
Selected Honors and Awards          

James B. Macelwane Medal, American Geophysical Union, 2021 
Cullen-Peck Scholar Award, 2020 
Sigma Xi Young Faculty Award, 2020 
SciAlog Fellowship, Signatures of Life in the Universe, 2020 
Eric R. Immel Memorial Award for Excellence in Teaching, 2017 
GSA Geobiology and Geomicrobiology Division Pre-Tenure Award, 2017 
Alfred P. Sloan Fellowship in Ocean Sciences, 2015 
O.K. Earl Postdoctoral Fellowship, California Institute of Technology, 2012 
John Dunham Field Fellowship, University of California, Riverside, 2009 
Roland Blanchard Graduate Fellowship, University of California, Riverside, 2009 
Chancellor’s Distinguished Fellowship, University of California, Riverside, 2006 

 
Selected Recent Funding           

Institutional PI, EarthShot: The Global Ocean and Land Alkalinization (GOAL-A) Project, United 
States Department of Energy (DoE) [$1,120,987 to Georgia Tech]. 

Institutional PI, Creating climate-smart commodities through enhanced rock weathering in agricultural 
settings, United States Department of Agriculture (USDA) [$1,206,397 to Georgia Tech]. 

PI, Optimizing reaction-transport frameworks for tracking alkalinity modification in managed lands, 
Grantham Foundation for the Environment [$200,000 to Georgia Tech] 

Institutional PI, Alternative Earths: How to Build and Sustain a Detectable Biosphere, National 
Aeronautics and Space Administration (NASA) Interdisciplinary Consortia for Astrobiology Research 
(ICAR) [$1,077,619 to Georgia Tech]. 



Selected Invited Talks           
Electrochemical marine carbon dioxide removal, Georgia Tech Direct Air Capture Center (DirACC) 

Annual Meeting, 2024 
The role of models in tracking carbon removal through enhanced weathering. Leverhulme Center for 

Climate Change Mitigation (LC3M) Annual Symposium, 2024 
Using conventional agronomic measurements to monitor enhanced rock weathering rates in the field: 

Potential and challenges, American Geophysical Union (AGU) Fall Meeting, 2024 
A cradle-to-grave perspective on monitoring, reporting, and verifying carbon dioxide removal through 

enhanced weathering, Goldschmidt Annual Meeting, 2024 
Measurement, reporting, and verification (MRV) in carbon dioxide removal, Leverhulme Center for 

Climate Change Mitigation (LC3M) Annual Meeting, 2022 
Ocean carbon cycles past, present, and future, AGU Union New Generation of Scientists, 2021 
Ocean biogeochemistry and the evolution of the eukaryotic cell: Cause and consequence, Agouron 

Foundation Conference on The Origin of Eukaryotes, 2019 
Photosynthetic ecology and Earth system evolution, AGU Fall Meeting, 2018 
Nutrients, ecosystems, and the rise of eukaryotic life, Goldschmidt Annual Meeting, 2018 
Controls on the evolving scope of Earth’s biosphere, Keynote, RFG2018, 2018 
Planetary methane cycling in deep time and beyond, UC Riverside Methane Cycle Symposium, 2018 
The importance of nutrients for Earth’s carbon cycle, IRESS: Whole Earth Carbon Cycling – Bridging 

Academia and Industry, 2018 
Nutrients, ecosystems, and the chemical evolution of Earth’s atmosphere, Gordon Research Conference 

– The Microbial Planet from Deep Time to Today, 2018   
The evolutionary geobiology of Earth’s oxygen cycle, Stanford University, Department of Geological 

Sciences Seminar Series, 2017 
Nutrients, ecosystems, and the evolving detectability of Earth’s biosphere, University of Washington 

Astrobiology Colloquium Series, 2017 
Nutrients, ecosystems, and the chemical evolution of Earth’s atmosphere, Rice University, Department 

of Earth Sciences Seminar Series, 2017 
Isotopic and theoretical constraints on the evolving redox state of Earth’s atmosphere, Keynote, 

Goldschmidt Annual Meeting, 2017 
Oxygen and the evolution of complexity, Duke University, Division of Earth & Ocean Sciences 

Department Seminar Series, 2016. 
A cryptic biosphere on the mid-Proterozoic Earth, University of North Carolina at Chapel Hill, 

Department of Geological Sciences Colloquium, 2016. 
The importance of tectonics for the emergence and stability of planetary biosignatures, NExSS/NAI/NSF 

Joint Workshop: Consequences of Internal Planet Evolution for the Habitability and Detectability of 
Life on Extrasolar Planets, 2016. 

