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Island arcs are postulated as the juvenile components that contribute to the growth
of continental crust. Growth rates of arc crusts were previously computed using
crustal thicknesses derived from seismic data. Consequently, crustal growth rates of
oceanic island arcs are also constrained by the limited seismic data availability. This
work presents the first comparison of gravity-derived magmatic growth rates of
Western Pacific oceanic island arcs. We used the statistical correlation between
Bouguer anomalies and seismic-derived crustal thicknesses to generate an empirical
formula. The new empirical formula was utilized to estimate the crustal thicknesses
of oceanic island arcs using Bouguer anomalies from the EGM2008 global gravity
model. The resulting crustal thicknesses were employed to compute the magmatic
growth rates of western Pacific island arcs and the Philippine island arc system. The
latest magmatic growth rate estimates show that the magmatic productivity of
Western Pacific island arcs, which are directly associated with Pacific Plate
subduction, is significantly higher (28—60 km?®*/km/m.y). The growth rate of the
Pacific island arcs is higher compared to the magmatic growth rate computed for
the other oceanic island arcs (12-25 km?®*/km/m.y), which are derived from the
subduction of other oceanic lithospheres (i.e., the Philippine Sea Plate; Caribbean
Sea Plate; and Eurasia-South China Sea slabs). This is attributed to the variation in the
ages of the subducting plates. The Pacific Plate, being older, is associated with higher
degrees of serpentinization and sediment cover, which introduce more volatiles
inducing more robust partial melting of the mantle wedge.

KEYWORDS

oceanic island arc, crustal thickness, magmatic growth rate, Bouguer anomalies, western
Pacific, Philippines

1 Introduction

Materials constituting the continents are thought to have possibly originated from the
juvenile products generated in active arcs (e.g., Reymer and Schubert, 1984; von Huene and
Scholl, 1991; Condie, 1997; Kodaira et al., 2007; Turner and Langmuir, 2015). As such, island
arcs can be considered one of the building blocks contributing to the growth of the Earth’s
continental crust. Moreover, studies on collisions of island arcs with continental crust support
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the idea of continental growth through arc-continent collision. This
has been documented in Southeast America (e.g., Byrne et al., 1985;
Mann et al.,, 2002; DeMets et al., 2010; Granja Bruna et al., 2014),
Timor (e.g., Karig et al., 1987; Nugroho et al., 2009; Harris, 2011),
Taiwan (e.g., Huang et al., 1997; Lundberg et al., 1997; Malavieille
et al,, 2002; Byrne et al,, 2011; Hsieh et al., 2020) and the Philippines
(e.g., Yumul et al., 2009; Zamoras et al., 2008; Dimalanta et al., 2009;
Concepcion et al, 2012; Manalo et al, 2016). Deciphering the
processes that control the growth of an arc crust and its structure
is, therefore, crucial in understanding crustal processes that actively
influence magmatic crustal compositions (e.g., Plank and Langmuir,
1988; Farner and Lee, 2017).

The rate of productivity of arc magmatism is attributed to factors
such as the nature of subduction (e.g., rate and angle of subduction)
(e.g., Luo and Zhang, 2018); and the degree of hydration in the
subduction system (e.g., Rupke et al, 2004; Zellmer et al., 2014).
The subducted volatiles can induce flux melting of the mantle wedge
and significantly influence the arc magmatic productivity in a trench-
arc system. Several studies have shown that the amount of subducted
volatiles are somehow related to the age of the subducting plate (e.g.,
Hay et al., 1998; Olson et al., 2016). These studies demonstrated that
older subducting oceanic lithospheres are associated with thicker
sediment covers and higher degrees of serpentinization. These
conditions promote more volatiles to the subduction system
causing a higher degree of flux melting (e.g., Luhr, 1992; Ulmer,
2001; Huang et al, 2006; Zellmer et al, 2014). In addition to
subduction zone magmatism, arc crustal growth can also be
induced via amagmatic contributions primarily from ophiolite
emplacement (e.g., Dewey and Windley, 1981; Rait, 2000;
Dimalanta and Yumul, 2003; Huang et al,, 2015).

