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Abstract. The Changbaishan volcano has been considered a giant active intraplate volcano with hidden potentially 

disastrous eruptive risks, so its origin has attracted widespread attention from all over the world. However, this issue has not 

been adequately settled down due to its complexity. So far, three primary conceptual mechanisms have been proposed based 10 

on seismic tomography and geochemistry. All three mechanisms have been considered to be correlated with the subduction 

of the Pacific plate. Therefore, we use the best-fit thermochemical geodynamic model with data assimilation, which was 

determined by tracking the seismically inferred structure of the subducted Pacific slab beneath the Changbaishan volcanic 

province (CVP), to assess the their relative significance. The findings suggest that the super-hydrous melts in the mantle atop 

the Pacific slab, resulting from the slab dehydration in the mantle transition zone (MTZ), may primarily contribute to the 15 

volcanism of the Changbaishan volcano. Meanwhile, the other two mechanisms, the upward escape of the entrained oceanic 

asthenospheric material as well as the piling up and thickening of the subducted Pacific slab, may play secondary roles. 

1 Introduction 

The Changbaishan volcano, located in the border area between China and North Korea (Fig. 1a), is a giant Cenozoic 

intraplate active stratovolcano in Northeast Asia, featuring three main craters of Tianchi spanning China and DPR Korea, 20 

Wangtian’e in China, and Namphothe in DPR Korea (Fig. 1b). The volcano has erupted massively many times since the 

Miocene and has been under unrest in the last 20 years, so it has the risk of potentially disastrous eruption (Acocella et al., 

2015; Wei et al., 2013; Xu et al., 2012; Wu et al., 2007; Hong et al., 2007). The formation mechanism of the Changbaishan 

volcano is complex and has been under debate so far, and there is still no final conclusion. The following conceptual models 

are proposed. First, the Changbaishan volcano is considered to be a hotspot volcano related to a mantle plume, similar to the 25 

Hawaiian volcano (Lv et al., 2007; Wang et al., 1999). This mechanism is supported by the results of the receiver function 

(He et al., 2014, 2016), but more seismic tomography results do not support the existence of a mantle plume beneath the 

CVP (e.g., Guo et al., 2016, 2018; Wei et al., 2015; Zhao et al., 2009; Chen and Pei, 2010; Huang and Zhao, 2006; Lei and 

Zhao, 2005). Consequently, it is ruled out (Tang et al., 2014). The second mechanism is asthenospheric injection proposed  
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Figure 1: (a) Location of the Changbaishi volcanic province (CVP) and (b) the magma distribution of the 

Changbaishan volcano with ages. Red triangles stand for volcanoes.  

 

by Tatsumi et al. (1990). This mechanism does not take into account the role of the stagnant Pacific slab within the MTZ. 

Seismic tomography results have revealed that the Pacific plate has subducted beneath the CVP and is stagnant within the 35 

MTZ, with the mantle and lithosphere above it exhibiting lower seismic wave velocities (Takeuchi et al., 2014; Lei et al., 

2013; Zhao et al., 2009; Lei and Zhao, 2005). This may be caused by the dehydration of the subducted plate at deep mantle, 

which leads to the decompression melting of mantle rocks (Sheng et al., 2016; Thybo and Perchuc, 1997). Consequently, 

some investigators have refined this mechanism and proposed a model of the upwelling of hot and wet asthenospheric 

materials. This upwelling is jointly driven by mantle convection within the big mantle wedge and the dehydration of the 40 

stagnant subducted Pacific slab within the MTZ beneath the CVP (Du and Lei, 2019; Chen et al., 2017; Zhao et al., 2009, 

2017; Tian et al., 2016; Wei et al., 2015; Lei et al., 2013; Zhao and Liu, 2010; Tang et al., 2006; Huang and Zhao, 2006; Lei 

and Zhao, 2005). This mechanism has been questioned by geochemical findings that the volcanics collected from the 

Changbaishan volcanic province exhibited excess 
230

Th (Zou et al., 2008, 2010) and non-negative Nb and Ta anomalies 

(Chen et al., 2007), indicating that the subducting Pacific plate does not contribute materially to the volcanics (Fan and 45 

