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Abstract. The variation in island arc magma production rates and their influencing mechanisms are of great significance since
island arc magma is considered a main source of continental crust growth. The island arc magma directly originates from the
molten mantle wedge, and the mantle melting is driven by fluids or melts from the subducted slab. Slab dehydration flux
mainly depends on the slab thermal structures, and subducted slab melting requires a sufficiently high temperature. For the
Aleutian subduction system, the subducted Pacific Plate has diverse thermal structures due to the existing fracture zones, ridges
and slab window, so it is an ideal region for arc magma production rate research. However, the previous estimations are based
on seismic profiles that only provide magma production rates at specific regions of the Aleutian arc, and these results are
controversial. Here, we design a magma production rate estimation method based on gravity inversion constrained by deep
seismic profiles. The first overview map of magma production rates along the Aleutian arc strike demonstrates that the magma
production rates have the same trend as the slab dips, and the peaks correspond to the subduction of the fracture zones and
ridges. The potential mechanisms for these correlations are as follows: (1) Slab water flux at subarc depths increases with
increasing slab dip. More fluid flux would induce more mantle melting, and so the arc magma production rates are increased.
(2) Water-rich serpentine is formed by hydrothermal alteration on or near the surface of the subducted slab when there are
fracture zones. Serpentine decomposition at a depth of 80—120 km releases fluids in addition to the fluids released during
normal slab dehydration. Therefore, more fluids induce more mantle melting and correspond a larger magma production rate.
(3) The slab located in the Emperor Seamounts has a relatively high temperature and is also weak, so its melting is easier.

Similarly, more slab melt means more mantle melt and a higher island arc magma production rate.
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1 Introduction

Island arc magmatism is regarded as a main potential source of continental crust growth (Reymer and Schubert, 1984;
Taylor, 1967; Rollinson, 2008; Ribeiro et al., 2015), since magmatic rock produced by arc magmatism is the main component
of the continental crust (Rudnick and Fountain, 1995; Taylor, 1967; Rollinson, 2008). The formation of island arc magma is
influenced by fluids or melts released from subducted slab (Schmidt and Poli, 1998; Grove et al., 2006; Yogodzinski et al.,
1995). Under certain temperature and pressure conditions, the hydrous minerals of the subducted slab dehydrate to release
fluids (Schmidt and Poli, 1998; Grove et al., 2006; Yogodzinski et al., 1995). The fluids enter the mantle wedge under the
island arc and induce the partial melting of the mantle wedge by reducing the minimum decomposition temperature of
peridotite (Turner et al., 2000; Tollan and Hermann, 2019). In addition, the subducted slab can also melt at high temperature
(Schmidt and Poli, 1998; Grove et al., 2006; Yogodzinski et al., 1995). Si-rich slab melting products rise to the mantle wedge
(Yogodzinski et al., 2013; Yogodzinski and Kelemen, 1998; Thorkelson, 1996) and interact with peridotite to form pyroxenite,
which melts prior to peridotite due to its lower solidus (Yogodzinski and Kelemen, 1998; Liu et al., 2005; Zhang et al., 2012).

Island arc magma production rate refers to the newly formed magma volume on the island crust within a per unit length
(1 km) along the arc strike and a unit time (1 Myr) (Dimalanta et al., 2002; Jicha and Jagoutz, 2015; Crisp, 1984). Because the
subducted slab provides fluids and melts, its properties and geological structures, such as slab dips, fracture zones and ridges,
play important roles in island arc magma production rate variations. Therefore, mapping island arc magma production rates is
helpful for understanding slab dehydration and arc magmatism processes and for understanding magmatism mechanisms (Clift,
2004; Jicha and Jagoutz, 2015). The estimation of island arc magma production rates requires determining magmatic thickness
variations in the arc region and constraining the lifespan of magmatic activity (Reymer and Schubert, 1984; Dimalanta et al.,
2002; Jicha and Jagoutz, 2015). Arc magmatic thickness used to be estimated based on seismic profiles (Steven Holbrook et
al., 1999; Lizarralde, 2002). However, the coverage of seismic surveys is very limited, mainly due to high costs. The limited
seismic profiles cannot provide a sufficient overview of the magma production rate along the whole arc strike. With the rapid
development of satellite technology, the accuracy of gravity data has been greatly improved (Sandwell et al., 2014). Gravity
anomalies can be used to map the large-scale Moho undulations (Bai et al., 2019b; Wang et al., 2011; Tenzer et al., 2015). The