The utility of chromium (Cr) isotopes as a redox tracer, GAC-MAC Joint Assembly, 2015 
Reconstructing Earth’s early sulfur cycle, Agouron Institute Symposium: The Sulfur Cycle, 2014. 
Stable chromium isotopes as an emerging paleoredox proxy, WHOI Seminar Series, 2012. 

 
Professional Affiliations           

AAAS, American Geophysical Union, Geochemical Society, Geological Society of America 
 

Selected Synergistic Activities          
Science Organizing Committee, ERW24, Yale Center for Natural Carbon Capture 
Participant, Building Consensus in the Science Behind Enhanced Rock Weathering, Environmental 
Defense Fund (EDF) Workshop, 2023 



Organizing Committee, Panel Moderator, Enhanced Rock Weathering, Yale Center for Natural Carbon 
Capture Spring Symposium, 2023 
Science Organizing Committee, NASA Astrobiology Science Conference (AbSciCon), 2022 
Editor, Geochemical Tracers in Earth System Science, Cambridge University Press 
Associate Editor, Paleoceanography and Paleoclimatology 
Science Organizing Committee, NASA Astrobiology Science Conference (AbSciCon), 2019 
Steering Council, NASA Nexus for Exoplanet System Science (NExSS) (2018-present) 
Science Organizing Committee, Comparative Climatology of Terrestrial Planets 3 (CCTP-3) 
Participant, NASA-NExSS Workshop Without Walls, Exoplanet Biosignatures 
Invited Contributor, NASA-NExSS Workshop Without Walls, Upstairs-Downstairs: Consequences of 

Internal Planet Evolution for the Habitability and Detectability of Life on Extrasolar Planets 
Panelist, NASA Exobiology Program 
Panelist, National Science Foundation (NSF-SGP) 
External Reviewer, National Science Foundation (NSF) 
External Reviewer, European Research Council 
External Reviewer, Petroleum Research Fund 
External Reviewer, Israel Science Foundation 
Steering Committee, Southeastern Biogeochemistry Symposium, 2015 
Invited Contributor, Agouron Institute Sulfur Cycle Symposium, Palos Verdes, 2014 
Session Chair, Geological Society of America Annual Meeting, 2014 
Beyond Habitability: Life and the Early Earth, NASA/Smithsonian Institution, 2014 
Theme Team, 24th V.M. Goldschmidt Conference, 2014 
NASA Astrobiology Roadmap Team, 2013-2014 
Graduate Student Coordinator, 9th Annual SoCal Geobiology Symposium, 2012 
Ocean Deoxygenation: Past, Present, and Future, NASA Ames Research Center, March 2010 
Analyzing the Archean, European Science Foundation, Utrecht, Netherlands, June 2010 
Supervisor, HSI-STEM Summer Bridge Research Program, UC-Riverside, 2009 
Reviewer for: 

Nature; Science; Science Advances; Nature Geoscience; Nature Communications; Proceedings of the 
National Academy of Sciences, USA; Earth and Planetary Science Letters; Geochimica et 
Cosmochimica Acta; Geology; Biogeosciences; Mitigation and Adaptation Strategies for Global 
Change; GSA Bulletin; Precambrian Research; Geochemical Perspectives Letters; Astrobiology; 
Chemical Geology; Palaeogeography, Palaeoclimatology, Palaeoecology; Economic Geology; 
Journal of Paleontology 

 
Manuscripts Submitted or In Review         

Reinhard, C.T., Planavsky, N.J. (In review) The importance of cost transparency for responsible carbon 
dioxide removal. npj Climate Action. 

Zhang, S., Reinhard, C.T., Liu, S., Kanzaki, Y., Planavsky, N.J. (In review) Constraining carbon loss 
from rivers following terrestrial enhanced rock weathering. Proceedings of the National Academy 
of Sciences, USA. 