Zhang, 2012; Zou et al., 2008). Accordingly, an alternative mechanism is proposed, in which the upwelling and 

decompression melting of asthenospheric material occur due to big mantle wedge convection and the piling up and 

thickening of the subducted Pacific slab within the MTZ (Zou et al., 2008). However, some researchers hold opposing views 

on the issue of material contribution from the subducting Pacific plate (e.g., Choi et al., 2017; Ma et al., 2015; Wang et al., 

2000). Thirdly, recent seismic tomography results have revealed gaps between the segments of the stagnant Pacific slab 50 

within the MTZ. These gaps are filled with notably low-velocity materials extending upwards to a depth of ~60 km (Guo et 

al., 2018). Therefore, some researchers suggested that the subducting Pacific plate entrains enormously its underlying 

asthenospheric material into the MTZ, and that the Changbaishan volcano was the result of upwelling caused by the upward 

escape of these entrained asthenospheric material through the gaps between the slab segments (Guo et al., 2016, 2018; Liu 
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and Zhou, 2015; Tang et al., 2014). Fourthly, some researchers considered that the formation of the Changbaishan volcano 55 

was related to the rollback of the subducting Pacific plate and the convection in the big mantle wedge above the stagnant 

slab (Guo et al., 2015; Wei et al., 2012). However, this mechanism is unlikely to generate magma that could sustain the long-

term volcanic activity of the Changbaishan volcano (Strak and Schellart, 2014). Among the proposed conceptual 

mechanisms of the Changbaishan volcano, there are three most likely possibilities. These include upwellings caused by the 

dehydration, and the piling up and thickening of the stagnant Pacific slab within the MTZ, as well as the upward escape of 60 

the entrained asthenospheric material from the MTZ through gaps between the slab segments. However, which of these 

mechanisms is both reasonable and irreplaceable? Determining this solution may necessitate the consideration of additional 

methods. 

Geodynamic modeling is a commonly used and effective method to study the origin of a volcano. Specifically, regarding 

the mantle plume mechanism, Leonard and Liu (2016) studied its role and effect on the volcanic activity of Yellowstone by 65 

utilizing a four-dimensional mantle convection model based on the subduction history of the Farallon Plate. The results 

showed that the mantle plume was not the main cause. Regarding the dehydration mechanism of subducting plates, the 

thermo-mechanical simulations (Sheng et al., 2016; Li et al., 2019) indicate that a small amount of water can be retained 

within subducting plates and transported to the MTZ. The amount of water dehydrated from the subducting plates at deep 

mantle is the primary factor influencing the magma volume and eruptive intensity of the Changbaishan volcano. Regarding 70 

the slab sinking mechanism, studies have shown that volcanic activity above or near the front end of a stagnant slab may be 

related to the upwelling flow accompanying slab sinking (Kameyama and Nishioka, 2012). Regarding the mechanism of the 

piling up and thickening of subducting slabs, Motoki and Ballmer (2015) points out that the subducting slabs trapped within 

the MTZ inherently possess convective instability. Weak plates can become unstable within tens of millions of years, 

generating upwelling from the lower part of the stagnant slabs, which are then entrained by surrounding mantle flows to the 75 

base of the lithosphere, triggering decompression melting. Furthermore, the convective instability of slabs can segregate the 

slab compositions, with harzburgite components ascending into the upper mantle while eclogite components sinking into the 

lower mantle. This segregation process can sustain the compositional gradient between the upper and lower parts of the MTZ 

over millions of years. Regarding the mechanism of the upward escape of entrained asthenospheric material, studies have 

shown that asthenospheric material underlying a subducting slab can be entrained into the MTZ, even into the lower mantle 80 

(Liu and Zhou, 2015; Faccenda and Capitanio, 2013). This material may intermittently escape upwards through gaps 

between slab segments, resulting in upwelling (Liu and Zhou, 2015). These simulations have played crucial roles in 

understanding the origin of intraplate volcanoes and the evolution of their magma systems.  

