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Abstract

A reorganization centered on the Pacific plate occurred ~53-47 million years ago. A ‘top-
down’ plate tectonic mechanism, complete subduction of the Izanagi plate, as opposed to a
‘bottom-up’ mantle flow mechanism, has been proposed as the main driver. Verification
based on marine geophysical observations is impossible as most ocean crust recording this
event has been subducted. Using a forward modeling approach, which assimilates surface
plate velocities and shallow thermal structure of slabs into mantle flow models, we show that
complete Izanagi plate subduction and margin-wide slab detachment induced a major change
in sub-Pacific mantle flow, from dominantly southward before 60 M to north-northeastward
after 50 Ma. Our results agree with onshore geology, mantle tomography, and the inferred
motion of the Hawaiian hotspot and are consistent with a plate-tectonic process driving the
rapid plate-mantle reorganization in the Pacific hemisphere between 60 and 50 Ma, as

reflected in tectonic changes in the Pacific and surrounding ocean basins.

©2015 American Geophysical Union. All rights reserved.



1. Introduction

A plate reorganization around the Pacific at approximately 53-47 Ma [O'Connor et al., 2013;
Whittaker et al., 2007] is observed via a range of tectonic events including changes in
direction of motion of the Pacific [Caress et al., 1988; Lonsdale, 1988; O'Connor et al.,
2013] and Australian [Whittaker et al., 2007] plates, a reorganization of the Pacific triple
junction [Cande et al., 1982], cessation of spreading in the Tasman and Coral Seas [Gaina et
al., 1998] and initiation of lzu-Bonin [Ishizuka et al., 2011] and Tonga-Kermadec [Bloomer
et al., 1995] subduction (Fig. 1). The bend in the Hawaii-Emperor chain has been attributed
to this reorganization [Sharp and Clague, 2006], however recent studies have suggested a
more localised event may explain this bend [Tarduno et al., 2009]. The geodynamic
processes-and consequences as well as its ultimate driver (either a plate tectonic [Whittaker et
al., 2007] or mantle flow mechanism [Finn et al., 2005]) remain poorly understood. Plate-
driven mechanisms often invoke a readjustment in plate-driving forces, especially at plate
margins,-such as the spontaneous nucleation of subduction along a fracture zone [Stern,
2004], complete subduction of an oceanic plate [Whittaker et al., 2007], or continent-
continent collision [Molnar and Tapponnier, 1975; Patriat and Achache, 1984], to explain
global plate motion changes. In contrast, mantle-driven mechanisms require sudden changes
in mantle flow, predominately influenced by plume interactions, such as plume-ridge capture
[Tarduno et al., 2009] or the arrival of a plume head [Cande and Stegman, 2011], but may
also be thought of in terms of mantle over-turning events, such as a slab avalanche [Goes et
al., 2008]. These events, which occur in the mantle, then propagate to changes in plate

motions at the surface.

A plate-driven mechanism in the form of sub-parallel intersection of the Izanagi-Pacific ridge

along the east Asia subduction zone between 60 and 50 Ma [Whittaker et al., 2007] (Fig. 2)
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has been postulated as the cause of the Eocene Pacific plate reorganization. Although plate
reconstructions and island arc geochemistry predict the intersection of a mid-ocean ridge with
the east Asian margin some time from the Cretaceous to the Eocene [Straub et al., 2009]
(Fig. 1), the absence of large swaths of Pacific-lzanagi ocean floor and fragmented
geochemical, volcanic and heat-flow datasets from east Asia make it impossible to verify this
plate tectonic scenario using geological and geophysical constraints alone. Instead, we use a
method that compares the history of subduction predicted by a coupled plate kinematic-
geodynamic model with present-day mantle structure imaged in seismic tomographic
inversions. This approach allows us to place constraints on the geodynamic implications of
whole-scale detachment of the Izanagi slab and examine the effect of this end-member model

on mantle flow in the Pacific hemisphere between ~53 and 47 Ma.