Levy, C., Almaraz, M., Beerling, D.J., Raymond, P., Reinhard, C.T., Suhrhoff, J., Taylor, L.L. 
(Submitted) Potential environmental impacts and monitoring requirements of terrestrial enhanced 
weathering. Environmental Science & Technology. 

Kanzaki, Y., Planavsky, N.J., Zhang, S., Jordan, J., Reinhard, C.T. (Submitted) Soil cation storage as a 
key control on the timescales of carbon dioxide removal through enhanced weathering. Earth’s 
Future. 

Beerling, D.J., Kantzas, E.P., Val Martin, M.V., Lomas, M.R., Taylor, L.L., Zhang, S., Kanzaki, Y., 
Reinhard, C.T., Planavsky, N.J., Eufrasio, R.M., Renforth, P., Mecure, J.F., Pollitt, H., Holden, 
P.B., Edwards, N.R., Koh, L., Epihov, D.Z., Wolf, A., Hansen, J.E., Pidgeon, N.F., Banwart, S.A. 



(In review) Transformation U.S. agriculture with crushed rock for CO2 sequestration and increased 
production. Nature. 

Li, Z., Planavsky, N.J., Reinhard, C.T. (In review) Geospatial assessment of the cost and energy 
demand of feedstock grinding for enhanced rock weathering in the coterminous United States. 
Environmental Science & Technology. 

Kanzaki, Y., Chairavalloti, I., Zhang, S., Planavsky, N.J., Reinhard, C.T. (In review) In-silico 
calculation of soil pH by SCEPTER v1.0. Geoscientific Model Development. 

Ito, T., Reinhard, C.T. (In revision) Flux attribution and quantification of transport feedbacks on ocean 
carbon removal using a new autoregressive model of air-sea exchange. Nature Communications. 

 
Selected Publications [out of ~140 total | citations – 14,969 | h-index – 56 | i10-index – 117]  

[139] Raymond, P.A., Planavsky, N.J., Reinhard, C.T. (Accepted) Using carbonates for carbon 
removal. Nature Water. 

[138] Beerling, D.J., Reinhard, C.T., James, R.H., Khan, A., Pidgeon, N., Planavsky, N.J. (Accepted) 
Scaling enhanced weathering with agriculture for atmospheric CO2 removal: Challenges and 
opportunities. Nature Reviews Earth & Environment. 

[137] Kanzaki, Y., Planavsky, N.J., Zhang, S., Jordan, J., Suhrhoff, T.J., Reinhard, C.T. (2025) Soil 
cation storage is a key control on the carbon removal dynamics of enhanced 
weathering. Environmental Research Letters. 20, 074055. 

[136] Xu, P., Reinhard, C.T. (2025) Evaluating the carbon capture potential of industrial waste as a 
feedstock for enhanced weathering. Environmental Research Letters. 20, 044013. 

[135] Ito, T., Reinhard, C.T. (2025) A new framework for the attribution of air-sea CO2 exchange. 
Global Biogeochemical Cycles. 39, e2024GB008346. 

[134] Beerling, D.J., Kantzas, E.P., Lomas, M.R., Taylor, L.L., Zhang, S., Kanzaki, Y., Eufrasio, R.M., 
Renforth, P., Mecure, J.F., Pollitt, H., Holden, P.B., Edwards, N.R., Koh, L., Epihov, D.Z., Wolf, 
A., Hansen, J.E., Banwart, S.A., Pidgeon, N.J., Reinhard, C.T., Planavsky, N.J., Val Martin, M. 
(2025) Transforming U.S. agriculture with crushed rock for CO2 sequestration and improved 
regional air quality. Nature. doi:10.1038/s41586-024-08429-2. 

[133] Zhang, S., Reinhard, C.T., Liu, S., Kanzaki, Y., Planavsky, N.J. (2025) A framework for 
modeling carbon loss from rivers following terrestrial enhanced weathering. Environmental 
Research Letters. 20, 024014. 

[132] Zhang, S., Reinhard, C.T., Liu, S., Kanzaki, Y., Planavsky, N.J. (In press) A framework for 
modeling carbon loss from rivers following terrestrial enhanced weathering. Environmental 
Research Letters. 20, 024014. 

