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Abstract

The tempo of subduction-related magmatic activity over geological time is episodic. Despite
intense study and their importance in crustal addition, the fundamental driver of these
episodes remains unclear. We demonstrate quantitatively a first order relationship between
arc magmatic activity and subduction flux. The volume of oceanic lithosphere entering the
mantle is the key parameter that regulates the proportion of H,O entering the sub-arc. New
estimates of subduction zone H,O budgets over the last 150 million-years indicate a three- to
five-fold increase in the proportion of H,O entering the sub-arc during the most recent global
pulse of magmatism. Step changes in H,O flux enable proportionally greater partial melting
in the sub-arc. Similar magmatic pulses in the ancient Earth could be related to variability in

subduction flux associated with supercontinent cycles.

Keywords: magmatic flare-ups, magma flux, Continental arc, Earth’s tempo, global water

budgets, phase equilibria
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Plain language summary

Volcanic activity over geological time is episodic. Typical background rates of activity are
punctuated by pulses involving 100—-1000 times the volume of magma in volcanic arcs.
Despite intense study, the main agent that controls this episodic behaviour remains unknown.
We demonstrate quantitatively a first order relationship between magmatic activity and the
volume of material being subducted. The volume of oceanic lithosphere entering the mantle
is the key parameter that regulates the proportion of H,O budgets. New estimates of
subduction zone H,O budgets over the last 150 million-years indicate a three- to five-fold
increase in the proportion of H,O entering the volcanic arcs. The timing corresponds to the
most recent global pulse of magmatism. Step changes in H,O flux enable proportionally

greater partial melting and therefore more magma generation in the crust.
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1. Introduction
Subduction zones are key locations for the net growth of continents and the long-term cycling
of elements through the crust, mantle, and exosphere (Hawkesworth & Kemp, 2006; Till et
al., 2021). The tectonic process of subduction has been inferred to be continuous around the
globe for at least the last 2—3 billion years (Hawkesworth & Kemp, 2006; Campbell & Allen,
2008; Voice et al., 2011; Palin & Santosh, 2021). Records of magmatic activity along the
margin of continents, based on U-Pb crystallization ages from zircon, should present as a
broad continuum associated with ongoing subduction. However, the preserved geological
record is marked by peaks of zircon crystallization ages that indicate changing tempos in
magmatic activity, whereby lower background rates of magmatism are punctuated by
episodic pulses (Fig. 1) (Cagnioncle et al., 2007; Campbell & Allen, 2008; Voice et al., 2011;
Chapman et al., 2021). Aspects of the older geological record could reflect a preservation
bias, though the pattern is also retained by Phanerozoic aged subduction zone settings
(McKenzie et al., 2016; Cao et al., 2017).

The drivers of Phanerozoic episodes of magmatic flare-up remain contentious (see
Chapman et al. 2021). This is despite higher resolution geological records of magmatic
activity and tectonic parameters for the Phanerozoic subduction zones, compared to those of
the Precambrian (Campbell & Allen, 2008; McKenzie et al., 2016; Palin & Santosh, 2021).
The causes of episodic magmatic activity are generally ascribed to variations of heat-flux in
one part of the subduction system: (1) changes in cycles of compression or extension in the
crust (DeCelles et al., 2009; Chapman et al., 2021); or (2) changes in the mantle heat-flux,
related to the behaviour of the down-going slab or melting in the mantle wedge (Cagnioncle
et al., 2007; Martinez Adrila et al., 2019; Till et al., 2021). Simultaneous increases in
magmatic activity along disparate arcs across the globe indicates a fundamental change in

mantle heat-flux associated to plate tectonics (Fig. 2). The principal control on mantle
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melting in subduction zones is the fluid and/or melt capacity of the downgoing slab
(Ringwood, 1974; Grove et al., 2006). Deep-time estimates of the H,O capacity of global
subduction zones are determined here based on full-plate reconstructions (Miiller et al., 2016)
and phase equilibria modelling. The first prediction of long-term variability in H,O-budgets
is correlated to both global and regional magmatic arc activity supporting a first-order
tectonic control.