crustal thickness can be determined by gravity inversion (Suo et al., 2016), which is an important parameter for estimating the
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magmatic thickness and further for calculating island arc magma production rates.

There is no back-arc spreading behind the Aleutian island arc, so no residual arcs (Fig. 1), which means that the records
of island arc magmatism there are mostly preserved at the present Aleutian arc (Jicha et al., 2011). The subducted Pacific Plate
has diverse thermal structures (Levin et al., 2005) and slab dips (Hayes et al., 2018). In addition, there are fracture zones and
ridges near the Aleutian Trench (Singer et al., 2007; Scholl, 2007), as well as slab window due to the tearing of the Pacific
Plate west of 173°E (Levin et al., 2005; Yogodzinski et al., 2001; Lay et al., 2017). Therefore, the Aleutian island arc is an
ideal region for studying the island arc magma production rate and its potential influencing factors, including slab dips, fracture
zones and ridges. However, the published magma production rates of the Aleutian island arc based on seismic profiles are
controversial. The mean magma production rates of the entire Aleutian arc are (1) 33 km? km™ Myr"! (Reymer and Schubert,
1984), (2) 34 km® km™! Myr™! (Crisp, 1984), (3) 67 km® km™! Myr! (Lizarralde, 2002), and (4) 89 km?® km™ Myr™! (Jicha and
Jagoutz, 2015). The mean magma production rates of the intra-oceanic subduction parts of the Aleutian arc are (1) 75 km? km-
! Myr! (Steven Holbrook et al., 1999), (2) 61 km? km™ Myr! (Dimalanta et al., 2002), and (3) 89 km? km™ Myr™! (Jicha et al.,
2006).

The average rate of island arc magma production cannot reflect the local characteristics, so the variation in arc magma
production rates along the island arc strike is estimated in this paper. Marine gravity anomaly data are used to map the arc
magmatism thickness; the latest geochemical dating results are used to determine the magmatic activity lifespan; then, the arc
magma production rate variations of the whole Aleutian arc are derived. The potential influencing mechanisms will be

discussed by analyzing the relationship between the magma production rate and the tectonic features.

2 Geological Setting

The Aleutian subduction zone is located in the northernmost part of the circum Pacific (Fig. 1), and it extends more than
3000 km from the Kamchatka Peninsula on the west to the Alaska on the east (LEWIS et al., 1988; Jicha et al., 2006; Liu et
al., 2018; Dimalanta et al., 2002). The convergence rates and incoming plate ages decrease from west to east (Miiller et al.,
2008; DeMets et al., 2010; Lay et al., 2017). The formation of the Aleutian island arc is related to a series of plate tectonic

events in the northern Pacific region (Jicha et al., 2006; Steven Holbrook et al., 1999). At 59 Ma or earlier, the Kula Plate
3
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subducted northward, and a convergent boundary was formed between the Kula Plate and the North American Plate (Jicha et
al., 2006; Liu et al., 2018). At 55 Ma, the northward subduction of the Kula Plate was hindered, and the previously formed
convergence zone moved southward and formed the original style of the Aleutian subduction zone. The residual Kula Plate
evolved into the Bering Sea (Fig. 1) (Jicha et al., 2006; Liu et al., 2018; Scholl, 2007). During the next 8 Myr, the Aleutian
Trench was formed by the northward subduction of the Pacific Plate under the Bering Sea (Jicha et al., 2006; Liu et al., 2018).
Between 47 Ma and 40 Ma, the movement direction of the Pacific Plate changed from northward to northwestward (Jicha et
al., 2006; Liu et al., 2018). And the direction change led toward the transformation of the Emperor Seamounts direction (Scholl,
2007; Torsvik et al., 2017; Sharp and Clague, 2006). Hence, there was a bend between Hawaiian and Emperor Seamounts
(Scholl, 2007; Torsvik et al., 2017; Sharp and Clague, 2006).

