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Le Grandi Province 
Magmatiche (LIP)  

sono punti caldi del passato 
dove ci sono milioni di km3 di 
magma eruttati durante pochi 

milioni d’anni  
I magmi hanno composizione 

principalmente femica ma 
possono essere anche sialici e 

sono presenti sia nei continenti 
che negli oceani. 
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Ontong – Java Plateau (OJP)  
Area di 1.5 million km2 sul fondale dell’oceano pacifico ( area dell’Alaska o dell’Europa W). Il volume 

totale è ~ 80,000,000 km3 di lave basaltiche emesse principalmente in pochi milioni di anni (il massimo tra 
124 – 122 Ma). Lo spessore delle lave è di 35 km,

∼ ∼

∼
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Effetti delle eruzioni vulcaniche  

Effetti positivi: formazione delle atmosfera terrestre  
Negativi: raffreddamento legato alle polveri 

atmosferiche , acidificazione oceani 



La Teoria della Tettonica delle Placche 

Effetti delle eruzioni vulcaniche 

Nel passato lontano……..
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I Siberian Traps (250 Ma - LIP) coprono un’area di 

7*106 km2 con un volume di 4*106 km3.  
Le rocce vulcaniche eruttate sono principalmente 

basalti

∼ ∼ The Permian Extinction When Life Nearly 
Came to an End
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I gas emessi dalle eruzioni vulcaniche avrebbero dato il via anche alla 
acidificazione degli oceani

ARTICLES NATURE GEOSCIENCE

approach allowed for direct δ11B measurements within specific shell 
structures, which provided further supporting evidence that our 
δ11B record was not significantly affected by secondary impurities 
or postdepositional alterations.

The CIE in the Southern Alps in excess of −4.5‰ (Fig. 1c) was 
accompanied by a decrease in δ11B values of more than −1.5‰ (Fig. 1b)  
within some 20 kyr of the latest Permian (Extended Data Fig. 3). 
This is also closely reflected by a declining δ18O trend (Fig. 1d),  
which suggests a dramatic increase in seawater temperatures. 

Following the CIE, comparably low δ11B, δ13C and δ18O values were 
also found in South China (Fig. 1). We did not observe a recovery 
to pre-event isotope values after the boundary and into the earliest 
Triassic. Given the pH-dependent incorporation of δ11B signal into 
biogenic calcite, a substantial suppression of ocean pH that accom-
panies the CIE is evident from our δ11B data alone. For a quantita-
tive estimate, we converted the δ11B record to pH given different 
δ11B-to-pH relationships and ambient seawater δ11B (δ11Bsw) sce-
narios (Methods). Our preferred scenario accounts for biological  
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Fig. 1 | Brachiopod-based stable isotope data from Italy and China. a, Late Permian palaeogeographic reconstruction (Methods) with the locations of 
the sampling sites. b–d, δ11B (b), δ13C (c) and δ18O (d) records derived from brachiopod shells from Southern Alps (Sass de Putia, Tesero and Val Brutta) 
and South China (Shangsi). The error bars in b indicate the analytical uncertainty for solution-based δ11B (2!s.d.!=!0.2‰) and the s.d. between multiple ion 
spots measurements within a single shell for SIMS δ11B. The stratigraphy of the Meishan Global Boundary Stratotype Section and Point (GSSP) is shown for 
comparison. The purple field marks the onset of the CIE as defined in our age model (Methods and Supplementary Information), with the geochronology 
based on the latest age estimates1. Conodont zones: Hindeodus praeparvus, H. changxingensis, H. parvus, Isarcicella staeschei and I. isarcica. BWFB, Bellerophon–
Werfen Formation boundary; FAD, first appearance datum; Ma, million years ago; NIST, National Institute of Standards and Technology; VPDB, Vienna Pee 
Dee Belemnite; RTF, ridge trench fault.