2. Methods

2.1. Global plate reconstructions

Parameters for global subduction zones and three specific arc segments (New Zealand,
Antarctica—Patagonia, East Asia) were extracted using the open-source and cross-platform
GPlates software (www.gplates.org) (Miiller et al., 2016). Subduction zone kinematics
encompassing the subducting plate area, age, thickness as well as obliquities and
convergence rates were collated at 1 Myr intervals from the global plate reconstruction (Figs
1 & 2). The slab flux was determined as the product of segmented arc length, lithospheric
thickness, and orthogonal convergence rate, summed for all subduction zone segments (Fig.

1) (East et al., 2019).

The modelled seafloor ages in the plate reconstructions are based on seafloor
spreading isochrons from c¢. 230 Ma (Fig. 2: East et al., 2019). The spreading rates generate
predictions of subduction convergence in a globally consistent model. The subducting plate
thickness is calculated based on the cooling of at maximum a 125 km thick lithosphere, with
a basal mantle potential temperature of 1350°C (Grose et al., 2012). The crustal thickness
includes oceanic basement and sediment. Sediment thickness estimates are based on model
predictions after Zahirovic et al. (2022). Animations of the subduction zone convergence,

lithospheric age and sediment thickness are presented in the supplement (S1 & S2).
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Restricted preservation of ancient seafloor presents the biggest limitations in the plate
reconstruction further back in geological time. The Pacific Plate motion is connected through
a plate circuit from 83 to 0 Ma, but for earlier times it moves independently, and the motion
is less well constrained. Seafloor ages become less well constrained before 150 Ma as only a
small portion of the Pacific Plate triangle is preserved. The plate motions between ~120 and
83 Ma during the Cretaceous Normal Superchron are interpolated as there are no magnetic

polarity reversals in this timeframe.

2.2. Seafloor hydration
Initial budgets of H,O in the oceanic crust and lithosphere were calculated based on global
plate reconstructions to ¢. 230 Ma (Fig. 3). The model estimates assume that the proportion
of fluid-saturated basaltic crust and extent of serpentinisation varies in relation to mid-ocean
ridge spreading rate based on time-dependent calculations of Merdith et al. (2019). Sediment
was assumed to be fluid saturated. The models generate a proportion of saturation of oceanic
lithosphere that is equivalent to previous estimates (van Keken et al., 2011; Faccenda, 2014).
Uncertainty on the estimates is cumulative in relation to error on spreading rates,
lithosphere thicknesses and predicted extent of hydration. Conditional probability was
determined based on the range of spreading rates to account for uncertainty on these values
(Merdith et al., 2019). A second stage of seafloor hydration associated to trench flexure is
poorly constrained but assumed to accounting for an additional 0—2% hydration of the top
10 km of lithospheric mantle (Hacker, 2008; Faccenda, 2014; Cerpa et al., 2022). The
assumption of uniform hydration remains limiting on a global deep-time scale. Trench
flexure estimates were capped at 2% in the top 10 km in this work. Uncertainty estimates
from modern subduction zones show variation in hydration extent in the same range as those

used in the calculations of this work (van Keken et al., 2011; Cerpa et al., 2022).

2.3.Phase equilibria modelling
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Phase equilibria modelling was performed using THERMOCALC in the NCKFMASHTO
chemical system utilising version 3.47i (Powell & Holland, 1988) and the internally
consistent thermodynamic dataset 6.2 (updated 6" February 2012) (Holland & Powell, 2011).
The modelled bulk rock compositions are based on a MORB (Chapman & Clarke, 2021),
pelagic sediment from ODP site 800 (Plank & Langmuir, 1998), and the KLB-1 lherzolite
(Davies et al., 2009) (Fig. S1). The utilisation of pelagic sediment was preferred to GLOSS-
type to avoid artefacts in the phase equilibria modelling association to oversaturation of that
bulk-composition to calcium carbonate (Coulthard et al., 2020). The modelled redox
conditions for the MORB were fixed at Fe*/[Fe*™+Fe?"] = 0.15, the metasediments at 0.05,
and the serpentinite at 0.03. Fluid was considered in excess. The relative proportion of free
H,0O was determined by setting H,O at molar proportions that just saturated the low-
temperature and high-pressure equilibria (Clarke et al., 2006).