2. Methodology

2.1. Tectonic reconstructions

We implement an lzanagi plate motion model by reconstructing the now-subducted ocean
floor of the Pacific and proto-Pacific/Panthalassa based on the preserved seafloor-spreading
record and deriving full-stage rotations by assuming spreading symmetry [Seton et al., 2012]
when only one flank of the spreading system is preserved or when both flanks are missing.
Spreading symmetry is a simple and reasonable assumption since ~95% of all present day
seafloor is characterized by spreading symmetry [Muller et al., 1998]. We construct
topological plate polygons with evolving plate boundaries [Gurnis et al., 2012], compute
palaeo-age grids and extract velocity fields in 1 Myr intervals (Fig. 2).

2.2. Geodynamic models

In order to predict the mantle structure implied by the plate reconstruction, we use an

approach that links plate tectonic modeling using GPlates [Boyden et al., 2011] with

©2015 American Geophysical Union. All rights reserved.



spherical mantle convection using the finite-element software CitcomS [Tan et al., 2007] by
assimilating plate kinematics, the thermal structure of the oceanic lithosphere and the shallow
portion of slabs at one million year increments into forward mantle flow models [Bower et
al., 2015].

The incompressible, global mantle flow models start at 230 Ma. The mesh consists of
12 caps, each with 128 x 128 x 64 elements, for a total of ~12.6 million elements and an
average lateral resolution of ~ 50 km at the surface and ~ 28 km at the core-mantle boundary.
Using vertical mesh refinement, we obtain a radial resolution of 15 km in the surface
boundary layer, 27 km in the lower boundary layer and an average radial resolution of 62 km.
The Rayleigh number, defined using the thickness of the mantle, is ~ 7.8x10” and internal
heat production is neglected. Viscosity varies by 1000 due to temperature-dependence

following

— x ( Eq _ Eq )
= To * €Xp RAT(T+Ty)  RAT(Tp+Ty))’

where 175 = 1 x 1021 Pas is the reference viscosity, E, ~ 100 kJ mol™ (upper mantle) or

E, =~ 33 kJ mol™ (lower mantle) is the activation energy, R = 8.31 J mol™ K™ is the universal

gas constant, AT = 2800 °C is the temperature drop across the mantle, T is the temperature,
T,, = 225°C is a temperature offset, and T}, = 1400 °C is the ambient mantle temperature.

We present three models that differ in the viscosity of the asthenosphere and of the lower
mantle, and use Model 1 as reference. In Models 1 and 3, the viscosity of the lower mantle is
100 times greater than that of the upper mantle, and 7, is reduced by a factor of 10 between
160 and 310 km depth to include the influence of a weak asthenosphere. In Model 3, this
asthenosphere is only present under oceans: numerical tracers 10 times more viscous than

ambient mantle are used to offset the viscosity drop under the continents. In Model 2, which
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does not include an asthenosphere, viscosity increases by a factor of 10 at the upper to lower
mantle and linearly increases across the lower mantle by a factor of 10 (as in case TC7 of
Flament et al., [2014]). To inhibit plume development (since our objective is to focus on the
effect of subduction), all models include an initially 113-km thick layer 3.6% denser than
ambient (with reference to p, = 4000 kg m~3) at the base of the mantle (as in cases HH1-
HH3 of Flament et al.,[2014]).

We compare the present-day mantle temperature field predicted by Models 1-3 with
seismic tomography, qualitatively (Figs. 3-4 and S1-3) and quantitatively (Fig. S4). Finally,
we examine the evolution of the predicted mantle flow (Figs. 3 and 5) to assess whether our

tectonic scenario could induce a change in the entire plate-mantle system.

3. Geological constraints

The intersection of an active mid-ocean ridge with a subduction zone commonly results in the
opening of a slab window [Thorkelson, 1996]. Typically, the surface manifestations include,
but are not limited to: cessation of arc volcanism, geochemically distinct magmatism,
increased volume and extended range of volcanism, and elevated geothermal gradients and
deformation on the overriding plate [Thorkelson, 1996]. Geological evidence across Japan,
Korea and China support ridge-subduction intersection along east Asia between 55 and
43 Ma (see Supplementary Text S1). A detailed structural interpretation of the Shimanto Belt,
a late Cretaceous-Miocene accretionary complex in southeast Japan [Raimbourg et al., 2014]
(Fig. 1), indicates an erosional and extensional phase in the early-mid Eocene consistent with
trench-parallel subduction of the Pacific-l1zanagi ridge. Additionally, this belt records high
levels of thermal maturity within Eocene strata [Taira et al., 1988] and a decrease in the age
gap. between Eocene basaltic rocks and overlying turbidite sediments [Underwood et al.,