Geological structures west and east of 173°E of the Aleutian island arc are obviously different. West of 173°E, the
structure is more complex. There is a long strike-slip structure named the Bering Fracture Zone (BFZ), which is considered to
be the main tectonic plate boundary of the westernmost end of the Aleutian islands (Lay et al., 2017; Kogan et al., 2017). The
BFZ separates the Aleutian island arc from the Kamchatka Peninsula (Jonathan M. Lees et al., 2000; Lay et al., 2017; Cross
and Freymueller, 2008; Chekhovich et al., 2014) and the Komandorsky Basin (Jonathan M. Lees et al., 2000). The Pacific
Plate subducts in northwestward inclines, and the oblique extent increases gradually from east to west along the Aleutian island
arc (Davaille and Lees, 2004; Lee and King, 2010; Andrys et al., 2018; Lay et al., 2017). The BFZ is the westernmost end of
the Aleutian island arc, and here, the Pacific subduction direction is almost parallel to the strike of the present island arc (Lay
et al., 2017; Yogodzinski et al., 1995; Chekhovich et al., 2014).

Another characteristic west of 173°E is that there is a slab window. According to geochemical experiments, adakite is
found west of 173°E of the Aleutian island arc (Yogodzinski et al., 2001; Lee and King, 2010; Cai et al., 2014; Levin et al.,
2005), which is a special high-Mg rock (Davaille and Lees, 2004; Yogodzinski et al., 2017; Kay, 1978), and its existence is
often regarded as evidence of a subducted slab tear (Levin et al., 2005; Cai et al., 2014). The shear wave velocity is low, and
there is no deep earthquake in the Aleutian island arc region west of 173°E (Levin et al., 2005; Sdrolias and Miiller, 2006; Lee
and King, 2010). All of this evidence suggests the existence of a slab tear (Davaille and Lees, 2004; Cai et al., 2014; Lay et
al., 2017). Therefore, the slab window is formed due to slab tearing (Yogodzinski et al., 2001; Levin et al., 2005).

4
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In contrast, the structure type is relatively single east of 173°E. There are some fracture zones (Fig. 1), and the subducted
slab dip increases from west to east overall. The axis of the Rat Fracture Zone (RFZ) is approximately 178°E (Geist et al.,
1988; Singer et al., 2013). From 5 Ma to the modern stage of the Aleutian magmatic activity, the junction of the Amlia Fracture
Zone (AFZ) and the Aleutian Trench deflects 300 km westward from below the Yunaska Volcano (Fig. 1) at 171°W and passes

under the Seguam Island (Fig. 1) at 173°W at less than 1 Ma (Singer et al., 2007).

3 Methodology and Data

The island arc magma production rate ( R ) is estimated via

magma

J.B" TmagmadI
BS
Rmagma = - (1)

magma

where, B, and B, represent the arc boundaries; T ... represents the magmatic thickness of each sampling point; and

Liagma Tepresents the magma activity lifespan. Therefore, the arc boundaries, arc magmatic thickness and magmatic activity

lifespan are necessary to map the overview of the arc magma production rate along the island arc strike profile (Fig. 2).
3.1 Mapping Magmatism Thickness

The island arc is formed by accretion of magma to the original basement (Turner et al., 2000; Jicha and Jagoutz, 2015).
Therefore, arc magmatism is the residual part remaining after removing the original basement from the present arc crust. The

original basement thickness is set to 6 km, which is the mean thickness of the residual Kula Plate (Jicha et al., 2006; Garth and

Rietbrock, 2018). The expression of crustal thickness (T, ) is
T.=D,-T,-T,. 2)

where, D, istheMohodepth, T,

. isthe sediment thickness, and T, isthe seawater depth offshore and topography onshore.