Pressure uncertainties for the assemblage field boundaries are approximately
+0.1 GPa at the 20 level associated to propagation of thermodynamic uncertainties (Powell &
Holland, 2008; Chapman et al., 2019). The uncertainties account for ~10% variability in H,O
modes in the calculations, which is within that expected for varying bulk compositions in
typical ranges for subducted lithologies (Evans & Bickle, 2006; Palin et al., 2016; Chapman
et al., 2019). At high-P, sediments would approach the solidus (Hermann & Spandler, 2008),
current limitations in phase equilibria models makes assessing the effects of such high-
pressure melting difficult (Fig. S1b) (White et al., 2014).
2.4.Subducted H>O budgets
Utilising modern subduction zone variables and predicted slab thermal histories (Syracuse et
al., 2010), H,O contents across typical P-T arrays of modern sub-arcs were calculated based
on the phase equilibria (Fig. S1). Average H,O released based on phase equilibria modelling

of slabs from modern systems with fast (>90 km Myr™"), intermediate (60>x<90 km Myr™)
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and slow (<60 km Myr™") convergence rates were extracted using two of the end-member
thermal models (D80 and W1300) of Syracuse et al. (2010). The H,O released by MORB for
these thermal models in each of the respective bins is as follows: 15.10£1.51, 0.04+0.004 and
0.004+0.0004 Mole %. The H,O released from pelagic sediment is: 0.047+0.0047,
0.064+0.0064 and 0.068+0.0068 Mole %. The proportions for serpentinite relate to thermal
conditions predicted at the Moho of the downgoing lithosphere resulting in the release of the
following proportions of HyO: 31.03£3.1, 31.0343.10 and 15.77+1.577 Mole %. Uncertainty
on these estimates was based on 2 sigma distributions on the estimates of modes from the
thermodynamic modelling.

The bins of H,O release proportions were utilised in the determination of the sub-arc
budgets via the integration with subduction kinematic data (Fig. 3). The portion of H,O
entering the sub-arc region was determined based on the slab flux rate, densities of the
modelled bulk rocks, normalised to global length of arcs at each million-year time bin. The
estimates consider H,O liberated from structurally bound minerals across typical subduction
heating arrays based on predictions from the phase equilibria modelling (Fig. S1).

The method cannot incorporate undetermined physical subduction variables of
ancient systems, such as slab dip that also influence sub-arc depth conditions (Syracruse et
al., 2010). The time-dependent constraints on the slabs reaching the sub-arc were based
therefore on the convergence rates to a nominal depth of 125 km, consistent with most
predictions of sub-arc depths (100—150 km). These descent rates are like those established in
modern subduction zones (Miiller et al., 2016).

Total uncertainty on the subduction zone H,O budgets was determined using the
propagation of error function assuming 2c level error at each step. The overall uncertainty
varies between 30—70% of the calculated values. To assess the validity of the results, the new

calculations are compared to previous predictions of H,O release in modern subduction zones
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by van Keken et al. (2011). Integration of these values to subduction flux over time produces
similar trends to the results of this work (Fig. 1d). 3. Results

2.5. Magmatic pulses and lulls

Phanerozoic magmatic activity on the continents has shown regular temporal fluctuation that
can be broadly linked to the dispersion or amalgamation of supercontinents (Fig. 1). The
most recent pulses in subduction magmatism occurred at ¢. 150—160 Ma and ¢. 100—130 Ma
(Fig. 1) (Voice et al., 2011). Similar magmatic peaks are observed at c. 250 and 350 Ma (Fig.
1) (McKenzie et al., 2016; Cao et al., 2017; Chapman et al., 2022). Drivers of these magmatic
pulses have been variously linked to estimates of the rate of subduction (Fig. 1: Kirsch et al.,
2016), its angle of dip (Gorzyk et al., 2007), or the length of subduction segments (Domeier
et al., 2018) with mixed results across different arcs. The variability is in part related to
uncertainty in the determination of tectonic parameters in local arc segments, like that of
western North America (Ducea et al., 2007; Martinez Adrila et al., 2019), associated to
sparsely preserved seafloor or the effects of multiple terrane collisions. Furthermore, the rate
of subduction presents only one of the important parameters that influence fluid capacity in
subduction zones (Fig. 1a).

