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Three-dimensional Magnetotelluric Imaging of West Kunlun Tectonic Zone
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SUMMARY

The West Kunlun Tectonic zone(WKTZ) is the collision front of the Asian plate and the Indian plate on the west
side of the Tibetan Plateau. In this study, we used 295 MT stations to invert the three-dimensional electrical
structure in this area, covering the southwest of the Tarim Basin to the WKTZ. The result model shows that
there are three major conductive anomalies (C1, C2 and C3): C1 is the magma chamber of the Cenozoic
volcano and has a connecting channel with the deeper C2; C2 is divided into two parts, shallow ( <50km) and
deep (50km 150km), the shallow C2 is inclined to the south, which corresponds well to the Jinsha suture, and
the deep C2 is inclined to the north, mainly distributed in the lower crust-upper mantle scale. C3 is inclined to
the north as a whole, and corresponds well to the Bangong-Nujiang suture. The resistivity data are sensitive
to the margin of the crust slab, and there is a large-scale low-angle north-dipping low-resistance anomaly
(deep C2) at the lower crust-upper mantle scale in the southern part of the West Kunlun Mountains, which is
speculated to be the subducted Indian plate interface, so we presume that the subduction front of the Indian
plate may have reached beneath the Kangxiwa fault (about 37°N).
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INTRODUCTION

The West Kunlun Tectonic Zone (WKTZ), located at
the southwestern margin of the Tarim Basin and the
northwestern margin of the Tibetan Plateau, is a
key region for understanding the collision between
the Indian Plate and the Asian Plate (Fig. 1). To
investigate the deep interactions between the In-
dian Plate and the Asian Plate, as well as the mi-
gration of melts and fluids associated with multi-
ple stages of subduction and collision events in this
region, we deployed a relatively dense MT array
covering the East Pamir Plateau, Southwest Tarim
Basin, and West Kunlun Mountain region. The MT
data is sourced from multiple projects: (1) 62 wide-
band (WB) MT sites from the SinoProbe Project,
mostly located at the western corner of Tibet, col-
lected during 2008-2010; (2) 153 WB MT sites lo-
cated in the Tarim Basin, collected during 2009-
2010 with support from the Chinese national oil
company SinoPec; (3) approximately 80 LP sites lo-
cated in the East Pamir and West Kunlun Mountains,
collected during 2019-2023 with support from NSFC
funds. The above data sources result in a dataset
with a total of 295 MT stations, including 215 broad-

band stations and 80 long-period stations, with fre-
quencies ranging from 320 Hz to 20,000 seconds.

The site spacing is approximately 40 km for long-
period MT sites and 20 km for wide-band MT sites.
The data quality is very good for most sites. We em-
ployed the Modular Electromagnetic Data Inversion
System (i.e., ModEM, Egbert and Kelbert, 2012) to
invert the data. By setting the error floor to 5% of
| Zsy| for Z,,, and Z,,,, 5% of |Z,,| for Z,, and Z,,,
and a fixed value of 0.03 for T, we achieved a nor-
malized root-mean-square (nRMS) misfit of 2.08 af-
ter 148 iterations using the non-linear conjugate gra-
dient scheme.

RESULTS AND DISCUSSION

Tectonic settings

The WKTZ can be divided into three parts from
north to south (Fig. 1): the Northern Kunlun Ter-
ranes (NKT), the Southern Kunlun Terranes (SKT),
and the Tianshuihai Terranes (TSHT). The major
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faults and sutures include the Kudi Suture (KDS),
Jinsha Suture (JS), Bangong-Nujiang Suture (BNS),
Kangxiwa Fault (KXF), Karakoram Fault (KKF), Al-
tyn Tagh Fault (ATF), and Longmucuo Fault (LMF).
The boundary between the NKT and SKT is the Kudi
Suture, while the boundary between the SKT and
TSHT is the Kangxiwa Fault.

40°N

Indian
Plate e CEDESE,) .