[131] Levy, C., Almaraz, M., Beerling, D.J. Raymond, P., Reinhard, C.T., Suhrhoff, J., Taylor, L. 
(2024) Enhanced rock weathering for carbon removal – Monitoring and mitigating potential 
environmental impacts on agricultural land. Environmental Science & Technology. 58, 17215-
17226. 

[130] Li, Z., Planavsky, N.J., Reinhard, C.T. (2024) Geospatial assessment of the cost and energy 
demand of feedstock grinding for enhanced rock weathering in the coterminous United States. 
Frontiers in Climate. 6, 1380651. 

[129] Broussard, W., Schwieterman, E.W., Ranjan, S., Sousa-Silva, C., Fateev, A., Reinhard, C.T. 
(2024) The impact of extended H2O cross sections on temperate anoxic planet atmospheres: 
Implications for spectral characterization of habitable worlds. The Astrophysical Journal. 967, 114. 

[128] Kanzaki, Y., Chiaravalloti, I., Zhang, S., Planavsky, N.J., Reinhard, C.T. (2024) In-silico 
calculation of soil pH by SCEPTER v1.0. Geoscientific Model Development. 17, 4515-4532. 

[127] Suhrhoff, T.J., Reershemius, T., Wang, J., Jordan, J.S., Reinhard, C.T., Planavsky, N.J. (2024) 
A tool for assessing the sensitivity of soil-based approaches for quantifying enhanced weathering: 
A US case study. Frontiers in Climate – Carbon Dioxide Removal. 6, 1346117. 



[126] Beerling, D.J., Epihov, D.Z., Kantola, I.B., Masters, M.D., Reershemius, T., Planavsky, N.J., 
Reinhard, C.T., Jordan, J.S., Thorne, S.J., Weber, J., Val Martin, M., Freckleton, R.P., Hartley, 
S.E., James, R.H., Pearce, C.R., DeLucia, E.H., Banwart, S.A. (2024) Enhanced weathering in the 
U.S. Corn Belt delivers carbon removal with agronomic benefits. Proceedings of the National 
Academy of Sciences, USA. 121, e2319436121.  

[125] Young, A.V., Robinson, T.D., Krissansen-Totton, J., Schwieterman, E.W., Wogan, N.F., Way, 
M.J., Sohl, L.E., Arney, G.N., Reinhard, C.T., Line, M.R., Catling, D.C., Windsor, J.D. (2024) 
Constraining chemical disequilibrium biosignatures for Proterozoic Earth-like exoplanets using 
reflectance spectra. Nature Astronomy. 8 

[124] Reershemius, T., Kelland, M.E., Jordan, J.S., Davis, I.R., D’Ascanio, R., Kalderon-Asael, B., 
Asael, D., Epihov, D.Z., Beerling, D.J., Reinhard, C.T., Planavsky, N.J. (2023) A new soil-based 
approach for empirical monitoring of enhanced rock weathering rates. Environmental Science & 
Technology. 57, 19497-19507. 

[123] Smart, M.S., Filippelli, G., Gilhooly III, W.P., Ozaki, K., Reinhard, C.T., Marshall, J.E.A., 
Whiteside, J.H. (2023) Land plant evolution and volcanism led to the late Devonian mass 
extinction. Nature Communications Earth & Environment. 4, 449. 

[122] Reinhard, C.T., Planavsky, N.J., Kahn, A. (2023) Aligning incentives for carbon dioxide 
removal. Environmental Research Letters. 18, doi:10.1088/1748-9326/acf591. 

[121] Fakhraee, M., Tarhan, L.G., Reinhard, C.T., Planavsky, N.J. (2023) Constraining the elemental 
stoichiometry of early marine life. Geology. 51, 1043-1047. 

[120] Baek, S.H., Kanzaki, Y., Lora, J.M., Planvsky, N.J., Reinhard, C.T., Zhang, S. (2023) Impacts 
of climate on the global capacity for enhanced rock weathering on croplands. Earth’s Future. 11, 
doi:10.1029/2023EF003698. 

