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(Not really) previously on Rotace Zemé:

3. Forced oscillator

Figure axis in the inertial frame:
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(Not really) previously on Rotace Zemé:

3. Forced oscillator
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Observations: star inclinations vs measurement of latitude

Munk and MacDonald: Rotation of the Earth



Observations: star inclinations vs measurement of latitude

Zetah, /308
credit: 100 Proofs that the Earth is a Globe



Observations: polar motion

Munk and MacDonald: Rotation of the Earth



Observations: polar motion

Polhody (Blue) over 2008—2014 and mean pole (Green) since 1900
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Plate motions: crustal age, plate tectonics ...
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Plate motions: plate tectonics
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From Korenaga: Initiation and Evolution of Plate Tectonics on Earth
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PLATE MOTION FRAMES

Torsvik et al.:

RG3004

120°

Credit to all the following Figs: Torsvik et al., Global plate motion frames: toward a unified model



a) b)
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Figure 2. Comparison of NAM and EUR apparent polar wander paths (shown in South African
coordinates) using different predrifi fits for the North Atlantic. (a) “Traditional™ mid-Jurassic Euler pole
is used from Royer et al. [1992] (this 170 Ma stage pole is located at latitude 69.1°N, longitude 156.7°E,
and angle —23.64°). (b) Minimization of the differences between the two paths by using a Bullard et al.
[1965] fit from 310 to 240 Ma (latitude 88°N, longitude 27°E, and angle —38") and then a gradual,
interpolated change to a new fit at 200 Ma (see Table 1) (latitude 69°N, longitude 155.8°E, and angle
—23.6%). A similar approach was devised by Torsvik et al. [2001b], but their Euler pole changeover was
somewhat different.
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Figure 11. (top) Optimum match between predicted (blue, tic-marked lines) and observed hot spot tracks (seen as gravity

anomalies) allowing the establishment of a global moving hot spot reference frame. Tristan and Hawaii hot spot motion are
the same as given by Steinberger et al. [2004]. Tracks are computed with the “*global hot spot™ SAFR plate motions (Table 1)
and with smoothed PAC-SAFR relative plate motions as described in the text. Dated samples with ages (in Ma) are also
shown; data sources are given by Steinberger et al. [2004]. (bottom) Mean plate velocity for PAC (10 Ma bin histogram and
actual data, shown as a red curve, from Table 8) in the global moving hot spot frame after 83.5 Ma and the fixed hot spot
frame of Duncan and Clague [1985] before that. Plate speeds plotted upward/downward indicate northward/southward
plate motion, but total plate speed, not just north-south component, is shown. The actual plate kinematic model (APKIM) of
Drewes [1999] predicts a mean plate velocity of 6.9 & 0.9 cm/a and compares well with estimated velocities for the Pacific
plate over the last 40 Ma.
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Figure 13. (a) Comparison of the Afrncan moving hot spot (with blue error ovals, centered on the rotation axis) and mean
paleomagnetic north poles (“global PM™ with pink 4gs) rotated using the Euler poles from the African moving hot spot
frame. Thus, deviation from +90° latitude (i.e., the rotation axis) can reflect errors in the hot spot frame and its rotation
parameters, erroneous paleomagnetic poles, or true polar wander. For the Tertiary and Late Cretaceous (<100 Ma), only the
50 Ma pole is significantly different from the moving hot spot frame at 95% confidence; for all other times the blue ovals
and pink error circles (4y5) overlap. For the Early Cretaceous the 120 Ma pole and probably also the 110 and 130 Ma poles
(which have no error ovals in the moving hot spot frame) are significantly different. Black squares denote times where there
are corresponding errors in the hot spot frame; open squares denote where they are absent. (b) Differences (expressed as the
great circle distance (GCD) in degrees) between the rotated paleomagnetic poles (as in Figure 13a) and the different fixed or
moving hot spot frames. Shaded yellow outline represents the uncertainty in the paleomagnetic mean poles (4o5) when
compared with the African moving hot spot framework. Grey circles are for interpolated or extrapolated Euler poles. The
global moving hotpot frame is only shown for times after 83.5 Ma because the older part is based on the African fixed hot
spot frame. For comparison we also show a previous African moving hot spot frame of Steinberger [2000] (mantle model 2,