34°N {1

32°N
74°E

82°E

Figure 1: Tectonic Setting of the WKTZ, modi-
fied from (Zhang et al, 2023). In the map:
green triangles indicate SinoProbe stations,
yellow triangles indicate long-period stations,
red triangles indicate broad-band stations.
NKT: Northern Kunlun Terranes, SKT: South-
ern Kunlun Terranes, TSHT: Tianshuihai Ter-
ranes; KDS: Kudi Suture; JS: Jinsha Su-
ture; BNS: Bangong-Nujiang Suture; KXF:
Kangxiwa Fault, KKF: Karakoram Fault, ATF:
Altyn Tagh Fault; LMF: Longmucuo Fault.

3D resistivity structure

The inversion result matches the geological struc-
tures at shallow depths very well (Figure 2a). In the
eastern part of the study area, beneath the Ashikule
Volcano, a conductive anomaly extends east-west
within the 10 to 40 km depth range and is identified
as the volcanic melt C1 (Figure 2b).

At the middle crust depths, two prominent conduc-
tive anomaly bands appear on the southern flank
of the West Kunlun Mountains. These anomalies

reach their maximum extent within the 50 to 60 km
depth range (Figure 2c) and subsequently dimin-
ish from the extremities towards the center, with
the deepest anomalies reaching approximately 140
km (Figure 2d). The conductive anomaly band be-
neath the Jinsha River Suture is labeled as C2,
while the band beneath the Bangong-Nujiang Su-
ture is designated as C3. Both C2 and C3 represent
the most significant conductive anomalies within the
West Kunlun tectonic belt, spanning a considerable
depth, from the middle crust ( 30 km) to the litho-
spheric mantle (>100 km).
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Figure 2: Depth Slices.(a-d) represent resistivity
slices at depths of 3 km, 12 km, 54 km, and
142 km, respectively. (a) Tectonic setting of
WKTZ. (b) The brown trapezoid represents
Ashikule Volcano, the low-resistivity anoma-
lies is C1. (c) The location of C2 and C3.
(d)The location of profile AA’ and profile BB'.

Cenozoic volcano

As Xu et al (2021) suggested, the magma primar-
ily originates from the upwelling of mantle material
through the analysis of the rock composition of the
Ashikule Volcano’s eruptive products. However, the
inversion results indicate that the deepest magma
chamber is at 40 km(Fig 4), which does not reach
the depth of the mantle.
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Figure 3: Prodile BB’.The black dashed line rep-
resents the reference Moho depth, modified
from (Zhang et al, 2014; Kumar et al, 2022;
Wittlinger et al, 2004).

Therefore, we speculated that the magma in this
chamber is not the native magma of that depth
but rather material that has upwelled from greater
depths. The 3D model(Fig 4) display a channel be-
tween C1 and C2, which may be one of the path-
ways for magma migration.
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Figure 4: 3D model in Paraview. The yellow-green
surface represents the 5092-m iso-surface, and
the area enclosed within it is characterized by
a conductive anomaly.

Conductive sutures

Based on the distribution of conductros, we can
infer the approximate subduction direction of the
paleo sutures. The conductor cutting through the
Solonkhe suture provides evidence for the south-
ward subduction of the Paleo-Asian oceanic litho-
sphere (Ye et al, 2019), while the northward and
southward dipping conductor beneath the Bangong-
Nujiang suture indicate the bidirectional subduction
of the Neo-Tethy ocean lithosphere (Sheng et al,
2019).

In the WKTZ, the Bangong-Nujiang suture(BNS)
records the northward subduction of the Neo-tethys,
and the Jinsha suture (JS) records the southward
subduction of the Paleo-Tethys.

CONCLUDING REMARKS

Incorporating the distribution of conductive anoma-
lies from the three-dimensional resistivity model, we
inferred that the Indian plate lithosphere and the
Asian plate lithosphere collided and converged in
front of the Western Kunlun Mountains. Prior to the
collision, a significant amount of melt was generated
at the leading edge. A portion of this melt migrated
along the plate interface, becoming part of the fluid,
while another fraction followed magmatic conduits
into the volcanic magma chambers.

In conclusion, in the WKTZ, conductive anomalies
at the mid-to-upper crustal scale (shallower than 50
km) are predominantly controlled by paleo sutures
and saline fluids, while at the lower crust to upper
mantle scale(<150Km), they are influenced by melts
at the collision front (Fig 5). Furthermore, based on
the distribution of deep conductors, we infer that the
subduction front of the Indian Plate has reached be-
neath the Kangxiwa Fault (about 37°N).
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Figure 5: Conceptual model
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