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The North China Craton (NCC) and Central Asian Orogen Belt (CAOB) in Northeastern China experienced a
range of tectonic events during the Phanerozoic, dominated by lithospheric thinning of the eastern NCC in
the late Mesozoic and Cenozoic. In order to better understand the tectonic evolution of the NCC and the
CAOB, new broadband and long period magnetotelluric data were collected along a north-west to south-
east trending profile that extended from the CAOB across the Yanshan Belt, the Tanlu Fault Zone to the
Liaodong Peninsula. A two-dimensional (2-D) resistivity model was derived from inversion of the trans-
verse electric mode, transverse magnetic mode and vertical magnetic field data.

In the crust of the CAOB, the resistivity model shows a northwest dipping low resistivity zone beneath
the Solonker suture that is identified as the suture zone formed by the collision between the Siberian and
North China cratons.

The upper mantle of the CAOB is characterized by moderate resistivity values (300–1000 X m) that are
best explained by the presence of hydrogen dissolved in olivine. The water concentration of the CAOB
mantle is comparable to values reported for the asthenosphere and cratons that have been significantly
hydrated. The NCC upper mantle is generally lower in resistivity than the CAOB upper mantle, and a zone
of lower resistivity is observed in the upper mantle at the southeast end of the profile beneath the NCC
(<100 X m) which requires around 1% partial melt to account for the observed resistivity.

Superimposed on this southeast decrease in upper mantle resistivity, three low resistivity zones were
imaged: (1) below the Xilamulun fault, (2) close to the North–South Gravity Lineament, and (3) between
the northern Yanshan Belt and Tanlu Fault Zone. The low resistivities can be explained as regions of par-
tial melts or fluids, perhaps caused by asthenospheric upwelling.

Together with seismic imaging results and geochemical data, the resistivity model shows that the mod-
ification of the lithosphere associated with craton destruction has occurred in a spatially non-uniform
manner in the region of the NCC investigated in this study.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Cratons are lithospheric blocks that have remained stable for
billions of years, and their longevity has often been attributed to
their buoyancy and rigidity. Recent research suggests that these
factors may not be sufficient to prevent cratons being destroyed
by mantle convection (O’Neill et al., 2008). It has been suggested
that it is the low water content of cratonic lithosphere which
causes the high strength and allows cratons to survive for billions
of years (Peslier et al., 2010). Under certain circumstances, the cra-
tonic lithosphere can be weakened and the craton destroyed. A key
part of this process may be the hydration of the cratonic litho-
spheric upper mantle, which will lower the strength. This type of
hydration is occurring today in the Southwest United States, where
water was transported into the upper mantle by the subducted
Farallon Plate (Li et al., 2008).

Another location where this process may be at work is beneath
the eastern North China Craton (NCC). The westward subduction of
the Pacific Plate resulted in the NCC being located within the back
arc region of the subduction zone. Elevated back arc temperatures
led to extensive magmatism and deformation (Niu, 2005; Wu et al.,
2003, 2005; Xu et al., 2009; Zhang, 2009). Since the water content
controls the strength of the lithospheric upper mantle, a study of
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craton destruction should use geophysical methods that can deter-
mine the water content of the mantle. Magnetotellurics is one such
method and is used in this paper.

The lithosphere of the Northeastern NCC had a complex history
prior to the onset of craton destruction. During the Late Permian to
Early Triassic, the NCC was sutured to the Central Asian Orogenic
Belt (CAOB) in the north along the Solonker suture zone (Xiao
et al., 2003) (Fig. 1). After the collision, a phase of post-collisional
extension took place and formed the Xilamulun tectonic–metallo-
genic belt (Zhang et al., 2009). Subduction of the Pacific Plate
beneath Northeast China began in the Late Mesozoic and continues
to the present (Kusky et al., 2007). Craton destruction began in the
Mesozoic and continued into the Cenozoic, as the eastern NCC
experienced significant thermo-tectonic reactivation which led to
widespread lithospheric extension and magmatic activity
(Windley et al., 2007). This reactivation process resulted in the
lower part of the 200 km thick lithosphere being heated, removed
and partially replaced by hot material to give a lithosphere that is
only 60–80 km thick. It also changed the physical–chemical prop-
erties of the lithospheric mantle, as indicated by geochemical and
petrological studies (Menzies et al., 1993; Griffin et al., 1998; Xu,
2001; Wu et al., 2006; Zheng et al., 2007a; Zhang et al., 2008).
Deformation continues today, as evidenced by frequent intraplate
earthquakes (China Earthquake Networks Center, 2013).