In the absence of seismic data, gravity data can be utilized as a
reasonable substitute to estimate the thickness of island arcs. Several
authors used available seismic data and Bouguer anomalies to generate
an empirical formula between the two to compute crustal thickness
(e.g., Worzel and Shurbet, 1955; Woollard, 1959; Milsom et al., 1996;
Assumpcao et al.,, 2013). The studies done by Worzel and Shurbet
(1955), Woollard (1959), and Assumpcao and others (2013) were all
done in continental settings. Milsom and others (1996) also proposed
an empirical equation derived using the average physical parameters
of a continental crust, e.g, a 30-km thickness for a standard
continental crust. Despite this, their equation has been used to
estimate the thickness of the crust beneath oceanic island arcs. It is
worth noting that crustal thickness studies in island arcs using
Bouguer anomalies are not as extensive as crustal thickness
estimates in continents. Reliable crustal thickness estimates for arcs
are provided by ocean bottom seismometer (OBS) data such as that for
the Ryukyu arc (Nishizawa et al., 2017), Izu-Bonin arc system
(Suyehiro et al,, 1996), and Aleutians arc (Holbrook et al., 1999).

2 Bouc{:;ue_r anomalies as proxies to
crustal thickness estimations

One of the earliest crustal thickness models, the CRUST 5.1, was
developed by Mooney et al. (1998). The 5° x 5° crustal thickness map of
the world was produced using published seismic refraction data and
information about the ice and sediment thickness. Subsequent maps
and models with greater resolutions were produced by incorporating
gravity data to address the need for more local-scale studies involving
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crustal thickness models. These studies resulted in the CRUST
2.0 model, which is a 2° x 2° crustal thickness map (Bassin et al.,
2000), and the CRUST 1.0 model, which is a 1° x 1° crustal thickness
map (Laske et al., 2013). While these provide reasonable estimates for
the global distribution of crustal thickness, the resolution of these data
is unsuitable for local studies such as characterizing the crustal
thickness of specific island arcs.

In some island arcs where seismic data are unavailable, passive
geophysical methods, such as the gravity method, are a reasonable
substitute. The gravity method is significantly cheaper, and the spatial
availability of data is also considerably better. The gravity method
operates on the principle that the crust-mantle boundary is often
marked by a significant change in physical properties, including
density (e.g., Maystrenko and Scheck-Wenderoth, 2009; Carbonell
et al.,, 2013). Thus, the depth to the Moho interface is treated as the
crustal thickness (Bai et al, 2014). In theory, due to along-arc
variations in oceanic island arcs, Bouguer anomalies, through
gravity/density inversion, can also be used to produce subsurface
models of the oceanic island arcs. For instance, Bouguer anomalies,
albeit with additional constraints from seismic data, have been
previously applied to produce subsurface models of the Bonin arc
(e.g., Kodaira et al., 2011).

Various empirical formulae have been defined showing the
relationship between Bouguer anomalies and the thickness of the
crust derived from seismic surveys (e.g., Worzel and Shurbet, 1955;
Woollard, 1959; Milsom et al., 1996; Assumpcao et al., 2013; Bai et al.,
2014). Of these formulae, the one proposed by Milsom and others
(1996) has been widely applied to oceanic arc settings (e.g., Dimalanta
et al, 2002; Manalo et al., 2015; Parcutela et al., 2020; 2022). Based on
experimental modeling, they proposed that a 1-km change in the
thickness of a 30-km-thick standard continental crust will be
accompanied by a 16-mGal change in the Bouguer anomaly.

This empirical formula is consistent with the observation by
Huang and others (2006) regarding the relationship between
Bouguer anomalies and depth to Moho in continental settings.
While formulas such as these provide good estimates of crustal
thickness, their applicability might be limited to the specific
geologic setting which the datasets were derived from (Stolk
et al, 2013). An empirical formula based on a continental
setting might not work well for island arc settings, given the
substantial differences between the overall composition of
continental and island arc crust. Although the formula proposed
by Milsom and others (1996) has been used to estimate the crustal
thickness of island arcs (e.g., the Philippines), it should be noted
that their formula was not constrained by ocean bottom
seismometer (OBS)- or multi-channel seismic (MCS)-derived
crustal thicknesses. Hence, there is currently no empirical
formula for the relationship between seismic-derived crustal
thickness and Bouguer anomalies in oceanic island arcs. This
work will estimate the crustal thickness of several oceanic island
arcs without seismic data. This, in turn, will be useful in calculating
arc crustal growth rates using gravity data.