dashed black line). The latter frame is applicable only after 68 Ma.
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Figure 13. (a) Comparison of the African moving hot spot (with blue error ovals, centered on the rotation axis) and mean
paleomagnetic north poles (““global PM™ with pink 4qs) rotated using the Euler poles from the African moving hot spot
frame. Thus, deviation from +90° latitude (i.e., the rotation axis) can reflect errors in the hot spot frame and its rotation
parameters, erroneous paleomagnetic poles, or true polar wander. For the Tertiary and Late Cretaceous (<100 Ma), only the
50 Ma pole is significantly different from the moving hot spot frame at 95% confidence; for all other times the blue ovals
and pink error circles (4q45) overlap. For the Early Cretaceous the 120 Ma pole and probably also the 110 and 130 Ma poles
(which have no error ovals in the moving hot spot frame) are significantly different. Black squares denote times where there
are corresponding errors in the hot spot frame; open squares denote where they are absent. (b) Differences (expressed as the
great circle distance (GCD) in degrees) between the rotated paleomagnetic poles (as in Figure 13a) and the different fixed or
moving hot spot frames. Shaded vellow outline represents the uncertainty in the paleomagnetic mean poles (4g5) when
compared with the African moving hot spot framework. Grey circles are for interpolated or extrapolated Euler poles. The
global moving hotpot frame is only shown for times after 83.5 Ma because the older part is based on the African fixed hot
spot frame. For comparison we also show a previous African moving hot spot frame of Steinberger [2000] (mantle model 2,
dashed black line). The latter frame is applicable only after 68 Ma.
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Figure 14. (a) Reconstruction of Africa at 100 Ma using
all four reference frames discussed in the text. The
continent’s positions show longitude offsets from the global
paleomagnetic framework, varying from 5° (African mov-
ing hot spot) to 9° (African fixed hot spot). African fixed
hot spot predicts significantly more southerly latitudes for
Africa than all other frames. (b) Cumulative eastward
component of motion for Africa since 100 Ma as predicted
from the African moving hot spot (black line), African fixed
hot spot (green line), and global moving hot spot (blue line)
reference frames. Mean motion is computed froma 1° x 1°
orid for the continental area of Africa.



Long wavelength structure of the lower mantle: LLSVP'’s

EGU blog: Should we still study LLSVPs? i T et
(Jamie Ward)



Reconstructed frame: Large igneous province
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Reconstructed frame: Diamonds
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Torsvik et al.: Diamonds sampled by mantle plumes, Nature

Figure 1| Reconstructed large igneous provinces and kimberlites for the
past 320 Myr with respect to shear-wave anomalies at the base of the
mantle. The deep mantle (2,800 km on the SMEAN tomography model®) is
dominated by two LLSVPs beneath Africa and the Pacific. The 1% slow
contour (approximating to the PGZs) is shown as a thick red line. 80% of all
reconstructed kimberlite locations (black dots) of the past 320 Myr erupted
near or over the sub-African PGZ. The most ‘anomalous’ kimberlites (17%)
are from Canada (white dots). Present-day continents are shown as a
background, to illustrate the distribution of hotspots classified as being of
deep-plume origin'® and present-day shear-wave velocity anomalies
(percentage dvs), and bear no geographical relationship to reconstructed
kimberlites or large igneous provinces.



Cantre of mass:
Continants
® Pacific LLSVP (antipode) @ CAMP (200 Myr age)

Reconstructed frame: True polar wander? i

Figure 1| Coordinate system in which the mean metion (rotation) of
continents is described. One axis (blue) is on the Equator at the same
longitude as the continents” centre of mass. The second axis (red) is on the
Equator 90° away; rotation around this axis corresponds to coherent
northward or southward motion of all continents. The third axis (green) is
the Earth's spin axis; rotation around it corresponds to west—east motion.

Steinberger et al.: Absolute plate motions and TPW in the absence of hotspot tracks, Nature




Reconstructed frame: True polar wander?

Figure 1| Coordinate system in which the mean metion (rotation) of
continents is described. One axis (blue) is on the Equator at the same
longitude as the continents” centre of mass. The second axis (red) is on the
Equator 90° away; rotation around this axis corresponds to coherent
northward or southward motion of all continents. The third axis (green) is
the Earth's spin axis; rotation around it corresponds to west—east motion.
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Figure 2 | Cumulative rotation and north-south motion averaged for all
continents. Black lines show rotation around an equatorial axis (blue in |

Fig. 1) at the same longitude as the centre of mass of all continents, with ~ — &
positive values for a given time corresponding to clockwise (CW) rotation ! LA
since that time. Grey lines show rotation around an equatorial axis (red in
Fig, 1) orthogonal to the first axis, with negative values for a given time
corresponding to northward motion of continents since that time.
Continuous lines are computed in the palaeomagnetic reference frame (P),
long dashed lines in the global mantle reference frame '™ (G), short dashed
lines in the Africa mantle reference frame™'® (A), dotted lines in a new
reference frame, similar to the palacomagnetic one, except that the foll owing
rotations around an equatorial axis at constant rate have been subtracted -
from African plate motion: 18° anticlockwise (ACW) 250220 Myr ago and
clockwise 195145 Myr ago around an axis at 157 W; 10° clockwise
145135 Myr ago and anticlockwise 110— 100 Myr ago around an axis at
37.5°E.
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