[119] Chiaravalloti, I., Theunissen, N., Zhang, S., Wang, J., Sun, F., Ahmed, A.A., Pihlap, E., Reinhard, 
C.T., Planavsky, N.J. (2023) Mitigation of soil nitrous oxide emissions during maize production 
with basalt amendments. Frontiers in Climate – Carbon Dioxide Removal. 5, 
doi:10.3389/fclim.2023.1203043. 

[118] Fakhraee, M., Reinhard, C.T., Planavsky, N.J. (2023) Ocean alkalinity enhancement through 
protection and restoration of blue carbon ecosystems. Nature Sustainability. 6, 1087-1094. 

[117] Walton, C.R., Ewens, S., Coates, J.D., Blake, R., Planavsky, N.J., Reinhard, C.T., Ju, P., Hao, J., 
Pasek, M.S. (2023) Phosphorus availability on the early Earth. Nature Geoscience. 16, 399-409. 

[116] Fakhraee, M., Li, Z., Planavsky, N.J., Reinhard, C.T. (2023) A biogeochemical model of mineral-
based ocean alkalinity enhancement: Impacts on the biological pump and ocean carbon uptake. 
Environmental Research Letters. 8, 044047. 

[115] Kanzaki, Y., Planavsky, N.J., Reinhard, C.T. (2023) New estimates of the storage permanence 
and ocean co-benefits of enhanced rock weathering. PNAS Nexus. 2, pgad059. 

[114] Fakhraee, M., Tarhan, L.G., Reinhard, C.T., Crowe, S.A., Lyons, T.W., Planavsky, N.J. (2023) 
Earth’s surface oxygenation and the rise of biological complexity: The Lomagundi revisited. Earth-
Science Reviews. 240, 104398. 

[113] Robbins, L.J., Fakhraee, M., Smith, A.J.B., Bishop, B.A., Swanner, E.D., Peacock, C., Wang, C., 
Planavsky, N.J., Reinhard, C.T., Crowe, S.A., Lyons, T.W. (2023) Manganese oxides, Earth 
surface oxygenation, and the rise of oxygenic photosynthesis. Earth-Science Reviews. 239, 104368. 

[112] Wang, C., Robbins, L.J., Planavsky, N.J., Beukes, N.J., Patry, L.A., Lalonde, S.V., Lechte, M.A., 
Asael, D., Reinhard, C.T., Zhang, L., Konhauser, K.O. (2023) Archean to early Paleoproterozoic 
iron formations document a transition in iron oxidation mechanisms. Geochimica et Cosmochimica 
Acta. 343, 286-303. 



[111] Planavsky, N.J., Asael, D., Rooney, A.D., Robbins, L.J., Gill, B.C., Dehler, C.M., Cole, D.B., 
Porter, S.M., Love, G.D., Konhauser, K.O., Reinhard, C.T. (2022) A sedimentary record of the 
evolution of the global marine phosphorus cycle. Geobiology. 21, 168-174. 

[110] Ozaki, K., Cole, D.B., Reinhard, C.T., Tajika, E. (2022) CANOPS-GRB v1.0: A new Earth 
system model for simulating the evolution of ocean-atmosphere chemistry over geologic timescales. 
Geoscientific Model Developments. 15, 7593-7639. 

[109] Zhang, S., Planavsky, N.J., Katchinoff, J.A.R., Raymond, P.A., Kanzaki, Y., Reershemius, T., 
Reinhard, C.T. (2022) Insights from river chemistry into carbon capture potential through surficial 
enhanced rock weathering. Limnology & Oceanography. 67, S148-S157. 

[108] Schwieterman, E.W., Olson, S.L., Pidhorodetska, D., Reinhard, C.T., Ganti, A., Fauchez, T.J., 
Bastelberger, S.T., Crouse, J.S., Ridgwell, A., Lyons, T.W. (2022) Evaluating the plausible range 
of N2O biosignatures on exo-Earths: An integrated biogeochemical, photochemical, and spectral 
modeling approach. The Astrophysical Journal. 937, 109. 

[107] Kanzaki, Y., Zhang, S., Planavsky, N.J., Reinhard, C.T. (2022) Soil Cycles of Elements simulator 
for prediction TERrestrial regulation of greenhouse gases: SCEPTER v0.9. Geoscientific Model 
Developments. 15, 4959-4990. 

