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Abstract The Central Asian Orogenic Belt (CAOB) is one of the world's largest and oldest accretionary
orogens. The Junggar Terrane, located in the southwestern CAOB, is considered a key tectonic element
to understand the evolution of the whole CAOB. However, given the lack of xenoliths and limited
geophysical data with sensitivities to mantle depths, the nature of its basement and its deep lithospheric
structure are still highly debated. Here we use a probabilistic inverse method to jointly invert newly
processed Rayleigh wave dispersion data, surface heat flow, geoid anomalies, and absolute elevation. The
output is a 3‐D model of the seismic, temperature, bulk density, and compositional structure of the whole
lithosphere beneath the western part of the Junggar Terrane. Our results reveal a subduction‐shaped mantle
anomaly beneath the western flank of the Junggar Basin that resembles closely the structure of a fossil
subduction zone. We also confirm the presence of a thick lower crust beneath the basin with properties
similar to those of basaltic rocks. On account of these results, we further conduct a hypothesis test and
demonstrate that an “oceanic model” for the origin of the basement of the Junggar Basin explains the
available geophysical and geochemical information better than other alternative models. Based on all these
observations, we propose an evolutionary model for the western Junggar Terrane that reconciles a number of
previously conflicting interpretations.

1. Introduction

Orogenic processes are one of the most impressive manifestations of continental dynamics. The majority of
orogenic belts are formed along convergent plate boundaries as the result of continent‐continent and/or arc‐
continent collisions, although a few exceptions are found far away from plate boundaries (Avouac, 2015;
Xiao et al., 2015). The Central Asian Orogenic Belt (CAOB) is the largest and one of the longest‐lived
Phanerozoic accretionary orogenic belts in the world. It was formed by subduction‐accretion processes
starting in the early Neoproterozoic (~1.0 Ga) and culminating in the late Paleozoic (~250 Ma; Şengör
et al., 1993; Jahn, 2004; Xiao et al., 2009; Yang et al., 2016). The CAOB is composed of remnants of oceanic
islands, island arcs, seamounts, ophiolites, accretionary wedges, and possibly some microcontinents (Feng
et al., 1989; Windley et al., 2007; Xiao et al., 2015). Given its long tectonic history and the preservation of mul-
tiple tectonic events, the CAOB is considered an ideal natural laboratory to study accretionary deformation
processes, post‐collision dynamics, and continental growth mechanisms in general (Tang et al., 2010;
Windley et al., 2007; Xiao et al., 2015).

The general consensus is that the southern CAOB was formed by multiple accretion events along
the margins of the Paleo‐Asian Ocean (e.g., Tang et al., 2017; Wang et al., 2017; Wilhem et al.,
2012). After the closure of the Paleo‐Asian Ocean, small continental blocks, such as the Tarim,
Kazakhstan‐Yili, and North China Blocks, collided with each other forming a series of orogenic belts
and foreland basins. The Junggar Terrane, situated in the southwestern CAOB (Figure 1), is regarded
as an important area to unravel the tectonic evolution of the CAOB due to the occurrence of
widespread granitoids, ophiolites, and intermediate‐basic dikes (Xiao et al., 2008; Yang et al., 2015)
that record different evolutionary stages and tectonic events, thus providing a unique window into the
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final subduction and accretion processes through the Paleozoic (Jahn et al., 2000; Su et al., 2012;
Xiao et al., 2008).

The triangle‐shaped Junggar Basin (JB; Figures 1b and 1c) dominates the geology of the Junggar Terrane. In
its southern margin, the JB hosts a thick (more than 10 km) sedimentary sequence of continentally derived
sedimentary rocks that have been deposited since the Early Permian (Bian et al., 2010; He & Zheng, 2016;
Zheng et al., 2007). Since there are no basement exposures in or around the JB, the nature and evolution
of the basement remain subjects of controversy. Some earlier works considered the basement of the JB to
be a small Precambrian continental block (Watson et al., 1987; Zhang et al., 1984), while more recent studies
interpreted it as fragments of a Paleozoic oceanic crust (Chen & Jahn, 2004; Han & Zhao, 2017; Zheng et al.,

Figure 1. (a) Simplified tectonic divisions of the Central Asian Orogenic Belt and adjacent cratons (modified from Jahn, 2004, and Tang et al., 2017). (b)
Topographic map of the southwestern Central Asian Orogenic Belt. (c) Study region showing the 282 columns used in the inversion.
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2007). Based on the petrological and geochemical characteristics of a limited number of drill core samples,
Zheng et al. (2007) suggested that the intermediate‐silicic rocks found in these cores were formed either
by fractional crystallization of asthenosphere‐derived melts or by melting of an hypothesized oceanic crust
due to late underplating. They further inferred that the entire JB may be underlain by a trapped late
Paleozoic oceanic crust. The existence of a remnant oceanic slab in the lower crust and uppermost mantle
of the JB was also inferred from geophysical data, including seismic, gravity, and magnetic surveys. The
high‐velocity, high‐density, and high‐magnetization anomalies found in the deep sections of the JB have
been attributed to the presence of oceanic basalts (Wang et al., 2003; Wu et al., 2018; Zhao et al., 2018).
However, this interpretation is challenged by the observation that the thickness of the high‐velocity layer
beneath the JB (as imaged by seismic studies) is about 20 km and that the Moho depth is around 45 km
(Wang et al., 2003; Wu et al., 2018). Considering that normal oceanic crust is 6–8 km thick, it is difficult to
support the interpretation that the high‐velocity body is simply a remnant of normal oceanic crust.
Another source of uncertainty comes from the fact that the deep lithospheric structure beneath the JB is
poorly constrained due to the lack of mantle xenoliths and relevant geophysical data/studies. Therefore,
although the “oceanic” hypothesis currently is the preferred explanation for the origin of the JB, there are
a number of open questions that need to be addressed before a plausible evolutionary model can be
offered. Foremost among these are (i) why is the crystalline crust so thick and with characteristics of
mafic rocks, (ii) what is the nature and structure of the lithospheric mantle beneath the JB, and (iii) if it is
a remnant of an old oceanic plate, why hasn't it been subducted. In addition, any evolutionary model
needs to be compatible with present‐day geophysical and geological observations.

