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The resistivity structure of an extinct mid-ocean ridge is significant in understanding the evolution of a mid-ocean ridge from its spreading phase to its dying phase. The magnetotelluric (MT) method is a crucial tool in studying the deep resistivity structure as it is sensitive to resistivity which is affected by heat and allows for imaging of the electrical properties of the mantle. While modern electromagnetic data has enhanced our understanding of the deep structure of rapidly expanding and ultra-slow expanding mid-ocean ridges, the deep electrical structure below extinct mid-ocean ridges has not been studied extensively.In July 2020, marine MT instruments were deployed in the southwest subbasin of the South China Sea to study the resistivity structure below a stalled mid-ocean ridge. The study found that the imaged thickness of the lithospheric lid (>100Ωm) varies between 20 and 90 km, exhibiting a positive correlation with its age. The melt ascent channel is closed below the stalled mid-ocean ridge, and the melt falls back and forms a small melt trap below the dead mid-ocean ridge. In the northwest survey line of oceanic ridge, huge low-resistivity anomalies (<1Ωm), located between 80km and 160 km depth. In the southeast survey line of oceanic ridge, there is a slightly smaller low-resistivity anomalies (<1Ωm). These results indicate that partial melt continues to exist after the cessation of spreading at the mid-ocean ridge. The lithosphere-asthenosphere boundary (LAB) and the ocean basin of the South China Sea experienced a certain magmatic transformation during the cooling and falling process. According to the resistivity, temperature, pressure, and SEO3 model, the melt content is estimated to be approximately 1-12%. The electrical structure of the mantle in the South China Sea is an important basis for studying the current state beneath the ceased spreading mid-ocean ridge.
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Introduction

The magma generated during mid-ocean ridge spreading plays a crucial role in the rifting and fracturing processes of passive continental margins in marginal seas. The amount of magma determines the process of lithospheric rupture and the mode of fracturing in these margins (Forsyth and Chave, 1994; Evans et al., 2005; Peace et al., 2018; McKenzie et al., 2005). Additionally, the magma generated by mantle upwelling is fundamental to crustal formation at mid-ocean ridges, with the majority of crustal material formed at these ridges (Bown and White, 1994; Zhou and Dick, 2013). It also influences various features, including seafloor morphology, gravity anomaly distribution, crustal volume, and the shape of the mantle melting zone (Reid and Jackson, 1981; Macdonald et al., 1991; Forsyth, 1992). Therefore, understanding the generation, transport, and storage mechanisms of melts beneath mid-ocean ridges is of utmost importance from a tectonic perspective. Even for extinct mid-ocean ridges, where lithospheric rupture has ceased, the intrusion of magma from below still impacts the structure of the oceanic crust (Jokat et al., 2003). This suggests that beneath these extinct ridges, there may still be upwelling from hotspots, ancient mantle differentiation, or some influence from subduction processes (e.g., Dunn and Martinez, 2011; Dalton et al., 2014). Therefore, studying how the internal heat circulation in marginal seas during the fallback process of upwelling magma affects regional tectonics remains a meaningful endeavor.

The South China Sea (SCS) basin is a rhomb-shaped oceanic basin that formed approximately 32-16 million years ago, with a north-south to northwest-southeast orientation (Taylor and Hayes, 1983; Briais et al., 1993; Pin et al., 2001; Barckhausen and Roeser, 2004; Li et al., 2007; Franke et al., 2014). Within the SCS, there are three distinct oceanic subbasins: the Northwest Sub-basin (NWSB), the East Sub-basin (ESB), and the Southwest Sub-basin (SWSB; Figure 1).Even after the cessation of spreading, the South China Sea remains an area of active magmatic activity (Xu et al., 2012; Huang et al., 2019). Analysis of drilling, seismic surveying, and geophysical imaging results indicate that the magmatic activity in the SCS during the Cenozoic era exhibits various styles, multiple phases, and diverse compositions (Zhao et al., 2010; Yan et al., 2014; Song et al., 2017).




Figure 1 | The locations of the main tectonic characteristics and MT line in the South China Sea region are indicated on the bathymetry map, with a total of 34 valid measurement points.The bathymetric map, derived from the SRTM15_PLUS data (Tozer et al., 2019), highlights the position of the South West Sub Basin (SWSB). The top-left corner of the map indicates the geographical location on Earth. Within the inset box at 12°30′N, 33 sea-floor magnetotelluric stations (represented by red circles) were deployed across the ridge axis. The measured line spans approximately 260 kilometers. The names of the stations and their corresponding water depths can be seen in Figure 2. The red dots denote the sites (U1433 and U1434) of the International Ocean Discovery Program Expedition 349, while the red triangles indicate the dredge sites: 3yDG (Qiu et al., 2008), S04-14-1, and D10 (Yan et al., 2014). The thick black dashed line represents the boundary between the East Subbasin and the Southwest Sub-basin.



