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The construction of the high-resolution Moho depth model is significant for
studying the characteristics of the complex tectonic movement (seafloor
spreading, plate subduction phenomena) in Papua New Guinea. We calculate
the region’s Moho relief and lithosphere thinning factor using the XGM 2019e
gravity field model and nonlinear fast gravity inversion method under the GEMMA
Moho depth model’s constraint considering the influence of lithosphere thermal
gravity anomaly. The calculation result shows that the Moho depth is between
6—34 km, forming two large depressions in Woodlark Basin (WB) and Solomon
Sea Plate (SSP) with deep scattered islands. In addition, the findings suggest that
Significant differences exist in the shape and tectonic movement intensity of the
North and South oceanic crust at the WB. Nevertheless, the lithosphere extends
evenly inManus Basin (MB). WB collidedwith the Solomon Islands at a higher angle
than the SSP subducted under Bismarck Sea Plate (BSP); strong earthquakes may
frequently occur on both sides and in deeper positions at West New Britain Trench
in the future.
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1 Introduction

Papua New Guinea is in the northeast of Australia and southwest of the Pacific Ocean,
situated at the junction of the Pacific Plate and the Indo-Australian plate, composed of
several microplates (Wallace et al., 2004; Davies, 2012) (Figure 1). The region has undergone
a series of tectonic movements such as plate subduction, arc-continent collision, and seafloor
spreading (Curtis, 1973), which indirectly or directly led to strong earthquakes and tsunamis
(Borrero et al., 2003; Xu et al., 2020). Since the Cretaceous, the convergence and subduction
of the Indo-Australian and Pacific plate caused the rise of seafloor sediments, which in turn
rose to form arcs and collided with the Australian continent (Pigram and Davies, 1987;
Haddad and Watts, 1999). There are still intricate motions between multiple microplates or
accretion blocks. For instance, WB subducted into the Solomon Islands; SSP subducted
beneath BSP; BSP moved southwest due to the Finisterre collision (Wallace et al., 2004);
Finisterre, Adelbert block ran into Guinea Plateau. The interaction between microplates
leads to strong plate coupling (Mann et al., 1998), which results in regional uplift and folds
(Curtis, 1973). The phenomenon of seafloor spreading primarily occurs in three areas,
namely,WB,MB, and SSP, with varying intensities, periods, and forms. The spreading center
of WB moves from east to west at a quick speed of 14 cm/yr from 3.6 Ma and continuously
goes through the spreading center nucleation, expansion, and standstill (Taylor et al., 1999).
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In the young (<1 Ma) back-arc MB (Dyriw et al., 2021), Martinez
and Taylor (1996) found that the spreading center diffuses outward
at a rate of 9.2 cm/yr to form a wedge-shaped oceanic crust. The SSP
spread at a relatively slow rate of 5.8 cm/yr for a long time (Joshima
et al., 1987), which is partially subducted below the BSP and
Trobriand Trench (Honza et al., 1987).

Previous research has investigated variable tectonic movements
from various perspectives. Nonetheless, our understanding of the
overall deep structure characteristics remains limited due to a few
previous research on this aspect, and the existing Moho depth
models have low resolution (up to 0.5°×0.5°). The Moho relief
and lithosphere thinning factor are critical parameters that
present deep structure features: the former describes the overall
crustal structure (Zhu, 2000) and is closely linked to tectonic
evolution, such as plate subduction; the latter indicates the
degree of thinning of the lithosphere, which can measure the
extent and intensity of seafloor spreading. Solving both data with
higher resolution can help us better understand the details and
characteristics of the deep structure of the region.

In recent studies, the Moho relief has been determined through
five different methods: seismic refraction, receiver functions, seismic
reflection profiles, seismic tomography, and gravity inversion
(Aitken et al., 2013). While several seismic techniques provide
relatively accurate Moho depth results, they are limited to
individual points, sections, or strip areas. They are not suitable
for large-scale research due to high costs. As a result, using gravity
data has become a more popular alternative approach in geophysics
due to its high resolution, extensive coverage, and richer sources.
Nonetheless, some hyperparameters must be selected during the
gravity inversion, such as Moho reference depth (the depth of the
normal Earth) and crust-mantle density contrast. To enhance the

accuracy of Moho depth inversion results, many researchers use
seismic data as constraint information to determine
hyperparameters by minimizing the misfit between the
gravimetric solution and the seismic data. For example, Gaulier
et al. (1997) determined the Moho reference depth and crust-mantle
density contrast of the Liguro-Provençal Basin’s Moho depth based
on seismic refraction and reflection data. The Moho depth obtained
by the seismic method was broadly consistent with the gravity
inversion result, with a difference of less than 2 km; Aitken.
(2010) also inverted the Australian Moho depth using various
interface models and seismic data constraints, revealing that
seismically-constrained gravity inversion can generate a well-
constrained and detailed Moho depth model (Abrehdary et al.,
2015).