In this work, we provide new insights into these questions, with particular emphasis on the nature and struc-
ture of the lithosphere beneath the JB, as it is the topic that received less attention in previous studies. In
doing so, we adopt a recently developed probabilistic inversion method (Afonso et al., 2013; Afonso et al.,
2013; Afonso et al., 2016) particularly designed for constraining the present‐day lithospheric thermal and
compositional structure via joint inversion of multiple and complementary geophysical data, including
Rayleigh wave dispersion data, surface topography, surface heat flow (SHF), and geoid height. This method
is based on a thermodynamically constrained formulation and driven by powerful Markov chain Monte
Carlo (MCMC) algorithms. As such, it is well suited to handle the nonuniqueness and nonlinearity of the
problem, as well as minimizing the trade‐off between temperature and composition in wave speeds and
potential field data (cf. Afonso et al., 2016). We use this method in a first stage to obtain a collection of
self‐consistent thermal and compositional models (in the form of full probability density distributions) of
the whole lithosphere and sublithospheric mantle beneath this region. Informed by these general results,
we subsequently conduct a hypothesis test to see whether a continental or oceanic lithosphere model is more
compatible with the available data sets. Finally, we analyze all these new results and discuss their implica-
tions for the origin and tectonic evolution of the Junggar region.

2. Geological Background

The CAOB is located between Eastern Europe, Siberia, Tarim, and North China cratons (Figure 1a). The
southwestern part of the CAOB consists of three broadly contemporaneous accretionary assemblages: the
Altai Orogen, the Junggar Terrane, and the Chinese Tianshan segments (Figures 1a and 1b). All of these
assemblages have experienced prolonged and complex tectonism, including internal deformation, uplift of
orogenic belts, terrestrial sedimentary system, and thrust‐strike‐slip faults (S. Xu et al., 2017).

The Tianshan orogenic belt is a late Paleozoic orogenic belt created by multistaged subduction/collision of
island arcs, small continental blocks, and two main oceanic branches of the Paleo‐Asian Ocean, that is,
the Junggar Ocean in the north and the South Tianshan Ocean in the south (e.g., Charvet et al., 2011;
Han & Zhao, 2017). Its modern features, however, are closely related to the Cenozoic India‐Asia collision
(Avouac et al., 1993; Zhao et al., 2003; B. Xu et al., 2017). The Chinese Tianshan segments can be divided into
theWest and East Tianshan, Urumqi being located at the midpoint (Figure 1b). TheWest Tianshan is further
subdivided into the North Tianshan, the Central Tianshan, the South Tianshan, and the Yili Block.

Located to the north of the Tianshan Orogen, the Junggar Terrane is traditionally divided into the West
Junggar (WJ), the JB, and the East Junggar (Figure 1b). The WJ is surrounded by the JB to the east, the
Kazakhstan Plate to the west, the Altai Orogen to the north, and the Tianshan Orogen to the south
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(Figure 1b). The WJ hosts voluminous Ordovician to Carboniferous volcanic sediments, early Paleozoic
ophiolites (~561–332 Ma), and late Paleozoic granitoids (A type and I type; ~436–276 Ma) (Feng et al.,
1989; Gao et al., 2014; Geng et al., 2009; Xu et al., 2013; Yang et al., 2015). In fact, not only the WJ, ophiolites
and granitoids are widely distributed around the JB. The exposure of ophiolites is generally related to various
faults rather than a zoning pattern, that is, a suture zone of plates. The granitoids are characterized by posi-
tive εNd(t) values and low initial 87Sr/86Sr isotopic ratios, indicating the crustal growth during the
Phanerozoic (Jahn et al., 2000; Xu et al., 2013).

The JB is a large (~136,000 km2) intraplate basin initially developed in the late Paleozoic. It exhibits low
geothermal gradients, low terrestrial heat flow (Rao et al., 2014), and a thick sedimentary sequence of
Mesozoic and Cenozoic units, up to 14 km deep along its southern margin (Tang et al., 1997), contributed
mainly by the rising Tianshan. This late event converted the basin into a present‐day foreland basin (Wen
et al., 2016). Our study region encompasses the JB, the WJ, and the Chinese Northwest Tianshan (CNT),
which are main components of the southwestern CAOB.

3. Data

In this study, we jointly invert fundamental mode Rayleigh wave dispersion data, topography, geoid height,
and SHF.

Rayleigh wave dispersion curves are taken from a recent surface wave tomography study by Wu (2019).
Using seismic data recorded at a total of 49 stations from July 2016 to September 2017, Wu (2019) obtains
phase velocity dispersion maps at 6–30 s using ambient noise tomography (ANT) and at 25–150 s using
two‐plane‐wave tomography (TPWT). In ANT, cross correlations are firstly obtained from all combinations
of station pairs between the 49 stations, and phase velocity dispersion curves between station pairs are
measured using a frequency‐time analysis technique (Bensen et al., 2007; Lin et al., 2008) from the cross cor-
relations. Then, a fast marching surface wave tomography method (Rawlinson & Sambridge, 2005) is
adopted to generate the phase velocity maps. In the TPWT method, ~150 events with magnitudes >5.5
Mb, epicentral distances from 30° to 150°, and focal depths <100 km are collected for the surface wave
tomography. In the inversion of TPWT, surface waves from incoming teleseismic event are modeled as
two interfering plane waves, and phase velocity maps are constructed by inverting phase and amplitude data
(Yang & Forsyth, 2006). Finally, broadband dispersion curves at 6–150 s for each geographic point are
extracted from these two sets of dispersion maps by taking their weighted averages (weight determined by
the inverse of their uncertainties) at the overlapped periods of 25–30 s. Uncertainties in phase velocities from
both ANT and TPWT tomography are estimated from the posterior model covariance matrix based on the
propagation of data uncertainties (Yang & Forsyth, 2006). Three examples of dispersion curves are presented
in Figure 2a. For periods shorter than 25 s (from ANT), uncertainties in phase velocities are less than 30 m/s
in most of the study area and gradually increase at longer periods, reaching maximum values of ~80 m/s at
150 s (Figure 2a). More details about data, tomography methods, and uncertainty estimation can be found in
Wu (2019).