3 Data and methods

The new empirical formula is based on a linear regression analysis
between the seismic-derived crustal thickness of oceanic island arcs
with their corresponding Bouguer anomalies.
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FIGURE 1

Location of the oceanic island arcs used for the regression analysis determining the relationship between crustal thickness and Bouguer anomalies. The
numbers shown in the figure represent the average crustal thickness of these oceanic island arcs derived from seismic data. Bathymetric data used in the base

map was extracted from GEBCO (2022).
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FIGURE 2

Crustal thickness vs. Bouguer anomaly plot for all the arc datasets utilized in this study. A strong negative correlation exists between the two variables as
represented by the negative regression curve and a high coefficient of correlation at 0.7161.

3.1 Crustal thickness data of oceanic island
arcs

Available crustal thickness data of oceanic island arcs with
published crustal thickness sections derived from OBS and MCS
surveys were utilized in this study. Transects signifying pure
oceanic island arc signatures and only crustal thickness estimates
for active modern arcs were selected. These oceanic island arcs are
shown in Figure 1.
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3.2 Empirical formula for crustal thickness
estimations

Crustal thickness sections were digitized and georeferenced to
extract the corresponding Bouguer anomalies from the
EGM2008 model accurately. Profiles depicting the crustal thickness
of modern or active arcs were considered in this study. The Bouguer
anomaly and crustal thickness data are presented in a scatter plot
generated using Matlab plotting algorithms. The scatter plot consists
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of 88 data points (Figure 2). These data were subjected to linear
regression analyses where the dependent variable is the crustal
thickness, the independent variable is the Bouguer anomaly value,
the y-intercept is the constant value corresponding to the thickness of
a standard oceanic arc crust, and the slope is the rate of gravity
signature change per 1-km change in crustal thickness.

A geophysical constraint was further applied to the generated
equation. As discussed earlier, the y-intercept value and the slope of
the line correspond to the standard thickness of oceanic arc crust and
the accompanying gravity signature change per 1-km change in crustal
thickness, respectively. These values are automatically generated as the
best-fit line is produced. However, these can be changed or substituted
by other slope and y-intercept pairs conforming to the generated line.
The average crustal thickness of modern arcs (26 km) (Tetreault and
Buiter, 2014) was used as a starting point. Gravity modeling was
carried out using the 2D GM-SYS plugin of Oasis Montaj version 9.2
(Sharma, 1997).

3.3 Crustal growth rate computations of
oceanic island arcs using gravity-derived
crustal thicknesses

The geophysically-constrained empirical formula was applied to
the Bouguer anomaly grid of several oceanic island arcs to compute
their respective crustal thicknesses. The resulting crustal thicknesses
were used to compute the magmatic addition rate of these oceanic
island arcs following the methodology introduced by Reymer and
Schubert (1984). This method is summarized in the equation below:

CT_; X Area

G thrate =
rowthrate = - SAX Age

where: CT ; = arc crustal thickness (7-km-thick oceanic crust already
removed), CSA = cross-sectional area of the arc, and age = age of
initiation of subduction.

For island arcs that were included in the study of Dimalanta
and others (2002), we adopted the values used for the arc area and
cross-sectional areas. For the other island arcs, the areas and cross-
sectional areas were calculated using ArcMap version 10.6.1. The
measured areas were multiplied by the crustal thicknesses obtained
by applying the generated empirical formula to the EGM2008-
derived Bouguer anomalies. The 7-km average thickness of
standard oceanic crust was subtracted from the crustal thickness
which yielded the volume of the arc magmatic material. The
volume was then divided by the arc length to determine the
magmatic contribution per square kilometer. The values were
then divided by the age of initiation of subduction to derive the
crustal growth rate from magmatic contributions (Reymer and
Schubert, 1984).

