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INTRODUCTION 

Abstract 

Earth's long-term climate has been profoundly influenced by the episodic assembly and 

breakup of supercontinents at intervals of ca. 500 m.y. This reflects the cycle's impact 

on global sea level and atmospheric CO2 (and other greenhouse gases), the levels of 

which have fluctuated in response to variations in input from volcanism and removal 

(as carbonate) by the chemical weathering of silicate minerals. Supercontinent amalga­

mation tends to coincide with climatic cooling due to drawdown of atmospheric CO2 

through enhanced weathering of the orogens of supercontinent assembly and a ther­

mally uplifted supercontinent. Conversely, breakup tends to coincide with increased 

atmospheric CO2 and global warming as the dispersing continental fragments cool 

and subside, and weathering decreases as sea level rises. Supercontinents may also 

influence global climate through their causal connection to mantle plumes and large 

igneous provinces (LIPs) linked to their breakup. LIPs may amplify the warming trend 

of breakup by releasing greenhouse gases or may cause cooling and glaciation through 

sulfate aerosol release and drawdown of CO2 through the chemical weathering of LIP 

basalts. Hence, Earth's long-term climatic trends likely reflect the cycle's influence on 

sea level, as evidenced by Pangea, whereas its influence on LIP volcanism may have 

orchestrated between Earth's various climatic states. 
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lauroscandia28) and c. 3.0 Ga (Ur29,30), in addition to Wegener's Pangea 

(c. 325-200 Ma). 

The supercontinent cycle describes the realization, developed over the 

past 30 years, that much of Earth history has been punctuated by 

the episodic assembly and breakup of supercontinents, during which 

most of Earth's continents are assembled into a single landmass.1 

Consequently, the well-documented supercontinent Pangea (Figure 1), 

first advocated by Wegener,2•3 is viewed as only the most recent 

in a series of supercontinents that have assembled and broken up 

at intervals of roughly half-a-billion years since perhaps as far back 

as the late Archean.4-8 Major support for this hypothesis has come 

with the recognition of supercontinents (Figure 2) at c. 620-580 Ma 

(Pannotia,6•9-12 the existent of which is debated13-15), c. 950-800 Ma

(Rodinia6•16-18), and c. 1.6-1.4 Ga (Nuna or Co/umbia19-24), and possi­

ble supercontinents (or supercratons) at c. 2.7-2.5 Ga (Kenor/and;25-27 

The episodic cycle has been linked to global orogenesis,31-33 

granitoid magmatism and zircon age peaks,34-37 crustal growth,38-41 

mineralization,42-48 large igneous provinces (L1Ps)49-53 and deep man­

tle convection patterns.54-60 Additionally, the cycle has been shown 

to have profound affects on sea levei,61-66 ocean chemistry,35,67-69 

the stable isotope record,35,70-72 patterns of sedimentation,73-75 

atmospheric composition,76-78 global biogeochemical cycles,4,79,80 

climate74,81-84 marine biodiversity,85,86 and the evolution of 

life.83,87,aa 

The supercontinent cycle is consequently a unifying hypothesis 

with major implications for the geosciences and our understanding of 

Earth's evolution. It has likely influenced the rock record more than any 

other geologic phenomena,89 its existence documents fundamental 
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FIGURE 5 Comparison of the effect of the supercontinent cycle 
on sea level (straight-segmented line), calculated for the 
Phanerozoic61 given the known duration of Pangea (box), with the 
first-order eustasy curve (undulating line).146 The close 

correspondence between these two lines was used by Worsley et a/.61 

to support their case for a supercontinent cycle.91 

INFLUENCE ON GLOBAL CLIMATE 

The role of the supercontinent cycle in governing long-term global cli­

mate is chiefly based on the Phanerozoic record and rests largely on its 

influence on global sea level and the governing affect this has on conti­

nental erosion and silicate weathering, and the consequent abundance 

of CO2 and other greenhouse gases in the atmosphere.4,76 ,139-141 

However, the cycle also influences climate through its control of con­

tinental geography and through the association of supercontinent 

amalgamation and breakup with LIP events.49,52.142 LIP events have 

been correlated with a wide variety of environmental impacts and 

can profoundly influence global climate, both through the release of 

large volumes of volcanic CO2 to the atmosphere143•144 and through 

extreme atmospheric CO2 drawdown brought about by the weathering 

of equatorial flood basalts.145 

Influence on global sea level 

The supercontinent cycle has a profound effect on global sea level as a 

result of its long-term control of both the elevation of the continents 

and the depth of the ocean basins.62-64•66 In fact, the close correspon­

dence between the changes in global sea level predicted by the cycle 

for the Phanerozoic,61 which amounted to several hundred meters, 

and the contemporary depositional record of sea level change over the 

same interval146 was a key argument used in support of the original 

hypothesis (Figure 5). Supercontinents tend to correspond to intervals 

of very low global sea level112•147 as a result of their epeirogenic uplift, 

either because continental insulation traps mantle heat beneath them, 

and/or because descent of the subduction girdle to the core-mantle 

boundary fosters mantle upwelling beneath them. Shortening of the 

crust as a result of the collisional orogenies of supercontinent assembly 

may also lower sea level by increasing oceanic area.61 

Conversely, supercontinent breakup tends to correspond to a rapid 

global rise in sea level as a combined result of the thermal subsidence of 

the continental fragments as they disperse and cool, crustal extension 

as a result of rifting, and the decrease in ocean basin volume caused 

by the overall decrease in seafloor age and increase in the volume of 
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FIGURE 6 Phanerozoic proxy reconstructions and modeled 
predictions (Geocarb 111 150) of atmospheric CO2 levels for the 
Phanerozoic.241 Shaded area represents error range in modeling. 

mid-ocean ridges that accompany the opening of new ocean basins 

floored by young oceanic lithosphere.61 This rise in sea level results in 

widespread continental flooding, but is ultimately reversed as the new 

ocean basins get older. 

Influence on atmospheric composition 

Because of its demonstrated effect on Phanerozoic global sea level, 

the supercontinent cycle has likely had a profound influence on the 

long-term levels of CO2 (and other greenhouse gases) in the atmo­

sphere (Figure 6). Atmospheric CO2 levels have fluctuated throughout 

much of Earth history in response to variations in the input of this 

gas from volcanic exhalations and the breakdown of carbonates and 

organic matter, and its removal through the chemical weathering of 

the continents and photosynthesis,148- 150 the former involving its 

reaction with Ca and Mg silicates to form Ca and Mg carbonates fol­

lowing riverine transport of the weathering products to the oceans.151 

Since the efficacy of this process depends, in part, on the land area 

available for chemical weathering, its effect on atmospheric CO2 lev­

els, and hence climate, varies with sea level. Hydrothermal alteration 

of seafloor basalts likely provides an independent sink for atmo­

spheric CO2,152-154 while the subduction of platform carbonates at 

continental margin arcs may provide a significant additional source.15s 

Supercontinent amalgamation and breakup 

As a consequence of the relationship between land area and atmo­

spheric CO2, supercontinents tend to coincide with climatic cooling 

due to atmospheric CO2 drawdown because they are associated with 

very low sea levels as a result of their thermal uplift. Adding to this 

cooling influence is the enhanced chemical weathering of the orogens 

of supercontinent assembly. Both of these processes would be ampli­

fied if true polar wander brings the supercontinent to the equator as 

a consequence of centrifugal forces acting on the positive dynamic 


























