From Continental Collision
to the Earth’'s Deep Water Cycle




A Unique Feature
on the Earth

Great height
— elevation ~ 5 km

Vast area

— (greater than TX
Consequence of
continent-continent
collision

— India and Eurasia

— onset ~ 55 Ma

— full contact may be as
late as 30 Ma




e |atest event

— Closing of the Neo-
Tethys

— Collision between
Indian shield and
Lhasa terrane

e Mesozoic event

— Collision between
Lhasa and
Qiangtang terranes
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[Beaumont et al., ‘04]

[Tapponnier et al., ‘01]

[Willett and B



Configuration of Colliding Lithosphere

o Detection of
detached lithosphere
INnTZ

— Based on small 660-
km discontinuity

— Constrained by
profiles of triplicate
waveforms

e Current configuration
of mantle lithosphere
— Indian mantle front

[Chen and Tseng, ‘07]
— Mantle suture

e Reconstruction to
-15 Ma



Seismic Profiles

— Triplicate waveforms
» Basis for recognizing major discontinuities
* Principles
— Match absolute timing, relative timing, amplitudes
» Separation in time
» Spatial extent of bowties
e Limiting case
— Aperture of profiles
e 1500 - 2800 km
» Covers full range of “bowties” from both 410- and 660-km disc.




e Large aperture
* High S/N
* Precise modeling

 Demure 660-km
discontinuity



Small OV°%° under Tibet

cf. India: 30% reduction
High V, in TZ under Tibet

Key evidence for remnant
of detached lithosphere



Current Configuration

[Chen, Martin, et
al., in prep.]

[Huang et al., ‘00]

[Chen &
Ozalaybey, ‘98]

[Jin et al., ‘96]

Indian mantle front

Mantle suture

— Southern edge of
Asian mantle

Joint interpretation of

plate flexure,

Bouguer gravity

anomalies, S-wave

birefringence, and

SHe/*He



Where? 2/2

Current configuration of
mantle lithosphere

Indian mantle front
Mantle suture

Joint interpretation of
plate flexure, Bouguer
gravity anomalies, S-
wave birefringence, and
SHe/*He

Next:
Reconstruction to -15 Ma

Onset of last thermal
event

Assume current rate of
shortening (GPS)

IMF near the S. edge of
Qiangtang
Supports convective

removal of thickened
root

Elevation of Qiangtang
terrane only 3 km



When?

« First-order estimates of thermal anomaly from +0OV,
— Max. Or ~ -400 to -600 K
— 5-20 Ma ago

« Timing of Magmatic Events

[Chung et al., 2005]



Corresponding Tectonic Events

65 Ma: S. migration of Gandese arc
— slab roll-back

45 Ma: Flare up of Linzizong volcanics, then cessation of
magmatic arc

— Slab break-off [Chu et al., 2007]
30 Ma: Adakites (?) in Lhasa Terrane

— Convective instability (Rayleigh No. ~ h3)

— Removal of thickened mantle lithosphere, Lhasa Terrane

15 Ma: Latest volcanics in N. Tibet

— Removal of thickened mantle lithosphere, Qiangtang Terrane



Relating Space
and Time

GPS

e GPS data from Gaize

 Falls on linear trend of
V throughout the
Interior of Tibet

[Zhang et al., 2005]



Reconstruction to -15 Ma

[Chen and Tseng, ‘07]

30 — 15 Ma (d)
— IM advanced beneath
Lhasa terrane
— IMF impinged upon S.
edge of Qiangtang
terrane
Convective removal
of thickened root

15 Ma — present (c)

— Indian mantle
lithosphere advanced
N. beyond BNS
Elevation of
Qiangtang terrane
was only 3 km



Large DV under Tibet

D -200 to -300 K +D ~1.5%



e Aperture 400 km
e Clear move-out

e Sizable 660-km
discontinuity

— Comparable to
most shields

Vs 0.7%
higher



Discordant OV, and DV¢

e D ~+1.2%, D ~ Null
 Need petrologic anomaly to

— Counteract effect of low temp to raise V¢
— Leave V; unaffected



Hydroxyl in Nominally Anhydrous Minerals (NAM)

» Lab data of Jacobsen & Smyth [‘06]
— 1 wt% water in NA Fe-ringwoodite

» Discordant effects
— Large reduction in Vg
— Enhanced pressure effect for Vp
* Precise values require further evaluation of pressure and temperature
dependencies of K and G [cf. Wang et al., '06; Mao & Duffy, unpub.
data, ‘08]



Other Evidence and Conseguences

[Newman et al., ‘99]

Prior to thickening, Qiangtang was part of a mantle wedge
— Modern mantle wedges are wet

Hydrous mica is common in potassic volcanics of Cenozoic age in
N. Tibet.

Hydroxyls facilitate thickening of continental lithosphere
— Contraction = advection of cold materials to depth
— Low temp. inhibits plastic deformation



Transporting Water into the Deep Mantle

NAM in mantle

[Poli & Schmidt, ‘02]

Constraints from deep earthquakes
— Special session at Fall AGU meeting

H. Green, J. Smyth, & W.-P. Chen

Capacity is ~ 7 x water in ocean

Is there water in the bucket?
» Pathways

Conventional view

Subduction of oceanic
lithosphere

Issues

Hydrous phases concentrate in
sediments and top portion of
slab

Deep portion of lithospheric
mantle probably anhydrous

Dehydration nearly complete
before slab enters TZ

A New pathway

Convective removal of
hydroxyl-rich sub-continental
lithosphere during continental
collision

Hydroxyls in NAM stable all the
way to the mantle transition
zone



Conclusions

e Current configuration of mantle lithosphere

— Joint interpretation of plate flexure, Bouguer
gravity anomalies, S-wave birefringence, and
SHe/*He

— Indian mantle front
— Mantle suture

 Remnant of convectively removed SCML
resting above the lower mantle

— Palinspastic reconstruction of mantle lithosphere
back to -15 Ma (onset of last thermal event)

— New pathway for deep water-cycle [Tseng &
Chen, ‘08]

* Reprints
— http://www.lllinois.edu/goto/pubs



