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The earth external structure
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Earth's mantle contained
convection cells that
dissipated radioactive hea
t and moved the crust at
the surface

Arthur Holmes
1920s
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Hypothetical Mechanism of Plate Tectonics

Trench Mid-oceanic ridge

Continental

lithosphere Oceanic

lithosphere

The Earth’s plates are thought to move as a result of underlying mantle convection
cells in which warm material from deep within the Earth rises toward the surface,
cools, and then, upon losing heat, descends back in the interior.

Isacksponald Forsyth '
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The Wilson Cycle

Wilson Cycle — The cyclical opening and closing of oceanic basins.

©Here is a simplified model:

1. Stable craton;

2. Hot spot and Continental
Rifting (e.g., East African Rift);

3. Early seafloor spreading (e.g.,
Red Sea) to Full seafloor spreading
(e.g., Atlantic Ocean);

4. Volcanic Island Arc, Mountain
Building (e.g., Pacific Ocean);

5. Volcanic Island Arc -
Continent Collision;

6. Continent - Continent
Collision and Mountain Building
(e.g., Tibetan Plateau and
Himalayas Mountains).
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Normalized to Primitive Mantle
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Craton

Proto-continent Formed by stacking and

Island or continental arc accretion of arc and oceanic
lithosphere

kimberlite

Nl o
: .E“Arc lithospheric \ Q /
: v\ mantle s
Mantle wedge ,/
melting /

== Lower crustal eclogites

™= High MgO arc-eclogites

== Qceanic crust = low MgO oceanic eclogites
Lithosphericmantle = melt-depleted peridolites

Cartoon illustrating two contrasting styles for
generation of contiental crust (Modified after
Horodyskyj et al., 2007)
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-9000 (@) Collisional orogen (termination of Wilson cycle) 5000

> \ Continent B

Orogenesis at termination
of subduction when
buoyant continent reaches
subduction zone

Continent A

(b) Accretionary orogen (on-going subduction)

Orogenesis during

on-going (Cawood et al., 2009)

subduction

Continent
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c Total crustal additions ~3.2 km?/year *Includes underplating
O
3= Collision zones® _ Continental arcs® ~1.0  Oceanic arcs® ~1.5
O ~0.2 Rifts, hot spots, l
o & Volcanic nfted margins®
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/

Collision zone losses: Subduction erosion ~-1.5
Sediment subduction ~0.1
Subduction erosion ~0.3

Deep continental crust ~0.3

Lower crust
foundering

Subtractions

Total crustal losses > ~3.2 km®/year

Continental crust formation Synopsis of how continental crust forms today, note rates
of crustal destruction are more poorly constrained than
crustal generation (Stern et al., 2002)

Continental crust destruction
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Isotopic evidence for rapid continental growth in an extensional accretionary orogen:
The Tasmanides, eastern Australia

ALS. Kemp **, CJ. Hawkesworth ®, W,J. Collins ¢, C.M. Gray ?, P.L. Blevin ¢, EIMF ¢
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[sotopic evidence for rapid continental growth in an exten51onal accretlonary orogen:

The Tasmanides, eastern Australia
A.LS. Kemp **, CJ. Hawkesworth ®, W.. Collins ¢, C.M. Gray ?, P.L. Blevin €, EIMF ¢
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the upper oceanic crust with mixing of mafic magma (Liu et al., 2013)
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An increased contribution of intraplate magmatism, linked to an
increased role of extensional tectonics (Tang et al., 2017)



AL SRR BIE

R

B - N

Lower Crustal foundering



Molar Mg#

Molar Mg#

wt% SI0, wt% SIO,
a  Dygbbo [ _|Opposnie b W'"ﬁ"""’ .' R —3
mey basalt I\ —
et . FEFEA—E
aust b’m_.
Homblende ------ EAﬂEFﬁ
M“M %\ . Contzental
nELER ::/E e
ro 3
Wet and oxidized ﬂ‘“‘h—ﬁ Dry and wet 9:')
= /- . »
50-70% “cumulates” IEMMi_ﬁ 50-70% “cumulates” ¢3,mn?::3:(
c Dry gabbro
. . Dry pyroxenite
Pimary —@ @ Comlnental
basalt
AR —H
— VAN
[ S - G JAN S
Primitive andesite Jagoutz et al., 201¢
20-30% “cumulates” T

w36 SI0,

#bw sejopy




SLmaFEAME TN ERRUNBETIE?

