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True Polar Wander,
and its impact on Life ...?

.  Whatis True Polar Wander?

II. When do we think it happened?
a. Cambrian Explosion & Early Paleozoic!

I1l.  Plume-Driven? Evidence from the
Late CFEtaCGOUS «ss (the REAL cause for Dinosaur’s death!)




TRUE POLAR WANDER

Peter Goldreich & Alar Toomre

Some remarks on Polar
Wandering. JGR 74, 1969.

Gold (1955), Goldreich and Toomre (1969)



A Positive Mass Anomaly will be Pulled to the
Equator

Before °



The Tharsis Volcanic Province on Mars
Produces the Largest Known Gravity
Anomaly in the Solar System

~100

Tharsis rise
260CE

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



AN INERTIAL INTERCHANGE EVENT TODAY

D

5-20 myr ®/[TPW AXIS

&

Courtesy Adam Maloof



True Polar Wander,
and its impact on Life ...?

. Whatis True Polar Wander?
II. When do we think it happened?

a. Cambrian Explosion & Early Paleozoic!
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Late CFEtaCGOUS «ss (the REAL cause for Dinosaur’s death!)




What 1s the Cambrian Explosion, anyway?
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Cambrian Rotation of Australia
— p€/C Boundary G/O Bdry

North 3 North

West East West East
Paleomagnetic
Directions )
Kirschvink, . Ripperdan &
1979 South O Upper hemisphere South Kirschvink ‘92

@ Lower hemisphere

Paleo-Equator



Australian APW Path

Late Cambrian
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North America APW Path
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Early Cambrian True Polar Wander
Animation

Joseph L. Kirschvink
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Rapid Early Cambrian rotation of Gondwana

Ross N. Mitchell, David A.D. Evans, and Taylor M. Kilian
Department of Geology and Geophysics, Yale University, 210 Whitney Avenue, New Haven, Connecticut 06511, USA
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Seawater proxy 6 3Ccarb (VPDB) bilaterian crown groups H R —

850-490 Ma Ediacaran macrofossils I- % -I

Halverson et al. (in prep.)

Doushantuo microfossils '-#-' Cambrian
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® Hecla Hoek Sgp, Svalbard ® Wonoka Fm, Australia ® Adoudounian Fm, Morocco @ Great Basin, USA

Halverson (2003) Calver (2000) A.C. Maloof (unpubl.) Saltzmann et al. (2000)
® Otavi Group, Namibia ® Shuram Fm, Oman ® Turkut Fm, Siberia ® Yudoma-Olenek. Siberia
Halverson and Hoffman (2003)  Burns and Matter (1993)  Bartley et al. (1998) Brasié'r and Sukh:v '(19lQBr)l

® Bitter Springs Fm, Australia  ® Shaler Group, Canada @ Nama Gp, Namibia
Hill and Walter (2000) Asmerom et al. (1991) Saylor et al. (1998)

Courtesy Adam Maloof



True Polar Wander,
and its impact on Life ...?

.  Whatis True Polar Wander?

II. When do we think it happened?
a. Cambrian Explosion & Early Paleozoic!

Ill. Plume-Driven? Evidence from the
Late CFEtaCEOUS «ss (the REAL cause for Dinosaur’s death!)
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L 20 J B. Umbrian paleomagnetic data
Our concerns: ® (Alvarez and Lowrie, 1978)

t sMost of the studies in the Apennines ]
'* pre-date the use of Principal T

{: Component Analysis, and relied on
i, the ‘best demag group’ procedure.
y Data are not independent, and TPW
g events of this sort could easily be

e; Obscured. —
al *There ARE anomalous intervals in  redicfion from seamount anomaly

g  the ltalian data, particularly Chron  maodeling of Sager and Koppers, 2000
hi 33R (Lowrie & Alvarez).
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STRATIGRAPHIC POSITION (meters)
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Fig. 1 Classic magnetostratigraphy of
the Scaglia Rossa at the Gubbio
section by Lowrie and Alvarez (1977)
which matched contemporary seafloor
polarity patterns so well. Blue box
indicates focus of our re-study; note the
transitional (?) polarity zone in between
C33rand C33n. This critical interval at
the Gubbio section, however, is
plagued by both faults and slumps, the
latter of which can give rise to spurious,
seemingly transitional paleomagnetic
directions (Alvarez and Lowrie, 1984),
not to mention the shortcomings of
outmoded paleomagnetic laboratory
methods and analytical techniques
discussed in the text. See Fig. 3 to
witness the decreased scatter of the
new ltaly data that prompt this
proposal--the increased precision being
requisite for identifying relatively
small-magnitude (10°) TPw cycles.
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Gubbio to Apiro, Italy ....
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Super-Plume Eruption (for P/T
boundary

From NHK, “Miracle Planet II”



Indian Superplume and TPW
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Fig. 1 (Left) Paleogeographic reconstruction at 80 Ma with locations of (future, 65 Ma)
Deccan traps and great circle from Italy data. (Right) Zoomed-in plot of pole positions from
Scaglia Rossa limestones (5). Red arrow indicates APW path, which is dominated by a ~10°
oscillation. Green arrow indicates longer-term variation interpreted as tectonic motion.
Dashed line is best-fit great circle to poles (excluding 77 Ma) and is superimposed on left.



Proposed localities of C33r interval for three-year project
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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 1n the

Carnbrlan Time Scale

The Cretaceous event argues that the eruption of a
Super Plume 1S a most hkely drlver of TPW.
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Preliminary Magnetostratigraphy of Seymour Island
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Two statistically robust extinctions can be
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