The remaining unknown quantity is the Moho depth, which is the interface between the crust and mantle since there are open-
sourced sediment thickness, bathymetry and topography data (please check our section 3.3).

The Moho burial depth variations will be mapped via gravity inversion based on lithospheric density modeling and

5



120

125

130

135

140

https://doi.org/10.5194/se-2019-179 _
Preprint. Discussion started: 4 December 2019 Solid Earth
(© Author(s) 2019. CC BY 4.0 License. Discussions

seismic profile constraints. The free-air gravity anomaly mainly includes gravity effects of the following layers: seawater,

sediment, crust and mantle. Therefore, to estimate the gravity anomaly caused by the Moho undulations ( g, ), Which is the

basis for Moho gravity inversion, it is necessary to calculate the gravity anomaly caused by seawater ( Juwaer )» S€diment

( gsediment )’ crust ( gcrust ) and mantle ( gmantle ):

gmoho = g freeAir (gseaWater + gsediment + gcrust) - gmamle (3)

The gravity effect of each layer is determined by the density variations. Density modeling is a key issue for the Moho
inversion. The seawater density is set to be a constant of 1.03 g cm™ (Edgcomb and Bernhard, 2013; Bai et al., 2014; Amos et
al., 2003); the sediment density is modeled and estimated based on the porosity and sediment depth (Sawyer, 1985; Bai et al.,
2014). The mantle density variations can be converted from the seismic wave structures by the velocity-density relationship
(Isaak et al., 1989; Bai et al., 2019a). The island arc crust can be divided into three layers: upper, middle and lower crusts. In
this study, according to seismic-wave velocities and our gravity simulation tests, the crustal density of the upper island arc is
set to 2.68 g cm™ (Kay and Kay, 1985; Qian and Wieczorek, 2012), the middle island arc (depth between 7 km and 22 km) is
set to 2.93 g cm™ (Kay, 1978; Bai et al., 2013; Calvert, 2011), and the lower island arc is set to 3.18 g cm™ (Kay, 1978;
Nirrengarten et al., 2014). The density of normal oceanic crust is set to be a constant of 2.93 g cm™, which is the same as that
of the middle crust (White et al., 1992; Tetreault and Buiter, 2014) . The density of the mantle without thermal perturbations
is set to 3.30 g cm™ (Wang, 1970; Ranero and Sallares, 2004). After obtaining the gravity anomalies caused by the Moho
undulations, the Moho burial depths are estimated using the gravity inversion method in the frequency domain constrained by

the seismic profiles (Oldenburg, 1974; Parker, 2010).
3.2 Defining Arc Boundaries and Magmatism Lifespan

The island arc boundaries distinguish the Aleutian arc from the surrounding plates. The eastern parts of the Aleutian arc
magmas are accreted on continental crust (Reymer and Schubert, 1984; Jicha et al., 2006), and the western and central parts
of the Aleutian arc magmas are accreted on oceanic crust. The primitive continental crustal thickness varies greatly, but the

oceanic crustal thickness is more uniform (Reymer and Schubert, 1984; Jicha et al., 2006). Therefore, the eastern boundary of
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our rate-estimating area is defined as the Unimak Volcano (Fig. 1), since it is a transitional region between the oceanic-oceanic
subduction and the oceanic-continental subduction (Calvert, 2011). The southern and western boundaries are the Aleutian
Trench and the junction of the Aleutian Trench and the Kuril-Kamchatka Trench, respectively (Fig. 3).