In the southwestern sub-basin (SWSB) of the South China Sea, there is a paleo-spreading center that formed along the NE-SW direction. Multiple seismic imaging studies have shown that the magmatic activity in this basin is highly active. In the central part of the spreading ridge, there are large-scale and numerous igneous bodies (Xu et al., 2012; Zhang et al., 2016). However, at the tail end of the spreading ridge, there are more igneous bodies, but they are smaller in size (Zhou et al., 1995; Li et al., 2014).Geochemical analysis has revealed that most volcanic activities in the area exhibit enrichment characteristics, which may be related to deep-seated mantle magma and the recycling of subducted slab material (Franke et al., 2010; Yu et al., 2018; Zhang et al., 2018). Due to a lack of understanding and ongoing debates about the deep-seated structures, the mechanism of expansion, as well as the extent and distribution of magmatism in the southwestern sub-basin (SWSB) of the South China Sea, remain unclear.

In the past several decades, marine magnetotellurics (MT) has emerged as a crucial method for studying the Earth’s internal structure and geodynamics. It has been used to investigate phenomena such as hotspots (e.g., Nolasco et al., 1998), the lithosphere-asthenosphere boundary (LAB) (Schlindwein and Schmid, 2016; Stern et al., 2015), subduction zones, and other processes involving melting and hydration (e.g., Worzewski et al., 2011; Naif et al., 2013). This method is particularly valuable because it is sensitive to conductive phases like molten materials and fluids. Geomagnetic data collected through MT surveys record the natural low-frequency electromagnetic variations associated with induced electrical conductivity (Ni et al., 2011; Yoshino et al., 2012). Electrical conductivity is a physical property that primarily depends on factors such as temperature, mineralogy, and the presence and interactions of fluids. The upwelling regions in oceanic ridges are especially suitable targets for marine electromagnetic exploration. This is because even a small amount of conductive molten material can significantly increase the overall conductivity, while the conductivity of unmelted, olivine-rich rocks is generally low (Key and Constable, 2002; Baba et al., 2006; Ni et al., 2011).

Electromagnetic imaging has significantly enhanced our understanding of the structure and evolution of actively spreading mid-ocean ridges (Baba et al., 2006; Key et al., 2013; Johansen et al., 2019). However, when it comes to extinct mid-ocean ridges that have stopped spreading, the clarity of electromagnetic imaging is reduced. The thermal structure beneath these inactive mid-ocean ridges, including the characteristics and depth of the lithosphere-asthenosphere boundary (LAB), melt supply, crustal thickness, cooling mechanisms of marginal magma chambers, and patterns of late-stage magmatic activity, still remain poorly understood.

To investigate the deep thermal structure of extinct mid-ocean ridges, magnetotelluric data (EPR) was collected in the southwestern sub-basin of the South China Sea. The study focused on understanding the electrical structure of mantle upwelling, melt generation, and magma transport in the region where the mid-ocean ridge ceased spreading approximately 15 million years ago, at water depths ranging from 3800 to 4640 meters. The study utilized a large-scale electromagnetic array measurement, providing unprecedented electrical structure profiles reaching depths of up to 160 kilometers in the southwestern sub-basin of the South China Sea. Through nonlinear regularized inversion, smooth two-dimensional anisotropic electrical models were reconstructed from the measured data. The electrical resistivity of the upper mantle is primarily influenced by factors such as temperature, the extent of partial melting, and the presence of water (or hydrogen) dissolved in the solid mantle (particularly olivine) and melts (Matsuno et al., 2022; McKenzie et al., 2005). The study also included preliminary rock physics analysis and geological interpretations to assess the thermal structure, melt distribution, and the occurrence of water. These findings provide valuable insights into the internal structure and evolution of the extinct mid-ocean ridge in the southwestern sub-basin of the South China Sea.