4 Results and discussion

4.1 Linear regression analyses and gravity
modeling

A regression plot was generated with the crustal thickness as the

dependent variable and the Bouguer anomaly as the independent
variable (Figure 2). The observed relationship was used to determine
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whether Bouguer anomalies could yield reliable estimates of the crustal
thickness of oceanic island arcs. A negatively sloping best-fit line
represents the relationship between the two, ie., a high Bouguer
anomaly is associated with a thin crust and vice versa. This is
expected since the depth or the distance of a dense body from the
observation point is a significant factor affecting the Bouguer anomaly
(e.g., Weilly, 1961; Chakravarthi et al., 2007). Considering that shorter
wavelength gravity signals were removed in a typical oceanic arc
setting, the main density contrast occurs between the arc crustal layers
and the upper mantle. A thicker arc crust means that the mantle is
situated farther from the observation point (ie, ground) when
compared to thinner arc crusts. This would then cause the Bouguer
anomalies at a particular observation point to decrease.

The R? value of the plot in Figure 2 is 0.7161. This means that
crustal thickness only accounts for 71% of the observed variations in
the Bouguer anomalies. This is acceptable, considering that several
elements within the arc crust can also cause substantial density
differences. For example, seismic studies of several oceanic island
arcs revealed the presence of a middle crust in oceanic island arcs.
These middle arc crustal layers vary in thickness and general
composition as deduced from seismic velocities. For instance, the
Aleutians arc is inferred to have an andesitic to basaltic middle crust
(Fliedner and Klemperer, 1999; Holbrook et al., 1999; Lizarralde et al.,
2002; Shillington et al., 2004). On the other hand, the Izu-Bonin arc,
represented by green squares plotting way above the regression line, is
inferred to have a granitic middle crustal layer (Suyehiro et al., 1996;
Takahashi et al., 2007). The presence of this granitic middle crustal
layer induced a major change in the expected gravity signatures which
caused the points to deviate from the regression line (Figure 1).
Furthermore, there are reports associating the observed
discrepancies between Bouguer anomaly-derived crustal thicknesses
with those derived using seismic data. These were attributed to the
effects of deep structures in subduction zone systems (e.g., Zhao et al.,
1994; Lo et al., 2018). Since we adopted a constant density contrast
representing the crust-mantle interface for the computations of the
Bouguer anomalies, the presence of these other bodies at depth might
require a revised density contrast for the calculation of the Bouguer
anomalies. This might have caused the slight deviation between the
Bouguer anomalies and crustal thicknesses relationship in these
regions. Despite this being the case, the computed R still indicates
that crustal thickness values can be predicted from Bouguer anomalies.

Following the concept used by Milsom and others (1996) for their
empirical formula, the intercept of the equation, which in this case is
40.31 km, should represent the standard thickness of an oceanic island
crust wherein a 1-km change from this thickness is accompanied by a
gravity signature change equivalent to the reciprocal of the slope,
which in this case is 9 mGal. However, based on available geologic
data, the 40.31-km standard is too thick for oceanic island arcs. Thus,
this indicates that the equation herein should be constrained using the
average crustal thickness (26 km) reported by Tetreault and Buiter
(2014). This will serve as a starting point for plotting the other linear
equations that may fit the dataset (Figure 3). Multiple lines with set
coefficients from 25 to 30 were plotted in Figure 3. These lines are
characterized by their unique slope-intercept value combinations.

Gravity modeling of an arc lithosphere with an average arc density
of 279 g/cm’® and an average mantle density of 3.3 g/cm’ was
performed to determine which of these linear equations can satisfy
the geophysical constraint. Several iterations of gravity modeling
revealed that in a 29-km-thick arc crust, a 1-km change in the
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Plot showing the other regression curves that fit the dataset. The intercepts of the selected lines were determined following the average arc crustal
thickness reported by Tetreault and Buiter (2014).

TABLE 1 New magmatic growth rates computed for oceanic island arcs using Bouguer anomaly-derived crustal thicknesses. Crustal thicknesses were computed
following the methodology forwarded by Reymer and Schubert (1984).

