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Key Points: 7 

• Magnetotelluric data are collected across the Lunpola basin in central Tibet; 8 

• 3-D magnetoteluric inversion result shows the significant low-resistivity mid-to-lower 9 
crust beneath the Lunpola basin; 10 

• The less-well-developed weak mid-to-lower crust in central Tibet escapes eastward in a 11 
rigid block fashion. 12 

 13 

Abstract 14 

In the central Tibetan Plateau, an east-west trending band of basins is developed. How 15 
such topography formed and the underlying geodynamic processes are still in debate. 16 
Magnetotelluric data were collected across the Lunpola basin to study the crustal structure 17 
beneath central Tibet. Phase tensors and 3-D inversion are employed to obtain the electrical 18 
resistivity model. Our model clearly portrays conductive sedimentary layers beneath the basins 19 
with average resistivity of 2.0 Ω⋅m. The low-resistivity mid-to-lower crust is revealed beneath 20 
the Lunpola basin with bulk resistivity of 20 Ω⋅m and fluid fraction of 1.3-3.0%, which would be 21 
attributed to partial melting. Compared to the significant conductive crust in southern Tibet, the 22 
crustal rheology is less well developed beneath central Tibet. We propose that the asthenospheric 23 
flow beneath central Tibet is responsible for the crustal partial melting and drives the eastward 24 
escape of the continental lithosphere in a rigid block fashion. 25 

 26 

Plain Language Summary 27 

The Lunpola basin, belonging to the east-west trending band of basins in the central 28 
Tibetan Plateau, records the evolution history of Tibetan Plateau and has good potential in oil 29 
and gas resources. Compared to the rugged terrain in southern Tibet, the high-elevation low-30 
relief landform in central Tibet is formed and is less studied. In order to understand the formation 31 
of the basins and the underlying geodynamic processes, we utilize magnetotelluric data collected 32 
across the Lunpola basin to obtain the deep electrical resistivity structure. The thick sediments 33 
beneath the Lunpola basin is clearly imaged with conductive layers. We find that the Lunpola 34 
basin has low-resistivity mid-to-lower crust which would be attributed to partial melting. This 35 
conductive mid-to-lower crust beneath the central Tibet  indicates a less-well-developed 36 
rheologically weak state, and is different from the crustal structures beneath the southern Tibet 37 
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where anomalously conductive layers in mid-to-lower crust are ubiquitously developed. 38 
Combined with previous results, we suggest the weak crust beneath the Lunpola basin is blamed 39 
for heating from the hot upwelling asthenosphere, and the eastward escape of the wedge basins 40 
bounded by conjugate strike-slip faults in central Tibet is driven by the asthenospheric flow in a 41 
rigid block fashion. 42 

 43 

1 Introduction 44 

The collision and convergence between the Indian and Asian plates result in the 45 
significant N-S shortening, eastward escape and vertical crustal thickening of the Tibetan 46 
Plateau, which form largest and highest plateau with abundant active thrust, normal and strike-47 
slip faults on earth (Armijo et al., 1989; Yin et al., 2000, 2011; Tapponnier et al., 2001; Kapp et 48 
al., 2005). However, how such topography formed and the crust deformed is still in debate. In 49 
central Tibet, an east-west trending band of basins accompanied with a series of V-shaped 50 
conjugate strike-slip faults is developed along the Bangong-Nujiang Suture Zone (BNSZ) 51 
formed by the Mesozoic collision of the Lhasa and Qiangtang terranes (Yin et al., 2000, 2011; 52 
Tapponnier et al., 2001) (Fig.1), and spans most of the interval covering the collision of India 53 
and Asia and the resulting tectonic deformation and plateau growth (Rowley and Currie, 2006; 54 
Fang et al., 2020; Xiong et al., 2022). Recently, these basins have been the focus to 55 
understanding Tibetan elevation evolution and study geodynamic mechanism of the continental 56 
deformation (Rowley and Currie, 2006; Wu et al., 2016; Su et al., 2019; Fang et al., 2020; Xiong 57 
et al., 2022). 58 