Data and methods

The data for this study were collected in 2020 during a magnetotelluric (MT) array experiment conducted in the southwestern sub-basin of the South China Sea (Figure 1). A total of 46 electromagnetic seafloor receivers were deployed along a 260-kilometer line, covering the extinct mid-ocean ridge in the southwestern sub-basin and the adjacent ocean-continent transition zones. The deployment of these 46 MT stations took place over the course of a month-long survey, divided into three stages with approximately 10-15 instruments deployed in each round. Each wideband MT instrument continuously recorded a time series of the four components of the time-varying electromagnetic field (Ex, Ey, Hx, Hy) for a period of 5-9 days (Figure 2). After removing periodic noise, robust multi-station processing methods (Egbert, 1997) and truncation were employed to obtain high-quality frequency-domain magnetotelluric impedance data at 34 measurement sites, covering periods ranging from 50 to 8000 seconds. These data are suitable for investigating crustal and upper mantle structures. A regularized nonlinear data inversion method (Key et al., 2013; Key, 2016) was used to generate two-dimensional resistivity images with a smooth resolution, providing insights into the subsurface up to approximately 160 kilometers deep and extending approximately 130 kilometers on each side of the mid-ocean ridge.




Figure 2 | Bathymetry and electromagnetic acquisition geometry.



The spacing of approximately 5 kilometers between stations ensures the accuracy of resistivity imaging of the lithosphere. In general, the majority of Ocean Bottom Electromagnetic (OBEM) stations provided high-quality data. However, we had to exclude data from nine OBEMs (stations 2, 3, 5, 6, 8, 18, 19, 29, 35,36,41and 46) due to issues such as poor electrode connections or a lack/failure of compass on the instruments. Despite this, we were able to obtain high-quality Magnetotelluric (MT) responses with periods ranging from approximately 50 to 10,000 seconds. The shortest period limit was set to 50 seconds for shallow OBEMs and 200 seconds for deep-water OBEMs. Figure 3 shows the time domain plots of the MT receiver measurements.




Figure 3 | Time-domain plots of the MT receiver measurements.



The survey conducted in this study covered water depths ranging from 3,000 to 4,500 meters. Considering the shielding effect of seawater on natural-source electromagnetic signals, we started truncating the data from 200 seconds to 500 seconds period for the Magnetotelluric (MT) analysis. Additionally, there was noticeable noise caused by ocean currents on the left side of the profile during deployment. To minimize the impact of this noise, we made the decision to start truncating the data from approximately 500 seconds period onwards.

We conducted dimensionality analysis using the open-source software MTpy (Kirkby et al., 2019) and visualized the data with MTpy. In Figure 4, the phase tensor ellipse section illustrates the ellipticity and tilt values of the 33 measurement points. The lower impedance tilt to the east of the mid-ocean ridge is consistent with the primary 2D conductivity structure beneath the ridge. However, on the left side of the phase tensor profile, as well as at measurement points MT17 to MT21, there is a noticeable departure from 2D behavior in the period range of 100-1000s, with erratic ellipse azimuths. This suggests the presence of some 3D conductivity effects in these areas, likely caused by nearby steep bathymetry/topography variations and the inhomogeneity of the deep asthenosphere.




Figure 4 | Phase tensor analysis plot for the 34 measurement point.



Due to the challenges in accurately fitting the phases caused by the 3D nature of the data, we made the decision not to include the TE mode data from data points 7, 15, 16, 43, 21, 30 and 43, as well as the TM mode data from data point 17 during the inversion process. The changes observed in the long-period data trend could be attributed to variations in deep structures or the influence of mantle olivine anisotropy. It is important to acknowledge that the 2D determinant inversion method employed in this study has limitations when dealing with complex 3D structures. In such cases, a 3D inversion would be more appropriate. However, in this particular study, the effectiveness of a 3D inversion was not satisfactory due to the presence of only one profile.

We employ the open-source software MARE2DEM for inversion, which utilizes an adaptive finite element algorithm for forward modeling (Key, 2016). The objective of the inversion is to seek a refined underground resistivity model that can effectively interpret the measured data while accounting for data uncertainty. The inversion program we utilize follows an Occam-type inversion scheme, enabling the estimation of three-axis anisotropic resistivity (Constable et al., 1987; Berdichevsky and Dmitriev, 2008).