Elevation data are taken from the GTOPO30 data set (http://lta.cr.usgs.gov/GTOPO30, Figure 2b). A
low‐pass filter is used to remove the high‐frequency components with the wavelengths <50 km. Geoid height
data are acquired from the global Earth Geopotential Model EGM2008 (Pavlis et al., 2012, Figure 2c). This
data set provides better constraints on deep density anomalies than gravity data due to its sensitivity to
nonzero‐density moments. The EGM2008 model includes spherical harmonic coefficients up to degree
and order of 2,190. To remove the deep mantle (>400 km) signal, we apply a high‐pass filter to the full geoid
height data (i.e., 2–9° removed). The recent study of Afonso et al. (2019) has shown that this filtering
technique gives an acceptable approximation to a more sophisticated filtering (including the effects of the
whole mantle) in this region. The means and variances of geoid height and elevation are computed within
2‐D surface cells of 1 ° × 1°. The averages are treated as input data during the joint inversion, while the
variances are used to estimate the data variability/uncertainty. Note that these are not true observational
uncertainties but rather a measure of the natural variability of the field within each cell (Afonso,
Rawlinson, et al., 2016; Guo et al., 2016). In order to account for both measurement and theoretical modeling
errors, we assign minimum uncertainties to geoid height and elevation of 1.2 m and 150 m, respectively
(Afonso, Fullea, Yang, et al., 2013).
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The compilation of SHF used in this study includes reported values from Wang and Huang (1990), Hu et al.
(2001), and Jiang et al. (2016) for continental China (Figure 2d). Measurements of SHF are scarce and het-
erogeneously distributed in the WJ and CNT. Therefore, we interpolate the SHF data by including measure-
ments in an extended area (Figure S3) onto each 1 ° × 1° cell with a gridding method based on continuous
curvature splines (Smith & Wessel, 1990). We also remove some extreme values (<20/mWm2 and
>150/mWm2) believed to be associated with local shallow underground water flow and not representative
of the deeper lithospheric thermal structure. In addition, SHF values are typically dominated by the heat

Figure 2. Geophysical data used in the multiobservable probabilistic inversion. (a) Fundamental mode Rayleigh wave dispersion curves and associated error bars at
three locations (shown in b), (b) filtered topography, (c) lithospheric geoid height, and (d) interpolated surface heat flow; dots indicate the available measurements
in the Junggar Basin.
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production within the crust, and therefore their sensitivity to deep thermal anomalies (>180 km) is poor
(Jaupart & Mareschal, 2011). For all these reasons, we assign a large uncertainty (standard deviation) of
20% to the observed SHF values with a minimum of 10/mWm2 during the inversion. This effectively forces
the inversion to output models consistent with observed SHF values (a requirement of any thermal model of
the lithosphere and sublithospheric mantle), but they do not dominate the inversion.

Given the differences in the spatial resolution of both data and forward models, we adopt a multiscale
approach where seismic data and nonseismic data are modeled at different scales. Seismic data are discre-
tized on surface cells of dimension 0.25 ° × 0.25° to take advantage of the original high resolution of the
Rayleigh wave phase velocity maps (282 1‐D columns, Figure 1c). Then, the nonseismic data (geoid, eleva-
tion, and SHF) associated with each 1‐D column are computed using a moving average method with a win-
dow size of 1 ° × 1°. This choice is based on the assumptions and limitations of the 1‐D approximation to
solve the forward problems, which has been explained and justified in Afonso, Fullea, Griffin, et al., 2013;
Afonso, Fullea, Yang, et al., 2013; Afonso, Rawlinson, et al., 2016).

4. Method
4.1. Multiobservable Probabilistic Inversion

One of the strengths of multiobservable probabilistic inversions for the structure of the lithosphere is the
capability of incorporating data sets with different and complementary sensitivities to shallow/deep,
thermal/compositional anomalies, therefore providing superior constraints on the vertical and lateral varia-
tions of the mantle's bulk properties. Here, we use the multiobservable probabilistic inversion method of
Afonso, Fullea, Griffin, et al., 2013; Afonso, Fullea, Yang, et al., 2013; Afonso, Rawlinson, et al., 2016) to
jointly invert all the geophysical data sets. We refer the reader to the references above for details of this
method. The 3‐D models are obtained by assembling the solutions from 282 nonoverlapping 1‐D columns
with surface areas of 0.25° by 0.25° (Figure 1c). The forward problem involves solving the steady‐state heat
transfer equation, computing the stable mineral assemblages in the upper mantle and their physical proper-
ties (e.g., Vp, Vs, and ρ) via Gibbs free‐energy minimization, predicting geoid height and elevation, and cal-
culating the fundamental mode Rayleigh wave dispersion curves (cf. Afonso, Fullea, Griffin, et al., 2013;
Afonso, Fullea, Yang, et al., 2013; Qashqai et al., 2016).

A Bayesian inference approach is adopted to solve the inverse problem. In this probabilistic framework, all
the prior information at hand on both observable data d and model parametersm are combined with infor-
mation from observed data and physical models (i.e., the forward problems) to define a multidimensional
probability density function (PDF) over the parameter space known as the posterior PDF (σ(m);
Tarantola, 2005). This PDF represents our best “state of knowledge” about the problem (and the solution
to the inverse problem) and can be written as:

σ mð Þ∝ρ mð ÞL mð Þ (1)

with

L mð Þ∝exp ∑
i
∑
j

dobs
ij−gij mð Þ
σij

� �2 !
; (2)

where ρ(m) is the prior PDF, representing everything we know about the parameters of interest inde-
pendently from the actual measurements. L(m) is the so‐called likelihood function, which is a measure of how
well the model explains the data. i and j denote each data type and each data point, respectively. dobs

ij and
gij(m) represent observed and synthetic data, respectively. σij is the uncertainty associated with data type i
and the forward modeling at each point j. The total misfit function or objective function is implied in the
exponential term (Afonso, Fullea, Griffin, et al., 2013; Afonso, Fullea, Yang, et al., 2013; Qashqai et al.,
2016, 2018). To obtain an estimate of σ(m), we use a MCMC sampling method based on the Delayed
Rejection Adaptive Metropolis (DRAM) algorithm of Haario et al. (2006). This algorithm combines the
strengths of the Adaptive Metropolis and the Delayed Rejection to efficiently generate samples of the poster-
ior PDF. The advantage of DRAM is that the proposal distribution is updated several times at regular intervals
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during the MCMC simulation, thus avoiding the sampling of low posterior probability (Haario et al., 2006;
Shan et al., 2014). Numerous tests and previous studies have indicated that four to seven adaptation
intervals are sufficient to yield reliable results (Afonso, Rawlinson, et al., 2016; Guo et al., 2016; Qashqai
et al., 2016, 2018; Shan et al., 2014). In this study, we use a total of 252,000 simulations per column (a total
of 71,064,000 simulations for the study region), half of the samples are drawn in the preadaptive stage, and
we subsequently update the proposal distribution every 21,000 new samples (i.e., six updates).