The Lunpola basin, one of the several depositional centers in central Tibet, records the 59 
most complete Cenozoic sedimentary history (Wu et al., 2016; Su et al., 2019; Fang et al., 2020; 60 
Xiong et al., 2022). The palaeo-environment and palaeo-elevation estimations derived from the 61 
Lunpola basin support the elevations of central Tibet were generally low (<2.3 km) in the Eocene 62 
and became high (>~4 km) since the early Miocene (Su et al., 2019; Fang et al., 2020; Xiong et 63 
al., 2022). The formation of the basin would be attributed to the rejuvenation of the BNSZ and 64 
the development of the V-shaped conjugate strike-slip faults in response to far-field compression 65 
of the India-Asia collision (Kapp et al., 2005; Wang et al., 2014). The central Tibet conjugate 66 
strike-slip faults are kinematically linked north trending Tibetan rifts located north and south of 67 
the conjugate fault systems. The conjugate strike-slip faults together with the Tibetan rifts 68 
facilitate coeval north-south contraction and east-west extension accommodated by the eastward 69 
extrusion of a series of small wedges bounded by these conjugate strike-slip faults (Armijo et al., 70 
1989; Tapponnier et al., 2001). 71 
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2 Regional geological setting 95 

The high-elevation low-relief landform along the BNSZ in central Tibet, extends east-96 
west over a distance of ~1500 km with 20-100 km wide in a north-south direction, including the 97 
Gerze Basin in the west, the Bangor, Lunpola, and Nima Basins in the middle and the Dingqing 98 
Basin in the east (Fig. 1A). The Lunpola basin is approximately bounded by the Bengco strike-99 
slip fault (BCF) to the south and the BNSZ to the north (Fig.1B). The Lunpola basin contains 4-5 100 
km thick sequences of lacustrine to alluvial sediments, which is believed to have been deposited 101 
in a compressional tectonic background initiated in the Late Cretaceous-Early Eocene and 102 
reactivated by thrusting in the Early Miocene (Kapp et al., 2005; Wang et al., 2014; Fang et al., 103 
2020). The Cenozoic strata of the Lunpola basin consist of two primary stratigraphic units: the 104 
Palaeocene-Oligocene Niubao Formation and the Miocene-Pliocene Dingqing Formation 105 
(Rowley and Currie, 2006; Wu et al., 2016; Xiong et al., 2022). The Niubao formation is mainly 106 
composed of conglomerates, sandstones, mudstones, marls and tuffs (Wu et al., 2016;  Xiong et 107 
al., 2022) (Fig. 1B). The Dingqing formation mainly consists of mudstones, shales, sandstones, 108 
siltstones and tuffite layers (Wu et al., 2016; Xiong et al., 2022) (Fig. 1B). The depositional ages 109 
of the Niubao Formation and the Dingqing Formation are constrained to ~50-29 Ma and ~29-20 110 
Ma respectively (Wang et al., 2014; Wu et al., 2016; Fang et al., 2020). 111 

3 Data acquisition, processing and inversion 112 

3.1 Data acquisition 113 
In 2022, MT data were collected at 23 sites along a nearly N-S transect AA’ which is 114 

approximately orthogonal to the regional strike of tectonics (red triangles in Fig. 1B). With sites 115 
spaced ~3.0 km, the total length of transect AA’ was ~70 km. Five components of the time-116 
varying electromagnetic field (Ex, Ey, Hx, Hy, Hz) were measured using commercial Phoenix 117 
MTU-5A instruments. The time series were analyzed and processed through robust statistic 118 
methods (Egbert, 1997) to estimate MT impedances for the period range of ~0.01-1000 s. 119 
Because of sparsely population and poor industries in central Tibet, the quality of the acquired 120 
MT data was generally good (Fig. 2). Besides, to the west of the MT profile AA’, previous MT 121 
data of 9 sites with average ~10 km separation along the profile BB’ (blue triangles in Fig. 1B) 122 
were supplementary to this study (Liang et al., 2018; Xue et al., 2022). 123 
  124 
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 139 
Figure 3. The phase tensor (PT) ellipses for periods: (a) 0.3 s, (b) 3 s, (c) 30 s, (d) 300 s. Rose diagrams show 140 

PT strike analysis results for each corresponding period band (0.1-1 s, 1-10 s, 10-100 s, 100-1000 s). 141 