Obviously, previous geodynamic simulations have demonstrated the likelihood of generating upwelling due to the 

dehydration of subducted slabs at the deep mantle (Sheng et al., 2016; Li et al., 2019), the piling up and thickening of 85 

subducted slabs in the MTZ (Motoki and Ballmer, 2015), and the upward escape of athenospheric material through gaps 

between slab segments (Liu and Zhou, 2015). However, these simulations possess a degree of universality and do not 

specifically investigate the mechanism of the Changbaishan volcano. In fact, the three primary mechanisms mentioned above 
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are intimately linked to the subduction of the Pacific plate. Moreover, the formation of a stagnant Pacific slab in the MTZ is 

likely significantly influenced by a strong Cenozoic westward mantle flow associated with the Mesozoic subduction of the 90 

Izanagi slab, which has not been taken into account in these previous simulations (Sheng et al., 2016; Li et al., 2019; Motoki 

and Ballmer, 2015; Liu and Zhou, 2015). Consequently, in this paper, we assess the relative significance of the three 

mechanisms, based on geodynamic reconstruction of the Pacific plate subduction history beneath the CVP since the 

Cenozoic, as presented by Zhu (2024). 

2 Geodynamic model 95 

In order to explore the origin of the Changbaishan volcano, we use the three-dimensional regional thermochemical 

geodynamic model based on the results from a global model as inputs, as presented by Zhu (2014), which was determined by 

best reproducing the structure of the high-speed anomaly zone beneath the CVP. Here we introduce it in brief. This 

geodynamic model is established using the data assimilation technique (Hu et al., 2016, 2017; Peng et al., 2021a, b) to 

simulate the subduction history of the Pacific plate since the Cenozoic and uses the outputs of Model 1, the reference model 100 

presented by Peng et al. (2021a), at 50 Ma as its initial temperature and viscosity. The thermochemical mantle convection is 

governed by the equations for the conservation of mass, momentum, and energy, as well as the advection of chemical 

particles (Hu et al., 2016, 2017; Peng et al., 2021a, b). The discretized model has the mesh resolution of ~46 km in latitude, 

~4 – 22 km in longitude and ~16 km within and around the CVP. The resolution in depth is ~7 km near the surface and 10 

km between 20 and 710 km, gradually increases to ~35 km at ~1800 km, and maintains this resolution from this depth to the 105 

core-mantle boundary. The thermochemical mantle convection is solved using the benchmarked three-dimensional spherical 

finite element code CitcomS, which was developed by Moresi et al. (1996), Zhong et al. (2000, 2008) and Tan et al. (2006).  

The model assimilates time-dependent plate motions and seafloor ages, which are derived from the plate reconstruction of 

Müller et al. (2016) through the open-source software GPlates (www.gplates.org; Gurnis et al., 2012), over a time interval of 

1 Ma. Within this interval, they are interpolated linearly at any given time. The plate motions are imposed on the surface as 110 

the top boundary. The seafloor age is employed to determine the thermal structure of the oceanic lithosphere through the 

half-space cooling model (Turcotte and Schubert, 2014). The surface velocity boundary condition and the upper thermal 

boundary layer are updated at every time step by using the reconstructed plate motions and seafloor ages. The lithospheric 

thickness is set to 100 km, which is comparable to that of Northeast China (An and Shi, 2006). The bottom lithospheric 

temperature is set to the mantle temperature of 1300 C (e.g., Kumar and Gordon, 2009; Jiḿenez-Díaz et al., 2012). The 115 

boundaries are all slip free at the core-mantle boundary and sidewalls. The core-mantle boundary maintains a fixed 

temperature of 2500 C (e.g., Steinberger and Calderwood, 2006; Mao and Zhong, 2018).   