In recent years, seismic studies have been used to image the
lithosphere of the NCC and investigate the present day structure
(Chen et al., 2006, 2008, 2009, 2010; Chen, 2009, 2010; Zhang
et al., 2007; Zheng et al., 2008, 2012; Tang and Chen, 2008;
Huang et al., 2009; Li and Niu, 2010; Zhao et al., 2010; Xu et al.,
2011; Wei et al., 2011; Li and He, 2011). Magnetotelluric (MT) data
provide constraints on lithospheric composition that can comple-
ment those obtained from seismic studies, especially with regard
to the presence of volatile phases (Hirth et al., 2000). This is impor-
tant because even small amounts of water and partial melt can
have profound impacts on the rheology of the crust and upper
mantle. This paper describes a 1200 km NW–SE MT profile in NE
China (Fig. 1) which includes the first long period magnetotelluric
measurements made on the Northeastern NCC. The profile was col-
lected to address some of the outstanding tectonic questions
regarding the lithospheric structure and history of Northeast China
including:

(1) What is the present day fluid distribution and rheology of
the lithosphere beneath the CAOB and NCC? Resistivity
models derived from MT data provide valuable constraints
on the water content of the upper mantle (Selway, 2014)
which in turn have a major influence on lithospheric
strength.

(2) What does the present day structure imply about the mech-
anism by which lithospheric removal occurred during craton
destruction?

2. Geological and geophysical background

2.1. Geological setting

Northeastern China consists of two major tectonic elements, the
Central Asian Orogenic Belt (CAOB) in the north, and the North
China Craton (NCC) in the south (Fig. 1).

The CAOB is approximately 300 km wide and located between
the NCC and the Siberian Craton (Fig. 1). It is comprised of a num-
ber of Neoproterozoic–Phanerozoic accretionary complexes, and
extends from the Altai Mountains in the west to eastern Siberia
(Xiao et al., 2003). It was formed by north–south-directed subduc-
tion of the Paleo-Asian Ocean during the Paleozoic, which ulti-
mately led to the suturing of the NCC to the southern edge of the
CAOB. Most researchers favor a date in the late Permian to early
Triassic for the terminal collision along the Solonker suture zone
(Xiao et al., 2003; Miao et al., 2007; Windley et al., 2007). The Xil-
amulun Fault and Chifeng-Kaiyuan Fault are major litho-tectonic
boundaries also formed during the closure of the Paleo-Asian
Ocean (Zeng et al., 2011).

The North China Craton (NCC) is the oldest continental frag-
ment in China. The Archean to Paleoproterozoic basement rocks
are overlain by Mesoproterozoic to Cenozoic sedimentary cover
(Liu et al., 1992; Zhao et al., 2003). The NCC is composed of two
Archean continental blocks: the Eastern and Western blocks which
have experienced very different geological histories, and are sepa-
rated by the Paleoproterozoic Trans-North China Orogen (Zhao
et al., 2001, 2005) (Fig. 1b). The Western Block has been stable
since the early Proterozoic (1.85 Ga) with minor deformation since
the end of the Paleozoic. In contrast, the Eastern Block has under-
gone significant tectonic changes during the Phanerozoic as
described below. Since the Triassic, tectonic events have been
focused in the Eastern Block of the NCC and have been dominated
by the Mesozoic–Cenozoic craton destruction. This has resulted in
a thinned lithospheric mantle, an increase in heat flow, widespread
volcanism and formation of large-scale sedimentary basins (Griffin
et al., 1998; Fan et al., 2000; Zhou et al., 2002). It has generated two
major geological and geophysical lineaments:

