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Highlights:

ÅIncrease of teratological terrestrial and marine organic-walled microfossils 
associated with mass extinction events. 

ÅInteraction with other research lines: biodiversity loss across the Earth history. 

ÅOther: methods for the thermal maturity of organic matter.



ÅIncrease of teratological terrestrial and marine organic-walled microfossils 
associated with mass extinction events. 

Ambito/i del PTSR interessato/i

Ambito di ricerca nuovo: 1
TITOLO: Earth System and Global Changes
In particolare per le seguenti tematiche 
- le cause e conseguenze delle variazioni climatiche nella storia del pianeta Terra e le maggiori estinzioni di 
massa;
- le relazioni tra i cambiamenti globali e lo sviluppo sostenibile;

Ambito di ricerca già attivato: 10
TITOLO: Geocronologia relativa e assoluta
In particolare per le seguenti tematiche  
- studi di paleontologia sistematica.
-ǎǘǳŘƛ ǎǳƭƭΩŜǾƻƭǳȊƛƻƴŜ ƴŜƭ ǘŜƳǇƻ ŘŜƎƭƛ ŜǎǎŜǊƛ ǾƛǾŜƴǘƛ ŀǘǘǊŀǾŜǊǎƻ ƛƴŘŀƎƛƴƛ ǇŀƭŜƻƴǘƻƭƻƎƛŎƘŜ
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Aberrationin organic microfossilsasa proxy for understandingthe 
extinctionevents throughtime

ÅTo confirm the emerging temporal pattern of teratologiesas harbingers of mass 
extinctions, across terrestrial and marine realms, across biological groups & 
kingdoms, and across geological time. !ǊŜ ǇŀƭȅƴƻƳƻǊǇƘǎ ǘƘŜ ǇǊƻǾŜǊōƛŀƭ ΨŎŀƴŀǊƛŜǎ 
ƛƴ ǘƘŜ Ŏƻŀƭ ƳƛƴŜΩΣ ƛΦŜΦ ǘƘŜ ŦƛǊǎǘ ǾƛŎǘƛƳǎ ǘƘŀǘ ŀƴƴƻǳƴŎŜ ŎŀǘŀǎǘǊƻǇƘƛŎ ŜȄǘƛƴŎǘƛƻƴǎΚ

ÅTo compare existing hypotheses for malformation for individual events and 
search for common denominators.

ÅTo test and ground-truth our emerging hypotheses for the causes of 
malformations using experiments and modern analogue settings.

ÅTo explore if causes for malformation actually scale up to the proximate 
mechanisms for mass extinctions.
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Objectives:



Nomenclature:

ÅAcritarchs: utilitarian categoryto classifyall organic-walled
microfossilsof unknownbiologicalaffinity (Evitt, 1963). 
Thisdefinition clearlyexcludesa biologicalinterpretation: 
the organismsthat producedthe acritarchscouldbe of 
diverse origins, marine and non-marine, planktonicand 
non-planktonic(Servais et al., 1997; Spina and Vecoli, 
2009).

ÅChitinozoans: extinct group of organic-walled microfossils 
of uncertain affinity. Knowledge about their biology and 
ecology is limited and has been gathered indirectly from 
associated fauna and facies. They are interpreted to be 
pelagic and marine. They have been assigned to various 
groups, from protozoans to dinoflagellates and fungi or 
eggs of soft-bodied metazoans that had a planktic mode of 
life (Paris and Verniers, 2005 ).
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The invasion of the land by plants during 
Cambrian? through Devonian times. UniPG, 
Washington University, Tallin University.



The invasion of the land by plants 
during Cambrian? through 
Devonian times. UniPG, 
Washington University, Tallin 
University.

From Strother et al. (2006)

From Spina et al. (2021)

Data from Royer 2004 and 2006.