Subducting Bouguer Crustal Arc Volume Age (m.y.)/ Magmatic growth
basin anomaly thickness (km) length (km?) References rate (km3/km/m.y.)
(mGal) (km)

Izu-Bonin Pacific 162 20 285 840,000 49 Taylor (1992) 60

(Northern)

Izu-Bonin Pacific 158 20 290 650,000 49 Taylor (1992) 30

(Southern)

Kermadec Pacific 220 17 250 54,000 45 Whattam et al. 28
(2008)

Tonga Pacific 152 21 393 392,000 27 Kroenke et al. 37
(1993)

Mariana Pacific 169 20 431 970,000 45 Taylor (1992) 50

Vanuatu Pacific 98 24 900 25,000 12 Greene et al. 38
(1994)

Leeward Antilles Caribbean 142 21 90 32,500 30 Braszus et al. 12
(2021)

South Sandwich South American 250 15 400 260,000 20 Barker (1995) 27

Ryukyu Arc Philippine Sea Plate 118 22 800 600,000 30 Hall (2002) 25

East Philippine Arc | Philippine Sea Plate 63 26 140 17,000 5 Ozawa et al. (2004) 24

(Bicol segment)

Luzon Arc South China Sea 41 27 320 126,200 22 Bellon and 18

(Northern Luzon Yumul (2000)

segment)

Luzon Arc (Bataan South China Sea 66 25 41 10,300 22 Bellon and 11

segment) Yumul (2000)

crustal thickness is accompanied by ~18 mGal change in the total
gravity signature. The reciprocal of 18 is 0.056, which should be the
slope value for the linear equation that satisfies the results from the

geophysical modeling. The closest fit among the available equations is
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observed with the linear equation where y = 29—0.0523x. This linear

equation can be rewritten to conform with the format of the equation
of Milsom and others (1996). Based on the results of the statistical
analysis and geophysical constraint, the empirical formula proposed to
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TABLE 2 Comparison of the volume, age, and magmatic addition rates between Reymer and Schubert (1984), Dimalanta et al. (2002), and this study.

Volume (km?3/km)

Addition rate (km*/km/m.y.)

Reymer and Schubert (1984)

Izu-Bonin 1,250 45 28
Marianas 1,750 45 39
Tonga 1,950 60 33
Vanuatu 1,700 60 28
Dimalanta et al. (2002)
Izu-Bonin 2,950 49 60
Marianas 2,250 45 50
Tonga 1,500 27 56
Vanuatu 2,365 25 95
This study
Izu-Bonin 2,947 49 60
Marianas 2,251 45 50
Tonga 997 27 37
Vanuatu 460 38 38

estimate the crustal thickness of oceanic island arcs using Bouguer
anomalies is as follows: CT = 29—AgB/18, where CT = crustal
thickness and AgB = Bouguer anomaly. Based on the results of the
statistical correlation and gravity modeling, we propose a thickness of
29 km for the oceanic island arc crust, which is thicker than the 26-km
crustal thickness obtained by Tetreault and Buiter (2014). Their value
was derived by getting the average of the crustal thickness values from
26 island arcs, which include remnant arcs and extinct arcs as well as
arcs formed from the subduction of a continental crust.