4.2. Model Parameterization and Priors

The model parameterization of the crust and the upper mantle is similar as that employed in previous works
(Afonso, Rawlinson, et al., 2016; Guo et al., 2016; Jones et al., 2017; Qashqai et al., 2016). Each 1‐D column is
defined by three crustal layers (upper/sediments, middle, and lower crust) and two upper mantle layers
(lithospheric and sublithospheric mantle) (Figure 3). A set of physical parameters characterizes each crustal
layer: bulk density (ρ), Vp/Vs, thickness (h), thermal conductivity (k), coefficient of thermal expansion (α),
and compressibility (β). Of these, only ρ, Vp/Vs, and h are inverted for; the others are assumed constant (see
Table 1). Also, an average crustal radiogenic heat production is assumed for the entire crust and inverted for.

Figure 3. Parameterization used in the 1‐D inversion, modified from Afonso, Fullea, Yang, et al. (2013).
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The entire model is discretized with a finite‐difference mesh (red dots in
Figure 3) for solving the forward problems associated with elevation,
geoid, and geotherms. The resolution of these fine mesh nodes is
typically set to 2 km (e.g., Afonso, Rawlinson, et al., 2016; Qashqai et al.,
2016, 2018). Fifteen intermediate nodes (blue squares in Figure 3, ten in
lithospheric and five in sublithospheric mantle) are used in the mantle
to calculate equilibrium assemblages and their thermophysical properties
(e.g., Vp, Vs, ρ, etc.) via Gibbs free‐energy minimization process using
components of the Perple_X software (Afonso, Fullea, Griffin, et al.,
2013; Connolly, 2009). We use two compositional layers to represent
the bulk compositions of the lithospheric and sublithospheric
mantle independently. Each mantle layer is defined by five major
oxides within the system CaO − FeO − MgO − Al2O3 − SiO2. Then, all
velocities and densities computed at these intermediate nodes are
linearly interpolated to the finer mesh during the forward calculations
of dispersion curves.

The temperature distribution is calculated within the fine finite‐difference mesh subject to Dirichlet bound-
ary conditions at the surface of the Earth (Ts= 10 ° C) and at the lithosphere‐asthenosphere boundary (LAB,
TLAB is defined as the 1250 ° C isotherm). As in previous works (Afonso et al., 2008; Afonso, Fullea, Yang,
et al., 2013), we assume a 40‐km‐thick transition layer between the conductive lithospheric and convective

mantle (asthenosphere) where heat transfer can be either by conduction
or by advection or by a mixture of both. The temperature at the base of this
layer (Tbuffer) and two additional nodes within the sublithospheric mantle
(one is at the bottom of the model Tbottom, and the other is the intermedi-
ate node Tinter) are treated as unknown parameters (red circle in Figure 3).
The temperature structure in the sublithospheric mantle is obtained by
linear interpolation between these four values (TLAB, Tbuffer, Tinter, and
Tbottom), which are sampled by the DRAM algorithm during the
MCMC inversion.

Table 1 lists the constant values of thermal conductivity (k), coefficient of
thermal expansion (α), and compressibility (β) for the three crustal layers
used in the inversion. Other priors and model parameters are listed in
Table 2. The initial crustal thickness (i.e., Moho depth) is taken from a
recent receiver function study (Li et al., 2014) and allowed to vary ±5
km from this starting model during the inversion. The Vp/Vs ratios for dif-
ferent crustal layers are extracted from CRUST1.0 to generate the initial
model. Choosing a starting model for the JB is more problematic as data
constraining the sedimentary thickness are scarce and large uncertainties
remain in some areas. In order to start our inversion with a plausible basin
model, we perform an initial joint modeling of the large‐scale structure of
the JB across two profiles using the 2‐D modeling software LitMod2D
(e.g., Afonso et al., 2008; Carballo et al., 2015; Jones et al., 2014;
Pedreira et al., 2015; Tunini et al., 2016). The details of this modeling
can be found in supplementary materials.

5. Results
5.1. Data Fits

Figure 4 compares observed and predicted data, as well as their absolute
difference, for the four inverted data sets. Unless otherwise noted, pre-
dicted data are depicted as the means of their respective posterior PDFs.
The fit to dispersion data remains within uncertainties in most of the
study area. In particular, the large contrast of short‐period Rayleigh

Table 1
Constant Crustal Parameters

Parameter Value

κ1 (Wm−1 ° C−1) 1.8
κ2 (Wm−1 ° C−1) 2.2
κ3 (Wm−1 ° C−1) 2.1
α1 (1/ ° C) 2.7 × 10−5

α2 (1/ ° C) 2.6 × 10−5

α3 (1/ ° C) 2.3 × 10−5

β1 (1/Pa) 5.0 × 10−11

β2 (1/Pa) 1.4 × 10−11

β3 (1/Pa) 1.1 × 10−11

Note. Subscripts 1, 2, and 3 denote the three crustal layers. κ = thermal
conductivity, α = coefficient of thermal expansion, and β =
compressibility.

Table 2
Unknown Parameters and Their Initial Prior Ranges

Parameter Range

Crust
Density (first crustal layer, kg/m3) 2,100–2,600
Density (second crustal layer, kg/m3) 2,500–3,000
Density (third crustal layer, kg/m3) 2,700–3,300
VP/VS (first crustal layer) 1.75–2.05
VP/VS (second crustal layer) 1.65–1.85
VP/VS (third crustal layer) 1.75–1.95
Δh (first crustal layer, km) −1.5–2.5
Δh (second crustal layer, km) −5.0–5.0
Δh (third crustal layer, km) −5.0–5.0
RHP (μW/m3) 0.4–1.8
Mantle
LAB (km) 120–300
Al2O3 in the lithosphere (wt.%) 0.5–5.0
FeO in the lithosphere (wt.%) 6.0–9.2
MgO in the lithosphere (wt.%) 34.0–55.0
CaO in the lithosphere (wt.%) 0.1–5.5
Al2O3 in the sublithosphere (wt.%) 2.0–5.0
FeO in the sublithosphere (wt.%) 6.0–9.2
MgO in the sublithosphere (wt.%) 34.0–55.0
CaO in the sublithosphere (wt.%) 0.1–5.5
Tbuffer (°C) 1200–1500
Tint (°C) 1200–1660
Tbottom (°C) 1300–1660