Redrawnfrom Lentonet al. (2012)

From Achab and Paris (2007); 

modifiedby Vecoli et al. (2011)

Modifiedfrom Spina (2015)

Late Ordovician(about455-445 ma) mass extinction: glacialevent

Flora

No extinction
for the floral
kingdom

Modified by Harper et al., 2019

From Cocks and Torsvik (2021)

Similarity index among cryptospore assemblages (percentage of 
shared species on total species; from Spina, 2015)

The invasion of the land by plants during 
Cambrian? through Devonian times. UniPG, 
Washington University, Tallin University.
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Late Ordovician teratological events

From Delabroyeet al. (2011); Vecoli et al. (2011); Spina, 2015) From Delabroyeet al. (2011); Vecoli et al. (2011) From Brenchleyet al. (1994)

Extinction(86%)
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Ordovician and Silurian 
teratological events

Thisresearch

(Vandenbrouckeet al., 2015)

(Palaeogeographicmapfrom
Cocksand Torsvick, 2002)



Possible causes for the Ordovician 
and Silurian teratological events:

- Volcanism

- Upwelling of anoxic/dysoxicwaters

- Heavy metal pollution
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Late Ordovician paleogeography and study locations. A: Paleogeographic reconstruction at 446 Ma, modified from Kilian et al. (2016). Stars mark locations of stratigraphic sections 

at the Monitor Range (western Laurentia; Nevada, USA) and Wangjiawan (south China). Triangles mark the locations of Late Ordovician mafic provinces: 1ðCape St. Maryôs sills, 

Newfoundland; 2ðSuordakh, Siberia; 3ðSierra del Tigre, Argentina. B: Location map for the Monitor Range (after Jones et al., 2016). C: Location map for Wangjiawan (after 

Gorjan et al., 2012).
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From Bond and Grasby(2020)



From Vanderbouckeet al. 2015)

SilurianOAEs
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From Bond and Grasby(2020)

From Rackiet al. (2018)
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Devonian-Carboniferous and teratological events

From Marshall et al. (2020)



Researchin progress
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PI: Roberto Rettori (UniPG)
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Late Permian and teratological events-UV-B driven 
teratology during the crisis: FTIR spectroscopy and 
ultrastructure analysis, and other 

Presentresearch

From Black et al. (2020)

From Cocksand Torsvik(2002) From Spina et al. (2015)

From Beerlinget al. (2007)
From Spina et al. (in prep.)

- a 100ς200 kyr main eruptive 
phase had the potential to 
produce high latitude 
stratospheric O3 depletion due to 
largereleasesof HCl -
organohalogenrelease from 
heating of organic-rich
rocks was insufficient to 
extensively damage the ozone 
layer. However, including the 
possibility that dispersed organic 
matter provided a precursor for
organohalogensynthesis results in 
massive CH3Cl production that 
could lead to substantial O3 
depletion when released over 100 
kyr. 
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Volcanic mercury and mutagenesis in 
land plants during the end-Triassic mass 
extinction 2019- 2021: 

Progetto PRIN-2017: 
BioticResilienceto 
Global Change. 
PI: Simonetta Cirilli 



Cretaceous OAEs and teratological events

With I. Yilmaiz(MTU ) and 
E. Capezzuoli (UniFI)

Turkey

Umbria-Marche
Apennine



Proximalresearch: Chemical analysesof teratologicalorganic-walled microfossil

Á their formation and their geochemistry may be used as markers and as a series of independent proxies for monitoring the 
paleo-environmental conditions during the biological crises;

Á Fully characterization of the chemistry of teratological and non-teratological individuals using non-destructive (FTIR and 
Raman) techniques. 

Á LA-ICPMS: trace-element geochemistry on shared specimens using Laser Ablation Inductively Coupled Plasma Mass 
Spectrometry: different degrees of metal toxicity (Hg, Ni, Cd, Pb)

Á FTIR and Raman: Samples will be imaged for infrared and Raman spectroscopy analysis to determine/test for changes in UV-
B flux through time and relationships between teratologiesand UV-B. 

Á Laser scanning Confocalmicroscopyand Optical confocalmicroscopy: 
ultrastructureanalysis
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How did the ozone layer depletion contribute to the mass extinction events?
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Infrared spectroscopy
Morphological ultrastructure 
analyses

Does elevatedUVB radiationinduce 
teratology?
Taxa representingseedand spore plant
lineages
Thatextendback to the Palaeozoic, include
Conifers(Pinusmugo), lycopods(Isoetes
howellii, Lycopodiumclavatum, Selaginella 
remotifolia), ferns(Osmuntradastrum
cinnamomeum, Anemia tomentosa)


