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Physical model of mantle
Assume relationship between density, temperature,
depth, and seismic velocity.
Viscosity model from Geoid and heat flow.
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Predict present velocity field and past flow
Global plate motions and past locations of plate
boundaries used as constraints in flow computation.
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Implant plumes at arbitrary time & place
Advection of plume conduits by large-scale flow
and vertical buoyant rising.

Fix to base of mantle or freely move.

Compute trace of plume at base of lithosphere
Iterate plume emplacement to optimise fit between
predictions and known hotspot geology, and hence
tie plate-motion model to mantle reference frame.

Stress-st

H = activation

ture

Radial Mantle Viscosity structure 7(z)

H
rain relationship ¢ = Cio"exp (— )

RT
== n(z) = no exp (ng’z(_ﬂz()z)) _ (< B (z)) —n

no (may be different for upper mantle, transition zone, lower
mantle) to be determined by optimizing fi t to various observ-
ables (geoid, heat fux, CMB excess ellipticity ...)

enthalpy 7' =temperature

Empirical relationship: H = gRT1,,, 1Ty, = melting tempera-

Here use g/n = 12 (Yamazaki and Karato, 2001)

log10(viscosity)[normalized]

Radial Mantle Temperature profile

Adiabatic temperature profile T'(z) obtained by integrating

dT

— =T(z) - az) - 9(2)/Cp(2).

dz

g(z) = gravity, a(z) is thermal expansivity

Cp ~ 1250J kg~ 1K~ is specifi c heat

black line: Melting temperature profi le (Wang, 1999; Zerr and
Boehler, 1994; Yamazaki and Karato, 2001)
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Seismic velocity anomalies dvs from tomography

Assume thermal origin of évs and density anomalies ¢ p:

F

Mantle density anomalies

s,th -= (6p/p)/(6vs/vs) = (a/p)/(OINvs/OT)y
Orange line: g=12; Red line: g=27; Purple line: g=42
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constraint (Steinberger and Calderwood, 2001)
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Obtained from optimizing fit to geoid, with additional heat flow
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Relate seismic velocity and temperature anomalies

Include anelastic and anharmonic effects:

—(8INvs/T)p = — (81N vs 0/dT)p+(Q™ 1 /7)-(9Tm/T?)

Dashed line: Anharmonic part.
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In the upper mantle after

Relative plate motion chains for times older than
chron 20 (43 Ma). For times <43 Ma both models
follow a chain through continental Antarctica, and
include motion from Cande et al. (2000).

68 Ma reconstructions showing implications of alternate plate-
motion chains (83-43 Ma). Black arrows are scaled to be
double the convergence in New Zealand (68-43 Ma), or rifting
in Antarctica (68-26 Ma), that is predicted through closure of
the South Pacific plate-motion circuit. Model 2 is in much
better accord with local observations.

Additional Cretaceous intra-plate deformation?

Greater distant
effect at Hawaii
from local NZ
rotation

New Caledonia Pacific Plate
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Goes et al. (2004); In the lower mantle, compute (T, z)
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Lower mantle: 5 = d7¢ (%Q)b

0o =5.5andb=1.4

Thermal expansivity [1/K]

Integrate ?i'lﬂ‘g — —§ along isotherms.
Upper mantle: 6 = 5.5; formalism by Schmeling et al.
(2003).

ao(T) = (35 + 97'/1000K) - 10~0K~1 for zero pressure

p(z) from PREM, pg(z) from evaluating PREM lower mantle
parameters at z=0 and accounting for temperature difference.
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by integrating

P (To(=) + AT(2)) = P (T0(2)) (1 £ a()AT()) (1)

(Duffy and Anderson, 1989). Starting point is

p(To(zo) £

dpg — :
40 =27 MPalK;

Dotted lines: Anelastic part. Continuous: Total
Orange lines: g=12; Red lines: g=27; Purple lines: g=42
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AT(z0)) = p(To(20)) + AT (z0) - 2

U (To(2)) and u(To(z0)) from PREM.
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Although NOT inculuded in this analysis, additional intra-plate rifting that may affect both
plate motion chains is suggested by New Zealand geology. Rifting is likely to have
continued in places until chron 33 (79-74 Ma) and may have locally continued until as late
as 60 Ma. Forward models show that implied block rotations have approximately the right
geometry to improve our fit to the oldest part of the Emperor chain. The much greater local
rotation of the Campbell Plateau, as compared to the long and thin Lord Howe Rise and
New Caledonia Basin, means that model 1 is most severely affected by Cretaceous rifting.
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_ Computed flow field N-S mantle cross section at 155° W
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Hotspot motion AND ‘missing’ intra-plate
deformation are required to explain
global observations of seamounts related
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