Note. Δh are the thickness variations for each crustal layer with respect to
the initial model. RHP is the average crustal radiogenic heat production.
Priors for the parameters in the crust are compatible with previous studies
of physical properties of crustal rocks (Rao et al., 2014; Wang et al., 2003;
Zhao et al., 2003). The ranges of major oxides in the lithospheric and sub-
lithospheric mantle are taken from Afonso, Fullea, Griffin, et al., 2013,
Afonso, Fullea, Yang, et al., 2013). These initial parameter spaces are large
enough to include all plausible continental or oceanic compositions. SiO2
is computed as 100‐(Al2O3 + FeO +MgO+ CaO). RHP = radiogenic heat
production.
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Figure 4. Left column: observed geophysical data (Rayleigh wave phase velocity maps for periods of 20 s, 80 s, and 130 s; surface heat flow, geoid height, and topo-
graphy. Middle column: predicted data from the inversion (as the mean of the posterior PDF). Right column: absolute differences between observed and predicted
observables. PDF = probability density function.
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wave phase velocities observed across the boundary between the JB and the WJ is reproduced very well. The
predicted SHF data show a relatively flat pattern, with an average value of ~42/mWm2; differences between
observed and predicted are within the assumed uncertainty of ±10/mWm2. Both predicted geoid and
elevation fit closely the observed values within their assigned uncertainties (last two rows in Figure 4),
except along the southern JB, where the fit to elevation is slightly poorer. This is not surprising given the
short‐wavelength variability of the topography in the margin between the JB and Tianshan Orogen, which
should be at least partly supported by a flexural mechanism. The consequence of this is flatter posterior
PDFs (larger uncertainty) in this region.

To further illustrate the data fits, we randomly select three examples in the JB, WJ, and CNT to show their
posterior histograms for SHF, geoid, and topography, as well as the predicted surface wave dispersion curves;
these are plotted in the supplementary material (Figure S4).

5.2. Lithospheric Thickness, Temperature, and Density Structures

The inverted depth to the thermal LAB and associated uncertainties are shown in Figures 5a and 5b, respec-
tively. The estimated uncertainties in LAB depth are <25 km inmost areas but reach ~30 km in the northeast
of the study region where the dispersion data are less reliable due to a sparse distribution of seismic stations.
Besides some small lateral variations beneath the JB and the CNT, the most prominent feature is the large
variation in LAB depth across the WJ and JB boundary, following the Darbut Fault. The JB is characterized
by a deeper LAB with an average lithospheric thickness of ~240 km. Importantly, this value is significantly
different from that estimated from 2‐D electric results (120–180 km; Zhao et al., 2003).

The temperature and density structures are shown in Figure 6 as horizontal slices at 40‐km, 100‐km, 200‐km,
and 320‐km depths. A large high‐density zone dominates the entire lower crust (40 km) of the JB, which is
in good agreement with previous seismic and gravity results (Zhao et al., 2003, 2018). In the western part of
the JB, a low‐temperature and high‐density anomaly extends from the lower crust down to the
lithospheric mantle (100‐ and 200‐km‐depth slices in Figure 6) and dips southwestward toward the CNT
and Yili Block with increasing depth. Conversely, a relatively high‐temperature anomaly dominates the ther-
mal structure beneath theWJ. The temperature difference between theWJ and the JB increases from<50 ° C
at 30‐km depth to >150 ° C at 200‐km depth. This thermal anomaly eventually disappears at
sublithosphere depths.

Figure 5. Map of LAB depth for the study region (a) and its uncertainty (b). LAB = lithosphere‐asthenosphere boundary, SJF = southern Junggar Fault.
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Figure 6. Temperature and density slices of the Junggar Terrane at different depths. These maps depict the means of the actual posterior distributions. The red solid
lines mark the positions of the vertical profiles shown in Figure 7.
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5.3. Cross Sections and Comparison With Seismic Tomography Models

To better illustrate the vertical variations of the thermal structure and compare our inverted shear wave velo-
city (Vs) model with an independent seismic tomography model (Wu, 2019), two vertical cross sections of
temperature, density, and Vs are shown in Figure 7. Profile A‐A' traverses the western part of the CNT
and the entire JB, while profile B‐B' starts at the WJ and runs southeastward through the JB all the way to
the CNT. The retrieved Moho and LAB depths are also shown to illustrate their variation trends.

The predicted LAB depth is relatively flat along the A‐A' profile, while the B‐B' profile illustrates the large
LAB variation between the JB and WJ. Low temperatures and high densities, with a clear asymmetric struc-
ture, dominate the lithospheric mantle beneath the JB. The observed asymmetric pattern is suggestive of a
northwest dipping lithosphere toward the WJ (B‐B' profile). Interestingly, our temperature structure indi-
cates that nearly all earthquakes in the region occur at temperatures <600 oC, in agreement with observa-
tions around the globe (e.g., McKenzie et al., 2005; Priestley et al., 2008). For both density transects, the
most significant feature in the crust is the contrast between the upper‐middle crust and the lower crust
beneath the JB. The thickness (~20 km) of the high‐density crustal layer is in agreement with those obtained
in previous geophysical studies (Wang et al., 2003; Wu et al., 2018; Zhao et al., 2003, 2018).

Our inverted Vsmodel (third row in Figure 7) is very similar to the recent tomography model by Wu (2019)
(fourth row in Figure 7), who used the same Rayleigh wave dispersion data, but an independent seismic
tomography method. Both models fit the data equally well and retrieve similar Vs contrasts in the crust
and widespread high velocity zones in the lithospheric mantle under the JB. However, some differences
are also observed. For example, in the B‐B' profile, the continuous high velocity zone in the lithospheric man-
tle beneath the JB is not seen in our model. The high‐velocity regions in the deep mantle (~300‐km depth)
obtained in Wu (2019) do not show up prominently in our model either (note that the resolution at those
depths is low in both cases and that the magnitudes of anomalies could be damped given the period range
used for surface waves). Finally, the absolute velocities in the high‐velocity regions are slightly slower in
our model in both the lower crust and the lithospheric mantle. These discrepancies are interesting and
instructive (they give an idea of expected variability/uncertainties in seismic models) and certainly not sur-
prising given the different parameterizations, numbers of constraining data sets, and modeling assumptions
used by these two different methods. Perhaps more importantly, the model byWu (2019) is largely contained
within the estimated uncertainties predicted by our method.