In this study, the x-direction aligns with the axis of the oceanic ridge, the y-direction is perpendicular to the ridge, and the z-direction points downwards. To ensure the inversion is not influenced by the structure in the input starting model, we initialized the inversion with a uniform halfspace model of 10Ωm. The model dimensions for this inversion cover a range of 2000 km×2000 km in the y and z directions, which adequately encompasses the cross-sectional length (approximately 260 km). The model cells are smaller (around 5 km) in the core region and coarser in the outer part of the cross-section. As shown in the Figure 5, the inversion process utilizes three unknown resistivity tensor elements on 7895 triangular cells, extending from the seafloor to the mantle. Smaller cells are suitable for representing rugged seafloor features, while larger cells are used to model deeper regions. In total, there are 23685 unknown parameters.




Figure 5 | Mesh partition of the initial model.



Enhanced by the general Occam method, the inversion actively minimizes the following function:



where m is the n dimensional vector of model parameters with units log10(resistivity). Matrix R is the roughness operator.The first term represents the model’s roughness, indicating how smooth or jagged it is. the second term is the fit of model’s forward response F(m) to the observed data vector d weighted by the data’s inverse standard errors in the diagonal matrix W. F represents the forward modeling operator, which is based on the Euclidean norm. Occam’s method employs an automatic search to determine the best combination of parameters that balances the fit to the data and the smoothness of the model. In the case of considering three-axis anisotropic resistivity, the model’s roughness term is expanded to



The first three terms measure the spatial roughness of each component of the anisotropic resistivity by evaluating the differences between adjacent resistivity parameters. These terms measure the smoothness or variability of the resistivity distribution in different directions. On the other hand, the last three terms quantify the degree of anisotropy within each cell. These terms help to capture the variations and complexities of anisotropic conductivity within the model. It is important to note that the inversion process only introduces anisotropic conductivity when it is required to accurately fit the observed data.

Equation3 has a unified implicit weighting between measuring spatial roughness and anisotropic roughness, which means that both aspects are given equal priority during the inversion process. This ensures that both spatial roughness and anisotropic roughness are appropriately considered and balanced when generating the final model.

The initial root mean square (rms) for the inversion is 10.1. The lower limits for the errors in apparent resistivity and phase are defined as 10% and 2.85°, respectively.These error limits have proven effective for the data, resulting in a fitting misfit of 2.36. To avoid overfitting and ensure a more balanced inversion, we restart the inversion process with a slightly higher target fitting misfit, approximately 10% higher at 2.6. This adjustment helps to ensure that the data is not overly fitted, striking a balance between accurately fitting the data and avoiding excessive complexity in the model MT data and model responses are shown in the Figure 6.




Figure 6 | MT data and model responses are shown. The apparent resistivity is measured in ohm-m, and the phase is measured in degrees. The TE mode data is represented by blue symbols, while the TM mode data is represented by red symbols. The solid lines correspond to the responses of the best-fitting model. The station names are clearly displayed above each panel.







Analysis of results

The inversion results, as shown in Figure 7, present a profile displaying the distribution of electrical structures beneath the inactive mid-ocean ridge in the southwestern sub-basin of the South China Sea. In this inversion model, four significant features are observed.




Figure 7 | Marine magnetotelluric resistivity imaging of the southwestern sub-basin of the South China Sea. The profile extends to a depth of 160 km. On the profile, the resistivity colors represent the logarithmic resistivity (in Ohm-meter) in the vertical direction obtained from the non-linear inversion of data from seafloor magnetotelluric stations (indicated by white triangles on the seafloor). The color scale presents the electrical resistivity in log10[ρ(Ωm)]. Blue to red colors indicate high conductivity to low resistivity, possibly due to the presence of partial melt. The contour at approximately 100 Ωm is interpreted as the base of the electrical lithosphere according to Johansen et al. (2019). Outside and above the eLAB, a distinct transition is observed, characterized by an increase in resistivity of the olivine-rich rocks without melt. We assume that the temperature of the lithosphere below a depth of 15 km beneath the seafloor is similar to a half-space cooling model, and the measured values agree with the SE03 conductivity and temperature model. The predicted isotherms are shown as white lines, calculated based on the SE03 model. The dry and 200 parts per million H2O solidi for peridotite are sourced from Hirschmann et al. (2009).