Longitude
720E 730E JAO'E
L T

SiO; [Wt%]
t 310 410 50 610 710 810
; liquid 2 po
§ dominated =
1 O
- A ia
_____________ A QRO O
transition zone
(liquids + & ¥
__cumulates) b
cumulate
dominated “‘ o)
— . . -
MEDh I ELFEKohistanilHI R & I - vy

K TR U KERR TN EZTREAR
ZEma 5 (Jagoutz et al., 2018)

[AMERICAN JOURNAL OF SCIENCE, VOL. 318, JANUARY, 2018, P. 29-63, DOI 10.2475/01.2018.03]

ON THE IMPORTANCE OF CRYSTALLIZATION-DIFFERENTIATION
FOR THE GENERATION OF SiO,-RICH MELTS AND THE
COMPOSITIONAL BUILD-UP OF ARC (AND CONTINENTAL) CRUST
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Mafic migmatites (Garrido and others, 2006) or high pressure
cumulates (Ringuette and others, 1999; Jagoutz and others, 2009)
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Age and Isotopic heterogeneity observed in primitive arc lavas and in
an example arc batholith (Jagoutz et al., 2018)
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Cenozoic granulite-facies gneiss from
the Hidaka metamorphic belt, northern
Japan (Hawkesworth et al., 2011)
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Histograms of metamorphic (a) and
igneous (b) zircon U-Pb ages in the
North Dabie zone (Wu et al., 2007)



7

4.51 £ 0.13 %o

HZARIzu 55 X I Tanzawa K E Rt TR EE 2 I 215 {E A
(Suzuki et al., 2015)



BXXRES TEjCBﬁfH_’, SEAFBENEE TR

7 ™ okl Yol
(a) y . '/. IW l' 36°N - LEGEND
: ! Quaternary
sedimentary rocks 0.716 P p————————————
A ‘ f . Shimanso
" yvy Shosenkyo e
[ ¥ v v | volcanic rocks =L - I sedimentary roxk -
i 0.712 } N
sodimentary rocks ( " /
' ave
33 . X r source - P o/
& & a | volcanic rocks - =
7. sml\ ku” (=1 - y composition R L
l‘ P " I ::: gramitic rocks 0.708 r I \ p= £ —
2 / Basin . (=) S84 IBM arc \ 08 o
3 r3rey acoreted or colliding v o
p / :fg E) ‘ :‘., j\qmcuhul lzu arc r h"""ll‘ l),"\ 1 -Q . .
) 5 - = . PR
R T g L B
P - .;":._\ ‘‘‘‘‘ Pre-Neogene TAVE,
& "QI\\ e AP S accretionary complex | ' Knal | " A A o " »
> Z\ " Shimanto Belt 45 S0 S5 60 65 0 75 B0 85
& A ~ (Cretacoous - Paloopese) . o
% | ~ wie
PS " s |-2 --](h.‘mm Belt Si0; wi%
Parece Vela B 7 '& 1) Uusanic)
Basin / 0 10km 4 past and present 0716 . 3
\ " g __- » plate boundanes [ Shiodaira - —%)
s Shiodaira An = i ool Y /
: “ ) l: » ,"}
+ Sanpo l « _
o Hirose F DL N = ." P . e
< Sasago - YA -
& Cumulate 0.708 L COmposition e \
% Mafic enclave Shiodaira ‘ 1BM arc J 0s Shimanto
Hirose _ 1‘" "““_!' 02 .+ sedamentary rock
Sanpo o & 0.704 | L \ " o
3 ' -«
| & ~ ﬁ
. - ‘“ 3
Sasago &,{ & “ e ' " A " A A )
g ‘ & 45 S0 55 o0 65 70 75 S0 85

Z/. ;gf)q' SiO, wi%

Ashigawa- .

\.
Tonogi s
. : 5 __Shosenkyo
Mizugaki—/—( &, '* w
/ trondhgemite J g granite \
Ab CIPW normative plots in we Or

Formation of Distinct Granitic Magma Batches by Partial Melting
of Hybrid Lower Crust in the Izu Arc Collision Zone, Central Japan
(Saito et al., 2007)



A) relamination of subducted
sediment

B) relamination of subducted
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Differentiation of the continental crust by relamination

(Hacker et al., 2011)