 The PT ellipses for each of the 32 sites were plotted in the four periods (~0.3 s, 3.0 s, 142 
30.0 s, 300.0 s) and the rose diagrams of PT strike directions were summarized statistically in the 143 
four period bands (0.1-1.0 s, 1.0-10.0 s, 10.0-100.0 s, 100.0-1000.0 s) shown both in Figure 3. At 144 
periods 0.3 s and 3.0 s, the PT analysis with small skew angles suggests 1-D or 2D 145 
dimensionality at most sites (Fig. 3a and b). The PT strike directions in period bands 0.1-1.0 s 146 
and 1.0-10.0 s (Fig. 3a and b) show that a strike direction in the range east to N105°E is the 147 
preferred for these data (or orthogonal directions). As period increases to 30.0 s and 300.0 s (Fig. 148 
3c and d), multiple PT skew angles near the BNSZ and BCF rise over 3° without any clear 149 
consistent strike directions. For the period band 10.0 -100.0 s, the predominant strike direction 150 
clearly lies between east and N105°E with a secondary preferred strike direction between N75°E 151 
and east (Fig. 3c). However, the preferred strike direction changes into the range of N60°E-152 
N75°E with a secondary preferred direction between N75°E and east for the period band 100.0-153 
1000.0 s (Fig. 3d). The change in the preferred strike direction is in favor of the existence of 3-D 154 
structures. Thus, it’s better to employ 3-D MT inversion to obtain effective and reliable crustal 155 
electrical resistivity structures. 156 
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 157 
3.3 Inversion 158 

As suggested by the above dimensionality analyses, 3-D modeling and inversion methods 159 
are necessary. The 3-D inversion code ModEM (Egbert and Kelbert, 2012) was performed in this 160 
study. The full impedance tensors (Z) at 22 equispaced periods in log domain in the range of 161 
0.01 s to 1000.0 s were inverted. After 91 iterations, the preferred model was obtained with an 162 
overall root-mean-square (RMS) misfit of 1.74. Qualitative comparisons of the fit of the 163 
calculated responses to the observed estimates are shown by examining the apparent resistivity 164 
and phase curves plotted in Figure 2 and S1. The preferred model in Figure 4 and S2 shows 165 
major variations in the resistivity structures in the crust along the profile AA’ and BB’ 166 
respectively. The sensitivity test results (Fig. S3) suggest the MT data could provide effective 167 
constrains to the depth of 60 km. 168 
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In the preferred 3-D inversion model (Fig. 4 and S2), the first-order electrical structures 175 
along the N-S profile are mainly composed of two contrasting layers that the resistive upper crust 176 
(≤ ~20 km) is underlain by the significantly low-resistivity middle and lower crust (~30-60 km). 177 
Within the upper crust, three prominent conductive zones (Fig. 4) are observed near the surface, 178 
which correlate spatially with the Duba basin at the southern transect, Lunpola basin in the 179 
central and topographic depression at the northern end, respectively. These discrete conductors in 180 
the upper crust are also observed in the previous results of the neighboring regions (Wei et al., 181 
2001; Solon et al., 2005), and are confined to the low-velocity surficial layer defined in the wide-182 
angle experiment (Zhao et al., 2001). Beneath the conductive surface layer, resistivities increase 183 
rapidly to hundreds of ohm meters.  184 

The conductive surface zones are commonly believed to be associated with Mesozoic 185 
basin sediments overlain by Tertiary cover (Solon et al., 2005; Heinson et al., 2006). It’s 186 
reasonable that the enhanced porosity of the basin should increase its conductivity, and resistivity 187 
variations within the sediments along the profile would be attributed to porosity differences and 188 
rock mineral compositions (Unsworth et al., 2004; Solon et al., 2005; Heinson et al., 2006). 189 
Beneath the Lunpola basin and nearby basins, the Cenozoic cover with low resistivities of 1-30 190 
Ω⋅m is at least about 5000 m thick in a depocenter, which are in accord with the geological and 191 
drilling data (Wu et al., 2016). When the subsurface fluids (aqueous fluid or partial melting) 192 
form a well interconnected network and significantly decrease the resistivity, the content of deep 193 
fluids can be quantitatively estimated using the Archie’s law (Unsworth et al., 2004, 2005; Bai et 194 
al., 2010; Dong et al., 2020). In the center of the Lunpola basin, the saline fluid fraction of 7.4-195 
16.8% can explain the average sedimentary resistivity of about 2.0 Ω⋅m (Fig. S4). 196 