Gravity corrections are crucial for improving the accuracy of
Moho depth inversion results. In addition to topography and other
common corrections, lithosphere thermal gravity anomaly
correction is essential in Papua New Guinea. Seafloor spreading
results in the extension and thinning of the oceanic lithosphere and
adjacent rifted continental margin lithosphere, resulting in the
geothermal rise and lithosphere lateral density change (Chappell
and Kusznir, 2008), which generates significant lithosphere thermal
gravity anomaly, reaching the maximum at the ocean ridge (Alvey
et al., 2008). Chappell and Kusznir. (2008) obtained lithosphere
thermal gravity anomaly through iterative calculation combined
with the lithosphere thinning temperature field model proposed by
McKenzie. (1978). He considered the existence of the crustal melting
thickness (White and McKenzie, 1989) and evaluated the sensitivity
of the thermal model. Alvey et al. (2008) established multiple plate
reconstruction models to estimate the age of the oceanic lithosphere,
providing more methods for calculating lithosphere thermal gravity
anomaly. After correcting the lithosphere thermal gravity anomaly,
the inversion result will be more accurate and closer to the actual
geological structure (Cowie and Kusznir, 2012; Constantino and
Sacek, 2020).

Based on the reasons mentioned above, we propose to use the
Moho depth of the GEMMAmodel as constraint information, along
with Bouguer gravity anomaly data (After lithosphere thermal
gravity anomaly correction) to obtain the Moho depth and
distribution of lithosphere thinning factors in Papua New Guinea
through gravity inversion, focusing on the Moho relief, seafloor
spreading and microplate subduction. The paper is structured as
follows: 1) Data source: presentation of the Bouguer gravity anomaly
data required for gravity inversion, the GEMMA Moho depth data,
and the relevant data for calculating the lithosphere thermal gravity
anomaly. 2) Methodology: presentation of the gravity inversion and
lithosphere thermal gravity anomaly calculation methods. 3) Results
and discussion: description and analysis of the Moho inversion
results, lithosphere thermal gravity anomaly, lithosphere thinning
factor results, the seafloor spreading features at WB and MB, and
microplate subduction at SSP and WB. 4) Conclusion: summary of
the work carried out.

2 Data source

We use the combined global gravity field model XGM 2019e
(Zingerle et al., 2020) as the raw gravity data. This model integrates

FIGURE 1
Topography and earthquake occurrence in Papua New Guinea.
The earthquake data comes from United States Geological Survey
(USGS) (e.g., earthquakes with a magnitude greater than 5.0 since
1980 are considered); topography data are obtained from
General Bathymetric Chart of the Oceans 2021 (GEBCO 2021); plate
boundary data is taken from Bird. (2003).
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terrestrial and satellite altimetry data based on the spherical
harmonic domain. Its spherical harmonic is 2’ (the spatial
resolution is about 4 km). According to the GNSS/levelling
validation test and Ocean Mean Dynamic Topography (MDT)
calculation results, XGM 2019e′s performance is more consistent
globally than preceding models, especially in the ocean.

For the terrain correction, we use the spherical approximation
classical gravity anomaly obtained from the model minus the
attraction of the Bouguer plate, in which the topography
spherical harmonic model of ETOPO1 data (Amante and Eakins,
2009) up to the same maximum degree is used (Standard density of
2,670 kg/m3 for the continents, −1,025 kg/m3 for the oceans), then
resample the calculations into Bouguer gravity anomaly data with a
spatial resolution of 3′for gravity inversion. The overall variation
range is about −200–400 mGal, showing apparent high anomaly in
several oceanic basins and low anomaly in densely distributed
islands (Figure 2A). There are two major gravity anomaly
gradient zones with drastic variation, located at the junction of
plate subduction, which are the areas where earthquakes occur
frequently. They are the SE-NW trend of SSP-MB and the SW-
NE trend of WB - Solomon Islands-Ontong Java Plateau.

