
ì 

Astronomical pacing of the demise of 
the penultimate icehouse  

Qiang Fang 
	
  

State Key Laboratory of Biogeology and Environmental Geology, 
 China University of Geosciences (Beijing) 

Orbital forcing, tectonics and global climate change 

EGU General Assembly 2020 



Late Paleozoic ice age  

Montañes and Soreghan, 2006 



Late Paleozoic ice age: tectonic and volcanism  

Soreghan et al., 2019 

Chen et al., 2018 

Spatial and temporal distribution of volcanism  

Conodont-based 87Sr/86Sr record  

Contributiom of the weathering of the Hercynian 
mountains to the global weathering flux 

Goddéris et al., 2017 



Late Paleozoic ice age: glaciation and glacioeustasy 
  Polar-perspective paleogeographic maps 

Montan ̃ez and Poulsen,2013 Rygel et al., 2008 

Magnitude of Late Paleozoic glacioeustasy 



Late Paleozoic ice age: biotic world 
Carboniferous–Permian Biodiversification Event 

Fan et al., 2020 

Saheny et al., 2000  Wilson et al., 2017 

Vegetation shifts of the tropical biomes  

Tetrapod diversification  



Late Paleozoic deglaciation 

Montañez et al., 2007 

Gastaldo et al., 2020 

Wang et al., 2018 

Rise of atmospheric CO2 

Decreased 87Sr/86Sr record  

Demise of wetland biome and 
 rise of seasonally dry biome 



Late Paleozoic deglaciation: Gondwana 
Asselian 
~300 Ma 

Kungurian 
~280 Ma 

Sakmarian 
~290 Ma 

Griffis et al., 2018 

Griffis et al., 2019 

Scotese, 2016 



Late Paleozoic deglaciation: Western Pangea 

West et al.,1997 

Coal to  
paleosol 

 Jerrett et al., 2010 

Tabor and Poulsen, 2008 



Late Paleozoic deglaciation: Western Pangea 

Blue Rapids Shale  

Easly Creek Shale 

Boardman et al.,2009 Schmitz and Davydov.,2012 

Cyclothem 



Late Paleozoic deglaciation: Eastern Paleotethys 

Chen et al.,2016 Buggisch et al.,2011 

Mesogondolella monstra  

Streptognathodus isolatus  
Chen, 2011  



Late Paleozoic deglaciation 

Gondwana 

Direct evidence of 
deglaciation 

 
Sporadic absolute age 
and biostratigraphic 

control 

Continuous marine 
deposits 

 
Geochemical proxies 

 
NO high-resolution  

geochronology 
control  

Eastern Paleotethys 

Western Pangea 

Climate-sensitive 
lithology;Cyclothem 

 
Discontinuity 



Cyclostratigraphy 
Cyclostratigraphic record of 405 k.y. cycles is often used to correct 

chronologies affected by variable sedimentation. 

GTS 2012 



Study section 

Wu,Fang et al.,2019 

Carboniferous ATS for Naqing 



Sedimentary cycle 

Fang et al.,in prep 

Fang and Wu,2019 



Asselian + Sakmarian 

Fang et al.,in review 

Stratigraphy and data series Ecoco and filter output 



Asselian + Sakmarian 
Milankovitch cycle: Period and amplitude 



Asselian + Sakmarian 

Fang et al.,in review 

Composite correlation chart comparing the 
cyclostratigraphy, biostratigraphy and sea-level curve  

13C data from U.S. Midcontinent   

Cramer and Bostic,2015  

13C data from Urals 

Zeng et al.,2012 



Asselian + Sakmarian 
Global composite chronostratigraphy 

Fang et al.,in review 



Asselian + Sakmarian 
Astronomically paced climate evolution during the demise of the LPIA 