4.2 New arc magmatic addition rates for the
Western Pacific island arcs

Using the crustal thickness estimates computed from regional gravity
data, new arc magmatic addition rates of the oceanic island arcs in the
western Pacific were computed following the methodology proposed by
Reymer and Schubert (1984) (Table 1). Furthermore, since these
magmatic addition rates were derived from identical data types and
methodologies, a comparison between these rates can be made in a more
straightforward manner. As such, the observed differences in the
computed arc magmatic addition rates can be used to infer the
subduction conditions affecting the magmatic productivity in these
island arcs. Table 1 shows the distinction between the arc magmatic
growth rates between Pacific island arcs in comparison with other island
arcs. The Pacific island arcs (i.e., Bonin, Izu, Kermadec, Mariana, and
Vanuatu) recorded higher growth rates (28-60 km*/km/m.y.) (Table 1).
On the other hand, oceanic island arcs caused by the subduction of other
younger and smaller plates (i.e., the Philippine Sea Plate, the South China
Sea Plate, and the Caribbean Plate) recorded lower arc magmatic addition
rates. This is clearly shown in the computed growth rates for the East
Philippine Arc, Luzon Arc, Ryukyu Arc, and Leeward Antilles Arc, which
range from 11 to 26 km*/km/m.y. (Table 1).
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As mentioned earlier, arc magmatic productivity can be generally
influenced by: (1) the nature of subduction, which includes the rate of
subduction and angle of subduction, and (2) the amount of sediment in
the slab as a function of age. Regarding the rate of subduction, which can
be inferred indirectly from the plate velocity, both the Pacific Plate and
the Philippine Sea Plate move northwestward. They do not show
significant differences in their velocities at approximately 10 cm/year
(e.g., Seno et al,, 1993). In terms of subducting angles, it seems that older
oceanic plates are characterized by steeper slopes as compared with
younger subducting slabs. For instance, the subduction of the older
Pacific Plate generally shows steeper subduction angles except for some
parts subducting further west. Holt et al. (2018) showed through 3-D
numerical modeling of seismic data that the Pacific Plate subducting
under Japan featured shallow/gentle slab dips. However, the region of
the Pacific Plate subducting beneath the Philippine Sea Plate through
the IBM trench system is characterized by steep to overturned slab dips
(Lallemand, 2016). On one hand, the subduction of younger slabs is
generally characterized by gentler slab dips. For instance, the subduction
of the South China Sea (SCS) beneath the Manila trench is characterized
by gentler slopes, albeit with significant differences from north to south.
The northern part of the SCS subducts at a relatively shallower dip of 45°
due to the subduction of a buoyant plateau. Further south, the angle of
subduction becomes steeper at ~75° (Fan et al., 2016) This is inferred to
have been caused by the collision between the Philippine Mobile Belt
and Palawan micro-Continental Block (PCB) at the central Philippines
(Chen et al, 2015). The Philippine Sea Plate was also reported to be
subducting beneath the Ryukyu Arc at a dip of ~75° as identified from
the Wadatti-Benioff zone and seismic tomography (e.g., Bijwaard et al,,
1998; Widiyantoro et al., 1999; Wang et al., 2008; Wei et al., 2015). The
angle of subduction of these island arcs, among other factors related to
plate kinematics, is greatly influenced by the age of the subducting slab
due to density variations. Previously, it has been established that the
angle of subduction affects arc-trench gap (e.g., Cross and Pilger, 1982).
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The exact mechanism of how magmatic productivity can also be
affected by the dip of subduction remains to be further investigated.

Other factors related to age that can possibly directly affect the
magmatic productivity of oceanic island arcs are the sediment
thickness and the degree of serpentinization in the subducting slab.
The variation of sediment thickness with the age of the subducting
oceanic crust might explain this phenomenon. Generally, older
oceanic plates are associated with thicker sediment covers and
higher degrees of serpentinization as compared to younger
subducting plates (e.g., Hay et al, 1988; Olson et al, 2016;
Grevemeyer et al.,, 2018). Sediment cover and a higher degree of
serpentinization in the older oceanic crust would contribute to a
higher volume of slab-derived fluid during slab dehydration at
depth which in turn results in a more robust melting of the mantle
wedge. Furthermore, other works have shown that dehydration of
the underlying serpentinites during the subduction of a highly
serpentinized oceanic crust promotes the melting of the overlying
sediments (e.g., Skora and Blundy, 2010). After which, the
subducting sediments partial melts will rise and interact with
the overlying mantle wedge causing subduction-related
magmatism (e.g., Grove et al, 2012; Cruz-Uribe et al., 2018;
Forster and Selway, 2021). This higher degree of volatiles
introduced to the subduction system as a function of the age of
the subducting slab might explain why the computed arc magmatic
addition rates for the Pacific island arcs are higher (28-60 km*/km/
m.y). Previous works have shown that the subducting ~132 Ma
Pacific slab along its western margin beneath the Izu-Bonin-
Mariana trench arc system (Oakley et al., 2008) is marked by
significantly thick sediment covers ranging from 0.5 to 2km
(e.g., Abrams et al, 1993). Furthermore, the presence of
serpentinite seamounts west of the Izu-Bonin-Mariana trench
arc system is postulated to have been caused by old slab
devolatilization due to the subduction of the Pacific Plate (Fryer
and Hussong, 1981; Fryer and Fryer, 1987; Fryer and Mottl, 1992).
Moreover, the chemistry of the vent fluids in the proximity of these
serpentinite seamounts is an indication of the presence of a
serpentinized mantle beneath the edifice of these volcanoes
related to the IBM trench system (Oakley et al., 2008). These
are pieces of evidence of the previously forwarded concept that
subduction of older oceanic plates is associated with thicker
sediment subduction and a higher degree of serpentinization,
which in turn caused the higher arc magmatic productivity
observed for the Pacific island arcs.