The model takes into account chemical compositions. The continental lithosphere is divided into an upper crust, a lower 

crust and a mantle lithosphere. The oceanic plate is composed of a weak oceanic crust and a chemically buoyant layer. The 

former is a neutrally buoyant layer, but it has a high viscosity far away (> ~300 km) from a trench while a low viscosity near 120 
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the trench ( ~300 km), which causes it act as a lubricating layer and serve a similar function of a sticker layer, decoupling a 

subducting plate from an overriding plate and producing asymmetric subduction and realistic topography (Crameri et al., 

2012). The latter mimics a basaltic crust and possesses a total buoyancy equivalent to that of the Earth’s oceanic crust. When 

it is subducted to a depth of 120 km or greater, its composition transforms into eclogite and its total buoyancy becomes that 

of the same thick layer with the density of eclogite. An arc-like weak zone is arranged between the continental and oceanic 125 

plates to mimic the characteristics of the Earth’s subduction zones. This zone aids in decoupling the subducting oceanic plate 

from the overriding continental plate on both sides of the subduction zone during subduction process.  

The model adopts a three-dimensional viscosity which varies with depth, temperature and composition (e.g., Hu et al., 

2018; Peng et al., 2021a, b) and satisfies 

     
 
      (

  

    
 

  

     
),                                                                                                                                               (1) 130 

where   is the effective viscosity,  0 is the depth-dependent background viscosity, C is the compositional multiplier, E  is 

the activation energy, T  is the temperature offset, T is the temperature and Tm is the mantle temperature. The background 

viscosity  0, activation energy E  and activation temperature T  vary within four different depth ranges of 0 – 100 km, 100 – 

300 km, 300 – 660 km and 660 – 2867 km. For a reference model, the background viscosity of these layers is 10
20

 Pa.s, 10
20

 

Pa.s, 10
21

 Pa.s and 3 × 10
22

 Pa.s, respectively. The activation energy E  is 25, 42, 25 and 17 kJ/mol, respectively, for the four 135 

layers. The temperature offset T  of these layers is 100, 100, 300 and 300 C, respectively. Composition affects viscosity by 

adding a multiplier C, which is a geometric average on for all the compositions within an element, to the pre-exponential 

factor of viscosity (e.g., Hu et al., 2018; Peng et al., 2021b).  

3 Melting in the mantle 

In order to estimate the melting in the mantle associated with the subduction of the Pacific slab, we adopt the method used 140 

by Vogt et al. (2012). It is assumed, that the degree of both hydrous and dry melting is a linear function of pressure (P) and 

temperature (T) (e.g., Gerya and Yuen, 2003). For a given pressure and rock composition, the volumetric degree of melting 

(M0) is:  

 M0 = 0         (T < Tsolidus)                                                                                                                                                             (2) 

M0 = (T – Tsolidus)/(Tliquidus – Tsolidus)   (Tsolidus < T < Tliquidus)                                                                                                         (3) 145 

M0 = 1         (T > Tliquidus)                                                                                                                                                             (4) 

where Tsolidus and Tliquidus are, respectively, solidus and liquidus temperatures, which are related to pressure and calculated 

through the Equations (5) and (6), as presented by Katz et al. (2003), for a dry mantle.  

 solidus                -                                                                                                                                                      (5) 

 li uidus           -                                                                                                                                                              (6) 150 
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For a wet mantle, if the dissolved water fraction in the melt in weight fraction,      , is specified, the calculations of Tsolidus 

and Tliquidus should be changed into (Katz et al., 2003): 

  solidus   solidus-                                                                                                                                                                (7) 

 li uidus   li uidus -                                                                                                                                                              (8) 

where          is the temperature decrease in the solidus caused by      and satisfies: 155 

                                                                                                                                                                                        (9) 

              
sat            

sat                                                                                                                                                   (10) 

where     
sat  is the weight percent of water in a completely saturated melt, which is principally a function of pressure, and 

satisfies 

                
 

                                                                                                                                                              (11) 160 

    
sat     

 
      

 
                                                                                                                                                                (12) 

where K = 43   t - ,       .  ,  
 
=12  t    a- ,  

 
 = 1  t    a-  and   = 0.6.  

4 Results 

Zhu (2024) determined the best-fit geodynamic model that can well reproduce the high-speed anomaly zone beneath the 

CVP. Then he investigated the dynamic subduction process of the Pacific plate since the Cenozoic and presented new 165 

understanding on the origin of the high-speed anomaly zone (Fig. S1 in supporting information). Here we use the best-fit 

model to assess the relative significance of the three mechanisms mentioned above.  