Fang et al.,in review 



Artinskian + Kungurian  

Fang et al.,in prep 

Milankovitch cycle: Period and amplitude 



Artinskian + Kungurian  

Fang et al.,in prep 

Obliquity node 

With ice 

High MS High 13C 
High rate 

 bio 
turnover 

Obliquity node 

Without ice 

Low MS High 13C 
Low rate 

 bio 
turnover 

Astronomically paced climatic and biotic turnovers 



ì 

Orbital forcing, tectonics and global climate change 

EGU General Assembly 2020 

Thank you 
for your attention 



Reference cited 
•  Boardman, D.R., II, Wardlaw, B.R., and Nestell, M.K., 2009, Stratigraphy and conodont biostratigraphy of the Uppermost 
Carboniferous and Lower Permian from the North American Midcontinent: Kansas Geological Survey, Bulletin 255, p. 253. 
•  Buggisch, W., Wang, X., Alekseev, A.S., and Joachimski, M.M., 2011, Carboniferous–Permian carbon isotope stratigraphy of 
successions from China (Yangtze platform), USA (Kansas) and Russia (Moscow Basin and Urals): Palaeogeography, Palaeoclimatology, 
Palaeoecology, v. 301, no. 1–4, p. 18–38, http://dx.doi.org/10.1016/j.palaeo.2010.12.015. 
•  Chen, J., 2011, Early Permian (Cisuralian) conodont biostratigraphy in southern Guizhou and global correlation [PhD thesis]: The 
Graduate University of Chinese Academy of Sciences & Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, 
Nanjing, 225 p. 
•  Chen, B., Joachimski, M.M., Wang, X., Shen, S., Qi, Y., and Qie, W., 2016, Ice volume and paleoclimate history of the Late Paleozoic 
Ice Age from conodont apatite oxygen isotopes from Naqing (Guizhou, China): Palaeogeography, Palaeoclimatology, Palaeoecology, v. 
448, no. 1, p. 151–161, http://dx.doi.org/10.1016/j.gr.2012.07.007. 
•  Chen, J., Montañez, I. P., Qi, Y., Shen, S., and Wang, X., 2018, Strontium and carbon isotopic evidence for decoupling of pCO2 from 
continental weathering at the apex of the late Paleozoic glaciation: Geology, v. 46, p. 395–398. 
•  Fan, J.-x., Shen, S.-z., Erwin, D. H., Sadler, P. M., MacLeod, N., Cheng, Q.-m., Hou, X.-d., Yang, J., Wang, X.-d., Wang, Y., Zhang, 
H., Chen, X., Li, G.-x., Zhang, Y.-c., Shi, Y.-k., Yuan, D.-x., Chen, Q., Zhang, L.-n., Li, C., and Zhao, Y.-y., 2020, A high-resolution 
summary of Cambrian to Early Triassic marine invertebrate biodiversity: Science, v. 367, no. 6475, p. 272-277. 
•  Fang, Q., and Wu, H., 2019, Permian Climate, Reference Module in Earth Systems and Environmental Sciences, Elsevier. 
•  Gastaldo, R. A., Bamford, M., Calder, J., DiMichele, W. A., Iannuzzi, R., Jasper, A., Kerp, H., McLoughlin, S., Opluštil, S., and 
Pfefferkorn, H. W., The Coal Farms of the Late Paleozoic. 
•  Griffis, N. P., Mundil, R., Montañez, I. P., Isbell, J., Fedorchuk, N., Vesely, F., Iannuzzi, R., and Yin, Q. Z., 2018, A new stratigraphic 
framework built on U-Pb single-zircon TIMS ages and implications for the timing of the penultimate icehouse (Paraná Basin, Brazil): 
Geological Society of America Bulletin, v. 130, no. 5-6, p. 848-858. 
•  Griffis, N. P., Montañez, I. P., Mundil, R., Richey, J., Isbell, J., Fedorchuk, N., Linol, B., Iannuzzi, R., Vesely, F., and Mottin, T., 2019, 
Coupled stratigraphic and U-Pb zircon age constraints on the late Paleozoic icehouse-to-greenhouse turnover in south-central Gondwana: 
Geology, v. 47, no. 12, p. 1146–1150. 
•  Godderis, Y., Donnadieu, Y., Carretier, S., Aretz, M., Dera, G., Macouin, M., and Regard, V., 2017, Onset and ending of the late 
Palaeozoic ice age triggered by tectonically paced rock weathering: Nature Geoscience, v. 10, no. 5, p. 382-386. 
•  Jerrett, R. M., Flint, S. S., Davies, R. C., and Hodgson, D. M., 2011, Sequence stratigraphic interpretation of a Pennsylvanian (Upper 
Carboniferous) coal from the central Appalachian Basin, USA: Sedimentology, v. 58, no. 5, p. 1180-1207. 
•  Montañez, I.P., and Soreghan, G.S., 2006, Earth’s fickle climate: Lessons learned from deep-time ice ages: Geotimes, v. 51, no. 3, p. 
24–27. 
•  Montañez, I. P., Tabor, N. J., Niemeier, D., DiMichele, W. A., Frank, T. D., Fielding, C. R., Isbell, J. L., Birgenheier, L. P., and Rygel, 
M. C., 2007, CO2-forced climate and vegetation instability during Late Paleozoic deglaciation: Science, v. 315, no. 5808, p. 87–91. 