In the study area, only a few Moho depth point data values
obtained by the seismic method exists at WB and Manus Islands, so
we can’t understand the characteristics of Moho relief as a whole.
We only use this data to verify our Moho depth inversion result.
Therefore, this paper intends to use the Moho depth (with respect to
sea level) provided by the GEMMA Earth crust model (Reguzzoni
and Sampietro, 2015) as the depth constraint information. The
spatial resolution of the model is 0.5° × 0.5°, and the Moho depth
error standard deviation is 3.4 km globally. It is calculated using a
uniformly distributed GOCE gravity satellite dataset and
CRUST2.0 seismic information through least squares inversion,
considering many factors, such as differences between major
geological provinces and lateral density variations of the upper
mantle. The model’s gravitational effects are more consistent
with the actual gravity field, so it can be used as a reference for

studying Moho relief in some places lacking seismic data. We select
1760 Moho depth points from the model, as shown in Figure 2B.
Model’s Moho depth is between 5~40 km. Along the SW-NE
direction, the depth decreases slowly, then increases sharply, and
finally decreases gradually. The minimum depth is found at the SSP
and WB, while the maximum depth is at the Solomon Islands and
locations close to the Ontong Java Plateau.

Lithosphere thermal equilibration time (Figure 3) are needed to
calculate the lithosphere thermal gravity anomaly. In oceanic
lithosphere, the lithosphere thermal equilibration time is the age
of oceanic crust, which is taken from Müller et al. (2019). In

FIGURE 2
(A) The calculated Bouguer gravity anomaly, (B) Moho depth of GEMMA model.

FIGURE 3
Distribution of lithosphere thermal equilibration time in Papua
New Guinea.
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continental margin lithosphere, the lithosphere thermal
equilibration time is the age since continental breakup, we set it
as 32 Ma (Wu et al., 2017).

3 Methodology

3.1 Gravity inversion

The fast nonlinear gravity inversion based on spatial spherical
coordinate proposed by Uieda and Barbosa. (2017) is adopted to
study the Moho depth’s solution. This approach considers the
influence of Earth curvature on the calculation result (Uieda
et al., 2015). Moreover, it enhances the inversion calculation
efficiency by using Silva et al. (2014) of replacing Jacobian matrix
with a Bouguer plate.

To reduce the ill-posed solution of the inversion problem,
regularization constraint is introduced to make the inversion
result smoother and closer to the real situation (Silva et al.,
2001). The inversion objective function Γ(P) constructed
according to the gravity data fitting term and regularization term
is as follows:

Γ P( ) � d0 − d p( )[ ]T d0 − d p( )[ ] + μpTRTRp (1)
Where p represents the Moho depth parameter vector, d(p) is

the gravity anomaly prediction data vector calculated by p, d0 is the
gravity anomaly observation data vector, R is the first-order
difference matrix representing the depth of adjacent spherical
prisms, and μ is the regularization parameter.

The Gauss-Newton iteration method minimizes the objective
function. The perturbation vector Δp updates the parameter vector p
through the iteration process until the objective function reaches the
optimal solution. At the k+1st iteration, the parameter vector pk+1 is
updated as follows:

pk+1 � pk + Δpk (2)
The perturbation vector of the kth iteration is obtained by

solving linear Eq. (3):

AkTAk + μRTR[ ]Δpk � AkT d0 − d pk( )[ ] − μRTRpk (3)
A � 2πGΔρI (4)

In which G is the gravitational constant, Δρ is the crust-mantle
density contrast, and I is the identity matrix.