4.1 Melting due to a combination of upward escape of entrained oceanic asthenopshere material and piling up and 

thickening of the subducted Pacific slab 

The preferred geodynamic model presented by Zhu (2024) does not consider the effect of water, but rather focuses on the 170 

upward escape of entrained oceanic asthenosphere material and the piling up and thickening of the subducted Pacific slab in 

the MTZ. Therefore, the model can be utilized to estimate the melts in a dry mantle resulting from a combination of these 

two mechanisms, and subsequently, assess their roles in the formation of the Changbaishan volcano. Considering that the 

Pacific plate started to subduct between 25 and 20 Ma (Zhu, 2024; Mao and Zhong, 2018), so we focus on the dynamic 

process since 25 Ma. 175 

We use tracers to track the oceanic asthenosphere material flo . As an example,  e map the asthenosphere material flo  

since    Ma in the latitude 4 .6 N profile across the CV   Fig.   . At    Ma, the  acific plate did not notably subduct  Fig. 

 a , but by    Ma, the plate had already arrived at the 66 -km discontinuity  Fig.  b . During the period  i.e., bet een    

and    Ma , about    -km thick basal asthenosphere  as entrained into the MTZ by the subducting  acific slab, and only a 

portion  about one third  of these entrained materials could ascend into the mantle  edge through the front of the slab  Fig. 180 
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Figure 2: Oceanic asthenosphere material flow (purple) associated with the subduction of the Pacific slab along 

latitude 41.67N predicted by the best-fit geodynamic model presented by Zhu (2024). Red triangles stand for the 

location of the Changbaishan volcano. 

 185 

 b . These ascended materials just piled up beneath or near the CV  and their top depths  ere shallo er than ~3   km at    

Ma  Fig.  b . From    Ma to the present, more and more asthenospheric material has been entrained into the MTZ, 

associated  ith the continuous subduction of the  acific slab. These materials have moved to ards  est associated  ith the 

 est ard movement of the  acific slab and risen up into shallo er regions through the front of delaminated lithosphere and 

the gaps bet een slabs, and/or bet een the slab and delaminated lithosphere  Figs.  c – f . The asthenosphere material 190 

located beneath or near the CV  did not reside in the same area but shifted notably. At    Ma, the asthenospheric material 

near a depth of 3   km primarily distributed in the southern margin of the CV   Fig. S  in supporting information . By    

Ma, the material disappeared,  hile a significant amount of material appeared in the central part of the CV   Fig. S3 in 

supporting information . By    Ma, the material occurred in the northern margin of the CV   Fig. S4 in supporting 

information ; and by   Ma and the present, there is almost no asthenosphere material beneath or near the CV   Figs. S  – S6 195 

in supporting information . 

The piling up and thickening of the subducted  acific slab primarily occurred bet een    and    Ma  Figs.  c -  d; 

Figs. S e – S f . The thickening of the slab  as mainly caused by the attachment of the delaminated lithosphere to the 
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subducted  acific slab. After    Ma, the thickening of the slab did not occur notably  Figs.  e- f; Figs. S g – S h . 

 ur simulations demonstrate that the oceanic asthenosphere material can be entrained into the MTZ by the subducting 200 

 acific slab and go up ards into mantle  edge through gaps bet een subducted slabs, supporting many previous 

simulations  e.g., Liu and Zhou,     ; Faccenda and Capitanio,    3  and the conjecture of the up ard escape of 

asthenosphere material inferred from seismic tomography  e.g.,  uo et al.,    6,    8; Tang et al.,    4 .  o ever, the 

up elling that is caused by a combination of the up ard escape of entrained oceanic asthenosphere material  ith the piling 

up and thickening of the subducted  acific slab must lead to the decompression melting of mantle rocks if these t o 205 

mechanisms are primary. Based on the prediction of our preferred geodynamic model,  hen         , i.e., the mantle is dry, 

melting does not occur in the mantle beneath the CV   Figs. S  – S   in supporting information . In other  ords, there is no 

magma originated from a dry mantle for supporting the volcanism of the Changbaishan volcano, conflicting  ith the 

inference that one of the magma chambers of this volcano is located in the mantle  Liu et al.,     ; Fan et al.,      . 

