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Abstract6

The Datong volcanic field and the adjacent Bohai Bay Basin (BBB) in the7

North China Craton record contrasting Cenozoic histories. Datong shows sus-8

tained Quaternary intraplate volcanism, whereas the BBB exhibits anomalous9

post-rift subsidence since 12 Ma, greatly reduced Quaternary volcanism, and10

a recent decline in surface heat flow. These features are difficult to reconcile11

by prevailing tectonic models. Here we conduct probabilistic joint inversions12

of multiple and high-resolution geophysical datasets sensitive to the thermal13

structure of the lithosphere and sublithospheric mantle across the Datong–BBB14

region and surrounds. The results show a small-scale, three-dimensional circu-15

lation pattern with a deep mantle upwelling deflected by the Ordos lithospheric16

root toward Datong, paired with a coupled downwelling beneath the BBB. The17

deflected upwelling explains Datong volcanism, and the downwelling imposes18

negative dynamic topography that matches the magnitude and timing of the19

BBB’s anomalous subsidence and is consistent with its declining heat flow and20

negligible Quaternary volcanism. These findings provide direct, observation-21

based constraints on asthenospheric flow and a single geodynamic explanation22

linking mantle dynamics to basin evolution in an intracontinental setting. To-23
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gether, they resolve a major outstanding question in the Cenozoic evolution of24

the North China Craton.25
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1. Introduction29

Once a stable Archean craton, the North China Craton (NCC) underwent30

extensive modification and destruction during the Mesozoic and Cenozoic, par-31

ticularly in its eastern part (ENCC) and Trans-North China Orogen (TNCO)32

(Zhu et al., 2012; Zhu and Xu, 2019; Griffin et al., 1998; Zhang et al., 2025a). Its33

Cenozoic evolution is widely attributed to subduction and rollback of the west-34

ern Pacific plate, in conjunction with the far-field effect from the India-Eurasian35

continental collision, which established a regional extensional regime (cf. Zhu36

and Xu, 2019). This regime produced rift basins, including the Bohai Bay Basin37

(BBB) (Allen et al., 1997), and coincided with widespread intraplate volcanism.38

In the northeastern margin of the Ordos Block (OB), basaltic volcanism was39

extensive throughout the region, beginning in the Late Eocene-Oligocene and40

continuing through the Miocene into the Quaternary (Xu et al., 2004). Within41

this context, the Datong volcanic field represents the largest Quaternary volcanic42

center in the NCC (Xu et al., 2005). Seismic observations support this regional43

context. In particular, tomography studies identified a stagnant Pacific slab in44

the mantle transition zone (MTZ) beneath the ENCC (e.g., Huang and Zhao,45

2006; Ma et al., 2019; Tao et al., 2018), and prominent low-velocity anomalies46

beneath Datong that extend into the MTZ. These low-velocity anomalies are47

commonly interpreted as hot and/or wet asthenospheric upwellings triggered by48

the deep dehydration of the stagnant Pacific slab (cf. Huang and Zhao, 2006;49

Xu et al., 2018, and references therein). This upwelling has also been suggested50

to deflect eastward, forming lateral mantle flow that modified the lithosphere,51

a process interpreted as being induced either by lithospheric delamination or52
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rollback of the Pacific plate (Dong et al., 2021; Hao et al., 2025; Huang and53

Zhao, 2009; Guo et al., 2024).54

While the rollback–upwelling framework can account for the intraplate vol-55

canism in the region, it does not explain the post-rift evolution of the adja-56

cent BBB. Three key observations are particularly difficult to reconcile with57

a simple upwelling/extension model: i) rapid Neogene–Quaternary subsidence58

that exceeds predictions from standard thermal-subsidence models (hereafter59

“anomalous subsidence”) (e.g., Liu et al., 2022; Huang et al., 2014); ii) Quater-60

nary volcanism within the basin is virtually absent despite vigorous intraplate61

activity in the adjacent Datong region; and iii) a decline of surface heat flow62

(SHF) in BBB during the latest 30 Ma (e.g., Qiu et al., 2015).63

Several mechanisms have been advanced to explain the anomalous BBB sig-64

nal, including a renewed rifting event (e.g., He and Wang, 2003), rapid thermal65

decay of previously upwelled asthenosphere (e.g., Guo et al., 2007) and fault66

reactivation (e.g., Huang et al., 2014). Each accounts for part of the record, but67

none reproduces (within a single, internally consistent framework) the combined68

constraints on subsidence amplitude and wavelength, volcanic distribution, and69

heat-flow evolution. Given these discrepancies, Liu et al. (2022) recently ad-70

vocated a dynamic origin (small-scale convection) for the BBB’s anomalous71

evolution over the past �12 Ma. This interpretation is consistent with seismic-72

based interpretations for the Songliao Basin to the north (Guo et al., 2016b;73

Liang et al., 2022). However, direct geophysical imaging of the subsurface ther-74

mal and density structure beneath the BBB is still lacking. Such information is75

essential to resolve the geometry and amplitude of mantle flow and to reconcile76

observations.77

Here we jointly invert multiple geophysical observations to resolve the ther-78

mal and compositional structure of the lithosphere and sublithospheric mantle79

beneath the Datong-BBB region and surrounds. We employ a multi-observable80

probabilistic inversion framework (Afonso et al., 2013a,b, 2016) that integrates81

diverse geophysical datasets to enhance sensitivity to both thermal and chemical82

anomalies in the lithosphere. Using recent high-resolution observations, the in-83
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Figure 1: (a) Topography of the study region. Red rectangle shows our research area. Red
circles show the spatial distribution of Cenozoic Basalts (taken from the Geochemistry of
Rocks database). The orange overlay denote the Bohai Bay Basin (BBB). DTV, Datong
volcanic field; CAOB, Central Asian Orogenic Belt; YTB, Yanshan Tectonic Belt; OB, Ordos
Block; WNCC, Western North China Craton; TNCO, Trans North China Orogen; ENCC,
Eastern North China Craton; Q-D, Qinling-Dabie; T-L, Tanlu; YZB, Yangtze Block. (b)
Anomalous subsidence of BBB between �12 Ma and 2 Ma. The results refers to Liu et al.
(2022)

version resolves an asthenospheric upwelling deflected by the Ordos lithospheric84

root and focused toward Datong, as well as a paired sublithospheric downwelling85

beneath the BBB. The diverted upwelling explains sustained intraplate volcan-86

ism at Datong, whereas the downwelling imposes negative dynamic topography87

leading to the BBB’s anomalous post-rift subsidence and associated cooling.88

Together, these results reconcile previously conflicting observations and provide89

the missing, observation-based link between upper-mantle convection, intraplate90

volcanism, and the post-rift evolution of the BBB.91

2. Geological Background92

2.1. North China Craton (NCC)93

The NCC can be divided into three primary units: the ENCC, the West-94

ern NCC (WNCC), and the TNCO between them (See Figure 1a) (Zhao et al.,95

2005). Once among one of the most stable Archean cratons, the NCC main-96

tained a thick, refractory lithospheric mantle until the late Paleozoic (Zhu et al.,97

2012; Griffin et al., 1998). However, during the Mesozoic, the lithosphere be-98
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