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The	Blue	Marble	

Apollo	17	1972	

If	the	Earth	is	4.54	
billion	years	old,	how	
long	has	life	existed?	



68–66Myr	

155–150Myr	



521–250Myr	



Ediacaran	fauna	–	600	million	years	ago	







The	Gaia	Theory	

James	Lovelock							Lynn	Margulis	

“Life	is	part	of	a	self-regulaPng	system,	

manipulaPng	the	physical	and	chemical	

environment	to	maintain	the	planet	as	a	suitable	

home	for	life	itself.”	

“Gaia	cannot	arise	from	

Darwinian	evoluPon	of	life	—	

the	planet	as	a	whole	is	not	a	

unit	of	selecPon.”	

Richard	Dawkins	



The	long-term	carbon	cycle	

Berner,	1999,	GSA	Today	





How is climate mitigated? 

Berner	and	Caldiera,	1997	

Runaway	greenhouse	

(Venus)	

Runaway	icehouse	

(Mars)	



How	can	weathering	stabilise	climate?	

e.g.	Walker	et	al.,	1981	

NegaPve	feedback	

mechanism	for	

climate	stabilisaPon	







The Anthropocene 
Carbon 







Ruddiman	hypothesis	



So…	

We	do	not	have	the	power	to	destroy	the	
Earth…	the	Earth	will	always	recover	in	Pme.		

	

However...	

We	are	altering	the	environment	that	we	need	
to	survive	



www.smbc-comics.com	



Nitrogen in global warming 

HasPngs	et	al.,	2009	

δ15N	of	natural	gas:	-19	to	-2‰	(average	=	-13‰)	

Greenland	ice	core:	



Average	global	temperature	

AntarcPc	temperature	

Shakun	et	al.,	2012,	Nature	

“CO
2
	concentraPon	leads	

the	global	temperature	

stack	in	90%	of	the	

simulaPons	and	lags	it	in	

6%.”	



Is Antarctica deglaciating? 

Myth:	AntarcPc	glaciers	are	increasing	

	

Fact:		

•  There	has	been	an	increase	in	parts	of	East	

AntarcPca	(faster	hydro	cycle)	

•  Total	AntarcPc	land	ice	is	decreasing	

•  Total	AntarcPc	sea-ice	is	increasing	

Shepherd	et	al.,	2012	



Is solar activity causing warming? 

Krivova	et	al.,	2007,	and	NASA	data	

Myth:	climate	change	is	caused	

by	solar	acPvity	

	

Fact:	since	the	1990s,	solar	

acPvity	has	decreased	while	

climate	has	warmed	



Climate	across	Earth	history	

Hessler,	2011,	Nature	EducaPon	
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Timing	of	weathering	control	over	climate	
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Weathering	and	CO2	
Carbonate	weathering:	
Limestone	+	CO2				+	water																									Bicarbonate										Limestone	+	CO2					+	water	

CaCO
3
	+	CO

2
	+	H

2
O	=>	Ca2+	+	2HCO

3
-	=>	CaCO

3
	+	CO

2
	+	H

2
O	

	

Silicate	weathering:		
		Silicate	rock															+	CO2						+	water																		Limestone																silica				+		CO2						+	water	

(Ca,Mg)SiO
3	
+	2CO

2
	+	2H

2
O	=>	(Ca,Mg)CO

3
	+	SiO

2
	+	CO

2
	+	2H

2
O	

	

Silicate	weathering	buries	carbon	

	in	carbonate.	

It	also	ferPlises	organic	carbon	burial	