We determine the three hyperparameters needed for the
inversion by two cross-validations: The Moho reference depth
(zref), crust-mantle density contrast (Δρ), and regularization
parameters (μ). The specific process is as follows:

(1) Divide the Bouguer gravity anomaly data into two data sets: test
set and training set. The grid spacing of the training set is twice
that of the test set. We apply the training set to invert the Moho
depth given three different parameters, while the test set data is
used to determine the values of hyperparameters;

(2) Perform the first cross-validation to determine μ. We set the
value range and interval of three hyperparameters, choose one
zref and Δρ randomly and calculate the mean square error

(MSE) between the gravity anomaly obtained by forward
calculation of Moho depth obtained by inversion and the test
set when different μ is selected. The μ corresponding to the
minimum MSE is taken as the final μ;

(3) Perform the second cross-validation to determine zref and Δρ.
Calculating the MSE between the Moho depth obtained by
inversion and the constraint information while selecting
different combinations of zref and Δρ. The zref, Δρ
correspond to the minimum MSE that is taken as the
optimal solution.

3.2 Lithosphere thermal gravity anomaly
correction

To calculate lithosphere thermal gravity anomaly, we first
need to estimate temperature anomaly at different depths in the
lithosphere. We divide the study region into 141×121 grids with a
vertical spacing of 5 km and utilize the lithosphere thinning
temperature field model (McKenzie, 1978) to calculate the
temperature anomaly caused by lithosphere stretching based
on the assumption that the stretching degree of the lithosphere
is equal to the crust. The temperature anomaly in °C, Tz, at depth
z is:

Tz � 2Tm

π ∑∞
n�0

−1( )n+1
n

β

nπ sin
nπ
β

( ) × exp −n
2t

τ( ) sin
nπz
a

( )[ ] (5)

where the base-lithosphere temperature Tm = 1,300°C, lithosphere
cooling thermal decay constant τ = 65 Ma, and the equilibrium
lithosphere thickness a = 125 km (Greenhalgh and Kusznir, 2007).
The description of lithosphere thermal equilibration time t is
provided in the Data Source section.

The selection of lithosphere stretching factor β can be divided
into two cases. For oceanic lithosphere, β � ∞. For continental
margin lithosphere, the original crustal thickness Ctinit is set as

FIGURE 4
Predicted thickness of magmatic as a function of thinning factor.
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32 km (Wu et al., 2017), and β is equal to the ratio of the
original crustal thickness Ctinit to the current crustal thickness
Ctnow derived from gravity inversion. At the rifted continental
margin, decompression melting makes the crust thick until the
seafloor spreads to form a new oceanic crust. Therefore,
thickness of magmatic should be considered and β is
calculated as follows:

β � Ctinit
Ctnow − Ctmag

(6)

where Ctmag is the thickness of magmatic. We use the relationship
between the thinning factor and thickness of magmatic (White and
McKenzie, 1989) to calculate β, set the critical thinning factor
(1 − 1/βcrit) = 0.5 and the maximum oceanic crust thickness
Ct max =10 km (Greenhalgh and Kusznir, 2007) (Figure 4). When
the lithosphere thinning factor (1 − 1/β) is less than 0.5, Ctmag = 0.
On the contrary, the influence of magma on crustal stretching needs
to be considered.

When the temperature anomaly is calculated, the second step is
to calculate the density anomaly. The transition relationship
between temperature anomaly and density anomaly is given by:

Δρ � −αρΔT (7)
in which thermal expansion coefficient α = 3.28 × 10−5 K−1, and ρ =
3300 kg/m3 (Greenhalgh and Kusznir, 2007).

We set each horizontal layer of the grid represents a 5 km thick
layer and calculate the lithosphere thermal gravity anomaly of each
layer in spherical coordinate. Therefore, the total lithosphere
thermal gravity anomaly is the sum of the anomaly calculated for
each layer.

3.3 Calculation process

The final Moho relief is obtained by the following steps
(Figure 5):

(1) Obtain the initial Moho relief. The Bouguer gravity anomaly
data without lithosphere thermal gravity anomaly correction is
used for inversion;

(2) Calculate lithosphere thermal gravity anomaly. The crustal
thickness is further calculated from the Moho depth obtained
in the previous step, and lithosphere thermal anomaly is
computed according to the method described above;

(3) Obtain the final Moho relief. The final Moho depth is got
through inversion using the Bouguer gravity anomaly data
with lithosphere thermal gravity anomaly correction.

FIGURE 5
Iterative calculation flow chart.

TABLE 1 Hyperparameters’ selection before lithosphere thermal gravity
anomaly correction, where zref is Moho reference depth, Δρ is crust-mantle
density contrast, and μ is regularization parameters.