NATURE GEOSCIENCE | VOL 13 | NOVEMBER 2020 | 745–750 | www.nature.com/naturegeoscience746

Content courtesy of Springer Nature, terms of use apply. Rights reserved

ARTICLES
https://doi.org/10.1038/s41561-020-00646-4

1GEOMAR Helmholtz-Zentrum für Ozeanforschung Kiel, Kiel, Germany. 2Helmholtz Zentrum Potsdam, Deutsches GeoForschungsZentrum GFZ, Potsdam, 
Germany. 3Dipartimento di Fisica e Scienze della Terra, Università di Ferrara, Ferrara, Italy. 4Dipartimento di Scienze della Terra, Università di Milano, Milan, 
Italy. 5Department of Earth Sciences, Brock University, St Catharines, Ontario, Canada. 6Present address: School of Earth and Environmental Sciences, 
University of St Andrews, St Andrews, UK. ✉e-mail: hj43@st-andrews.ac.uk

Current lines of evidence point to a rather rapid catastrophe 
(~61 ± 48 kyr)1 linked to greenhouse gas emissions from the 
Siberian Traps large igneous province (LIP)2–4. The magma-

tism apparently induced a lethal combination of a substantial input 
of relatively light carbon into the atmosphere4,5, an increase in global 
sea surface temperature (SST)6–10, sporadic to widespread anoxia11–13 
or euxinia14,15 and ocean acidification16–18. The exact causes and con-
sequences, however, remain controversial, and a coherent unifying 
scenario for the environmental evolution over this important inter-
val in Earth’s history is still lacking. To reconstruct the carbon cycle 
dynamics, we generated a new record of ocean pH for the Permian/
Triassic boundary (PTB) using boron isotopes (a well-established 
proxy for ambient seawater pH)19–23 paired with carbon and oxy-
gen isotope data. Our records were assimilated into a box model, 
which enabled us to simulate the carbon release and turnover, and 
study its effects on the Earth’s system—a critical exercise to untangle 
the driving mechanisms of the extinction, as well as to improve our 
overall understanding of Earth’s climatic and ecological sensitivities.

Boron isotope record of Tethys Ocean acidification
We generated high-resolution boron (δ11B), carbon (δ13C) and 
oxygen (δ18O) isotope records from pristine fossil brachiopod 
shells7 composed of low-magnesium calcite (Fig. 1, Methods and 
Supplementary Information). Our records are based on samples 
from three stratigraphically well-characterized sections24 in the 
Southern Alps of northern Italy—Sass de Putia, Tesero and Val 
Brutta—where the comparatively uncondensed sedimentary 
sequences enable a chronologically well-resolved exploration of 
Tethys Ocean conditions at the PTB (Fig. 1a). This interval covers 

the global negative carbon isotope excursion (CIE), a characteristic 
feature of the PTB, associated with major biotic and environmental 
changes. In addition, several brachiopod specimens from a distant 
Shangsi section in South China18 were analysed for comparison. 
Owing to limited sample availability, the Shangsi record does not 
overlap with that from the Southern Alps, so a precise stratigraphic 
correlation at such a high-resolution between the two sites is rather 
complicated. Nevertheless, the critical decline in δ11B values, as 
well as in δ13C and δ18O values, after the CIE is registered by bra-
chiopod shells from both South China and Southern Alps, lending 
strong support to our records and that these are representative of 
Tethys-wide conditions.

The preservation of the original chemical signals in the samples 
and potential influences from matrix contamination were thor-
oughly inspected using a wide suite of prescreening routines, which 
included minor and trace element analyses (Methods, Extended 
Data Fig. 1 and Supplementary Information). The latter showed 
that the composition of our samples is broadly consistent with 
those expected for modern brachiopod species. In several samples 
though, increased Al/Ca values were detected that are not compat-
ible with primary Al incorporation into the crystal lattice, and may 
be indicative of sample contamination from clay sediments from the 
enclosing matrix. These high Al/Ca values, however, did not trans-
late into systematically enriched B/Ca or reduced δ11B; the general 
trend in our δ11B record can be reconstructed solely from samples 
with low Al/Ca values (Extended Data Fig. 2). In addition, the 
integrity of our δ11B compositions was cross-checked by combin-
ing solution-based and secondary ion mass spectrometry (SIMS) 
analyses on selected key specimens. The in situ nature of the SIMS 