(1) The NNE striking North–South Gravity Lineament (NSGL) is a
remarkable feature, that is 100 km wide and extends over
3500 km in a N–S direction across most of eastern China
and traverses the NCC (Fig. 1). Within the NCC, the NSGL
separates areas to the west that have negative Bouguer
anomalies, low heat flow, high mantle seismic velocities,
thicker lithosphere and mountainous topography, from
low-lying areas to the east that have zero to slightly positive
gravity anomalies, high heat flow, lower mantle seismic
velocities, thinner lithosphere (Xu, 2007; Windley et al.,
2007).

(2) The Tanlu Fault Zone (TLFZ) is a major strike-slip fault zone
that bisects the eastern NCC. It is up to 500 km wide and
extends from the Yangtze River to the Russian Far East.
The TLFZ has accumulated over 700 km of left-lateral offset,
mostly during the Cretaceous (Xu et al., 1987; Xu and Zhu,
1994). Motion on the TLFZ may be related to asthenospheric
upwelling and lithospheric reactivation of the eastern NCC
since the Mesozoic (Zheng et al., 1998; Xu et al., 2004;
Chen et al., 2006). Over 1000 earthquakes with magnitude
Ms > 2.0 have occurred on the northern TLFZ since the
1950s (Fig. 2). The largest recent earthquake was the left lat-
eral Ms = 7.3 1975 Haicheng earthquake (China Earthquake
Networks, 2013; Cipar, 1979).

2.2. Previous geophysical studies

The North China Interior Structure Project (NCISP) collected a
number of broadband seismic profiles in the NCC and adjacent
areas (Chen et al., 2010). Zheng et al. (2007b) used teleseismic
receiver functions to develop a crustal S-wave velocity model for
the northern margin of the NCC (NCISP III in Fig. 3a) which showed
that the crust beneath the Yanshan Belt was 30–40 km thick, with
significant lateral variations and a sharply defined Moho. Shear
wave splitting gave evidence for a complex pattern of upper man-
tle deformation beneath the YSB and CAOB (Zhao and Zheng, 2007)
and suggested that lithospheric thinning had occurred primarily by
delamination along the northern edge of the NCC. Chen et al.
(2008) studied the northeastern NCC with S-wave receiver func-
tion migration and detected strong lateral variations in lithospher-
ic thickness. They reported that the lithosphere beneath the



Fig. 1. (a) Sketch map of east Asia and adjacent areas (modified from Kröner et al., 2008). (b) A simplified tectonic mp division of the North China Craton (after Yang et al.,
2012). NSGL: North–South Gradient Lineament. (c) Topography of Northeastern China with MT stations (circles). Black triangles are seismic stations from the NCISP-III (Zheng
et al., 2007b). Blue squares show previous MT stations in this region (Bai et al., 1993a,b). The yellow line represents the NICISP VI line (www.seislab.cn) (Wei et al., 2011). The
thin dashed lines represent tectonic boundaries. The cross section from Hegenshan to Ongniud (Lu and Xia, 1993) is marked by the red line. The gray lines show the main
faults in the study region. BBB = Baihai Basin; CAOB = Central Asian Orogen Belt; LDP = Liaodong Peninsula; NCC = North China Craton; TLFZ = Tanlu Fault Zone; TNCO = Trans
North China Orogen; YC = Yangtze Craton; YSB = Yanshan Belt. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
this article.)
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northern Yanshan Belt was 100–130 km thick and thinned to just
60–70 km beneath the TLFZ. Tang and Chen (2008) used surface
wave data on profile NCISP III (Fig. 3d) to image undulations in
the lithosphere–asthenosphere boundary. They speculated these
may have resulted from uneven lithospheric thinning, and that
the thick lithospheric lid in the northern Yanshan Belt may have
separated mantle convection into separate domains on and off
the craton. Wei et al. (2011) estimated the crustal thickness and
average crustal Vp/Vs ratio along NCISP VI from receiver functions.
Li and He (2011) imaged the lithospheric structure of the NCISP VI
(Fig. 3b) using Rayleigh wave dispersion inversion and reported a
sharp change in lithospheric thickness close to the NSGL. Zhao
et al. (2012) present new high resolution tomographic images
which show that significant heterogeneity extends to depths

