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The dynamics of Tibet: the importance of lowland strength



Some assumptions Philip was using:

. The lithosphere can be treated as a fluid

The lithosphere is hot because of thickening and radiogenic heating -> significant
flow

3. The base of the flowing layer (the lithosphere) is ‘stress-free’ (which means vertical

planes deform by pure shear)
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Viscous Gravity Currents
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Tibetan seismicity (Craig et al 2012)
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The seismic structure of the Tibetan Plateau
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The strength of India

]

MNorthern India 6
T,=42 km
m p—
McKenzie and Fairhead (1997) ]
3 100 |
£
o L
0 o 80
T, km
(a) Effective Viscosity (x10*'Pas)
0
2.0 Hetenyi et al 2006
1.5
1.0)
T (.5

) - 3N -2} - | (W} il 10K} b W AN
mstance from MET (ki to the Morth)



Questions:

Why the variations in
surface gradients?

Why the spatially

variable faulting

(strike-slip/normal)

within the plateau?

Why the curved

southern margin?

20

104°

100°




- Indian Shield



Schematic cross-section through Tibet
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Low-Reynolds-number gravity current with a rigid base
(Huppert 1982)

Boundary conditions are
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Flow Iin a thin layer with a rigid base

produces distinctive topography — a gently sloping top and a steep front (Huppert 1982)

increasing time

+—
influx of material
+—

Elevation

Horizontal distance

2
Surface velocity depends on viscosity, Py (f + 1) 2
. _ U= — h=Vh
surface slope, and flow thickness: 27)

(McKenzie et al 2000)

Vertical planes deform by simple shear
above the rigid base:




Behaviour controlled by the rate at which material can move to
the nose of the flow, not by conditions at the nose




A 150 year old
experiment...

(Courtesy of Matt Crossland,
Winchester College)



Avideo....
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An example of a gravity current with a rigid base: the volcanic ‘pancake domes’ on Venus

The circular shape and
topographic profile (flat
top with steep sides) are
as expected for a gravity
current spreading over a
rigid base



Surface velocities relative to India
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Basic observation: the tectonic regime (style of faulting) varies within and around the
Tibetan Plateau

[Black mechanisms are from the modelling of P
and SH waveforms, grey are from CMT catalogue]

Earthquakes with depth < 40km,
Mw > 5.5, % double-couple > 50

Copley et al 2011
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¢ Conjugate strike-slip
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Surface velocities relatlge to India
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Model setup

Velocities shown at every 4" model gridpoint . . .
Modelled as a viscous fluid (solving the

stokes flow equations in 3 dimensions)
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Modelled principal axes of horizontal strain-rate tensor

(a) Rigid lower crust, coupled| |(b) Weak lower crust, coupled
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An explanation for spatial separation of the
strike-slip and normal faults

Requires vertical mechanical coupling




Surface Velocities
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Model to look at the plan-view evolution of flow over a rigid base

Rigid boundaries, at a distance _

Initial input topography
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Evolution of flow with a rigid base
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du/dy is now the dominant velocity gradient

Stress free upper
and lower boundaries
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Flow in a thin layer with zero shear stress on the base

Topographic slopes are gentle

distance

elevation

Velocity depends on viscosity, surface slope, and

distance to the lateral boundaries: 1n_1 n
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A video...
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Because of the
change in
boundary
conditions, the
velocity gradients
are here
accommodated by
strike-slip faulting,
rather than thrust
and normal faults.
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Boundary conditions
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and temperature
structure
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Viscous flow in 3D

Rigid crust represents
model versions of
Sichuan and Burma

Model setup represents
the appearance of high
topography in central
Tibet early in the India-
Asia collision, and
subsequent
propagation to the SE.

Model setup
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Scale:

15 mm/yr
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Other non-thin-sheet models (1): Clark and Royden (2000)

(1) t=0

channel with specified viscosity

(2) t=20m.y.
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Other non-thin-sheet models (2): Beaumont et al (2001)
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The rheology of the lower crust is controlling the evolution and deformation of the
Tibetan Plateau (and presumably large mountain ranges in general)

Southern Tibet: Underlain by cold, strong, underthrust Indian lower crust
* Rigid base to deformation within the crust
* Flow forms steep front and flat top
e Curvature of range margin develops
* Surface tectonics is normal-faulting, with strike-slip further north

Southeast Tibetan Plateau (between Sichuan Basin and Burma):
* Norigid lower crust
* Driving forces resisted by the drag from the strong basins bounding
the range
* Low surface gradients
e Strike-slip faulting accommodates shear in the region between the

basins
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