5.4. Composition of the Lithospheric Mantle

The magnesium number (Mg#) of the upper mantle is commonly considered an effective indicator of the
depleted or fertile character of the mantle. Figures 8a and 8b show the maps of the predicted bulk litho-
spheric and sublithospheric Mg#, respectively. We recall here that (i) the composition parameter space used
in the inversion was large enough to cover most of the variability observed in natural samples (i.e., uncon-
strained), from highly depleted to highly fertile (Table 2), and that (ii) the absolute values of Mg# are subject
to large uncertainties, less so the spatial patterns (Afonso, Fullea, Griffin, et al., 2013; Afonso, Fullea, Yang,
et al., 2013). With this in mind, one interesting feature is that although the same parameter range for com-
position was used throughout the region, our results preferentially point to a more fertile lithospheric mantle
beneath the JB and a slightly more refractory lithospheric mantle beneath the WJ and the CNT (Figure 8a).
Moreover, the bulk composition of the lithospheric mantle beneath the JB is almost indistinguishable from
that expected (and obtained) in the sublithospheric mantle. Given the data sets used, our sensitivity to com-
positional anomalies at sublithospheric depths (>~250 km) is relatively poor (Afonso, Rawlinson, et al.,
2016), and therefore we do not attempt to interpret the small spatial differences observed in Figure 8b.

6. Discussion
6.1. Oceanic or Continental Lithosphere Beneath the JB

Due to the lack of mantle xenoliths in and around the JB, the chemical composition of its lithospheric mantle
remains poorly known. While our results indicate that the lithosphere beneath the JB has distinct features
compared to that in the surrounding areas, the retrieved thermochemical anomalies are still difficult to
interpret in terms of a “continental” versus “oceanic” basement for the JB. Here, we further investigate
the “continental” versus “oceanic” question by creating refined/constrained end‐member models and by
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Figure 7. Vertical cross sections of temperature (first row), density (second row), shear wave velocity from the present study (third row), and shear wave velocity
fromWu (2019; fourth row) along the A‐A' and B‐B' profiles (shown in Figure 6). Moho and LAB depth are denoted with white and purple solid lines, respectively.
Black circles indicate the depths of earthquakes along these sections. LAB = lithosphere‐asthenosphere boundary.
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analyzing whether one of them is more compatible with available geophysical data and tenable
prior information. In other words, we will use different (more realistic) parameterizations and
more informative (discriminant) prior information in conjunction with our data sets to evaluate the
plausibility of competing genetic models. Within this context, it is important to recognize that this
hypothesis test exercise neither downgrades the information contained in the datasets nor pushes their
limits unrealistically.

The first end‐member model is a “continental‐like” model consisting of three crustal layers (sediments/
upper, middle, and lower layer) and a lithospheric mantle with an average “continental‐like” composition.
We take representative density and Vp/Vs values for each continental crustal layer from the thermodynami-
cally constrained study of Guerri et al. (2015); Table 3). The composition assumed for the lithospheric mantle
corresponds to a typical refractory subcontinental mantle (that of average proton in Griffin et al., 2009), in
agreement with the nature of other continental cores making up the CAOB (Xiao et al., 2009, 2015).

The second end‐member is an “oceanic‐like”model. While the crustal structure is identical to the continen-
tal model (both consistent with the present‐day crustal structure), the physical properties of the crustal
layers are varied to make them representative of an oceanic domain. In particular, we assume that the
~20‐km‐thick, high‐velocity crustal layer beneath the JB is made up of oceanic basalts, which implies high
degrees of melting in the underlying mantle (see section 6.2). Accordingly, we model the composition of
the lithospheric mantle as depth dependent to mimic the vertical depletion trend expected in an oceanic
plate as consequence of melting and melt extraction at a mid‐ocean ridge (e.g., Afonso et al., 2008;
Asimow et al., 1997; Plank & Langmuir, 1992). For simplicity, we implement this depth‐dependent model
by subdividing the lithospheric mantle into two distinct compositional layers. The bulk compositions of
these two layers are computed using the polybaric partial melting model of Afonso and Schutt (2012) for
representative average melt extractions of 15% (shallow layer) and 5% (deep layer). These values are consis-
tent with a “hot” ridge model capable of producing a ~20‐km‐thick igneous crust. Other parameters are
listed in Table 3.

Both models are used in separate and identical MCMC inversions with the same number of simulation and
adaptation steps as in the first general inversion, but their prior ranges are now sensibly restricted to enforce
their continental versus oceanic character. The results are summarized in Figures 9 and 10 for four

Figure 8. Bulk Mg# of the lithospheric mantle (a) and sublithospheric mantle (b).

10.1029/2019JB018302Journal of Geophysical Research: Solid Earth

ZHANG ET AL. 11,628



representative localities. Total misfit statistics (i.e., for the entire basin region) are shown in Table 4.
Predicted Rayleigh wave dispersion curves of the continental model (Figure 9) are generally a poorer fit to
observations (higher RMS) for most periods than in the case of the oceanic model (Figure 10). Likewise,
while mean values of the oceanic posteriors for geoid and topography are always within one standard
deviation of the observed data, the continental model struggles to jointly fit all observables. Similar
continental models (not shown here) with slightly different parameters do not significantly improve the
results. Moreover, the misfit statistics of the oceanic model are better, albeit slightly, in the JB than those
obtained in the first general inversion (Table 4). This simple exercise demonstrates that an oceanic
lithospheric model for the JB is supported by data over the hypothesis of an accreted ancient
continental block.

Having shown the superiority of the oceanic model in fitting geophysical data, we run a new full inversion
but now adopt the parameterization of the above oceanic model. In this case, however, we expand the prior
ranges for density and Vp/Vs ratios in the crustal layers (still within the oceanic context). In the lithospheric
mantle, we expand the compositional ranges to cover the spectrums of 8–20% and 0–12%melting fraction for
the upper and lower layers, respectively (Afonso & Schutt, 2012). The data fits and results of this new inver-
sion are shown in the supplementary material (Figures S5 and S6). As expected, the LAB, temperature struc-
ture, and density structures are similar to those from the first general inversion. On the other hand, the
inversion now preferentially favors higher Mg# values in the upper layer of the lithospheric mantle (higher
melt depletion) beneath the JB, even though the prior ranges allowed for identical compositions in both
layers. In addition, although the average (depth‐integrated) Mg# of the whole lithospheric mantle is now
slightly higher, it remains within one standard deviation of that recovered in the first general inversion.