http://www.seislab.cn


Fig. 2. Seismicity with magnitudes greater than M = 5.0 in the study area from 1950 to 2013 (China Earthquake Networks, Seismic Data Management and Service System,
http://www.csndmc.ac.cn/newweb/index.jsp). The thin black lines are active faults and the white dots correspond to MT stations.

Fig. 3. (a) Yellow lines represent the NCISP-VI and NCISP-III profiles of the Seismic Array Laboratory, Institute of Geology and Geophysics, Chinese Academy of Sciences. Blue
squares show MT stations of Bai et al. (1993a,b). The white dots are MT stations from this study. The black dots, squares and rectangles indicate the locations where the sharp
variation in lithospheric thickness occurs. (b) S-wave velocity structure on the NCISP VI profile (Li and He, 2011). (c) 2-D resistivity model derived in this paper. (d) S-wave
velocity image along NCISP III. The black dash lines in (b), (c), and (d) represent the variation of the lithospheric thickness along profile. Red ellipses mark the locations where
the lithospheric thickness changes sharply. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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greater than the mantle transition zone, with low velocity anoma-
lies due to temperature variation and/or partial melting. A new
high-resolution 3-dimensional density model for the NCC was con-
structed from gravity data by Li and Yang (2011). This showed that
three main units of the NCC have significantly different density
structure, reflecting different tectonic histories in the Phanerozoic.

Limited MT studies have taken place in the study area. The first
MT profile was recorded by Lu and Xia (1993) and detected low
resistivity crustal layers and a change in electrical resistivity across
the TLFZ. Bai et al. (1993a,b) reported a low resistivity anomaly
that was interpreted as the suture zone between the CAOB and
NCC (Fig. 3a).

In summary, the previous seismic studies indicate that a heter-
ogeneous upper mantle with a thinned lithosphere is present
beneath the NCC. Prior MT data were not able to image the upper
mantle, which is a key feature for understanding the tectonic evo-
lution. The long-period MT data presented in this paper are the
first to image the mantle in this region.
3. Magnetotelluric data collection and processing

The magnetotelluric (MT) technique is a passive electromag-
netic method that determines subsurface resistivity structure by
measuring the time variation of natural electromagnetic fields at
the Earth’s surface (Chave and Jones, 2012). Lower frequencies
(longer periods) penetrate deeper into the Earth, so measurements
at a range of frequencies allow the variation of resistivity with
depth to be determined. In this study, MT data were collected in
2011–2012 by the China Earthquake Administration at 48 stations
with a typical spacing of 25 km. Broadband MT (BBMT) data for
crustal imaging were recorded at every station using Phoenix Geo-
physics MTU5A instruments. Half of the BBMT stations recorded
data for 24 h giving MT data in the range of 0.003–1000 s. The
other half of the stations recorded for 72 h giving data in the range
of 0.003–6000 s. The BBMT time series data were processed using
the statistically robust algorithm of Egbert (1997) and mutual
remote referencing. To provide deeper imaging, long period
(LMT) data were recorded at 11 stations (Fig. 1) using LEMI sys-
tems. The LMT stations recorded for 3–4 weeks with a 1 Hz sam-
pling rate, and were processed with the algorithm of Varentsov
et al. (2003) to give data in the period range 10–30,000 s. At sta-
tions where both BBMT + LMT data were recorded, the data were
merged to obtain responses in the period range 0.003–30,000 s.
Most stations had good quality MT data, but the data quality was
lower in the southeast part of the profile because of the higher
population density and electrical noise caused by the DC electricity
supply to mines.
4. Dimensionality and geoelectric strike direction