Hyperparameters Value
range

Interval/
Number

Result

μ 10−15 ~ 10−5 20 points 3.6 × 10−15

zref 20–40 km 2.5 km 25 km

Δρ 400–700 kg/m3 25 kg/m3 625 kg/m3

TABLE 2 Hyperparameters’ selection after lithosphere thermal gravity
anomaly correction, where zref is Moho reference depth, Δρ is crust-mantle
density contrast, and μ is regularization parameters.

Hyperparameters Value
range

Interval/
Number

Result

μ 10−15 ~ 10−5 20 points 1.1 × 10−14

zref 20–40 km 2.5 km 25 km

Δρ 500–800 kg/m3 25 kg/m3 775 kg/m3
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4 Results and discussion

4.1 Moho depth inversion results

The spatial resolution of Moho depth inversion results is 0.1 °×
0.1 ° and the relevant information on the hyperparameters’ selection
is shown in Tables 1, 2; Figure 6.

The final inversion result after lithosphere thermal gravity
anomaly correction (Figure 7B) shows that the Moho relief is
consistent with the geological structure and Bouguer gravity
anomaly distribution. The Moho depth ranges from 6 to 34 km.
The Moho depth at SSP is the lowest (6–8 km), WB is about
10–15 km, and they form two large depressions. Fragmented
islands’ Moho is deep, up to 28–34 km. The Moho relief
fluctuates gently at Ontong Java Plateau (17–19 km) and MB
(12–14 km). There are two depth gradient zones with drastic
changes along the strike of SSP-MB and WB-Solomon Islands-
Ontong Java Plateau.

Compared to the inversion results without lithosphere thermal
gravity anomaly correction (Figures 7A,C), the final inversion
result is overall 2–6 km shallower than before. The Moho depth
is significantly reduced at locations with young oceanic crust, such
as WB (4–6 km), MB (3–5 km), and SSP (1–2 km), which are
currently active parts of seafloor spreading, with significant
geothermal upwelling and large lateral density variations. This
produces large lithosphere thermal gravity anomaly, resulting in
great changes in depth after correction. In contrast, Ontong Java
Plateau’s Moho depth decreases only by 1–2 km in a wide range,
where the oceanic crust is old, and there is no active seafloor

spreading, therefore no significant changes in depth after
correction.

The misfit analysis all presents normal distribution (Figures 8C,
9C). The residuals between the gravity anomaly obtained by the
inversion result’s forward calculation and the gravity anomaly
observation have a mean of 0.047 mGal and a Standard deviation
(Std) of 6.59 mGal (Figure 8C). The mean depth difference between
the inversion result and the GEMMA equals −0.3 km, and Std equals
3.45 km (Figure 8D). After correction, gravity residuals’mean value
of 0.04 mGal and standard deviation of 6.29 mGal (Figure 9C); the
depth differences’ mean is 0.18 km, and the standard deviation is
3.31 km (Figure 9D), both of which are reduced from the previous
values, indicating that the lithosphere thermal gravity anomaly
correction has a positive impact on improving the accuracy of
the inversion results.

The depth difference between the final inversion result and the
GEMMA model is smaller in SSP and Ontong Java Plateau than
without lithosphere thermal gravity anomaly correction (Figures 8B,
9B), which is because these areas no longer experience active seafloor
spreading movements, and the lithosphere thermal gravity anomaly
can be more accurately calculated, so these areas’ Moho depth can
better be fitted with the GEMMA model after minor correction. In
contrast, the Moho depth in the final inversion result is smaller than
in the GEMMA model at the southwest corner of MB and WB
(Figure 9B). This difference may arise due to the omission of the
lithosphere thermal gravity anomaly in the GEMMA model
calculation, or it could be attributed to the present-day active
seafloor spreading motion, which leads to errors in the gravity
anomaly and oceanic crust age data, resulting in inaccuracy in

FIGURE 6
Visualization of hyperparameters’ selection. (A, B) are the hyperparameters selection for gravity inversion without lithosphere thermal gravity
anomaly correction; (C, D) are the hyperparameters selection for gravity inversion with lithosphere thermal gravity anomaly correction.
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the calculation of the lithosphere thermal gravity anomaly and
overcorrection.