1993]. The tri-modal distribution of Andean-type granodioritic batholiths across Japan, Korea
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and China [Nakajima, 1996; Sagong et al., 2005] (Fig. 1) indicates a final phase of plutonism
in east Asia started 135-100 Ma and continued until about 55-50 Ma [Nakajima, 1996;
Sagong et al., 2005]. Following a hiatus, the system restarted with normal arc magmatism
between 43 and 42 Ma [Nakajima, 1996; Sagong et al., 2005]. This disruption of normal arc

magmatic processes is typical for areas above a slab window [Thorkelson, 1996].

4. Seismic tomography and geodynamic models

The geodynamic calculations show that the reconstructed plate boundary configuration and
plate motions produce a margin-wide slab window and slab detachment associated with the
complete subduction of the lzanagi plate beneath east Asia before 50 Ma (Fig. 3). The
resultant- present-day temperature fields reveal a good first-order match with seismic
tomography models (Figs. 4 and S1-3), where two distinct structures corresponding to the
two major phases of subduction are observed for all three models despite their different
viscosity-structures. In Model 3 the low viscosity asthenosphere between 160 and 310 km is
offset under the continents using tracers, in order to minimize the net rotation induced to the
lower mantle [Rudolph and Zhong, 2014]. Indeed, despite the advection of viscous tracers,
lower mantle structures are longitudinally shifted in Model 3 that predicts slabs to be ~ 10°
further east in the lower mantle than Models 1 and 2 (Fig. 4). Visual inspection reveals that
Model 3 does not match tomography as well as Models 1 and 2 (Fig. 4 and Figs. S1-3) and
we limit further analyses to Models 1 and 2. This result for Model 3 suggests that some net
rotation of the lower mantle could have occurred under East Asia since the break-up of
Pangea. Slabs are a few tens of kilometers deeper and further to the west in Model 2
compared to Model 1, which respectively reflects the lesser viscosities in the lower mantle

and.the absence of an asthenosphere in Model 2.
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In all models and tomography, the shallowest slab (Pacific in Figs. 4 and S1-3) reflects the
most recent, post 50 Ma westward-dipping subduction of Pacific oceanic lithosphere along
the Japan-Kuril Trench and corresponds to the shallowest, coldest anomaly in the flow
models (Pacific in Figs. 4 and S1-3). We consider the mid-mantle high seismic velocity
anomaly, located at depths of 1000-2500 km in both geodynamic models and seismic
tomography (lzanagi in Figs. 4 and S1-3) to be representative of material subducted prior to
the arrival of the Pacific-1zanagi ridge (that is, the subducted Izanagi plate). Although this
anomaly has previously been attributed to a mid-late Mesozoic subducted slab [van der Meer
et al., 2009], our geodynamic models reveal that this material subducted from 110 to 60 Ma

(Fig. 2), consistent with the final phase of plutonism in Korea [Sagong et al., 2005].

We use a simple, quantitative approach to assess the correlation between predicted
temperature from our geodynamic models and three P-wave [Li et al., 2008; Montelli et al.,
2004; Obayashi et al., 2013] and one S-wave [Grand et al., 1997] seismic tomography
models (Fig. S4) by calculating the area of intersecting polygons in both datasets [Shephard
etal., 2012]. For mantle > 10% colder than ambient and positive P-wave anomalies > 0.02%
[van der Meer et al., 2009], we find that our models produce intersection scores between 70
and 84% for mid mantle depths (Fig. S4). This suggests the degree of correlation between our
maodel and tomography is good, particularly considering that intersection scores across P and
S wave models themselves for this area are between 50 and 77% (Fig. S4). Intersections with
tomography are marginally better for Model 1 than for Model 2, making it difficult to find a

preferred model.