The first feature indicates that the melt ascent channel is blocked beneath the stalled mid-ocean ridge. As a result, the molten material descends and accumulates, forming a small melt trap at depths of 20-40 kilometers (C1) with a resistivity of approximately 9 Ohm-meter. This region appears as a small low-resistivity zone, possibly indicating the enrichment of melt formed by mantle upwelling.The second feature reveals significant low-resistivity anomalies (C2) along the northwest survey line of the oceanic ridge, with resistivity values of approximately 1 Ohm-meter. These anomalies are distributed between 80 and 160 kilometers and are likely supplied by deeper sources of molten material. The low-resistivity anomalies in region C2 exhibit the largest extent and deeper depths.The third feature shows relatively smaller low-resistivity anomalies (~2 Ohm-meter) along the southeast survey line of the oceanic ridge (C3). These anomalies are possibly associated with small-scale heat cycles occurring in the area.The fourth feature indicates that the imaged lithospheric lid has a thickness ranging from 20 to 90 kilometers with resistivity values greater than or equal to 100 Ohm-meter. Moreover, this thickness shows a positive correlation with the age of the lithosphere (R1, R2).

These findings suggest that following the cessation of seafloor spreading at mid-ocean ridges, partial melt continues to persist. The magnetotelluric profile of the ocean basin reflects the thermal-electric structure beneath the southwestern sub-basin of the South China Sea at this moment.

Model appraisal is a critical step in the inversion process. In the presented model, the influence of anisotropy is generally negligible, except for the shallow left side of the mid-ocean ridge, where the vertical conductivity exhibits the highest values (Figure 8). However, it is important to consider that the selection of anisotropic factors during the inversion process (Baba et al., 2006) may have contributed to this observation. During the inversion, a aniso.penatly weight of a=1 was employed to account for anisotropy.




Figure 8 | The anisotropic resistivity obtained from the two-dimensional inversion of TE+TM mode data.



We also conducted sensitivity tests on the MT response to important model features, particularly in high conductivity areas. We varied the resistivity of the conductors in rectangular regions A, B, and C to make them more resistive and observed the changes in overall RMS data misfit for forward modeling tests. The resistivity of these conductors ranged from 1-9 Ωm, and for the sensitivity tests, we increased it to 100 Ωm in regions A, B, and C. Figure 9 shows the increase in RMS data misfit for each test. As shown in Figure 10, removing shallow conductor A resulted in a 10% increase in misfit for the TE mode and a 6% increase for the TM mode. Removing deep conductor B resulted in a 26% increase in misfit for the TE mode. Removing vertical conductor C resulted in a 20% increase in misfit for the TE mode. These test results confirm the sensitivity of our data to features A, B, and C, with perturbing these features significantly increasing the local data misfit. As expected, the data is more sensitive to anomalies B and C. Matsuno et al. (2012) found that conductors located at depths of 6-60 km in the ocean only affect MT responses below 1,000 seconds. Due to data noise and other issues, we had to remove some data within 1,000 seconds from MT stations constraining region A, but the high conductivity region A still has some reliability. These test results emphasize the importance of each conductor in fitting the data.




Figure 9 | Model sensitivity test regions.The data sensitivity of the three main conductors in regions (A–C) was obtained by replacing them with a uniform resistivity of 100 Ωm and calculating the resulting MT response.







Discussion

This asymmetric and discontinuous conductive area is significantly different from the symmetric triangular conductor observed in mid-ocean ridge spreading systems (e.g., Key et al., 2013). These conductive regions likely outline the thermal structure and decompression melting area beneath the upwelling mantle magma during the process of back-arc rollback. The highly conductive zones beneath the mid-ocean ridge may be one of the reasons for the intense modification of the crust by post-rift magmatism in the southwestern sub-basin of the South China Sea (Evans et al., 2005; Caricchi et al., 2011). When interpreting the 2D conductivity profiles through the oceanic lithosphere (Figure 6), various factors such as temperature, pressure, rock type, grain size, water permeability, melt content, and dehydration reactions of hydrous minerals must be taken into account (Hacker et al., 2003; Ni et al., 2011). Dry peridotite, basalt, gabbro, and other minerals are the main components of the mantle material. Factors such as their melting ratio, content, and water content can all affect the electrical resistivity properties of the mantle (Caricchi et al., 2011). Additionally, the content and effects of H2O and CO2 in the melt should also be considered (Wallace and Green, 1988; Sifré et al., 2014; Green and Liebermann, 1976).

We have selected three vertical profiles, A, B, and C, passing through the centers of high conductivity anomalies on the northwest, vertical, and southeast sides of the profile, respectively. Figure 10 illustrates the specific locations of these three vertical profiles, A, B, and C, along the profile line. The relationship between temperature and depth for each profile, A, B, and C, is depicted in Figure 11A. In Figure 11A, the measured conductivity is inverted using the SEO3 model to obtain the corresponding temperatures, which are represented by blue lines. Additionally, the geothermal gradient calculated using the half-space cooling model is shown in red. Figure 11B presents the calculated profiles of partial melting content and their associated water content. These profiles provide valuable insights into the thermal and electrical properties of the mantle.