The northern boundary is defined differently at the two sides of 173°E. East of 173°E, arc magmatism driven by
dehydration is shallower than 150 km (Ruppert et al., 2007; Jacob et al., 1977; Davies and House, 1979; Ferris et al., 2003;
Rasmussen et al., 2018). Therefore, the northern border is set to be the 150 km contour of the slab depth. However, west of
173°E, there is a lack of slab subduction with a depth greater than 100 km due to the slab window here (Levin et al., 2005).
The BFZ can be set as the northern border (Jonathan M. Lees et al., 2000; Lay et al., 2017; Davaille and Lees, 2004).

According to the latest 40Ar/39Ar dating and the existing K-Ar age, the Aleutian arc volcanic activity began in the Eocene
Epoch, at approximately 46 Ma (Jicha et al., 2006; Jicha and Jagoutz, 2015). The Aleutian island arc is an active area of

seismicity today. Therefore, the magmatic activity lifespan is 46 Myr.
3.3 Data Sets

The free-air gravity anomalies, seafloor topography, sediment thickness, initial Moho geometry, oceanic crust age, deep
seismic profiles, slab depth and dip are necessary for our magma production rate estimation. The 1 arcmin-resolution global
relief model of the Earth's surface (ETOPO1) (Amante and Eakins, 2009), the 5 arcmin-resolution of the Total Sediment
Thickness of the World's Oceans and Marginal Seas (Straume et al., 2019), the 1 arcmin-resolution global free-air gravity
anomalies (Sandwell et al., 2014), and the 2 arcmin-resolution global oceanic lithospheric age data (Miiller et al., 2008) are
taken as our input. The three seismic profiles collected in the Aleutian region are the arc strike profile BB' and the two arc

crossing profiles AA' and CC' (Lizarralde, 2002; Fliedner and Klemperer, 1999; Steven Holbrook et al., 1999) (Fig. 1).

4 Results

Along a series of integral trails perpendicular to the island arc strike, the first overview map of the magma production
rate along the Aleutian arc is shown in Fig. 4, which is based on the crustal thickness mapped in Fig. 3. The magma production

rates are between 37 km?® km™! Myr! and 89 km® km™! Myr! for the whole island arc, with an average of 61 km? km™ Myr™!
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(Fig. 4b). There is a great rate difference between the eastern and western sides of 173°E. West of 173°E, where a slab window
is located, the average rate is 41 km> km™! Myr™!. East of 173°E, the average rate is 67 km® km™' Myr"!. There are three peaks
on the whole Aleutian island arc (Fig. 4b). Peak A corresponds to the intersection between the Emperor Seamounts and the
Aleutian Trench; this position is in the slab window. Between the Rat and Amlia fracture zones, the island arc magma
production rate decreases from 70 km? km™ Myr™! to 53 km?® km™' Myr™! and then increases to 83 km? km™ Myr™' from west to
east. Peak B corresponds to the Rat Fracture Zone, and peak C corresponds to the Amlia Fracture Zone. Overall, the magma
production rate coincides with the slab dip, mainly increasing from west to east (Fig. 4b). The correlation coefficient between
the rates and dips is 0.83, so the rates are very sensitive to the dip variation. Magma production rates along the Izu-Bonin-
Mariana subduction system also show a close correlation between the magma production rates and slab dips (Bai, et al.,
submitted to EPSL).

The rate uncertainties are mainly due to the accreted crustal thickness, arc boundaries and magmatic activity lifespan.
Figure 5 compares the Moho depths via the seismic interpretation and gravity inversion along the three seismic profiles. The
two results have similar long-wavelength trends, and the root mean square (RMS) between them is 2.8 km. The differences
are from the uncertainties or error of the gravity modeling and seismic measurements, data processing, interpretations and so
on.