Gravity residuals are mainly distributed in the trenches (Figures
8A, 9A), and the maximumMoho depth difference is also primarily
located there (Figures 8B, 9B), reaching 8–16 km. This result could
be attributed to the fact that trenches are formed by the collision
between oceanic and continental plates and are situated at the
transition zone between oceanic and continental crust, with a
complex geological structure. As a result, gravity anomaly data
may be inaccurate and lead to significant discrepancies in Moho
depth calculations.

4.2 Lithosphere thinning factor and thermal
gravity anomaly calculation results

Figure 10A presents the calculated lithosphere thinning factor
(LTF), which shows the highest values at SSP and Manus Islands, at
around 1.0, followed byWB, with values ranging from 0.7 to 0.9. The
values at MB are slightly larger than that at Ontong Java Plateau
(0.3–0.4) by 0.1–0.2. The values at fragmented islands range from
0 to 0.3. Additionally, Figure 10B shows that the lithosphere thermal
gravity anomaly (LTGA) is inversely proportional to the age of the
oceanic crust, with the largest at WB (−200~−160 mGal), followed
by MB (−160~ −110 mGal). The values at the SSP range

from −137 mGal to −110 mGal. Other areas, such as the Manus
Islands and Solomon Islands, are usually
between −100 and −70 mGal. In contrast, the values at Ontong
Java Plateau are only −20~−60 mGal.

The lithosphere thinning factor and lithosphere thermal
gravity anomaly exhibit significant differences between WB
and SSP. The SSP continued to spread over the following
10 Ma due to the development of the Solomon rift in the early
Oligocene, reaching its peak in the late Oligocene (Honza et al.,
1987). Consequently, it underwent prolonged lithosphere
stretching and experienced a high degree of thinning. In
contrast, WB has a much faster seafloor spreading rate, higher
temperature anomaly, and thicker crustal thickness (Figure 13A)
than the SSP. The generation of the thin oceanic crust may be due
to colder asthenosphere temperature and very slow seafloor
spreading rate (Greenhalgh and Kusznir, 2007). Therefore, we
speculate that WB has a higher asthenosphere temperature and
more intense seafloor spreading activity than the SSP. These
factors may explain why the thinning factor at the SSP is higher
than that in WB, but the lithosphere thermal gravity anomaly is
lower at the SSP.

The problem with the current study of the lithosphere
thermal gravity anomaly in Papua New Guinea is that we
assumed that the extension of the crust is equivalent to the
extension of the lithosphere. However, there is a significant

FIGURE 7
Moho depth inversion results. (A) Result without lithosphere thermal gravity anomaly correction, (B) result with lithosphere thermal gravity anomaly
correction. The black dotted line is the section profiles. The red dashed rectangular selection range is the area to be studied below. (C) Depth difference
between the inversion results after lithosphere thermal gravity anomaly correction and uncorrected inversion results.
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stretching difference between these units in the actual evolution
process, which we have not yet discussed in our current
calculations. We will focus on this issue in more depth in a
follow-up study.

4.3 Seafloor spreading

Lithosphere thinning factor and crust thickness variation are
critical parameters that describe the extent and intensity of seafloor
spreading. Sudden thinning of the crustal thickness may be
attributed to seafloor spreading (Bown and White, 1994).
Meanwhile, the lithosphere thinning factor measures the degree
of thinning of the lithosphere. Hence, we decide to use these data to
analyse the characteristics of seafloor spreading in two typical areas
(Part of WB and MB).

Study area I is in the southwest corner of the WB, between
Trobriand Trench and Owen Stanley Fault Zone. WB has
expanded from northeast to southwest since 3.4 Ma, and the
spreading centre keeps moving southward. The crustal thickness
is significantly thinner by 10–15 km compared with the
surrounding area (The Solomon Islands and the Australian
plate) (Figure 13B). Seafloor spreading from 1 Ma to the
present has occurred in 151°40′E~152°30′E, 9°30’S~10°30’S

(Benes et al., 1994), SE-NW trend. The oceanic crust
gradually decreases from southeast to northwest (Solid orange
lines in Figure 11A), the corresponding Moho depth is shallower
than the surrounding area, and the variation range is almost
consistent with the oceanic crust (Figure 11A). The spreading
centre is practically located in the central area of the oceanic
crust. It spreads laterally to form a younger oceanic crust
(<0.78 Ma, the dark blue solid line in Figure 11A) with a
more significant thinning.