2.6. Subduction flux

The slab flux at convergent margins is directly related to long-term tectonic cycles (Fig. 1b)
(Domeier et al., 2018; East et al., 2019). The breakup of Pangea, beginning in the Triassic,
induced faster global average convergence rates at subduction zones and a contemporaneous
doubling of mid-ocean ridge lengths (Miiller et al., 2016). These dynamics compounded to
produce a peak in circum-Pacific subducted slab volume in the Early Cretaceous (c. 130 Ma)
(Figs 1b & 2). The subsequent slowing of convergence rates and the subduction of younger,
thinner slabs along longer subduction zone lengths have contributed to a general decline in

slab flux until the present day (East et al., 2019).



190 The temporal evolution of the subduction flux between 230 Ma and the present day
191  shows a first order correlation with the Cretaceous pulses in global magmatism (Fig. 1b).
192 Evidence for the correlation is preserved in flare-up events identified in ¢. 100-130 Ma

193 segments of Antarctica, North and South America, New Zealand, Antarctica and northern
194  China, Korea, and Japan (Figs 1 & 2) (Kirsch et al., 2016; Cao et al., 2017; Milan et al.,

195  2017; Tang et al., 2018). Predictions of peaks in subduction flux further back in time also
196  show good correlation with pulses in magmatism in the Phanerozoic at ¢. 250 and 350 Ma,
197  associated with the assembly of Pangea and Laurussia (Domeier et al., 2018; Chapman et al.,
198  2022).

199 Variation in subduction flux is mostly controlled by convergence rates but is

200  enhanced by the thickness of the oceanic crust and the overlying sediment. Unlike oceanic
201  thickness that varies consistently with its age of formation, subducted sediment volume

202 displays more variability over time that can match both high and low magnitude pulses in
203  magmatic activity (Fig. 1d). Periods of thick sediment subduction correlate well with

204  identified episodes of wedge thickening and related metamorphism on arc margins (Fig. 3)
205  (Iwasaki et al., 1995; Gray & Foster, 2004). However, it remains difficult to fully assess the
206  deep burial of sediment due to the uncertainties in the extent of subduction erosion (Clift &
207  Vannucchi, 2004).

208  2.7. Fluid budgets

209  The capacity of subducted lithosphere to carry substantial fluid volumes is dependent on the
210  extent of hydration of its differing lithologies and their absolute volumes. The main

211 influential fluid-bearing components are the lithospheric mantle, the MORB-like crust, extent
212 of abyssal serpentinite, and the overlying pelagic sediments. The age of the subducting

213 oceanic crust influences lithospheric thickness, the extent of hydration, and the lithospheric

214  geotherm (van Keken et al., 2011; Schmidt & Poli, 2014; Syracuse et al., 2019). In turn, the
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thickness of the sedimentary cover varies not only in relation to seafloor age, but also
latitude, and proximity to prominent deltaic systems (Fig. 1¢) (Zahirovic et al., 2022). In
combination these all control the capacity to carry and release H>O and other fluids (CO»,
H,S, SO,) during subduction.

The location of fluid release from a subducted slab is dependent on the P—T path and
intersected of multivariant dehydration reactions (Fig. S1) (Clarke et al., 2006; Schmidt &
Poli, 2014). The specific depth of the sub-arc region on different margins is primarily
dependent on convergence rate as well as slab dip and oceanic crust age (Schmidt & Poli,
1998; Syracuse et al., 2010; van Keken et al., 2011; Cerpa et al., 2022). Higher convergence
rates, or the subduction of older lithosphere induce colder geothermal gradients in the
downgoing plate in modern systems (Peacock et al., 1999; Syracuse et al., 2010).

Subduction zones with fast convergence of old oceanic lithosphere retain greater-
water capacities at sub-arc depths (~30 mol.% H,O: Fig. 3) compared to slower convergence
of younger oceanic lithosphere (~4—15 mol.% H,O: see also van Keken et al., 2011). Colder
geothermal conditions enable retention of hydrous phases to deeper conditions (Schmidt &
Poli, 1998; Grove et al., 2009; van Keken et al., 2011; Poli & Schmidt, 2014; Chapman et al.,
2021). The T-sensitive dehydration reactions are inhibited, enabling phases like lawsonite,
zoisite, phengite, chlorite, and antigorite to persist to greater depths (Fig. S1). In comparison,
in warmer subduction geotherms these hydrous phases breakdown at shallower conditions
(Poli & Schmidt, 2014).

