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The formation of large igneous provinces (LIPs)—

continental flood basalts, ‘volcanic’ margins, and oce-
anic plateaus—may impact the atmosphere, oceans, 
and biosphere by rapidly releasing huge amounts of 
particulates, magmatic volatiles (CO2, SO2, Cl, F, etc.), 
and potentially volatiles (CO2, CH4, SO2, etc.) from 
intruded sediments (e.g., carbonates, organic-rich 
shales, evaporites). A key factor affecting the magni-
tude of volatile release is whether eruptions are 
subaerial or marine; hydrostatic pressure inhibits ve-
siculation and degassing of relatively soluble volatile 
components (H2O, S, Cl, F) in deep water submarine 
eruptions, although low solubility components (CO2, 
noble gases) are mostly degassed even at abyssal 
depths. Directly or indirectly, such injections may 
cause changes in the atmosphere/ocean system that can 
lead to perturbations of atmosphere/ocean chemistry, 
circulation, ecology, and biological productivity. These 
changes can be global in extent, particularly if envi-
ronmental conditions were at or near a threshold state 
or tipping point. 

LIPs may have been responsible for some of the 
most dramatic and rapid changes in the global envi-
ronment. For example, between ~145 and ~50 Ma, the 
global ocean was characterized by chemical and iso-
topic variations (especially in C and Sr isotope ratios, 
trace metal concentrations, and biocalcification), rela-
tively high temperatures, high relative sea level, epi-
sodic deposition of black shales (oceanic anoxic 
events), high production of hydrocarbons, mass extinc-
tions of marine organisms, and radiations of marine 
flora and fauna. Temporal correlations between the 
intense pulses of igneous activity associated with LIP 
formation and environmental changes suggest more 
than pure coincidence.  

The 1783-84 eruption of Laki on Iceland provides 
the only historical record of the type of volcanism that 
constructs transient LIPs. Although Laki produced a 
basaltic lava flow representing only ~1% of the vol-
ume of a typical transient LIP flow (103 km3), the erup-
tion’s environmental impact resulted in the deaths of 
75% of Iceland’s livestock and 25% of its inhabitants. 

 During Cenozoic time, peak eruption of the North 
Atlantic LIP at ~56 Ma coincided with the Paleocene-
Eocene thermal maximum, when numerous deep-sea 
benthic foraminifera became extinct and there was a 
major turnover in terrestrial mammals. Late Cretaceous 
oceanic anoxic event 2 (OAE-2) coincided with the 
formation of the Caribbean and possibly Madagascar 

flood basalts at ~94 Ma, and in Early Cretaceous time, 
formation of the Ontong Java, Manihiki, and Hikurangi 
plateaus at ~122 Ma in the Pacific coincided with oce-
anic anoxic event 1a (OAE-1a). Eruption of the Siberi-
an flood basalts at ~250 Ma (Permian-Triassic bounda-
ry) coincided with the largest extinction of plants and 
animals in the geological record; 90% of all species 
became extinct at that time. 

 
 
 

 
 
Figure 1. Phanerozoic global large igneous prov-

ince (LIP) distribution, with transient (“plume head”) 
and persistent (“plume tail”) LIPs indicated in red and 
blue, respectively. LIPs are better preserved in the 
oceans where they are not subject to terrestrial ero-
sional processes. 

 
 
 

 
 
Figure 2. Complex chemical and physical environ-

mental effects associated with LIP formation. LIP 
eruptions can perturb the Earth-ocean-atmosphere sys-
tem significantly. Note that many oceanic plateaus 
form at least in part subaerially. Energy from solar 
radiation is hv, where h = Planck’s constant, and v = 
frequency of electromagnetic wave of solar radiation. 
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