6.2. A Thickened Oceanic Crust Model

Our results confirm that, in view of geophysical and prior geochemical information, the most likely explana-
tion for the origin of the JB is that of a remnant oceanic slab. If the basement of the JB is oceanic in nature,
two key questions are why is the high‐density lower crustal layer so thick and how did the entire crystalline
crust attain its present‐day structure. We partially answered the first question in the previous section. We
propose that the oceanic plate trapped beneath the JB was originally created in a “hot ridge” environment
(e.g., under the influence of a hot spot). The resulting oceanic crust was therefore similar to that found today
in and around oceanic plateaus. In these regions, the igneous oceanic crust can reach thicknesses of 20 km
(Tanimoto, 1995). Alternatively, the anomalously thick oceanic crust could have been created after the gen-
eration of normal oceanic crust at a mid‐ocean ridge as a consequence of a plume impinging at the base of
the oceanic plate (as in the case of the Ontong Java Plateau). This second scenario seems to be supported by
the occurrence of granitic, intermediate‐to‐basic dikes and their volcanic equivalents, which were intruded
into the Devonian to Carboniferous marine sediments (Xu et al., 2013). These late igneous bodies have been
interpreted as being the result of partial melting of the original mafic crust, implying a heating event during

Table 3
Parameters Used in the Hypothesis Tests

Parameter Continental model Oceanic model

Density (first crustal layer, kg/m3) 2,100–2,600 2,100–2,600
Density (second crustal layer, kg/m3) 2,500–2,700 2,650–2,850
Density (third crustal layer, kg/m3) 2,900–3,100 3,000–3,300
VP/VS (first crustal layer) 1.75–2.05 1.75–2.05
VP/VS (second crustal layer) 1.70–1.80 1.75–1.85
VP/VS (third crustal layer) 1.75–1.85 1.85–1.95
Bulk composition of lithospheric mantle Pr_4 modela (Griffin et al., 2009) Melting model (Afonso & Schutt, 2012)

Upper layer b Lower layer c

Al2O3 (wt.%) 1.9 2.3 3.7
FeO (wt.%) 7.9 8 8
MgO (wt.%) 42.6 42.5 39.5
CaO (wt.%) 1.7 1.4 2.8

aPreferred proton composition model. bComputed from a 15%melt fraction model. cComputed from a 5% melt frac-
tion model.
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Figure 9. Data fits for four representative locations (marked in Figure 4) in the inner basin for the continental end‐member model. Observed (blue circles) and pre-
dicted (gray lines) Rayleigh wave dispersion curves are plotted in the first column; the red line is the mean of the posterior distributions. The predicted Rayleigh
wave dispersion curves are not very prominent here, since not many models are accepted in the MCMC inversion. Histograms of the posterior PDF for geoid and
topography (gray) are plotted in the second and third columns, respectively, together with their mean values (green lines); red lines and black dashed lines indicate
the mean of the observed data and their standard errors, respectively. The last column shows the bulk Mg# of the lithospheric mantle. Lat = latitude, Lon =
longitude, MCMC = Markov chain Monte Carlo, PDF = probability density function, RMS = root mean square error.
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that time (Jahn, 2004; Su et al., 2012; Xu et al., 2013). In this scenario, underplating of mafic rocks at the base
of the Moho is to be expected, which may have contributed to the overall thickening of the crust. In
addition, the possibility of such an underplating is also supported by present‐day high‐velocity, high‐density

Figure 10. Data fits for the same four representative locations as in Figure 9 but for an oceanic end‐member model. The last column shows the bulk Mg# of the
upper (black) and lower (gray) lithospheric mantle layers. The rest of the information is in Figure 9.
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(Figure 7), and high‐Vp/Vs (Figure S7) lower crust, since it has similar physical properties with the mafic
rocks. Therefore, before the termination of the Paleo‐Asian Ocean in the late Carboniferous (possibly
extending into Middle Triassic times; Xiao et al., 2015), a 20‐ to 25‐km‐thick crust could have already
existed beneath the Junggar area (Figure 11a). Regardless of whether Scenario 1 or 2 is more appropriate,

Table 4
Total RMS for the Junggar Basin Area

Observations Continental model Oceanic model First general inversion Constrained inversion

Phase velocity (km/s) 0.462 0.006 0.007 0.007
Geoid (m) 4.632 1.886 1.936 1.919
Topography (m) 700.92 210.27 236.91 235.54
SHF (1/mWm2) 10.06 7.42 7.41 7.25

Figure 11. Illustrative scheme showing the tectonic evolution of the Junggar Terrane. See text for more details.
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this portion of a remnant ocean would have been difficult to subduct, giving its thick and relatively buoyant
crust. This explains why this specific portion of the original oceanic lithosphere still remains as the
basement of the JB.

After the termination of subduction in the late Paleozoic, marine sedimentation ceased, and the JB started to
be filled with continental sedimentary rocks (Zheng et al., 2007; Xu et al., 2013; Figure 11b). During the col-
lision of the Eurasian and Indian continents in the Cenozoic, the JB experienced rapid subsidence and
deposition and attained its modern “foreland” basin characteristics (Yin, 2010; Bian et al., 2010; Wen
et al., 2016). This recent tectonism also produced some shortening of the Mesozoic‐Cenozoic sedimentary
units and may have contributed, allegedly uncertain, to the overall thickening of the entire crust (Zhao
et al., 2003; Luo et al., 2007; Figure 11c).

6.3. The Deep Structure and Geodynamic Evolution of the Junggar Terrane

Previous works have focused on the crustal structure and uppermost mantle in the Junggar Terrane (Wu
et al., 2018; Xu et al., 2016; Zhang et al., 2017; Zhao et al., 2003, 2018). For instance, Wu et al. (2018) com-
pared crustal velocities obtained from ambient‐noise surface wave tomography with that of mafic rocks
and concluded that the asymmetric high‐velocity zone imaged under the western JB was compatible with
the presence of oceanic basalts. A similar hypothesis regarding a fossil oceanic slab was advanced by Xu
et al. (2016) and by Zhang et al. (2017) when interpreting results from magnetotelluric data surveyed in
WJ. However, none of these studies had sensitivity to LAB depths.