To estimate the uncertainties of the rate variations in this paper, a comparison is made with the previous results. However,
the previous estimations are based on different magmatic activity lifespans. After setting the magmatic activity lifespan as 46
Moyr, the former results were 54 km® km™ Myr™! (Reymer and Schubert, 1984), 59 km? km™ Myr™! (Crisp, 1984), 89 km? km'!
Myr! (Steven Holbrook et al., 1999), 81 km® km™ Myr™! (Lizarralde, 2002), 72 km? km™ Myr"! (Dimalanta et al., 2002), and
89 km?® km™! Myr! (Jicha et al., 2006; Jicha and Jagoutz, 2015). All previous values are in the range of our rate estimations
(37-89 km?® km™! Myr™!). This demonstrates that our estimation results are consistent with those results of our predecessors in

general. However, the rates given in this paper are a variety of values.

5 Discussion

The rate estimation results suggest that slab dip, fracture zone, and ridge subduction are potential factors affecting island
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arc magmatism. Therefore, the specific mechanism influencing the island arc magma production rates are discussed mainly

from the former three aspects.
5.1 Influence of Slab Dip Variations on Arc Magma Production Rate

Fluid released from slab dehydration is one of the main driving factors of arc magmatism (Turner et al., 2000; Grove et
al., 2012). The dehydration is mainly controlled by the slab thermal structures(Schmidt and Poli, 1998), which vary with the
subducted slab depths, so fluid flux also varies with the depth (Zheng et al., 2016). Figure 6 shows the water flux variations
according to the burial depths. Approximately 90 % of the water from the slab is released at depths between 60—-80 km under
the forearc region (Ribeiro et al., 2015; Tatsumi and Kogiso, 1997; Kerrick and Connolly, 1998; Schmidt and Poli, 1998;
Gorman et al., 2006). The water released at this depth has no contribution to the formation of the island arc magma that is
restricted by temperature here (Tatsumi and Kogiso, 1997; Schmidt and Poli, 1998; Ribeiro et al., 2015). Most of the remaining
10 % of the water is released under the island arc with depths from 80—150 km, which can induce melting of the mantle wedge
due to the suitable temperature here (Schmidt and Poli, 1998; Ribeiro et al., 2015; Zheng et al., 2016).

Figure 6 also shows the difference in the water flux for the different slab dips: subarc water flux of high dip subduction
is slightly greater than that of the low dip subduction (Gorman et al., 2006; van Keken et al., 2011; Zheng et al., 2016). Note
that even though the water flux released under the island arc region is limited and the water flux difference is small between
the low-dip and high-dip subduction, the mantle wedge melting degree will increase by 10 % by adding a 0.2 % supply of
water (Stolper and Newman, 1994; Pearce and Peate, 1995; Stern, 2002). The melting differences at the mantle wedge will

result in different arc magma volumes and variable arc magma production rates (Fig. 7).
5.2 Influence of Fracture Zone Subduction on Arc Magma Production Rate

The highly fractured oceanic crust and upper mantle exposes a large amount of peridotite to the fracture surface, and the
main elements of peridotite are Fe?*, Mg?** and Si*" (Singer et al., 2013; Manea et al., 2014; Singer et al., 2007; Wehrmann et
al., 2014). The subducting Pacific Plate carries a large amount of matter dissolved in seawater such as Na*, K*, and Cl" (Parendo

et al., 2017). The intense material exchange between peridotite and the soluble matter with different elemental compositions
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is called hydrothermal alteration (StefAnsson and Kleine, 2017; Parendo et al., 2017; Kitajima et al., 2010). The intense
hydrothermal alteration transforms peridotite into serpentinite on or near the surface of the subducted slab (Singer et al., 2013;
Weller and Stern, 2018; Manea et al., 2014; Schlaphorst et al., 2016).