 197 
4.2 Mid-to-lower Crustal Feature 198 

In the preferred model (Fig. 4 and S2), the dominant feature is the conductive mid-to-199 
lower crust. The sensitivity test shows the conductive anomaly in the middle and lower crust is 200 
robust (Fig. S3). We integrate the conductivities with depth to obtain conductance for the depth 201 
range of 20-60 km from the preferred model (Fig. 4B). The maximum conductance is about 2000 202 
S beneath the Lunpola basin and the bulk resistivity is 20 Ω⋅m. As the anomalously low 203 
resistivity of the mid-to-lower crust in Tibet is a ubiquitous phenomenon which transect the 204 
whole plateau and its periphery (Wei et al., 2001; Solon et al., 2005; Unsworth et al., 2004, 2005; 205 
Dong et al., 2020; Xue et al., 2021), we believe the conductive anomaly in middle and lower 206 
crust beneath our profile must be the result of interconnected melt and/or aqueous fluids 207 
developed during the plateau’s evolution. Using the Archie’s law, the melt fraction is estimated 208 
in the range 1.3-3.0% for the bulk resistivity of 20 Ω⋅m beneath the Lunpola basin (Fig. S4). 209 

In southern Tibet anatectic crustal melts and metamorphic brines generated as a 210 
consequence of underthrusting Indian crust and crustal thickening are the most likely candidates 211 
(Nabelek et al., 2009; Dong et al., 2020; Xue et al., 2021). However the northern limit of the 212 
underplated crust of the Indian plate is approximately parallel to about 30°N (Li et al., 2008; 213 
Nabelek et al., 2009; Xue et al., 2021) which is far away from the Lunpola Basin. In northern 214 
Tibet, the upper mantle is characterized by inefficient S-wave (Sn) propagation, low P-wave (Pn) 215 
velocity and strongly developed shear-wave anisotropy which indicates a hot anomalous mantle 216 
(Huang et al., 2000; Owens and Zandt, 1997). The partially melted mid-to-lower crust beneath 217 
the northern plateau is suggested be attributed to high temperatures (Owens and Zandt, 1997; 218 
Solon et al., 2005). The influx of heat from the hot underlying upper mantle or mantle derived 219 
melts injecting into the lower crust is a major influence on the development of this anomalous 220 
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crustal structure (Owens and Zandt, 1997; Huang et al., 2000; Solon et al., 2005). The Lunpola 221 
basin is within or near the southernmost edge of a region of high Sn attenuation and low upper 222 
mantle velocities. Therefore the hot upper mantle is suggested to blame for the partially melted 223 
mid-to-lower crust beneath the Lunpola basin. The high heat flow (140 m⋅W/m2) (Fig. 1 and 4) 224 
(Jin et al., 2019) measured in the Lunpola basin favors the presence of the hot resource. 225 

Compared to high electrical conductivities (~0.3 S/m) in mid-to-lower crust in the 226 
southern Tibet (Unsworth et al., 2005; Chen et al., 2018; Xue et al., 2021, 2022), the bulk 227 
conductivity (0.05 S/m) in mid-to-lower crust beneath the Lunpola baisn is clearly lower and 228 
analogous to the observed conductivities (~0.067 S/m) near the Karakorum strike-slip fault zone 229 
in the north-western Himalaya (Unsworth et al., 2005; Arora et al., 2007; Chen et al., 2018). The 230 
bulk conductivity of ~0.3 S/m requires a melt fraction of 5-14% which is sufficient to produce an 231 
order-of-magnitude reduction in viscosity, while the bulk conductivity of ~0.05-0.067 S/m 232 
requires a melt fraction of 1.3-4% that correspond to a more modest reduction in viscosity and a 233 
less-well-developed crustal flow (Unsworth et al., 2005). Chen et al. (2018) suggested the 234 
variation in bulk conductivity and melt fraction beneath the north-western Himalaya and the 235 
southern Tibet is attributed to fluid-absent melting and fluid-present melting respectively. The 236 
fluid-absent melting in mid-to-lower crust beneath the Lunpola basin in turn demonstrates the 237 
termination of the northward underthrusting Indian crust near 30°N (Li et al., 2008; Nabelek et 238 
al., 2009; Xue et al., 2021) which can provide sufficient fluids. Besides, the changes in crustal 239 
resistivity from south to north are also consistent with the changes in crustal velocity and 240 
Poisson’s ratios which may be associated with the differences in upper-mantle structure and 241 
properties (Owen and Zandt, 1997; Huang et al., 2000).  242 
 243 