The oceanic crust displays apparent asymmetry on its
northern and southern sides, with the southern side exhibiting
a wider range and steeper inclination angle than the other one
(Figure 11A). Abers et al. (2002) provided a north-south profile of
Moho depth at the southwest corner of the WB using receiver
function data at 150.8°E. We compared a portion of these results
(9°S-11°S, the solid red line in Figure 11A) with our inversion
results and the GEMMA model. We found that the inversion
results fit the trend of the receiver function results more closely
than the GEMMA model. The gravity inversion results match
well with the receiver function results to the south direction from
the point of coordinate (150.8°E, 10°S), with differences basically
between 0 and 8 km. However, the Moho depth inversion results
are generally lower than the receiver function results towards the
south direction (>8 km) (Figure 12). This discrepancy may be

FIGURE 8
The misfit analysis of Moho depth inversion result without lithosphere thermal gravity anomaly correction. (A) The residuals between the gravity
anomaly obtained by the inversion result’s forward calculation and the gravity anomaly observation, (B) the Moho depth differences between the
inversion result and the GEMMA, (C) histogram of the gravity residuals, and (D) histogram of the Moho depth differences.

Frontiers in Earth Science frontiersin.org08

Liu et al. 10.3389/feart.2023.1143637

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1143637


FIGURE 9
The misfit analysis of Moho depth inversion result with lithosphere thermal gravity anomaly correction. The introduction of (A–C), and (D) is the
same as that of the corresponding pictures in Figure 8.

FIGURE 10
Distribution of lithosphere thinning factor and lithosphere thermal gravity anomaly in Papua New Guinea. (A) Lithosphere thinning factor (LTF), (B)
lithosphere thermal gravity anomaly (LTGA).
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caused by simple shear acting on the rift margin of the southern
side of the lithosphere, resulting in a more complex geological
structure on this side (Benes et al., 1994). Additionally, Taylor
et al. (1999) provided the location of the Continent-Ocean

Boundary (COB) (solid brown line in Figure 11A), which is
situated in the narrow region between longitude 153°–154°5’ E
on the south side of the oceanic crust, representing the boundary
between the thinning continental crust and the normal oceanic

FIGURE 11
Distribution of Moho depth, thinning factor in the study area I and Ⅱ. The first column (A, C) is the two data distribution details of study area I; the
second column is the data distribution details of study area Ⅱ. CBGA is the abbreviation of corrected Bouguer gravity anomaly. Previous research results
are drawn in Figure 11A. The solid brown line represents the COB, where the dotted brown line is the spreading centre (Taylor et al., 1999). The solid
orange line represents the oceanic crust since 1.2 Ma, where the dotted orange line is the spreading centre (Goodliffe and Taylor, 2022). The light
blue solid line is the scope of the oceanic crust older than 0.73 Ma (Benes et al., 1994). The area surrounded by the dark blue line is the younger new-born
oceanic crust, less than 0.73 Ma (Benes et al., 1997). The solid red line is the location of the receiver function line result of Abers et al. (2002). Martinez and
Taylor. (1996) refer to the area enclosed by the solid green line in Figure 11B. ETZ represents the extensional transform zone. WiT, DT, and WT are
transformed faults. The contours in the figures show the age of oceanic crust.

FIGURE 12
Comparison between the previous research results and this paper’s results at WB.
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crust. Meanwhile, the thinning factor is greater on the southern
than on the northern side (>0.8, Figure 11C). These two pieces of
evidence suggest the stronger tectonic movement on the southern
side of the oceanic crust.

At 151°40′E, 9°–11°S, there are significant variations in crustal
thickness and thinning factor, characterized by rapid crustal
thickening (12–16 km) and drastic changes in thinning factor
(0.8–0.3). Towards the west direction from 151°40′E, the terrain is
transformed into a series of mounds and graben structures
associated with continental rift (Benes et al., 1994) lies a
narrow transition zone between seafloor spreading and
continental rifting (Ferris et al., 2006), which is balanced by
transition fault systems (Black dotted line in Figure 11A) (Benes
et al., 1997).