Therefore, these t o mechanisms are highly unlikely to be the primary causes of the Changbaishan volcano, which does not 210 

support the inferences from some seismic tomographic results (e.g.,  uo et al.,    6,    8; Tang et al.,    4), geodynamic 

simulations (e.g., Liu and Zhou, 2015) and geochemical studies (e.g., Zou et al. 2008). 

4.2 Melting due to slab dehydration 

Water can be transported to the MTZ by a subducting hydrated oceanic plate, and the mantle overlying the subducted slab 

can be hydrated through slab dehydration  Sheng et al.,    6; Li et al.,    9 . Therefore,  e assume that the dehydration of 215 

the  acific slab in the MTZ causes the mantle beneath and near the CV  to become hydrated. We arrange a series of tests 

 ith      ranging from  .  to 8   t  to track the      that leads to melting in the mantle beneath and near the CV  since 

   Ma. When      is up to ~    t  prior to    Ma  Figs. S -S   in supporting information  and to ~    t  post    Ma 

 Figs. S  -S   in supporting information , a small amount of melts may occur beneath or near the CV   Fig. 3 . With 

increasing     , the melting area expands and the melting depth gradually deepens. When           t , the melting 220 

depth extends into the MTZ  Figs. S  - S   in supporting information . The Changbaishan volcano has a magma source 

located  ithin the mantle, as suggested by previous investigators  e.g., Liu et al.,     ; Fan et al.,      . Therefore, based on 

our findings, it implies the presence of a  ater-bearing mantle beneath the CV . The Changbaishan volcano ever erupted at 

~  .6 Ma during the Miocene and has primarily erupted since the  liocene  ~ .3 Ma , as reported by Liu et al.,     . If a 

portion of the magma from these eruptions originated from the mantle, it  ould imply that the      must have been no less 225 

than     t  during the Miocene  Figs. 3b - 3c; Figs. S8 - S9 in supporting information  and     t  during and after the 

 liocene  Figs. 3e – 3f; Figs. S   – S   in supporting information . During the Miocene, the melts located just beneath the 

lithosphere  ere primarily distributed in the northeast of the CV   Figs. 4a – 4f . This distribution is consistent  ith the 

basalt magma distribution  black areas in Fig.  b; Liu et al.,      , suggesting that these melts may have served as the 

mantle source for the magma that fueled the eruption of the Changbaishan volcano during the Miocene. During and after the 230 
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 liocence, the melts  ere primarily distributed in the northern and southern margins of the CV  and did not fully cover the 

basalt areas  Figs. 4g – 4l . This suggests that the magma conduit does not extend vertically directly to the craters of the 

Changbaishan volcano. 

 

 235 

Figure 3: Melts (orange) in the mantle beneath the CVP along latitude 41.67N at different ages. (a) – (d) WH2O = 20 

wt%, (e) – (f) WH2O = 25 wt%. 

5 Discussion 

In this paper,  e used the geodynamic model that best fits the seismically inferred  acific slab structure beneath the CV  

 Zhu,    4  to evaluate the relative significance of the three primary conceptual mechanisms mentioned above. The results 240 

clearly indicate that the dehydration of the subducted Pacific slab is the primary mechanism controlling the formation of the 

Changbaishan volcano. The other two mechanisms, namely the upward migration of the entrained oceanic asthenospheric 

material and the accumulation and thickening of the subducted Pacific slab, play secondary roles. However, if melting occurs 

in mantle rocks, the water content in the melts,     , must be at least 20 - 25 wt% beneath the CVP. Though this value of 

     is significantly higher than those observed in oceanic basalts and Komatiites   8  t ; Gurenko et al., 2016; Sobolev 245 

et al., 2016; Shimizu et al., 2001; Dixon et al., 2004  and large igneous provinces    .6  t ; Xia et al.,    6; Wang et al., 

   6; Liu et al.,      , it is comparable to the  ater contents of the super-hydrous melts found in the lo er crust of 

subduction zonest       t ; Urann et al.,      . Therefore, although the Changbaishan volcano is situated in the back-arc 

region of the  estern  acific subduction zone, its magma may originate from the super-hydrous melts  ithin the mantle. 