 244 
Figure 5 Interpretive cartoon illustrating the crustal deformation and underlying geodynamic processes beneath 245 
the central Tibet. Underthrusting of the Indian and Asian mantle lithosphere caused north-south contraction of 246 
the hot and softer asthenospheric channel, resulting in eastward asthenospheric flow and upwelling. Horizontal 247 
shear applied at the base could have driven the eastward escape of the central Tibet. The asthenospheric 248 
upwelling could induce basaltic underplating and thermally weaken the crust. 249 
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 250 
4.3 Eastward Escape of central Tibet 251 

For the crustal deformation mechanisms and geodynamic processes in the central part of 252 
the Tibetan Plateau, Yin and Taylor (2011) proposed that the eastward asthenospheric flow along 253 
the BNSZ sandwiched between the cold Indian and Asian lithosphere applies horizontal shear at 254 
the base of the Tibetan mantle lithosphere to drive Cenozoic deformation of central Tibet. 255 
Recently based on paleotemperatures from the Lunpola Baisn, Xiong et al. (2022) proposed that 256 
mantle upwelling, immediate basaltic underplating and crustal shortening together contributed to 257 
the rise of the central Tibetan Valley. A number of evidences support a hot upper mantle in 258 
central Tibet and vertically coherent deformation of lithosphere of central Tibet (Owens and 259 
Zandt, 1997; Huang et al., 2000; Yin and Taylor, 2011). As discussed in section 4.2, the heating 260 
effect from the hot mantle would thermally weaken the crust characterized by low-resistivity 261 
anomalies (Fig. 4) and promote the crustal deformation. Nevertheless the relatively weak mid-to-262 
lower crust beneath the Lunpola Basin is not enough to decouple the upper crust from the lower 263 
crust and the mantle lithosphere, which supports the crust and mantle lithosphere are deformed in 264 
a coherent fashion.  265 

Our concept of the geodynamic processes driving late Cenozoic deformation of central 266 
Tibet is summarized in Fig. 5. In the model, underthrusting of the Indian and Asian mantle 267 
lithosphere caused north-south contraction of the hot and softer asthenospheric channel, resulting 268 
in eastward asthenospheric flow and upwelling. The basal shear at the base of the Tibetan 269 
lithosphere due to the asthenospheric flow, induces lateral motion of regional portions of the 270 
continental lithosphere bounded by conjugate strike-slip faults in central Tibet in a rigid block 271 
fashion (Yin and Taylor, 2011). Meanwhile, the asthenospheric upwelling could contribute to 272 
basaltic underplating and thermally weakening the crust, which promote crustal shortening and 273 
deformation, and rapid surface uplift of the central Tibet (Xiong et al., 2022).  274 

 275 

5 Conclusions 276 

In central Tibet, a series of Cenozoic basins along the Bangong-Nujiang suture are formed, 277 
and record the tectonic deformation and plateau growth responding to the collision of India and 278 
Asia. To study how the basins formed and the underlying geodynamic processes, magnetotelluric 279 
data across the Lunpola basin were collected to reveal the crustal structures beneath the basin 280 
and nearby area. Phase tensor analysis and 3-D inversions are performed to obtain the electrical 281 
resistivity model. The preferred model shows that the resistive upper crust inlaid with three 282 
surface conductive zones, is underlain by the significantly conductive middle and lower crust. 283 
The surface conductive zones correlate spatially with the basins and indicate the thick 284 
sedimentary sequences. The low-resistivity mid-to-lower crust is believed to be the result of 285 
partial melting, which may be attributed to fluid-absent melting induced by heat from the hot 286 
underlying upper mantle. The maximum conductance for the mid-to-lower is 2000 S with the 287 
bulk resistivity of 20 Ω⋅m, and the estimated fluid fraction is 1.3-3.0%. Compared to the 288 
significant weak mid-to-lower crust in southern Tibet, the crustal rheology is less well developed 289 
beneath central Tibet and not enough to decouple vertically from the mantle lithosphere. 290 
Combined with the previous studies in central Tibet, we suggest the crust and the mantle 291 
lithosphere are deformed in a coherent fashion, and propose that the hot asthenosphere beneath 292 
the central Tibet sandwiched between the cold Indian and Asian lithosphere, is squeezed to flow 293 
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eastward and upwells, resulting in the relatively weak mid-to-lower crust and driving the 294 
eastward escape of the continental lithosphere in central Tibet. 295 
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paper (https://doi.org/10.1016/j.cageo.2014.01.010) are recommended to refer for a brief 311 
understanding of the model and transfer function data file formats. 312 
 313 
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