Study area II is primarily situated in the Manus Basin (MB),
which is bordered by New Ireland and New Britain. Receiver
function analysis has determined a Moho depth point of 19.2 km
at the Manus Islands (Xu et al., 2022), which is very close to our
inversion results with a difference of only 0.4 km. The Manus
spreading centre is located in the southeast corner of the MB,
accompanied by an extensional transform zone to its left,
together constituting the seafloor spreading segment. The
relationship between continental rifting and seafloor
spreading is balanced by three transform fault systems: WiT,
DT, and WT (Martinez and Taylor, 1996). The crustal thickness
in the MB and its vicinity remains relatively stable, primarily at
15 km. Moreover, the thinning factor is symmetrically
distributed along the north and south sides of the spreading
segment, indicating that the lithosphere may be uniformly
stretched along the spreading part. Dyriw et al. (2021) also
indicate that the back-arc crust was partially extended before
seafloor spreading, suggesting that the spreading centre

uniformly diffused along the spreading axis (Martinez and
Taylor, 1996).

4.4 Microplates subduction and seismic
activity

We select two profiles with distinct subduction features under
the tectonic background and project the relative earthquakes within
150 km along with the profiles onto them to analyse the relationship
between the Moho relief, earthquakes, and microplate subduction
(Figures 7B, 13C, D).

Profile C-C′ traverses theWestern New Britain Trench, SSP, and
BSP. The Australian Crustal front is embedded within a portion of
the accretion block, influenced by arc-continent collision and block
accretion. It provides upward heat flow (Holm and Richards, 2013),
forming an active West Bismarck volcanic arc. In the first half of the
profile, the Moho depth increases gradually from 10 km to 17 km;
strong earthquakes are primarily distributed along the direction
indicated by the red arrow (Figure 13C), which should be the angle
of the SSP subducted beneath the BSP, severe subduction leads to the
generation of fault systems in the deep crust (Abers, 1994).

Profile D-D’ across WB, East New Britain Trench, Solomon
Islands, and Ontong Java Plateau shows that theMoho depth rapidly
deepens from 8 to 23 km, and earthquakes are primarily distributed
in the deep crust. The red arrow in Figure 13D may indicate the
angle of WB subducted into the Solomon Islands. Therefore, we can
assume that WB subducted into the Solomon Islands at a higher
angle than SSP subducted beneath BSP according toMoho relief and
earthquake distribution, which further suggests that the Solomon
Islands are in a high-stress state, earthquakes on the west side of WB
might be affected by it (Yoneshima et al., 2005).

FIGURE 13
Four selected profiles, of which the locations of the profiles are shown in Figure 7B.
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Earthquakes are primarily concentrated in the Moho depth
gradient zone of Papua New Guinea, particularly on both sides
of the New Britain Trench. The lithosphere thinning factor varies
significantly there, indicating intense stretching and strong deep
crustal tectonic movement. Moreover, the anti-isostatic effect is
most significant in the West New Britain Trench, demonstrating
that underground materials’ distribution is exceptionally uneven
and has a strong trend of isostatic adjustment (Yang et al., 2018),
which may further trigger strong earthquakes.

In addition, the seismic distribution of SSP is mainly
concentrated in the shallow crust. In contrast, the seismic
distribution of BSP decreases gradually from shallow to medium-
deep sources, which means BSP has lower integrity and is less stable
than the former. Therefore, strong earthquakes near the West New
Britain Trench tend to extend further under BSP with the
development of microplate movement.

5 Conclusion

We discuss the characteristics of regional seafloor spreading and
microplate subduction combined with other geophysical data from
the perspective of the lithosphere thinning factor, Moho depth
inversion result based on the gravity field model XGM 2019e by
removing the lithosphere thermal gravity anomaly. The main
conclusions are as follows:

(1) The Moho depth of Papua New Guinea is between 6 and 34 km.
The lithosphere thinning factor is the largest at Solomon Sea
Plate and Manus Islands, values at fragmented islands are close
to 0. The maximum value of lithosphere thermal gravity
anomaly is −200 mGal at Woodlark Basin.

(2) More intense tectonic movement occurred in the southern
oceanic crust at the southwest of Woodlark Basin. Within
Manus Basin, new oceanic crust expends uniformly on both
sides along the spreading axis.

(3) The earthquakes and the Moho relief are closely related to
microplate movement. Woodlark Basin subducted into the
Solomon Islands at a higher Angle than Solomon Sea Plate
beneath the Bismarck Sea Plate.
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