Figure 10 | The sensitivity test results are shown as the increase in the RMS data fit for the TE and TM mode data subsets for regions (A–C).






Figure 11 | The three vertical profiles (A-C) selected along the profile line.



For profile A, the depth of the conductive region in the upper part is approximately 40km. The melt depth of profile B is between 90km and 140km, while the high conductivity region of profile C is within the depth range of 60-80km. These are definitely not explainable by melting of a CO2-free H2O-depleted mantle, since too high temperatures and/or too high melt contents are demanded (Presnall and Gudfinnsson, 2005; Naif et al., 2013).For example, at a temperature of approximately 1350°C, the resistivity of dry olivine without melt is ≥102Ωm (Constable et al., 1992; Constable, 2006; Yoshino et al., 2009; Gardés et al., 2014). This resistivity value is much higher than that of shallow conductors. Shallow conductors may include silicates (basaltic melt) (e.g., Sifré et al., 2014) and conductive components such as water (e.g., Wang et al., 2006; Pommier et al., 2008; Green et al., 2010; Figure 12B). For profiles A, B, and C, if the melt content in the high conductivity region is not too high (2%-4%), which would cause buoyant mantle upwelling (Hier-Majumder and Courtier, 2011; Faul, 2001), a water content of around 4.0wt% is required, especially for the high conductor in profile B, which needs a higher percentage of water. Considering that the high conductivity region C1 is located beneath a mid-ocean ridge, the presence of melt that can be hydrated can explain its low resistivity value. We have not considered the influence of CO2 on the observed resistivity. Carbonate melt is expected in the deep mantle beneath spreading ridges (Cartigny et al., 2008; Dasgupta et al., 2013), so the low resistivity of profile B and C may also be influenced by CO2, with actual water content lower than the calculated values (Dasgupta and Hirschmann, 2010; Marty, 2014). The high conductivity region in profile B has a larger scale and deeper depth, These are definitely not explainable by melting of a CO2-free H2O-depleted mantle, since too high temperatures and/or too high melt contents are demanded (Presnall and Gudfinnsson, 2005; Naif et al., 2013). the presence of two parallel conduction mechanisms: conduction through a covalent polymer-like hydrated silicate melt and ion conduction through carbonate melt. The combined effect of these two mechanisms results in the observed high conductivity in this region (Gaillard et al., 2008; Bialas et al., 2010).




Figure 12 | (A) The temperature-depth relationship for profiles A, B, and C is illustrated in Figure 11A. To estimate the melt content and water content of the conductor, we employed the Standard Electrical Olivine 3 (SEO3) model (Constable, 2006) through modeling. The blue lines in Figure 11A represent the maximum temperature, obtained by inverting the measured conductivities to SEO3. These temperatures are then combined with the red line, which represents the geotherm calculated using the half-space cooling model. (B) Figure 11B presents the water content in the melt versus depth, as well as the calculated melt content, for profiles A, B, and C.







Conclusion

This study presents an electrical section of the southwestern sub-basin of the South China Sea, obtained from a large-scale MT array, revealing that the sub-basin has ceased spreading and extends down to a depth of 160km beneath the mid-ocean ridge. Based on our electrical model and joint interpretation, the following conclusions can be drawn:

	(1) The thickness of the imaged lithospheric lid (>100Ωm) varies between 20 and 90 km and shows a positive correlation with its age. This suggests that the older the lithosphere, the thicker the lithospheric lid.

	(2) The melt ascent channel is closed beneath the stalled mid-ocean ridge, causing the melt to fall back and accumulate to form a small melt trap below the inactive ridge. This indicates that the melt is unable to reach the surface due to the closure of the ascent channel.

	(3) The presence of a certain proportion of CO2 and H2O in the shallow melt reservoirs and deep depleted mantle beneath the southwestern sub-basin is necessary to create a high conductivity zone and inhibit upwelling at this depth. This implies that the presence of CO2 and H2O affects the conductivity and prevents buoyant upwelling in the region.



Subsequent studies can integrate the analysis of seismic wave velocity and petrophysical sampling in the southwestern sub-basin of the South China Sea to provide a more accurate understanding and insight into the material cycling and geological processes within the Earth’s interior. Combining different methods of analysis can further enhance our understanding of the dynamics and processes occurring in the sub-basin.
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