[106] Planavsky, N.J., Fakhraee, M., Bolton, E.W., Reinhard, C.T., Isson, T.T., Zhang, S., Mills, 
B.J.W. (2022) On carbon burial and net primary production through Earth’s history. American 
Journal of Science. 322, 413-460. 

[105] Cole, D.B., Ozaki, K., Reinhard, C.T.  (2022) Atmospheric oxygen abundance, marine nutrient 
availability, and organic carbon fluxes to the seafloor. Global Biogeochemical Cycles. 36, 
e2116101119. 

[104] Wang, C., Lechte, M.A., Reinhard, C.T., Asael, D., Cole, D.B., Halverson, G.P., Porter, S., Galili, 
N., Halevy, I., Rainbird, R., Lyons, T.W., Planavsky, N.J. (2022) Strong evidence for a weakly 
oxygenated ocean-atmosphere system during the Proterozoic. Proceedings of the National Academy 
of Sciences, USA. 

[103] Reinhard, C.T., Planavsky, N.J. (2022) The history of ocean oxygenation. Annual Review of 
Marine Science. 14, 331-353. 

[102] Liu, P., Liu, J., Ji, A., Reinhard, C.T., Planavsky, N.J., Babikov, D., Najjar, R.G., Kasting, J.F. 
(2021) Triple oxygen isotope constraints on atmospheric O2 and biological productivity during the 
mid-Proterozoic. Proceedings of the National Academy of Sciences, USA. 118, e2105074118. 

[101] Syverson, D.W., Reinhard, C.T., Isson, T.T., Holstege, C.H., Katchinoff, J.A.R., Tutolo, B.M., 
Etshcmann, B., Brugger, J., Planavsky, N.J. (2021) Nutrient supply to planetary biospheres from 
anoxic weathering of mafic oceanic crust. Geophysical Research Letters. 16, e2021GL094442. 

[100] Johnson, A.C., Ostrander, C.M., Romaniello, S.J., Reinhard, C.T., Greaney, A.T., Lyons, T.W., 
Anbar, A.D. (2021) Reconciling evidence of oxidative weathering and atmospheric anoxia on 
Archean Earth. Science Advances. 7, eabj0108. 

[99] Li, Z., Cole, D.B., Newby, S.M., Owens, J.D., Kendall, B., Reinhard, C.T. (2021) New constraints 
on mid-Proterozoic ocean redox from stable thallium isotope systematics of black shales. 
Geochimica et Cosmochimica Acta. 315, 185-206. 

[98] Fakhraee, M., Planavsky, N.J., Tarhan, L.G., Reinhard, C.T. (2021) The geologic history of marine 
dissolved organic carbon. Proceedings of the National Academy of Sciences, USA. 118, 
e2103511118. 



[97] Lyons, T.W., Diamond, C.W., Planavsky, N.J., Reinhard, C.T., Li, C. (2021) Oxygenation, life, 
and the planetary system during Earth’s middle history: An overview. Astrobiology. 21, 906-923. 

[96] Gaschnig, R.M., Reinhard, C.T., Planavsky, N.J., Wang, X., Asael, D., Jackson, M.G. (2021) The 
impact of primary processes and secondary alteration on the stable isotope composition of ocean 
island basalts. Chemical Geology. 581, 120416. 

[95] Gaschnig, R.M., Rader, S.T., Reinhard, C.T., Owens, J., Planavsky, N., Wang, X., Asael, D., 
Greaney, A., Helz, R. (2021) Behavior of the Mo, Tl, and U isotope systems during differentiation 
in the Kilauea Iki lava lake. Chemical Geology. 574, 120239. 

[94] Bozdag, G.O., Libby, E., Pineau, R., Reinhard, C.T., Ratcliff, W.C. (2021) Oxygen suppression 
of macroscopic multicellularity. Nature Communications. 12, 2838. 

[93] Van de Velde, S.J., Hülse, D., Reinhard, C.T., Ridgwell, A. (2021) Anoxic iron and sulphur 
cycling in the cGENIE.muffin Earth system model (v0.9.16). Geoscientific Model Developments. 
14, 2713-2745. 