When the water-rich (13 wt %) and light peridotite rises to a depth of 80—120 km, it will decompose due to decompression
(Zheng et al., 2016). Therefore, the fluids produced by the fractured slab are more than those released by the normal slab
dehydration (Singer et al., 2013; Weller and Stern, 2018; Manea et al., 2014; Wehrmann et al., 2014; Singer et al., 2007;
Schlaphorst et al., 2016). More fluids flow into the mantle wedge and promote more mantle wedge melting (Fig. 8) (Ulmer

and Trommsdorff, 1995; Scambelluri et al., 2001; Hacker et al., 2003), which increases the island arc magma production rate.
5.3 Influence of Ridge Subduction on Arc Magma Production Rate

Geochemical evidence shows that there are obvious elemental differences between adakites west of 173°E and basalts
east of 173°E (Defant and Drummond, 1990; Yogodzinski et al., 2001; Levin et al., 2005). The rock difference is due to the
two ways of island arc magmatism: the molten mantle wedge is induced by fluids east of 173°E and by slab melts west of
173°E. The slab window west of 173°E exposes the edge of the subducted Pacific Plate to the mantle (Davaille and Lees, 2004;
Lay et al., 2017; Lees et al., 2007). As shown in Fig. 8, at the edge of the slab window, the hot asthenosphere mantle upwells
and provides a high enough temperature for slab melting. High-Si products emerged after melting of the subducted slab
dominated by basalt oceanic crust (Kay, 1978; Cai et al., 2014; Yogodzinski et al., 2013). The melting of the mantle wedge is
induced by the melting products of the subducted slab (Yogodzinski et al., 2013; Pineda-Velasco et al., 2018; Rosenbaum et
al., 2018), resulting in island arc magma.

At peak A, the subducted slab strength is weak due to the high thermal structure of the seamount located slab (Morell,
2016; Davaille and Lees, 2004; Nishizawa et al., 2017). When the edge of the slab window is at a high temperature, the weak
slab will rupture (LisMancilla et al., 2015; De Boorder et al., 1998). Therefore, the lithospheric mantle and lower crust subside
into the asthenosphere (Kay and Kay, 1993; LisMancilla et al., 2015; Gogiis et al., 2017). The high temperature and low density
materials in the asthenosphere upwell again, which promotes greater melting of the subducted slab (Lee and King, 2010; Levin

et al., 2005; Contreras-Reyes et al., 2008). Therefore, due to ridge subduction, more melting products interact with the mantle
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wedge and induce more magma upwelling, which finally increases the island arc magma production rate.

6 Conclusions

Estimating island arc magma production rates requires arc magmatic thickness, arc boundaries and magmatism lifespan.
Magmatic thickness is mapped via gravity inversion, which is constrained by deep seismic profiles. The boundaries of the
intra-oceanic subduction part of the Aleutian arc are delineated according to the tectonic settings. The newest geochemical
dating indicates that the subduction initiated at 46 Ma. Finally, the first overview of the island arc magma production rate
variations along the Aleutian arc is mapped.

The magma production rate variations along the Aleutian arc indicate that there are mainly three factors affecting the
island arc magma production rate: slab dip, fracture zone, and ridge subduction. The formation of island arcs is mainly due to
the melting of the mantle wedge, which is driven by the fluids and melts from the subducted slabs at the east and west sides of
173°E of the Aleutian arc.

The fluid-driven mechanisms of magmatism are as follows: (1) The slab water flux at subarc depths increases with
increasing slab dip, and the mantle wedge melting degree will increase by 10 % when adding 0.2 % water supply. Therefore,
the island arc magma production rates have the same trend as the slab dips. (2) The new water-rich and light serpentine is
formed in the fracture zones by the material exchange due to the elemental difference between the soluble matter of the
subducted slab and the peridotite exposed on the fracture zones, and it decomposes under the island arc due to decompression.
Therefore, both the slab fluid flux and mantle wedge melting degree are increased where the fracture zone is subducting, and
subsequently, the fracture zones correspond to peaks in the arc magma production rate.