Our results provide unprecedented information on the deep lithospheric structure of the region. In particu-
lar, profile B‐B' in Figure 7 shows a lithospheric geometry reminiscent of a fossil subduction (Figure 12),
which coincides well with the boundary between WJ and JB domains (see below). This observation is there-
fore consistent with previous interpretations based on geophysical data (Wu et al., 2018; Xu et al., 2016;
Zhang et al., 2017) and supports, at least partially, the geodynamic model of a northwestward Paleo‐Asian
oceanic subduction in the late Paleozoic (Li et al., 2006; Ma et al., 2012; Tang et al., 2010; Tang et al.,

Figure 12. 3‐D diagram of the thermal field beneath the Junggar Terrane; the topography is plotted on the top. Themiddle
isosurface corresponds to a temperature of 1250 °C, and its color scale indicates depth (i.e., LAB depth). LAB= lithosphere‐
asthenosphere boundary.
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2012; Tang et al., 2012; Zhang et al., 2011). In addition, we note that the Tianshan Orogen has been
interpreted to be the result of multiple subductions and collisions, including the late‐stage southward
subduction of the Junggar oceanic plate (Charvet et al., 2011; Tang et al., 2017; Wang et al., 2018). Some
receiver function data have been interpreted as imaging the shallow mantle of the JB subducting beneath
the northern part of the Tianshan Mountain (Li et al., 2016). Although the results shown in cross section
A‐A' in Figure 7 are somewhat compatible with these interpretations, they do not offer unambiguous
evidence and should be taken with great caution. A modification in the parameterization of our forward
models and the inclusion of receiver functions into the inversion could provide new light into this issue by
increasing the sensitivity to Moho depth and the crustal Vp/Vs ratio. The advantages of adding receiver
functions into multiobservable probabilistic inversions such as those used in this work have been recently
demonstrated by Qashqai et al. (2016, 2018) in the United States; we are currently working on applying
the same strategy in the JB and the surroundings.

The retrieved thermochemical and density structures, together with the large difference in LAB depth and
high‐Vs anomaly (~100 km, Figure 7) imaged beneath the WJ and JB, raise two questions: how did the
trapped oceanic plate attain its present‐day thickness of ~240 km and how can a fossil oceanic slab survive
for hundreds of millions of years. With respect to the first question, it is unlikely that the original thermal
thickness of the subducting oceanic plate was >120 km (cf. Grose & Afonso, 2013; van Avendonk et al.,
2017). The most intuitive explanation for a change of ~120 km in the thermal thickness of the JB lithosphere
is cooling. This is a viable scenario given (i) that its original buoyancy was anomalously high due to its thick
crust and its depleted lithospheric mantle and that its total area is relatively small and (ii) the lack of further
reheating or tectothermal events in the western part of the Junggar Terrane after subduction cessation. To
examine the validity of this hypothesis, we use a simple 1‐D transient heat conduction model to compute
the conductive cooling experienced by an initially 120‐km thick plate (Figure S8). We acknowledge that this
calculation ignores sublithospheric convection effects. Convection can either accelerate or hamper plate
cooling depending on the large‐scale pattern of the flow. Unfortunately, this information is not available.
With this caveat in mind, our first‐order cooling calculation shows that ~270 Ma is needed to increase the
thermal thickness of the plate from 120 to 240 km (slight blue line in Figure S8). Since the total time that
was available for cooling is actually ~300 Ma, the cooling hypothesis seems plausible (Figure 12). Also,
any deformation during the late stages of subduction and later compression during the Cenozoic S‐N
India‐Eurasia collision could have also played a role in increasing the lithospheric thickness. However, since
large‐scale shortening and compression were absorbed by the Tianshan and Altai Orogens (Zhao et al.,
2003), thickening due to compression is not considered to have played a major role.

An answer to the question of preservation/survivability of the remnant oceanic plate can be advanced based
on our results and previous work. First of all, there is no evidence in our results of a deep slab attached to the
JB lithosphere (e.g., Figures 7 and 12). This points to the removal of the original slab by a slab break‐off pro-
cess or, alternatively, by the subduction of a mid‐ocean ridge (Figure 11b) (Tang et al., 2010; Windley & Xiao,
2018; Yin et al., 2013). Regardless of the removal mechanism, the subsequent cooling and associated densi-
fication of the oceanic lithosphere would increase its negative buoyancy and, in principle, render it unstable.
However, this effect would be counteracted by its anomalously thick crust and high degree of mantle deple-
tion, as suggested by our results (sections 6.1 and 6.2; see also Anderson, 2006). We note here that very simi-
lar structures to the one imaged in this study (e.g., in Figure 12) have been obtained in realistic
thermomechanical simulations of subduction termination and slab break‐off (see, e.g., Baumann et al.,
2010, and Figure 3.12 in Afonso & Zlotnik, 2011).

7. Conclusion

We present an integrated thermochemical model of the deep lithospheric structure beneath the western part
of the Junggar Terrane by jointly inverting Rayleigh wave dispersion curves, SHF, geoid height, and absolute
elevation with a probabilistic inversion method. Our results reveal a thick lithosphere (~250 km) beneath the
western flanks of the JB and a sharp and large step in lithospheric thickness toward the WJ, where the LAB
reaches depths of about 180 km. We confirm the presence of a “mafic‐like” high‐velocity, high‐density lower
crust beneath the JB, consistent with previous seismic studies. In addition, we image a subduction‐shaped
low‐temperature, high‐density, and high‐velocity anomaly at mantle depths, dipping northwestward
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toward the WJ. Our images resemble closely those obtained in thermomechanical simulations of remnant
subduction zones after slab break‐off. Informed by these general results, we conduct a number of additional
inversions with different parameterizations and demonstrate that an “oceanic‐like” model for the origin of
the basement of the JB is more compatible with available geophysical data and prior geochemical informa-
tion than a “continental‐like” one.

Based on these results, we propose an evolutionary model for the western Junggar Terrane that reconciles a
number of previously conflicting observations. In this model, the oceanic plate trapped beneath the JB was
originally either created in a “hot ridge” environment (e.g., under the influence of a hot spot) or modified by
the later action of a plume impinging at the base of the oceanic plate. The result was a plate with anoma-
lously thick crust and a highly depleted uppermost mantle. The intrinsic buoyancy of this plate (strictly, a
region of the original oceanic plate) prevented its subduction and contributed to its preservation, even after
~300 Ma of cooling and an associated thickening of ~120 km.

Our study not only provides unprecedented information on the deep structure of the Junggar Terrane and
sheds new light on the nature of the lithosphere beneath this region but also presents a testable hypothesis
for its evolution. Although some of our results are still preliminary, they serve as a starting point for future
refinement/reassessment. In particular, the inclusion of other available data sets with better sensitivities to
Moho depth and anisotropy (e.g., receiver functions, Love wave dispersion data, and SKS splitting) is an
important step to be explored in future work. We hope that this study will motivate new ideas and the devel-
opment of the new surveys to improve our understanding of overall accretionary evolution of the
southern CAOB.
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