Before MT data can be used to generate a resistivity model, it is
essential to determine if a 1-D, 2-D or 3-D approach is needed. The
station layout was designed with the intention of using a 2-D anal-
ysis, with the profile location based on a strike direction inferred
from regional geological structures. However, this orientation
needs to be confirmed as part of the MT data analysis. Since the
MT profile is long and crosses several geological provinces, it is
possible that a single strike direction will not be applicable to
the entire transect. Tensor decomposition is widely used to deter-
mine strike directions and remove galvanic distortion from MT
data and was used in this study (Groom and Bailey, 1991). The
measured impedance tensor is decomposed into a 2-D regional
impedance tensor and a frequency-independent matrix that
describes the galvanic distortion. The galvanic distortion is charac-
terized by three terms: an anisotropy term, twist angle and shear
angle.

Fig. 4 shows the results of tensor decomposition implemented
with the algorithm of McNeice and Jones (2001). The red and blue
wedges in the rose diagrams indicate the two possible strike direc-
tions. At short periods (1–10 s) there is significant scatter, but
N45�E is the most commonly encountered value. A similar angle
was also observed in the 10–100 s band. The strike angle is not
clearly defined in the band 100–1000 s, but it returns to a well-
defined value of N30�E in the band 1000–10,000 s. The geoelectric
strike directions are also illustrated in map view in Fig. 4, with the
length of line indicating the maximum phase difference observed
as the impedance tensor is rotated. This quantity gives a measure
of how non 1-D the MT impedance data can be considered. A large
phase split indicates 2-D or 3-D resistivity structure. Tensor
decomposition assumes that the regional structure is 2-D, and it
is important to evaluate the validity of this assumption by examin-
ing the root-mean-square (r.m.s.) misfit of the decomposition
model. This value is displayed as the color of the lines in Fig. 4
and misfit values below 2–3 indicate a satisfactory fit, implying
that a regional 2-D impedance exists. The twist and shear angles
quantify the degree of galvanic distortion and are small at most
stations. Based on the results of tensor decomposition, the MT
responses of most sites are consistent with a 2-D assumption.
Although the geoelectric strike direction observed varies with dif-
ferent tectonic units, a consistent strike direction of N30�E or
N60�W is observed at different periods. Note that there is an inher-
ent ambiguity of 90� in the strike angle determined from tensor
composition which can be resolved with geological information.
In the study area, the dominant geological strike is about N30�E,
which is consistent with the geoelectric strike direction estimated
above.

The dimensionality was also analyzed using the phase tensor
method (Caldwell et al., 2004), which is a useful because it makes
no assumption about the regional dimensionality and is unaf-
fected by galvanic distortion. Graphically, the phase tensor can
be displayed as an ellipse that is defined by three invariants,
the maximum phase (Umax), the minimum phase (Umin) and the
skew angle (b). For a 2-D structure, the skew angle (b) is zero
and either Umax or Umin occurs in the strike direction. However,
when b is non-zero this indicates a 3-D resistivity structure.
The phase tensor analysis is shown in Fig. 5, and large skew
angles (>3�) at some sites may indicate relatively 3-D resistivity
structure. The rose diagrams show the direction of the ellipse ori-
entation, indicating the geoelectric strike direction. Although a
range of directions are observed along the profile, the main axes
of phase tensors at most sites are parallel to the regional geolog-
ical strike. The phase tensor analysis favors a strike direction of
N30�E to N45�E.

