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The motion of tectonic plates across 
Earth’s surface is driven by two main 
forces: buoyant upwelling mantle 

at mid-ocean ridges, termed ridge push, 
and the sinking of cold, dense slabs in 
subduction zones, also known as slab pull. 
The rate at which tectonic plates move 
depends on the magnitude of these driving 
forces relative to viscous stresses that 
resist — or enhance — the motion at the 
base of the plates and around the sinking 
slabs. Currently, tectonic plates move at 
sustained rates of no more than 1 to 10 cm 
per year, but during the late Cretaceous and 
early Palaeogene the Indian Plate moved up 
to twice as fast, for a period of 20 million 
years. This acceleration is enigmatic both 
because of its rapid onset and its long 
duration. Writing in Nature Geoscience, 
Jagoutz et al.1 present numerical simulations 
that demonstrate how two parallel 
subduction zones, dipping in the same 
direction, narrowed over time, and changed 
the viscous mantle flow. This change in 
mantle flow caused the slab pull from both 
subduction zones to couple to the Indian 
Plate, and explains the episode of sustained, 
rapid motion.

The Indian Plate collided with Eurasia 
about 40 million years ago, creating the 
Himalayan mountains and the Tibetan 
Plateau. Prior to collision, a large 
ocean — the Neo-Tethys Ocean — existed 
between India in the south and Eurasia 
in the north. Within the ocean, a double 
subduction system may have existed1,2. 
Double subduction occurs when two 
parallel subduction zones form with both 
slabs dipping in the same direction (Fig. 1). 
The only modern day example is the 
combination of the Izu–Bonin–Mariana 
intra-oceanic subduction zone and the 
Ryukyu subduction zone in the western 
Pacific Ocean, with the Philippine Sea Plate 
in between. However, this plate has an active 
mid-ocean ridge that creates oceanic crust 
and thereby decouples the two subduction 
zones. In a coupled system, it may seem 
unsurprising that two slabs pulling a plate in 
the same direction would cause it to move 
faster. However, analysis of the Indian Plate 

motion shows that the dynamical system is 
not so simple.

Jagoutz et al.1 use existing geological data 
to reconstruct the position of the double 
subduction zones, and then numerical 
simulations to assess the influence of double 
subduction on movement of the Indian Plate 
prior to collision with Eurasia. They show 
that the double subduction zones existed 
before the observed episode of rapid Indian 
Plate motion. Early on, an active mid-ocean 
ridge separated the subduction zones, but 
even after this mid-ocean ridge ceased 
spreading, the plate speeds did not increase. 
Instead, it was only after both subduction 
systems narrowed in length, from about 

10,000 km long to about 3,000 km long, 
that Indian Plate motion rapidly increased. 
This narrowing occurred in response to the 
collision of Arabia with the intra-oceanic 
subduction zone to the west and collision 
of the intra-oceanic arc and subduction 
zone with the Eurasian subduction zone to 
the east. Jagoutz and colleagues show that 
the change in plate behaviour depends not 
so much on the available driving forces for 
plate motions, but rather on how these are 
balanced by the viscous flow in the mantle 
between the subduction systems.

The flow of mantle between the two 
subducting plates can be constrained in two 
ways: first, by the trench-parallel length of 
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The Indian Plate moved north unusually quickly during the late Cretaceous. Numerical simulations suggest that this 
rapid migration was caused by the pull of two coupled, narrowing subduction zones.
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Figure 1 | Coupled double subduction zones. A double subduction zone consists of two slabs dipping 
in the same direction. a, In a coupled system, similar to flow through a pipe, a long and narrow region 
between the subduction zones restricts mantle flow (thin black arrows), increases fluid pressure and 
leads to slower subduction (thin grey arrow). b, Jagoutz and colleagues1 show that a reduction in the 
length of a double subduction system that existed between India and Eurasia would have allowed mantle 
material to flow more easily (thick black arrows). In their simulations, this process leads to lower fluid 
pressure and fast plate speeds (thick grey arrow), commensurate with the available driving forces 
from both slabs. 
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the subduction zones, which limits the flow 
of mantle out of the ends of the system and 
around the edges of the subducting plates; 
and second, by the separation distance 
between the two slabs. Just like a pipe, more 
force is required to move a fluid down a long 
and narrow pipe than to move fluid down 
a short and wide pipe. In the case of double 
subduction, because pressure can affect 
mantle flow in all directions, constricting 
mantle flow parallel to the subduction zones 
can cause a reduction in the subduction rate 
in the perpendicular direction. Similarly, 
shortening the trench-parallel length of the 
subduction zones allows mantle material 
to more easily flow out from between the 
two slabs: the pressure magnitude drops 
and the speed of the subducting plates 
rapidly increases.

The numerical simulations used by 
Jagoutz and colleagues are particularly 
well-suited to demonstrating the dramatic 
change in the relative magnitudes of the 
driving forces and resisting forces on plate 
motion as a function of plate geometry 
and the separation distance between the 
two slabs. One may be concerned about 
the approximations inherent in this semi-
analytical approach — combining different 
analytical solutions for large-scale flow 

driven by the plates, the local mantle wedge 
flow (which is more sensitive to choices 
of rock properties), and flow around the 
edges of the slabs may not capture exactly 
the coupling between flow at the different 
length-scales. However, Jagoutz et al. show 
the same result for simulations with fully 
dynamical models solved with the finite 
element method. The balance of pressure 
and flow velocity in the mantle is probably 
also sensitive to the specific rheology 
chosen for the mantle material in the model 
simulations, but this shouldn’t affect the 
plate and slab motions significantly. For 
example, a lower-viscosity mantle material 
would result in reduced traction between the 
plate and mantle. However, this would be 
balanced by an increase of mantle flow rate 
out from between the slabs, leading to an 
increase in the pressure gradient. Thus, the 
driving forces on the plate motions would 
be balanced.

There are other known mechanisms that 
can lead to rapid changes in plate motion. 
For example, an upwelling plume head can 
accelerate mantle flow3,4 and an increase in 
slab density during initial subduction of a 
plate through the mantle transition zone 
can accelerate slab descent5. However, these 
mechanisms lead to short-lived, one- to 

two-million-year pulses of accelerated plate 
motion. In contrast, the mechanism of 
double subduction can generate sustained, 
20-million-year-long intervals of rapid plate 
motion, similar to that recorded for the 
Indian Plate during the late Cretaceous.

Jagoutz and colleagues1 demonstrate 
that narrowing of the two subduction 
zones in the Neo-Tethys Ocean can solve 
two outstanding puzzles of the India–Asia 
collision: what caused the Indian Plate to 
accelerate northwards prior to collision, 
and why the plate moved so rapidly for so 
long. With these insights we can re-examine 
assumptions about how slabs interact to 
help or hinder subduction and the range of 
plausible plate speeds. ❐
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