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Material Flow law PO Ea Va n no Hr G Us

(kgm=3)  (kdmol~l)y  (J/bar) (Pa" s) wwm=3)  (GPa)
Fault rock Wet Qz@ 27500 154D 0.8P 23D 197x10I7D 252 20k 0.06-0.27"7J
(MHT-fault)
Sediments Wet QzP 26000 154D 1.2P 23D 197x10I7Dh  2253e 259.k 0.35
(Ganga Plain)
Metasediments Wet Black Hils  2700¢ 223¢ 0.8P 23D 197x10I7D 20 259.K  0.457
Qz¢

(Himalayan wedge)

Tethyan sediments Wet QzP 2750P.€ 1540 0.8P 23D 1.97x 1017 P 1.02.€ 259.K 0.50™

(Tibetan Plateau)

Upper cont. crust Granite? 2670° 190¢ 0.80 3.3¢€ 1.97x1017 D 2.253.€ 259.K 0.60M

(India)

Lower cont. crust Diabase? 29009-€ 276¢ 0.8P 30¢  1.25x1021D g4ac 259.k 0.60™

(India)

Upper cont. crust Wet QzP 2670€ 154D 0.8P 23D 197x10I7D  qgoae 259.K  0.50m

(Eurasia)

Lower cont. crust Dry-Maryland 2775€ 238 0.8P 4.7P 48x1022 b 1.502.€ 259.K 0.60"
Diabase®

(Eurasia)

Mantle OlivinePd 3300071 532b 0.8P 350 3.98x1016 0 0.0022" 679K 0,607

(India/Eurasia)

Supplementary Table 1: Thermo-mechanical visco-elasto-plastic parameters and flow laws correspond-
ing to the adopted lithologies are based on a range of laboratory experiments, previously used data sets,
and geological and geophysical constraints. pg is the reference density, £, is the activation energy, V; is
the activation volume, n is the stress exponent, 7q is the reference viscosity, Hr is the radiogenic heat
production, G is the shear modulus, and u; is the static friction coefficient. Other properties for all rock
types: cohesion C = 10 MPa /, specific heat capacity C, = 1000 J kg~! K~1, thermal conductivity K
=25 WmtK~! 2 thermal diffusivity k = 107° m? s72 ?; thermal expansion a,= 2.4x107> K~1 @ and
compressibility 5,=2x107 MPa~1! 2.

References: a) '; ) %, ¢) 3 d) 4 €)% £) € 9) 75 h) 8;0) 5) 19 k) 15 1) 12 m) 135 ) T4,
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Supplementary Figure 1: Initial model configuration, depicting the (a) initial geometry, (b) composition
including mechanical boundary conditions, and (¢) temperature distribution for the entire modelling do-
main. Horizontal distance is from the Main Frontal Thrust. Bottom figurations clarify different rock types.
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Supplementary Figure 2: The three geometries of the MHT employed in the numerical experiments.
Panel (a) and (b) display the realistic MHT geometry inferred from Elliott et al. (ref. 15, Model EF)
and Duputel et al. (ref. 16, Model DF), respectively, whereas model setup in (¢) utilises a planar fault
geometry (Model PF).



a ‘ Model EF Model DF  ——— Model PF ‘

T’: 307' T L I B B B I I L L L L LI B BN

> L

€ r I From Ader et al., 2012

£ 20f ] .

= 207 +

=

C

2 10k -

£ 10}

& [

g2 of 1

L1

g_’lo’::.l:. Lo b v o by by by by b by oy by by by oy by by by gy
20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Distance from the Main Frontal Thrust (km)

—_
(6]

I From Jackson and Bilham, 1994

—_
(@]
L
1

Vertical uplift (mm yr'1)
o 15
T T
1 1

ol b b b b b b b b b b b b b s
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Distance from the Main Frontal Thrust (km)

L
N
oFf

Supplementary Figure 3: Observed and synthetic present-day velocity fields for the Himalaya and south-
ern Tibetan plateau. Black error bars indicate the horizontal and vertical observed fields. Synthetic fields
are shown in orange, green and blue for the three MHT geometries employed. The models are driven
by a background convergence rate of 38 mm yr—! (ref. 17).
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Supplementary Figure 4: Visco-plastic component of strain computed over the long-term interseismic
deformation. It shows a sub-horizontal shear zone that closely follows the midcrustal reflector imaged
by the INDEPTH experiment'®.
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Supplementary Figure 5: Examples of pulse-like (a,b) and crack-like ruptures styles (c,d) along the
downdip width of the MHT (0—100 km). To compare the rupture styles, the time is scaled by the total
rupture time (time,), whereas the slip velocity is scaled by the maximum slip velocity (SV,,.x). Evolution
of slip velocity through time (left column, panels a and ¢) and along the fault (right column, panels b and
d). Full circle indicates the hypocenter. Pulse-like rupture is characterised by a significant self-healing
during the rupture propagation. In contrast, a crack-like rupture shows a continuous slip, almost until the
end of the rupture.
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Supplementary Figure 6: Influence of static fault friction and geometry of the MHT on the number of
events per cycle. Dashed line roughly indicates the transition between ordinary cycles and irregular
cycles. Black frames indicate reference models and figures.
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Supplementary Figure 7: MHT—fault behaviour adopting a lower fault friction (us=0.1). a, Spatiotemporal
evolution of slip on the MHT. Red lines show slip during the simulated earthquakes. b-c, Along interface

profiles of (b) initial and (c) final second invariant of the deviatoric stress tensor and strength of the event
highlighted in (a).
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Supplementary Figure 8: An example of long-term fault behaviour computed in the 2D model (Model EF

shown in Fig. 3). a, Time evolution of slip deficit of the MHT. Dashed lines illustrate that the model is
neither time nor slip predictable. b, Cumulative coseismic slip against time.
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