The influence mechanism of the melt-driven factor is as follows: The slab located in the Emperor Seamounts is weak and
more easily molten. Therefore, more slab melts are produced, the melting degree of the mantle wedge increases and more
island arc magmas are produced. Therefore, the ridge subduction at the slab window also corresponds to the arc magma

production rate peak.

Data availability. The datasets used for this research are all recorded in the article, please check section 3.3.
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Figure 1. Topography and Bathymetry of the study area, which is released by Amante and Eakins.(2009). The three black solid lines represent
520

the wide-angle seismic lines AA', BB' and CC'". The yellow arrows show the slab convergence directions, and rates (Lay et al., 2017). The

white rectangular frames are the fracture zones. BFZ: Bering Fracture Zone; MS: Meiji Seamounts.
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Figure 2. Island arc magma production rate estimation flow. The gravity effect of the different layers of the solid Earth is evaluated by
density modeling, and thus, the gravity anomaly caused by the Moho undulations is isolated. The Moho depth can be inverted under the
constraints of the seismic profiles. The accreted magma thickness is estimated based on the Moho undulations. Finally, the magma production
rate variations along the island arc strike are obtained along different arc crossing sections, under the constraints of the island arc boundary

and magmatic activity lifespan.
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Figure 3. Crustal thickness map, which represents the vertical distance between the sediment bottom and the Moho interface. The Moho
depth is obtained by gravity based on lithospheric density modeling. The thick black lines limit the boundary of the intra-oceanic subduction
part of the Aleutian island arc. The labeled gray solid lines represent the contour of crust thickness. The labeled black lines represent the

subducted slab depths. The labeled red lines are the cross sections along the arc strike. MS: Meiji Seamounts; BFZ: Bering Fracture Zone.
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Figure 4. (a) Magmatic thickness is obtained by removing the original oceanic crustal thickness of 6 km from the current arc thickness. The
black dotted line represents the extension of the Emperor Seamounts Chain. (b) The island arc magma production rates and slab dips along
the Aleutian arc. The black solid curve indicates the island arc magma production rates, and the red solid curve indicates the slab dips (Hayes
etal., 2018). A, B and C indicate three rate peaks. RFZ: Rat Fracture Zone; AFZ: Amlia Fracture Zone; MS: Meiji Seamounts. Other symbols

are the same with as in Fig. 3.
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Figure 5. Contrast between the Moho geometries from the seismic interpretations and gravity inversion along the three seismic lines whose
locations are shown in Fig. 1 (Calvert, 2011). Bathymetry is from ETOPO1 (Amante and Eakins, 2009) and sediment thickness is by Straume

545  etal. (2019).
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Figure 6. Water flux variations at different depths for low-dip (a) and high-dip (b) subduction after Gorman et al. (2006). The Water flux
increase with the increase of slab dip. Approximately 90 % of the water is released under the forearc region (depth less than 80 km), and
550 approximately 10 % are released under the island arc (depth between 80 and 150 km), very limited parts are lost under the back arc basin

(depth greater than 150 km).
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Figure 7. The island arc magma formation for low-dip (a) and high-dip (b) subduction after Schmidt and Poli. (1998). The black arrow

555

indicates the mantle flow direction. The water flux at the subarc depths of high-dip subduction is greater than that of at the low-dip subduction.

More water flux at the subarc depths means more mantle partial melting and more island arc magmatism to island arc.
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Figure 8. The 3D cartoon of island arc magmatism when there are is a fracture zone subduction and a slab window. The fluids and melts

represent the parts which can contribute to the island arc magmatism. The fracture zone would supply more fluids because of the formation

560 of serpentine by hydrothermal alteration near or on the slab surface. At the location of the slab window, the asthenosphere mantle upwells,

resulting in melting of the exposed slab edge. Fluids and melts from the subducted slab upwell to the mantle wedge and induce mantle partial

melting of the mantle. The molten mantle then would then contribute to island arc magmatism.
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