Reference cited 
•  Montañez, I. P., and Poulsen, C. J., 2013, The Late Paleozoic ice age: an evolving paradigm: Annual Review of Earth and Planetary 

Sciences, v. 41, p. 629-656  
•  Ogg, J.G., Ogg, G.M., and Gradstein, F.M., 2016, A Concise Geologic Time Scale: Amsterdam, The Netherlands, Elsevier, 240 p., 

https://doi.org/10.1016/C2009 -0-64442-1. 
•  Sahney, S., Benton, M. J., and Falcon-Lang, H. J., 2010, Rainforest collapse triggered Carboniferous tetrapod diversification in 

Euramerica: Geology, v. 38, no. 12, p. 1079-1082. 
•  Schmitz, M.D., and Davydov, V.I., 2012, Quantitative radiometric and biostratigraphic calibration of the Pennsylvanian–Early 

Permian (Cisuralian) time scale and pan-Euramerican chronostratigraphic correlation: Geological Society of America Bulletin, v. 124, 
no. 3–4, p. 549–577, http://dx.doi.org/10.1130/B30385.1. 

•  Scotese, C.R., 2016. PALEOMAP PaleoAtlas for GPlates and the PaleoData Plotter Program, PALEOMAP Project: https://
www.earthbyte.org/paleomap-paleoatlas-for-gplates/ (April 2016). 

•  Soreghan, G. S., Soreghan, M. J., and Heavens, N. G., 2019, Explosive volcanism as a key driver of the late Paleozoic ice age: 
Geology, v. 47, no. 7, p. 600-604. 

•  Tabor, N. J., Montañez, I. P., Scotese, C. R., Poulsen, C. J., and Mack, G. H., 2008, Paleosol archives of environmental and climatic 
history in paleotropical western Pangea during the latest Pennsylvanian through Early Permian: Geological Society of America Special 
Papers, v. 441, p. 291-303. 

•  Tierney Cramer, K., and Bostic, M., 2015, High-resolution carbon isotope (δ13Ccarb) chemostratigraphy of the lower Permian from the 
US midcontinent: Checking the pulse of the late Paleozoic ice age: Geological Society of America Bulletin, v. 127, no. 3–4, p. 584–
595, http://dx.doi.org/10.1130/B31024.1. 

•  Wang, W.-q., Garbelli, C., Zheng, Q.-f., Chen, J., Liu, X.-c., Wang, W., and Shen, S.-z., 2018, Permian 87Sr/86Sr chemostratigraphy 
from carbonate sequences in South China: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 500, p. 84-94. 

•  West, R. R., Archer, A. W., and Miller, K. B., 1997, The role of climate in stratigraphic patterns exhibited by late Palaeozoic rocks 
exposed in Kansas: Palaeogeography Palaeoclimatology Palaeoecology, v. 128, no. 1–4, p. 1-16. 

•  Wilson, J. P., Montañez, I. P., White, J. D., Dimichele, W. A., Mcelwain, J. C., Poulsen, C. J., and Hren, M. T., 2017, Dynamic 
Carboniferous tropical forests: new views of plant function and potential for physiological forcing of climate: New Phytologist, v. 215, 
no. 4, p. 1333. 

•  Wu, H., Fang, Q., Wang, X., Hinnov, L.A., Qi, Y., Shen, S., Yang, T., Li, H., Chen, J., and Zhang, S., 2019, An ~34 my astronomical 
time scale for the uppermost Mississippian through Pennsylvanian of the Carboniferous System of the Paleo-Tethyan realm; Geology, 
v. 47, no. 1, p. 83–86, https://doi.org/10.1130/G45461.1. 

•  Zeng, J., Cao, C., Davydov, V.I., and Shen, S., 2012, Carbon isotope chemostratigraphy and implications of palaeoclimatic changes 
during the Cisuralian (Early Permian) in the southern Urals, Russia: Gondwana Research, v. 21, no. 2–3, p. 601–610, 
http://dx.doi.org/10.1016/j.gr.2011.06.002. 