During high slab flux events it is predicted 500-840+100 Tg km™ Myr ™' of H,O
would be entering the sub-arc from the entire downgoing slab (Figs 1 & 3). The background
amount of H,O entering the sub-arc is less (40-200+30 Tg km™Myr™). The relative
contributions to the H,O budget from the lithospheric components during background

subduction is mostly related to serpentinite (97-99%: chlorite and antigorite), less so basaltic
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(~0.5-2%) and sediment (~0.5—1%) contributions (Fig. S2). In a high slab flux event, the
contributions of basaltic (60-90%) and sedimentary (9-50%) sources increase drastically,
with proportional less from serpentinite (0—40%) (Figs S2). Due to the colder and deeper
subduction of the crustal components.

Progressive fluid release from the slab during subduction is known to hydrate or
metasomatise the mantle wedge (Grove et al., 2009; Scambelluri et al., 2019). Hydration
results in the production of serpentinite that will have a volume proportional to the fluid
budget of the downgoing slab (Spandler & Pirard, 2015). Any displacement of hydrated
portions of the mantle wedge or metasomatic rock to higher-P during the channel flow will
provide additional H,O release at sub-arc depths (Scambelluri et al., 2019). Although, the
physical, chemical, and thermal behaviour of this portion of the subduction system remains
poorly constrained and difficult to implement in the calculated budgets (Spandler et al., 2008;
Spandler & Pirard, 2015).

3. Discussion
3.1. Deep time H,0 budgets and magmatism
The production of arc magma is dependent on the liberation of H,O-rich fluid from the
downgoing oceanic plate into the mantle wedge (Ringwood, 1974). Progressive release of
fluid from the subducting plate occurs during its metamorphic transformation from blueschist
to eclogite (Fig. S1: Schmidt & Poli, 2014; Chapman et al., 2019). Temporal increases in the
volume of fluid entering zones of partial melting in the mantle wedge can thus drive the
generation of greater volumes of magma (Ringwood, 1974; Grove et al., 2006). Increasing
the amount of H,O in the sub-arc permits proportionally greater melt production (upwards of
5 times) from that associated with a less hydrated peridotite (Schmidt & Poli, 1998;

Cagnioncle et al., 2007; Grove et al., 2009).
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The first order correlation between periods of greater slab flux and the volume of
magmatism in the overriding plate supports a causal relationship (Fig. 1b). Changes in the
volume and rate of subduction of oceanic lithosphere will have a direct bearing on the H,O
budget before accounting for other subduction variables. The thermal regime and angle of the
subducting plate strongly influence the position of fluid liberation and thus capacity for
related melting in the overlying mantle wedge (van Keken et al., 2011; Schmidt & Poli, 2014;
Chapman et al., 2019). Higher convergence rates, and/or the subduction of older lithosphere,
induce colder geothermal gradients in the downgoing plate and greater fluid liberation
(mostly H,O-rich) from blueschist and eclogite (Fig. 3: Clarke et al., 2006; Grove et al.,
2009; Syracuse et al., 2010). Mantle wedge melting dynamics may also be compounded by
variations in the distribution of heat in the wedge associated with changing angles of
subduction (Gorezyk et al., 2007; Grove et al., 2009; England & Katz, 2010; Perrin et al.,
2018).

To account for some of these additional factors the first time-dependent global
estimate of H,O budgets was established (Fig. 1d) by integrating predictions of HyO-rich
fluid proportions from phase equilibria modelling (Powell & Holland, 1988; Chapman &
Clarke, 2021) with subduction volumes determined from plate reconstructions (Fig. 2)
(Miiller et al., 2016). The tectonic variables of oceanic crust age, lithospheric thickness,
proportions of hydrated sediment, MORB and serpentinite, are directly related to rates of
seafloor spreading (Merdith et al., 2019, 2020). Each of these variables influence the extent
of hydration and alteration of the oceanic lithosphere. The effects of these variables have
been incorporated into the global models of H,O capacity, based on calculations of seafloor
hydration over the last 150 million-years (Merdith et al., 2019).