This is compared to the lower magmatic addition rates
computed for oceanic island arcs created by the subduction of
younger minor plates (11-26 km’/km/m.y). A similar distinction is
also observed between the two volcanic arcs in the Philippine island
arc system. The Luzon arc is characterized by a relatively lower
growth rate (11-18 km?*/km/m.y.) compared to the East Philippine
arc, which has a growth rate of 24 km’/km/m.y. (Table 1). The
Luzon arc and the East Philippine arc are products of the
subduction of the South China Sea and the West Philippine
Basin, respectively. The South China Sea has a proposed age of
32 Ma (Barckhausen et al.,, 2014), whereas the West Philippine
Basin has a suggested age of 55 Ma (Deschamps and Lallemand,
2002). Moreover, reported sediment covers on the South China Sea
Basin subducting beneath the Manila Trench are reported to be
ranging from 100 to 1500 m. These values are deduced from seismic
velocity profiles converted using a water velocity of 1,480 m/s
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(Hayes and Lewis, 1985; Armada et al., 2020). While the
observed magmatic growth rates showed concurrence with the
age of the subducting slabs, this work does not discount the role
of other factors which affect the composition, structure, and
thickness of different arc crusts, such as crustal anatexis (Izu-
2008);
processes (Kuril Arc—Tsumura et al., 1999); degree of back-arc

Bonin-Marianas Arc—Tatsumi et al, delamination
spreading (Tonga Arc—Zhao et al., 1997), and the level of maturity
in crustal evolution (Aleutian Arc—Holbrook et al., 1999). This
work presents the latest estimates of the magmatic productivity of
oceanic island arcs. Since the method proposed in this study made
use of gravity data, we could provide crustal growth rates to more
island arcs in comparison with previous works. In this work, the
differences in the computed magmatic productivity rates for
specific island arcs were attributed to the age of the subducting
slab (e.g., older slabs tend to contain thicker sedimentary cover and
higher degrees of serpentinization than younger ones). While our
results showed concurrence with what is to be expected of the
resulting magmatism based on this parameter, future works
considering the other factors may improve the values derived
from this study.

The values obtained from this study were compared with the results of
Reymer and Schubert (1984) and Dimalanta and others (2002). As shown
in Table 2, both the estimates from Dimalanta and others (2002) and this
study are significantly higher compared to that of Reymer and Schubert
(1984). The difference in the computed magmatic addition rates for this
study and that of Reymer and Schubert (1984) represents the
improvements in how crustal thicknesses are computed over time.
Crustal thicknesses used in this study were derived from a more
robust dataset and were guided by improved assumptions regarding
the nature of oceanic island crusts. The estimates obtained by Dimalanta
and others (2002) and this study are nearly identical, even though the
former based their estimates on both seismic and gravity data while the
latter solely based the estimates on Bouguer anomaly-derived crustal
thicknesses. This might be a testament to the robustness of the empirical
formula proposed in this study. Furthermore, since this study made use of
estimates from gravity data, we were able to provide magmatic addition
rates to more island arcs as the computations are no longer limited by
seismic data availability.

5 Conclusion

This work presents a new empirical formula that can be employed
to estimate crustal thicknesses of oceanic island arcs using Bouguer
anomalies. The new empirical formula presented in this study could be
applied to areas that have limited seismic data for crustal thickness
estimates (e.g., Banda and Sunda Arc). A new set of arc magmatic
addition rates computed from Bouguer anomaly-derived crustal
thicknesses using this formula was also generated. Oceanic island
arcs directly related to the subduction of the relatively older Pacific
Plate are observed to record higher magmatic addition rates compared
to other oceanic island arcs. This is possibly due to the difference in the
amount of volatiles released to the mantle wedge during the
subduction of oceanic plates with varying ages. The distinction in
the magmatic addition rates between the subduction of older and
younger oceanic lithosphere is also observed in the Philippine Island
Arc system. This suggests that the magmatic productivity is controlled
by the nature/degree of hydration of the subducting slab, which
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highlights the complexity of arc magmatism in relation to different
subduction conditions.
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