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True	  Polar	  Wander,	  	  
and	  its	  impact	  on	  Life	  …?	  

I.  What	  is	  True	  Polar	  Wander?	  	  	  
II.  When	  do	  we	  think	  it	  happened?	  
a.  Cambrian	  Explosion	  &	  Early	  Paleozoic!	  	  
b.  The	  Bi]er	  Springs	  Events 	  (c.a.,	  800	  Ma)	  

III.	  	  	  Plume-‐Driven?	  Evidence	  from	  the	  
Late	  Cretaceous	  …	  (the	  REAL	  cause	  for	  Dinosaur’s	  death!)	  



Goldreich & Toomre Peter Goldreich & Alar Toomre 

Some remarks on Polar 
Wandering. JGR 74, 1969. 



A	  Posi<ve	  Mass	  Anomaly	  will	  be	  Pulled	  to	  the	  
Equator	  
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The	  Tharsis	  Volcanic	  Province	  on	  Mars	  
Produces	  the	  Largest	  Known	  Gravity	  

Anomaly	  in	  the	  Solar	  System	  

From:	  	  Phillips,	  Zuber,	  Solomon,	  et	  al.	  Science	  291:	  (5513)	  2587-‐2591	  MAR	  30	  2001	  
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Ediacaran 

Cambrian 

Cryogenian 
~635 ma 

542.5 ma 

What is the Cambrian Explosion, anyway? 
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Australian	  APW	  Path	  



North	  America	  APW	  Path	  



IITPW	  Reconstruc<ons	  
	  



IITPW	  Movie	  



Geology,	  August	  2010;	  v.	  38;	  no.	  8;	  p.	  755–758;	  doi:	  10.1130/G30910.1	  
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Late Cretaceous TPW debate:  Sager & Koppers vs. Cottrell & Tarduno, 2000 

Cottrell & Tarduno, Science v. 288, 2000. 

Our concerns: 
 
• Most of the studies in the Apennines 
pre-date the use of Principal 
Component Analysis, and relied on 
the ‘best demag group’ procedure. 
Data are not independent, and TPW 
events of this sort could easily be 
obscured. 
• There ARE anomalous intervals in 
the Italian data, particularly Chron 
33R (Lowrie & Alvarez). 





Gubbio to Apiro, Italy …. 
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Wobbles?	  





Super-‐Plume	  Erup<on	  (for	  P/T	  
boundary_	  

From	  NHK,	  “Miracle	  Planet	  II”	  



Indian	  Superplume	  and	  TPW	  

Proposed(Research:(Ross(N.(Mitchell,(Yale(University(
 
True polar wander (TPW)—the motion of the solid Earth with respect to a 

planet’s spin axis—is a fundamental feature of all moons and planets which must 
spin about their maximum principal moment of inertia. On Earth, the speed of 
TPW is limited by the viscous damping of the equatorial bulge (1). Larg 
magnitude TPW oscillations have been proposed for supercontinents Nuna, 
Rodinia, and Pangea, where the dispersion of paleomagnetic poles is coaxial with 
each supercontinent center (2). TPW amplitude has decreased through Earth 
history (3). In recent times muted but detectable TPW events have not exceeded 
~10˚, and during the final phase of Pangea rifting from 90-40 Ma TPW occurred 
about an axis of unknown significance, distinct from the supercontinent center 
(4). If nonhydrostatic Earth became more spherical than prolate, single large 
mass anomalies may have controlled the orientation of such “off-axis” TPW. 

 

!
Fig.( 1! (Left)! Paleogeographic! reconstruction! at! 80! Ma! with! locations! of! (future,! 65! Ma)!
Deccan!traps!and!great!circle!from!Italy!data.!(Right)!ZoomedDin!plot!of!pole!positions!from!
Scaglia!Rossa!limestones!(5).!Red!arrow!indicates!APW!path,!which!is!dominated!by!a!~10˚!
oscillation.! Green! arrow! indicates! longerDterm! variation! interpreted! as! tectonic! motion.!
Dashed!line!is!bestDfit!great!circle!to!poles!(excluding!77!Ma)!and!is!superimposed!on!left.!

 
This proposal focuses specifically on the possibility of Late Cretaceous 

TPW, originally proposed on the basis of discordant paleomagnetic poles from 
two Pacific seamounts with overlapping Ar-Ar ages at ca.  84 Ma (6). The 
magnetic inversions used to calculate pole positions from seamounts have been 
called into question (7), but new evidence for the proposed TPW event comes 
from a restudy I started at Yale of the classic sections of the Scaglia Rossa in the 
Italian Apennines. From a collection of over 800 new cores from two sections of 
these limestones taken at much higher resolution (~5 to 20 cores per meter of 
section) than had been done before, our new Italy data (5) shown in Fig.  1 





Time Magazine Cover Conclusions: 
The hypothesis of a large (60˚ or more) TPW event 

coincident with the Cambrian Explosion has stood up the 
test of time remarkably well, given major changes in the 

Cambrian Time Scale. 

The Cretaceous event argues that the eruption of a 
Super Plume is a most likely driver of TPW. 
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Seymour Island, Antarctica 

Numbers are GPS localities 

Maastrictian 

Paleocene/ 
Eocene 

Locations in White are GPS locations 
Of field sampling sites 

Marambio 
Air Base 
(Argentina) 

Seymour Island 

Snowhill Island 



López de Bertodano Formation, 
Member #9, Upper Maastrictian 

Paleocene/Eocene 



29R 

31R 

31R 

Preliminary Magnetostratigraphy of Seymour Island  



Warming	  Pulses	  	  
(inferred	  from	  δ18O	  from	  aragonite)	  

Tobin	  et	  al.,	  Paleo3,	  2012	  
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Figure 6

Two	  sta<s<cally	  robust	  ex<nc<ons	  can	  be	  
resolved,	  due	  to	  high	  deposi<on	  rate.	  	  

Tobin	  et	  al.,	  Paleo3,	  2012	  