Permian–Triassic mass extinction pulses driven by 
major marine carbon cycle perturbations
Hana Jurikova! !1,2,6 ✉, Marcus Gutjahr! !1, Klaus Wallmann! !1, Sascha Flögel1, Volker Liebetrau! !1, 
Renato Posenato3, Lucia Angiolini4, Claudio Garbelli3, Uwe Brand5, Michael Wiedenbeck2 and 
Anton Eisenhauer1

The Permian/Triassic boundary approximately 251.9!million years ago marked the most severe environmental crisis identified 
in the geological record, which dictated the onwards course for the evolution of life. Magmatism from Siberian Traps is thought 
to have played an important role, but the causational trigger and its feedbacks are yet to be fully understood. Here we present a 
new boron-isotope-derived seawater pH record from fossil brachiopod shells deposited on the Tethys shelf that demonstrates 
a substantial decline in seawater pH coeval with the onset of the mass extinction in the latest Permian. Combined with carbon 
isotope data, our results are integrated in a geochemical model that resolves the carbon cycle dynamics as well as the ocean 
redox conditions and nitrogen isotope turnover. We find that the initial ocean acidification was intimately linked to a large pulse 
of carbon degassing from the Siberian sill intrusions. We unravel the consequences of the greenhouse effect on the marine 
environment, and show how elevated sea surface temperatures, export production and nutrient input driven by increased rates 
of chemical weathering gave rise to widespread deoxygenation and sporadic sulfide poisoning of the oceans in the earliest 
Triassic. Our findings enable us to assemble a consistent biogeochemical reconstruction of the mechanisms that resulted in the 
largest Phanerozoic mass extinction.
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Il termine acidificazione degli oceani è 
usato per descrivere il continuo aumento 
dell'acidità (diminuzione del pH 
dell'oceano) causato dall’assorbimento 
della CO2 atmosferica. Anche se questo 
può essere considerato positivo in termini 
di riduzione dei livelli di CO2 
nell'atmosfera e quindi di riduzione degli 
impatti dei cambiamenti climatici, 
l'acidificazione degli oceani ha il 
potenziale di causare impatti diffusi e 
profondi sugli ecosistemi marini.

Acidificazione degli oceani in seguito all’immissione in atmosfera di CO2 
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Ma questo è solo uno degli 
effetti climatici - ambientali 
che si hanno durante le 
grandi eruzioni vulcaniche
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Effetti delle eruzioni vulcaniche 

Molto vicino a noi……..
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2010 - vulcano islandese Eyjafjöll

Eruzione divisa in 2 fasi distinte: 
1 fase effusiva. Il vulcano iniziò ad eruttare 
il 20 marzo 2010 producendo lave femiche 
(basalti). La colata (e la piccola colonna di 
ceneri e gas) finì il 12 aprile 2010.  

2 fase esplosiva. Il 14 aprile 2010 una 
grande eruzione freatomagmatica fece 
esplodere la sommità del vulcano (plume di 9 
km d’altezza, VEI = 3)   
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2010 - vulcano islandese Eyjafjöll

Questo evento ha causato la più grande 
interruzione dell'aviazione dalla seconda guerra 
mondiale. Lo spazio aereo su vaste aree è stato 
chiuso per diversi giorni ad aprile con ritardi e 
cancellazioni dei voli che si sono verificati 
ripetutamente fino alla fine dell'eruzione. 
Milioni di viaggiatori sono stati colpiti in tutto il 
mondo (circa 100.000 voli commerciali sono 
stati cancellati)
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MA NON SEMPRE LE ERUZIONI 
VULCANICHE SONO  DANNOSE  

L’estinzione di fine Cretaceo ci insegna che 
se l’evento extraterrestre di Chicxulub ha 
causato l’improvvisa estinzione di fine 
Cretacico, coinvolgendo i dinosauri non 
aviani, gli episodi eruttivi del Deccan 
possono aver addirittura impedito una ben 
più catastrofica estinzione, alleviandone gli 
effetti negativi e potenzialmente accelerando 
la ripresa della biosfera.
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