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a D" shear velocity
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b Schematic cross-section through an LLSVP
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(a) High (dark) and low (light) D" shear velocity ' (b) Regional D" discontinuity detections

D X

(c) Inferred ULVZ presence (light) and absence (dark) (d) Strong (dark) and weak (light) D" anisotropy

Lay & Garnero (2004)
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*Vs, Vp, bulk sound V

* Double crossing & dT/dP
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Model results of H20 distribution beneath Japan
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Oxygen & Hydrogen Isotopic Ratios of Slab-derived fluids
(Kusuda, 2009)
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Magmatism < Metamorphism
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Oceanic Basalts Subduction zones
MORB (ridge) OIB (hotspot)

W
degassing = /
LY

1.2 X101 kg yr?

influx=1.1X 101!
to 7.8 X 101 kg yr?




Maximum H,O in peridotite along standard geotherm

Mass Max H,O Max H»O Max H-0O
(unit) (10" kg) (10°' kg)  (Wt.%) (ocean mass)
Ocean 1.4 1.4 100 1.0
Upper mantle 615 4.2-5.8 0.68-0.95 3.0-4.2
Upper mantle™ 615 [.1-2.8 0.18-0.45  0.79-2.0
Transition zone 415 5.4 1.3 3.8
Lower mantle 2955 0.03-6.2 0.001-0.21 0.02-4.4
Whole mantle 3985 9.6-17.5 0.24-044 & 6.9-12.5
Whole mantle® 3985 6.5-144 0.16-0.36 4.6-10.3

Iwamori (2007)



hA K —IREETTOFE B FRFEFEE25 km3 per year
(Reymer and Schubert, 1984),

BEIZIEEYTRAELL, EERENKREN LT =N
CORTIEERMBIELIZETHETUMLD11%D N EFH
5% &7 5H(0hta et al., 2008),
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Christensen & Hofmann (1994)

Hoffman & McKenzie (1985)



IRAAATE B DIEFE  Marble-cake mantle

Hofmann and White (1982)
(I[5ED plum-pudding mantle)
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Oceanic Basalts
2769 MORB & 1514 OIB with 5 isotopic ratios
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Table 1 Long-lived radioactive decay series used as tracers
Half-life (yr)

Tracer ratio
(radiogenic/
nonradiogenic)

143Nd {'144Nd
8-’"SrfsﬁSr

Parent nuclide Daughter nuclide

TR, ST BBBXAC
35.7 X 10°

“Re ...Ma =MW 0s . 466x10°  ®Os/®0s

K. s g 285 B AL

T s Do | 301, 5¢ 10° o Pb /2 Pb

L4488 X0
0 738 X 109

206pp /204ppy -

HHED?PDFG”'Pb

Hofmann (1997)(Z/0%E
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FOZO, HIMU, and the rest of the mantle zoo (Stracke etal., 2005)



smaller data set. The percentage of variance
accounted for by the five eigenvectors is
56.6, 37.2, 3.7, 1.8, and 0.7% (11). Thus,
the planar aspect of the data in Fig. 1 is
confirmed, because the first two eigenvec-

tors_account for 93.8% of the Egulation

Hart et al. (1992)



Principal Component Analysis

for

geochemical mantle components

Zindler et al. (1982)

Allegre and Lewin (1995)

St Hulema
Tebual .
Maingeia

Gough
Kerguelen
Tristan

Blichert-Toft et al. (2005)

41 T T

40 ¢+

39

208pp204pp

207pp/204pp

'1 75 18.0 18.5 18.0 19.5 20.0 20.5 210 215
206pp204py









Non-Gaussian distribution
| PCs are uncorrelated

> but NOT independent

N




PCA for Geochemical Data

T

element?2

R
elementl



PCA for Geochemical Data

P

element?2

elementl



(a) Homogeneous joint distribution
of S1and S2

> S

(b) Marginal probability density

81 L ><1




ICA for Geochemical Data

IC] Rotate PCs to maximize
non-Gaussianity*
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element?2

* high-order moment (> 2)
Negentropy, etc.
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ICA for Geochemical Data
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Procedure of Independent Component Analysis

[1]: Sphering (Whitening) data matrix (X) using r-eigen values (S;: diagonal matrix
that contains square root of the eigen values) and the eigen vectors (Vr) to obtain the
shpered data matrix (Ur):

U, = XV,S;! (1)

2]: Searching an axis wj to maximize non-Gaussianity Jg:

Joly) = [EG(y)} — E{G) )
Gla) = —ep ] 3
y = U,wj (4)

where E represents expectation, v returns a standarized Gaussian distribution.

3]: Finding another wi;; in the space orthogonal to w2 ;.



X : observed signal vectors

X=As A : mixing matrix
S . source signal vectors
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Independent Component Analysis
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Vigario et al. (1998)



Hyvarinen (1999)



Oceanic Basalts 4308 data
Sr(-Rb), Nd(-Sm), Pb(-U-Th) 5 isotopic ratios
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Oceanic Basalts 4308 data
Sr(-Rb), Nd(-Sm), Pb(-U-Th) 5 isotopic ratios
Only 3 (possibly 2) mdependent components
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Ridge Subduction Zone Ridge Subduction
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Global IC1 (s5 si53-35-5rle0723)
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|C2 + Vs near CMB (Takeuchi, 2007)
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|C2 + Vs near CMB (Takeuchi, 2007)
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|C2 + Vs near CMB (Takeuchi, 2007)
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Model and Summary

(1) Two overlapping ICs in oceanic basalt isotopes
= mantle heterogeneity by two differentiation processes

(2) IC1 separates OIB from MORB
= differentiation due to melting, long-recycling 1-2 Ga

(3) 1C2 discriminates spatial distribution
= differentiation due to aqueous fluid , short recycling 0.3-1 Ga

Ridge Subduction Zone Ridge Subduction

>

IC1(-) ¢ ¢
. N
:
)

|
@%‘%%:N o~ "’




Kelbert et al. (2009)
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Lawrence & Wysession (2006)
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