    Liu and Zhou        utilized t o-dimensional geodynamic models to explore the evolution of oceanic asthenosphere 250 

material associated  ith slab subduction. They discovered that significant amounts of asthenospheric material could be 

entrained into the deep mantle and speculated that the up elling caused by the up ard episodic escape of entrained  
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Figure 4: Melts (orange) just below the lithosphere beneath and near the CVP at different ages varying with depths. 255 

 

asthenospheric material during subduction might account for the enigmatic intraplate volcanism observed at the 

Changbaishan volcano.  o ever, their geodynamic models did not take into account the subductionof the Izanagi slab into 

the upper mantle during the Mesozoic, prior to the subduction of the  acific plate. The subducted Izanagi slab can generate a 

strong  est ard mantle flo  that plays a vital role in the formation of the long stagnant  acific slab in the MTZ  Zhu,    4; 260 

 eng et al.,     a .  ur geodynamic model,  hich does consider the subduction of the Izanagi slab in the Mesozoic, may 

provide more reasonable predictions and does not support the notion that the up ard escape of entrained oceanic 

asthenosphere material is the primary mechanism of the Changbaishan volcano.  

Sheng et al.     6  and Li et al.     9  employed t o-dimensional thermo-mechanical models to investigate the possible 

impacts of deep subducted slab dehydration processes and their roles in forming intraplate volcanoes in northeastern China. 265 

Their experiments revealed that hydrated subducting slabs can transport  ater into the MTZ. Subse uently, through slab 

dehydration, this  ater hydrates the overlying deep asthenospheric mantle, resulting in the formation of positively buoyant 

and partially molten hydrous plumes in the hydrated area atop the slabs. These plumes can then propagate up ards and form 

partially molten mantle regions under the far field continental plate. Conse uently, they speculated that the development of 
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the Changbaishan volcano could be correlated  ith the ascent of these hydrous plumes triggered by stagnant  acific slab 270 

dehydration in the MTZ. Same as the geodynamic models of Liu and Zhou       , those of Sheng et al.     6  and Li et al. 

    9  did not take into account the subducted Izanagi slab either.  o ever, our geodynamic model predicts that the  acific 

plate could subduct do n to the MTZ and move a considerable distance  est ard. In other  ords, if the  acific plate is 

hydrated prior to subduction, it  ill transport  ater into the MTZ and subse uently dehydrate, forming up ard moving 

hydrous plumes that hydrate the overlaying deep asthenospheric mantle. The strong  est ard mantle flo  caused by the 275 

Izanagi slab may  eaken the influence of these plumes, but they may still result in high  ater content in mantle melts.  ur 

prediction of          –     t  aligns  ith this inference, supporting the notion that the dehydration of the subducted 

 acific slab is the primary mechanism of the Changbaishan volcano  Du and Lei, 2019; Chen et al., 2017; Zhao et al., 2009, 

2017; Tian et al., 2016; Wei et al., 2015; Lei et al.,    3; Zhao and Liu, 2010; Tang et al.,    6; Huang and Zhao, 2006; Lei 

and Zhao,      .  280 

6. Conclusion 

We explore the origin of the Changbaishan volcano using the geodynamic model  ith data assimilation that best fits the 

structure of the high-speed anomaly zone exceeding  3   km in the MTZ beneath the CV . We design a series of 

experiments to evaluate the relative importance of three primary conceptual models. The experimental results support that 

the Changbaishan volcanism primarily originates from the super-hydrous melts in the mantle atop the  acific slab caused by 285 

the slab dehydration in the MTZ;  hile the other two mechanisms, the upward escape of the entrained oceanic 

asthenospheric material as well as the piling up and thickening of the subducted Pacific slab, may play secondary roles.  
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