5. Pacific mid-mantle flow

Coincident with evidence for plate motion changes between 53 and 47 Ma is an indication of
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a major change in mid-lower mantle flow beneath the Pacific. In order to isolate the
contributions of kinematic boundary conditions from flow driven solely by the deeply seated
temperature field, we investigate sub-Pacific mid-mantle flow for kinematic and free-slip
boundary conditions (Fig. 5). For both sets of boundary conditions, a major mantle flow
pattern reorganization occurs between 60 and 50 Ma (Figs 3 and 5). Flow directions are
broadly consistent between both models, and small differences in azimuth and amplitude

reflect different viscosity structures between models.

Prior to the reorganization (60 Ma), our calculations show a southward-directed mid-mantle
lateral flow beneath the Pacific plate (Fig. 5) at a rate of between 0.5-1.7 cm/yr (0.1-1.2
cm/yr for free-slip boundary conditions). A contribution to this lateral flow under the
northwest Pacific may be due to return flow from the coherent slab structures along the east
Asian margin. This is followed by a major shift in the direction of mantle flow towards the
north-and northeast at 50 Ma, which may be related to a weakening of the return flow after
ridge subduction and slab break-off. This major shift in mantle flow indicates the onset of a
reorganization of the Pacific mantle and is accompanied by a slight decrease in mantle flow
rate to a maximum of 1.4 cm/yr (Fig. 5) (1.4 cm/yr for free-slip boundary conditions). The
reorganization of Pacific mantle flow was likely complete by 40 Ma with a return to slower,
north 'to- northwest-directed flow of between 0.1-1.1 cm/yr (0.4-1.2 cm/yr for free-slip
boundary conditions) (Figs 3 and 5). Interestingly, our mantle flow velocities prior to 50 Ma
are consistent with the southward-directed mantle flow implied by studies of the motion of

the Hawaiian hotspot [Tarduno et al., 2009].

6. Discussion

Numerical models designed to investigate the effects of the complete subduction of an
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oceanic plate indicate that the arrival of a mid-ocean ridge at the trench is preceded by slab
detachment, due to a reduction in strength and negative buoyancy of approaching oceanic
lithosphere and the loss of transmission of slab pull force to the surface [Burkett and Billen,
2009]. The clear break in structure evident in seismic tomographic images under eastern
Eurasia at depths between 500-1000 km (Fig. 4) and replicated at similar depths in models
(Fig. 3) reflects slab detachment and short-lived quiescence in subduction associated with the
sub-parallel arrival of the Pacific-1zanagi ridge to the east Asian margin between 60-50 Ma.
In‘our calculations, the formation of the gap in the continuity of the slab occurred between
60-40 Ma (Fig. 3). A decrease in slab pull force would be expected to result in a major
change in the rate and direction of plate motion [Stadler et al., 2010], characteristic of plate
reorganizations [Conrad et al., 2004]. In the case of east Asia, the margin-wide slab
detachment would have led to a marked change in the forces acting on the Pacific plate, from
being surrounded by mid-ocean ridges prior to 55-50 Ma to the establishment of a major
subduction system along its western boundary. Indeed, a study of the slab pull acting on the
Pacific plate before, during and after 50 Ma [Faccenna et al., 2012] support a change that

increases a slab pull westward after 50 Ma.

We suggest that the sub-parallel arrival of the lzanagi-Pacific ridge to the east Asian
subduction zone 55-50 Ma led to a cascade of events that culminated in a reorganization of
Pacific mantle flow, triggering tectonic changes around the Pacific Ocean basin. Slab
detachment and slab window formation resulted in a change in plate driving forces acting
along the western Pacific due to the progressive decrease in buoyancy of the downgoing plate
and eventual loss of slab pull. The overall change in the forces on the Pacific plate may have
led to a change of stress on the nascent boundary [Leng and Gurnis, 2011] between the