The integration of these datasets suggests that during high subduction flux periods,

there is a three- to five-fold increase in the H,O released (500-840+100 Tg km™ Myr™) into
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the sub-arc relative to background subduction (40200430 Tg km™>Myr™") (Fig. 1d). The
volume of subducted oceanic lithosphere, regardless of the thickness of sediment, controls
the magnitude of the H,O available to drive magmatism (Fig. 2). The subduction flux is the
first order control, as similar variability in H,O egress is apparent using other estimates of
fluid budgets (van Keken et al., 2011). Displacing the thermally controlled breakdown of
hydrous minerals to higher pressure conditions during high-convergence (>90 km Myr") is
also influential (Schmidt & Poli, 2014; Chapman et al., 2019). In high-flux episodes the main
contributors (>50%) to H,O budgets is oceanic crust and sediment. This equates to ~2—6

times the volume of H,O released compared with low-flux periods (Fig. S2).

Subduction zone fluid budgets directly contribute to the volume of primitive arc melt
generated in the mantle wedge (Grove et al., 2009). Fluid ingress enables more fertile melting
of common peridotite sources (Cagnioncle et al., 2007). Flow dynamics of the mantle
continually introduce fertile (potentially fluid saturated) material into zones of partial melting
in the wedge (Gorezyk et al., 2007; England & Katz, 2010). The mobility of trace elements in
supercritical fluids or melts could contribute to enrichment of arc magmas or the
metasomatism the sub-arc mantle (Ringwood, 1974; Wyllie & Sekine, 1982; Kessel et al.,
2004; Hermann et al., 2006). These additional melt sources could contribute to greater melt
productivity during flare-up episodes.

3.2. Magmatic pulses

Higher resolution testing of how the subduction parameters influence flare-up volcanism can
be established by comparing results from individual arc margins (Fig. 3). During the ¢. 100—
130 Ma ‘flare-up’ in magmatic activity, increases in magma volumes of the main continental
arcs reached 100—1,000 times background levels (Ducea et al., 2007; DeCelles et al., 2009;
McKenzie et al., 2016; Milan et al., 2017). Pulses in magmatism recorded along the

Cretaceous portions of New Zealand and Antarctica show weak correlations to predicted
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periods of high convergence, and episodes for the subduction of thick piles of sedimentary
cover (Figs 3a & b). Instead, the flare-up magmatism at ¢. 100—130 Ma corresponds directly
to an episode of increased slab flux and the related surge in H,O egress (Figs 3a & b). A
similar, though less pronounced association is apparent for volcanism at ¢. 150 Ma, plausibly
linked to higher subducted sediment volumes that match records of accretionary
metamorphism (Gray & Foster, 2004). The timing offset between peak slab flux and
magmatic pulse is consistent with the lags inferred to be associated with descent rates of the
subducting plate, and the timescales of magma and fluid egress (van Keken et al., 2011;
Kirsch et al., 2016).

The coupled relationship between subduction flux and magmatic pulses can be
observed along most of the circum-Pacific arcs in the Phanerozoic. The results of changing
subduction flux can be tracked in the arc magmatic sections of South America (Patagonia)
(Pepper et al., 2016) and north-eastern China—Korea—Japan (Tang et al., 2018). The
volumetric magnitude of the magmatism during a pulses event is more difficult to estimate
with respect to preservation biases in the magmatic record. Despite this, most prominent
increases in subduction H,O budgets are associated to spikes in magmatic activity through
the circum-Pacific arcs (Fig. 3). Coupled episodes of metamorphism in the accretionary
wedges and subsequent arc migration are also supported by predictions of periods of thicker
sediment subduction. Such a causal relationship remains present in older (>150 Ma)
magmatic events even though subduction flux predictions are more uncertain (Fig. 3).
However, local-scale tectonic features on some margins makes comparative analysis on a
global scale problematic. Delayed flare-up age relationships (c. 90—130 Ma) in North
America are consistent with variability in global behaviour during the tectonic re-
organization (Kirsch et al., 2016; Cao et al., 2017; Martinez Adrila et al., 2019). However,

direct assessments of the slab flux are rendered difficult on account of assumptions regarding
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local seafloor convergence that lacks paired isochrons in the North America region as well as
disturbances from terrane docking (Kirsch et al., 2016; Martinez Adrila et al., 2019).