Induction vectors can also be used to investigate dimensionality
and have the advantage that they do not have the 90� ambiguity
encountered in tensor decomposition. In a two-dimensional (2-D)
situation, the induction arrows are orthogonal to the geoelectric
strike direction. It was found that the induction arrows were par-
allel to the profile at most sites in the NW part of the profile, but
were quite scattered in the SE part of the profile due to strong cul-
tural noise.

In summary, while there is scatter in the strike angles, N30�E to
N40�E appears to be the most stable value based on tensor decom-
position and phase tensor analysis. Since the mantle is the main
focus of this paper, the strike direction determined from the lowest
frequencies was preferred and a value of N35�E was chosen, which
was consistent with the geological strike of major crustal struc-
tures such as the NSGL and TLFZ. The subsequent analysis consid-
ered variations of ±10� in this angle, and found that this did not
significantly change the main features of the inversion model.



Fig. 4. Results of tensor decomposition. The color scale represents the r.m.s. misfit between the observed MT responses and the 2-D decomposition model. Blue and red
wedges correspond to the two solutions for strike direction and reflect the 90� ambiguity in tensor decomposition. The ambiguity was resolved using the regional geological
structure, with the preferred geoelectric strike direction plotted as the blue wedge. (For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)
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5. Magnetotelluric data

If a two-dimensional (2-D) resistivity structure is present, then
MT data can be decomposed into the transverse electric (TE) mode
and transverse magnetic (TM) mode by rotating the impedance
tensor into the regional geoelectric strike direction. In the TE mode,
electric currents flow parallel to the strike direction, while in the
TM mode the current flows perpendicular to the strike direction.
The apparent resistivity and phase curves at representative sta-
tions are shown in Fig. 6, after rotation to an azimuth of N35�E.
At most stations, the phase angles are consistent with the apparent
resistivity, with phases less than 45� occurring when apparent
resistivity increases with period, and vice versa. The curves show
significant variations along the profile, but a common feature at
many sites is the presence of phases greater than 45� at the longest
periods, indicating a decrease in resistivity at depth.

Fig. 7 shows pseudosections for MT data in the N35�E coordi-
nate frame. The vertical stripes in the apparent resistivity pseudo-
sections are due to static shifts, which are the results of shallow
resistivity structure that change the magnitude of apparent resis-
tivity at all frequencies and are also a form of galvanic distortion
(Jones, 1988). These shifts need to be accounted for in MT data
analysis as they can bias estimates of true resistivity and depths
in resistivity models. The phase is not influenced by these shifts,
resulting in smoother pseudosections. The phases are greater than
45� in both modes at periods greater than 100 s near the Xilamulun
Fault (sites 14, 15, 16) and near the North South Gravity Lineament
(sites 21, 22, 230). Additionally, high phases are observed around
the TLFZ at sites 35, 36, and 37. These phases are an indication of
low resistivity layers at depth.
6. 2-D magnetotelluric inversion and sensitivity tests

MT data quality was assessed using the D+ algorithm of Parker
and Booker (1996) as implemented in the WinGlink software pack-
age. Data points with inconsistent apparent resistivity and phase,
large scatter, and out of quadrant phases were deleted. The 2-D
inversion was implemented using the algorithm of Rodi and
Mackie (2001). MT data are never exactly 2-D, so an experimental
approach was used to determine which subsets of the data
(TE-mode, TM-mode, tipper) were mutually consistent. Since the
different modes have sensitivity to different depth ranges and
model features, it is optimal to include as much data as possible
in a 2-D inversion. The TE-mode is inherently sensitive to 3-D
effects caused by along strike features, and must be included with
care (Wannamaker et al., 1984; Berdichevsky et al., 1998; Tauber
et al., 2003; Ledo, 2006; Unsworth et al., 2004; Jones, 2006). An
acceptably smooth model was found that fitted the TE mode, TM
mode and Tzy data over the period range 0.001–10,000 s. Note that
Tzy is the projection of the induction vector parallel to the profile,
and is orthogonal to the strike direction in a 2-D situation.