Pacific and West Philippine plates that initiated subduction along the Izu-Bonin-Mariana
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margin at 52 Ma [Ishizuka et al., 2011]. We suggest that the rapid reorganization of Pacific
mid-mantle lateral flow between 60-50 Ma, replicated in our models, was a consequence of
surface plate motion changes, consistent with the hypothesis that the reorganization of the
Pacific plate-mantle system was a plate tectonically-driven, mantle-scale process. The
reorganization, which occurred over a period of ~7 Myr (between ~53-47 Ma), is consistent
with the timing of tectonic events throughout the Pacific hemisphere around this time. This
scenario should be testable with new generation of high resolution, fully dynamic, global
maodels, particularly in assessing the geodynamic processes associated with ridge-trench

intersection events.
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Figure 1. Plate tectonic setting for east Asia and evidence for an Eocene reorganization
around the Pacific. Free-air gravity anomalies of the northwest Pacific, with island arc
geochemistry [Straub et al., 2009], South Korean granite ages [Sagong et al., 2005], ages of
Japanese metamorphic province protoliths [Nakajima, 1996], seafloor-spreading isochrons
[Seton et al., 2012] and fracture zones traces [Matthews et al., 2011]. Seafloor-spreading
isochrons are labeled based on magnetic anomaly chron. The Hawaii-Emperor Seamount
Chain is highlighted by a purple polygon. ET = Emperor Trough. Globe insert is centered
on the Pacific hemisphere with numbers denoting regions where tectonic events have been
mapped: 1. Major change in spreading direction between Australia and Antarctica at chron 21
(~48 Ma) [Whittaker et al., 2007]; 2. Cessation of spreading in the Tasman and Coral Seas,
east of Australia at ~52 Ma [Gaina et al., 1998]; 3. Reorganization of the triple junction in
the South Pacific between chrons 22-21 (~50-48 Ma) [Cande et al., 1982]; 4. Change in
spreading direction between the Farallon and Pacific plates between chrons 24-21 (~53-48

Ma) [Caress et al., 1988]; 5. Major change in spreading direction between the Kula and
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Pacifc plates at chron 24 (~53 Ma) and eventual cessation of spreading at about 41 Ma
[Lonsdale, 1988]; 6. Initiation of arc volcanism along lzu-Bonin-Mariana Arc [Ishizuka et
al., 2011]; 7. Initiation of subduction along the Tonga-Kermadec Arc [Bloomer et al., 1995];
8. Bend in the Hawaii-Emperor chain starting at 50 Ma [O'Connor et al., 2013; Sharp and
Clague, 2006]. Red lines indicate subduction zones, black lines transform faults and mid-
ocean ridges, blue lines fracture zones, orange lines extinct ridges and purple polygons

seamounts and Large Igneous Provinces that erupted between 60 and 40 Ma.
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Figure 2. Palaeo-agegrids of the northwest Pacific before (60 Ma), during (50 Ma) and after
(40'Ma) the slab break-off event, and at the present day. Absolute plate velocity vectors at 60
Ma (magenta), 50 Ma (blue), 40 Ma (red) and present-day (green). Mid-ocean ridges and
transforms are plotted as thin black lines, and subduction zones as red lines. Thick black
lines denote the location of the profiles used in Figs 4 and S1-3. EUR = Eurasian plate, 1ZA

= lzanagi plate, KUL = Kula plate, PAC = Pacific plate, PIR = Pacific-1zanagi Ridge.
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Figure 3. Temperature and velocity fields at 48'N predicted by Models 1 and 2, with
kinematic boundary conditions, before (60 Ma), during (50 Ma), and after (40 Ma) the slab
break-off event, and at present day. Black contours indicate material 10% colder than the
ambient mantle, associated with subducted slabs. Orange line denotes the depth of the map

shown in Fig. 4 and S1-3.
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Figure 4. Seismic tomography with geodynamic model output. Perspective view (looking
north) of P-wave seismic tomography [Li et al., 2008] at 1445 km depth and along three
vertical cross-sections at 48'N, 40'N and 32'N. Magenta contours correspond to model slabs
(mantle 10% colder than ambient) from Model 1, green from Model 2 and blue from Model
3. The horizontal black lines on the vertical cross-sections denote the depth shown in the
map. Pacific = subducted Pacific oceanic lithosphere. lzanagi = subducted Izanagi oceanic