An external underlying tectonic control on magmatic pulse events does not preclude
the operation of additional forcing mechanism associated with crustal processes in arcs (e.g.
DeCelles et al., 2009; Ducea et al., 2015; Chapman et al., 2021). Triggering higher mantle
fluxes at subduction zones aids in the redistribution of heat and the production of melts and
fluids (Annen et al., 2006; DeCelles et al., 2009; Chapman et al., 2017; Chapman et al.,
2021). Changes in heat flow regimes enable fertile crustal material to interact with mantle-
derived liquids and produce additional volumes of magma via crustal anatexis. The processes
can be accentuated by arc compression cycles or the lateral migration of magma pathways
that enable fertile crustal material to interact with high-heat flow domains (DeCelles et al.,
2009; Chapman et al., 2021). The cycles of arc compression or extension are linked to the
rate and style of subduction convergence, though they vary along individual margins (Ducea
et al., 2007; Kirsch et al., 2016). Predicted changes in subduction flux likely contribute to
these magmatic migrations in arcs.

The intensification of advective heat-flow in arc crust is predicted to be associated
with the influx of voluminous, hot, mantle-derived magma (Annen et al., 2006). Isotopic
ratios (enr and "*Nd/'**Nd) of magmas from pulses in Cretaceous arcs across the global are
consistent with the majority (80-90%) of the liquid source contribution being derived from
the mantle wedge (Fig. 3: Kirsch et al., 2016; Milan et al., 2017; Martinez Adrila et al.,
2019). The ratios support an underlying driver associated to changes in mantle melting
dynamics. The evolution of isotopic ratios in arc magmas during a pulse event typically show
a progressive crustal inheritance (lower eyr) from the initial juvenile input (higher epr) (Fig.
3). The spread in isotopic inheritance from New Zealand, Antarctica and East Asia arcs is

consistent with greater crustal interactions during prolonged high-heat magmatic flux,
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associated to secondary melting processes in the arc crust (Fig. 3) (Milan et al., 2017; Tang et
al., 2018). Similar dynamics are observed in other margins, where the volume contributions
from crustal melts may be as large as 50% (e.g. Sierra Nevada) (Ducea & Burton, 2007,
DeCelles et al., 2009; Chapman et al., 2021). There is no consistent correspondence in the
generation of isotopically evolved magmas (low &pf) and the subduction of thick piles of
sediment (Fig. 3) (Herman et al., 2006; Ruscitto et al., 2012). This could relate to erosional
effects during accretion and subsequent delays in dragging of sediment deep into the
subduction system or limited isotopic influence in egressed fluids (Schmidt & Poli, 1998;

Hermann et al., 2006; Clift & Vannucchi, 2004).
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Captions

Figure 1 Global distribution of U-Pb zircon crystallisation ages representative of episodic
magmatic activity in relation to supercontinent cycles (amber bars) (Voice et al., 2011). (a)
Average convergence rates for global subduction zones over the last 230 million years. (b)

Calculated slab flux volumes over the last 500 million-years. Solid lines represent high-
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confidence data established from plate reconstructions in the last 200 Ma and dotted lines are
projections based on longer term plate velocities after Domeier et al. (2018). (c) Predictions
of the average subducted sediment volume over the last 200 million years. (d) Calculation of
the time-dependent fluid flux entering sub-arcs (shadow encompasses uncertainties),

including estimates using H,O input values of van Keken et al. (2011) (green).

Figure 2 Global tectonic plate reconstruction at c. 120 Ma showing arc convergence rates

and age of the oceanic crust.

Figure 3 Comparison of H,O flux (top—line thickness encompasses uncertainties), subducted
sediment thickness (middle) and (bottom) eHf isotope relations against zircon age
distribution on (a) the New Zealand—Antarctica margin from c. 75-200 Ma (Nelson & Cottle,
2018; Campbell et al., 2020). (b) the Antarctica—Patagonia margin from c. 75-200 Ma
(Ducea et al., 2015; Pepper et al., 2016; Nelson & Cottle, 2018; Jordan et al., 2019;) and (c)
the East Asia (northern China, Korea, and Japan) margin from c¢. 75-200 Ma (Iwasaki et al.,

1995; Tang et al., 2018; Osozawa et al., 2019; Ma & Xu, 2021).
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