[92] Szeinbaum, N., Toporek, Y., Reinhard, C.T., Glass, J.B. (2021) Microbial helpers allow 
cyanobacteria to thrive in ferruginous waters. Geobiology. 19, 510-520. 

[91] Wang, C., Reinhard, C.T., Rybacki, K.S., Hardisty, D.S., Ossa Ossa, F., Wang, X., Hofmann, A., 
Asael, D., Robbins, L.J., Zhang, L., Planavsky, N.J. (2021) Chromium isotope systematics and the 
diagenesis of marine carbonates. Earth and Planetary Science Letters. 562, 116824. 

[90] Ozaki, K., Reinhard, C.T. (2021) The future lifespan of Earth’s oxygenated atmosphere. Nature 
Geoscience. 14, 138-142. 

[89] Planavsky, N.J., Crowe, S.A., Fakhraee, M., Beaty, B., Reinhard, C.T., Mills, B.J.W., Holstege, 
C., Konhauser, K.O. (2021) Evolution of the structure and impact of Earth’s early biosphere. Nature 
Reviews Earth & Environment. 2, 123-139. 

[88] Van de Velde, S.J., Reinhard, C.T., Ridgwell, A., Meysman, F.J.R. (2020) Bistability in the redox 
chemistry of sediments and oceans. Proceedings of the National Academy of Sciences, USA. 117, 
33043-33050. 

[87] Fakhraee, M., Planavsky, N.J., Reinhard, C.T. (2020) The role of environmental factors in the 
long-term evolution of the marine biological pump. Nature Geoscience. 13, 812-816. 

[86] Reinhard, C.T., Olson, S.L., Turner, S.K., Pälike, C., Kanzaki, Y., Ridgwell, A. (2020) Oceanic 
and atmospheric methane cycling in the cGENIE Earth system model. Geoscientific Model 
Developments. 13, 5687-5706. 

[85] Szeinbaum, N., Nunn, B.L., Cavazos, A.R., Crowe, S.A., Stewart, F.J., DiChristina, T.J., Reinhard, 
C.T., Glass, J.B. (2020) Expression of extracellular multiheme cytochromes discovered in a 
betaproteobacterium during Mn(III) reduction. The ISME Journal. doi:10.1111/1758-2229.12867. 

[84] Robinson, T.D., Reinhard, C.T. (2020) Earth as an exoplanet. In Meadows, V.S., and Arney, G.N. 
(eds.) Solar System Astrobiology, University of Arizona Press. 

[83] Reinhard, C.T., Planavsky, N.J. (2020) Biogeochemical controls on the redox evolution of Earth’s 
oceans and atmosphere. Elements. 16, 191-196. 

[82] Zhao, M., Zhang, S., Tarhan, L., Reinhard, C.T., Planavsky, N.J. (2020) The role of calcium in 
regulating marine phosphorus burial and atmospheric oxygenation. Nature Communications. 11, 
2232. 

[81] Cole, D.B., Mills, D.B., Erwin, D.H., Sperling, E.A., Porter, S.M., Reinhard, C.T., Planasky, N.J. 
(2020) On the co-evolution of surface oxygen levels and animals. Geobiology. 18, 260-281. 



[80] Planavsky, N.J., Reinhard, C.T., Isson, T.T., Ozaki, K., Crockford, P.W. (2020) Large mass-
independent oxygen isotope fractionations in mid-Proterozoic sediments: Strong evidence for a low-
oxygen atmosphere? Astrobiology. 20, 628-636. 

[79] Zaharescu, D.G., Burghelea, C.I., Dontsova, K., Reinhard, C.T., Chorover, J., Lybrand, R. (2020) 
Biological weathering in the terrestrial system: An evolutionary perspective. AGU Geophysical 
Monograph Series. 251, 3-32. 

[78] Mänd, K., Lalonde, S.V., Robbins, L.J., Thoby, M., Paiste, K., Kreitsmann, T., Paiste, P., 
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(2020) Paleoproterozoic oxygenated oceans following the Lomagundi-Jatuli Event. Nature 
Geoscience. 13, 302-306. 
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