lithosphere.
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Figure 5. Time-dependent mantle flow field from geodynamic models at 1,500 km depth. The
lateral mantle flow field from Model 1 (magenta) and Model 2 (green) are shown for each
time-step, highlighting the change from southward-directed mantle flow to the dramatic shift
in mantle flow at 50 Ma. Top row shows results with kinematic boundary conditions, and
bottom row shows results with free-slip boundary conditions. The temperature field is shown
for Model 1. Red lines indicate subduction zones, blue indicate transforms and mid-ocean

ridges, and the profile plotted in Fig. 3 is marked as an orange line.
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Text S1.

Plate tectonic context
The western Pacific records the birth of the Pacific plate from three “parent” plates: the

Farallon, Izanagi and Phoenix 190 Ma [Seton et al., 2012] (Fig. 1 and 2). Today, in the
northwestern Pacific, the Japanese lineation set represents the last preserved fragment of
Jurassic-Cretaceous seafloor spreading between the Pacific and Izanagi plates (Fig. 1).
Seafloor spreading was continuous from at least Chron M33 until the beginning of the
Cretaceous Normal Superchron (CNS) with a 24" change in spreading direction at M21,
coincident with the eruption of the Shatsky Rise at the Pacific-lzanagi-Farallon triple
junction [Sager et al., 1999]. The youngest identified Japanese lineation (M0) displays a
similar NE-SW trend to the post-M20 lineations. In our reconstruction, we follow the idea
that there is no major change in spreading rate, direction or accretion between the Pacific
and lIzanagi plates from MO (last dated anomaly, 120.4 Ma) (Fig. 1) to the cessation of
spreading, as there is no measured change in spreading direction recorded in the fracture
zones in the northwest Pacific after this time [Matthews et al., 2011].

Geological evidence for ridge subduction along east Asia

Onshore geological evidence for the presence of a slab window adjacent the NW Pacific is
found in the NE-SW trending Shimanto Belt in SW Japan. K-Ar dating reveals that this belt
formed during two major phases, one in the late Cretaceous and one in the late Eocene-
Early Oligocene, with a gap in accretion from ~55 Ma to 43 Ma [Raimbourg et al., 2014]. A
recent detailed structural interpretation of the Shimanto Belt [Raimbourg et al., 2014]
documented two main stages of extension: one in the early-mid Eocene and another in
the Miocene. The early-mid Eocene extension and erosion along the margin, together
with other geological considerations, such as an Eocene (46-50 Ma) metamorphic stage
[Hidetoshi Hara and Kimura, 2008; MacKenzie et al., 1992] and a change in the direction of
convergence on Kyushu [Raimbourg et al., 2014] and Shikoku [Byrne and DiTullio, 1992;

Lewis and Byrne, 2001], suggest that a margin-wide slab detachment event is most



consistent with the available data. Additionally, combined results from cleavage and
cooling ages indicates that accretion of the Okitsu melange occurred in the Cretaceous
ceasing after accretion of the Nakamura Formation at ~56-55 Ma until ~43 Ma [Raimbourg
et al., 2014]. It is thought that the emplacement of the Okitsu Melange at ~55 Ma
[Raimbourg et al., 2014] required an elevated geothermal gradient [Obayashi et al., 2013].
The Paleogene portion of the Shimanto Belt, the Murotohanto sub-belt, also records
elevated temperatures (ranging from 225-315°) [Hidetoshi Hara and Kimura, 2008] and
dominant seaward-verging structures [Byrne and DiTullio, 1992; MacKenzie et al., 1992].
These elevated minimum geothermal temperatures are supportive of, but do not
necessitate the presence of, an underlying slab window [Hidetoshi Hara and Kimura, 2008;
Lewis and Byrne, 2001]. A possible alternative is the subduction of young oceanic crust,
rather than an active mid-ocean ridge, such as the presently occurring elevated
geothermal gradients along northern and southern Cascadia due to subduction of the
young Juan de Fuca plate. However, alternative models for the northwest Pacific that do
not invoke sub-parallel mid-ocean ridge subduction result in old, rather than young, ocean
crust adjacent to the east Asian margin during the early Paleocene.

Increased palaeogeothermal gradients have also been calculated coincident with the peak
heating time [Lewis and Byrne, 2001] and the cessation of emplacement of NE trending
granite batholiths in South Korea [Sagong et al., 2005] and southwestern Japan [Nakajima,
1996]. It may be tempting to link this cessation of granite batholith emplacement to the
initiation of the lzu-Bonin subduction zone at ~50 Ma. However, the Izu-Bonin subduction
zone initiated in a roughly E-W orientation further to the south and would not have
affected the location or orientation of the subduction zone adjacent South Korea and
southern Japan.

Alternative tectonic reconstructions predict the arrival of an E-W oriented mid-ocean ridge

to east Asia sometime between 110-80 Ma [Brown, 2010; Engebretson et al., 1985; H. Hara



and Kurihara, 2010], producing a northward migrating slab window with localized effects
in a style similar to that observed along western North America over the last 80 Myr. The
uplift of the Sanbagawa Belt and metamorphism of the Ryoke Belt in southwestern Japan
during the Late Cretaceous [Brown, 2010] and a slightly later metamorphic event due to
elevated heat flow, affecting the same Sambagawa Belt at ~75-60 Ma [H. Hara and
Kurihara, 2010] have both been attributed to localised ridge-trench interaction consistent
with this reconstruction. However, these thermal events are not accompanied by a suite of
other geological indicators indicative of slab window formation and can be explained by
other processes such as the subduction of a seamount or oceanic plateau. Importantly,
these tectonic reconstructions use a poorly constrained reconstruction of the Pacific-Kula
ridge [Engebretson et al., 1985] as a guide to interpreting geological data in a wider pate
tectonic context.
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Figure S1.

Perspective view (looking north) of S-wave seismic tomography [Grand et al., 1997] at
1445 km depth and along three vertical cross-sections at 48'N, 40'N and 32'N. Magenta
contours correspond to material 10% colder than the ambient mantle from Model 1, green
contours from Model 2 and blue contours from Model 3. The horizontal black lines on the
vertical cross-sections denote the depth shown in the map. Pacific = subducted slab of

Pacific oceanic lithosphere and Izanagi = subducted slab of Izanagi oceanic lithosphere.
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Figure S2.
Perspective view (looking north) of GAP_P4 P-wave seismic tomography [Obayashi et al.,
2013] at 1497 km depth and along three vertical cross-sections at 48'N, 40'N and 32'N.

Annotations and key as for Fig. S1.
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Figure S3.
Perspective view (looking north) of Montelli P-wave seismic tomography [Montelli et al.,
2004] at 1500 km depth and along three vertical cross-sections at 48'N, 40'N and 32'N.

Annotations and key as for Fig. S1.



Tomography - model comparison

Intersection score
0.6 0.8 1.0

0.4
500
1000
T
=
£ 1500 —
Q
@
a
2000 —
2500 —
1.0
L 08
s}
8
[=
S 06
o
Q
2
£ 04
c
©
[}
= 0.2
0.0
Figure S4.

Intersection scores between seismic tomography and modeled present-day temperature.
The top left graph (A) shows the fit or intersection score between the two preferred
geodynamic models (Model 1 = orange, Model 2 = blue) and the four seismic tomography
models used in this study. The grey envelope shows the mean and standard deviation of
the intersection score obtained by comparing seismic tomography models to one another
(see Figure S4, B). The top right graph (B) shows the fit between the three P-wave seismic
tomography models and the S-wave model. The grey envelope shows the mean and
standard deviation of the fit between geodynamic models and seismic tomography

models comparison (see Figure S4, A).
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1= Model 1 vs MIT-P
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4 =Model 1 vs Montelli06-P
5 = Model 2 vs MIT-P
6 = Model 2 vs cgrand
7 =Model 2 vs GAP_P4
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11 = MIT-P vs GAP_P4
12 = cgrand vs Montelli06-P
13 = cgrand vs GAP_P4
14 = GAP_P4 vs Montelli06-P

The bottom histogram shows the mean

intersection scores integrated across all depths for each comparison (see key).
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