The inversions were started from a uniform half-space of
100 X m with a mesh comprised of 126 columns and 131 rows.
Since MT inversion is a non-unique process, regularization is
widely used to apply a constraint to the inversion. The most com-
mon form of regularization is spatial smoothing. There is an inher-
ent trade-off between the competing requirements of (a) fitting the
measured MT data as closely as possible, while risking that the
model becomes rough and contains artifacts and (b) having a
smooth model that does not fit all features in the data. This
trade-off can be quantified in the NLCG6 algorithm with the regu-



Fig. 5. Phase tensor ellipses, and colors represent the skew angle b. The rose diagrams represent the angle a–b, indicating the geoelectric strike direction. The blue arrows for
each period represent the preferred strike directions. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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larization factor, s, and inversions were performed with values of s
in the range of 0.3–1000. An optimal value of s = 3 was determined
by analyzing the L-curve (Booker et al., 2004; Farquharson and
Oldenburg, 2004), as shown in Fig. 8. Another parameter used to
control the regularization in the NLCG6 code is a, which controls
the balance of vertical to horizontal smoothing in the resistivity
model.

A significant number of inversions were implemented with dif-
ferent combinations of the control parameters. The final model
used the parameters s = 3, a = 1, and the inversion was allowed
to compute static shifts coefficients for the TE mode and TM mode
data. The error floors were set to 10% for the TM apparent resistiv-
ity, 5% for TM and TE phase (equivalent to 1.4�) and an absolute
value of 0.05 for Tzy. To account for possible 3-D distortion, a higher
error floor (20%) was applied to the TE apparent resistivity. Using
these parameters, the inversion produced the model shown in
Fig. 9 that had a final r.m.s. misfit of 2.57 after 200 iterations.
The fit of the inversion model responses to the measured MT data
is acceptable, as shown in both Figs. 6 and 7. Note that long-period
MT data were only recorded at 8 stations.

Sensitivity tests were carried out in order to justify whether key
features in the 2-D inversion model were required by the data, and
investigated two low resistivity anomalies labeled ‘A’ and ‘B’ in
Fig. 9. This was achieved by editing the resistivity model, and then
restarting the inversion with the resistivity of the edited region
fixed. For the Conductor ‘A’ beneath the XLML fault, the resistivity
was changed to 500 X m, which is comparable to the resistivity on
each side of this feature. It is clear that the change in the model
causes an increase in apparent resistivity and a decrease in the
phase, especially at site 14 and gives evidence that this feature is
required by the MT data (Fig. 10). The same method was used to
investigate the conductor ‘B’ which is located beneath the TLFZ,
and Fig. 11 shows that significant changes in apparent resistivity
and phase have resulted. Therefore, the sensitivity test results indi-
cate that low resistivity zones A and B are required to explain the
measured MT data.

7. Interpretation and discussion

After multiple inversions and model validation, the resistivity
model shown in Fig. 9 was selected as the preferred model. The
model exhibits a number of distinct electrical resistivity features
that correlate with the different tectonic provinces. To the north-
west, the crust and upper mantle of the CAOB are characterized
by relatively high resistivity values (100–1000 X m), while lower
values (10–100 X m) are observed beneath the southeast section
of the profile beneath the NCC. These resistivity variations can be
interpreted by integration with previous geophysical and geological
studies, as discussed in the next section and summarized in Fig. 12.
Due to the relatively large inter-station spacing, it was not possible
to image small scale resistivity features within the upper crust.
Therefore the focus of the interpretation is on the deeper parts of
the resistivity model.

7.1. Crustal structure

The crustal thickness within the region of the CAOB sampled by
the MT profile is 38–40 km (Lu and Xia, 1993; Li et al., 2013). Within
the NCC thickness varied from 40 km beneath the northern YSB to
just 25 km beneath the TLFZ (Zheng et al., 2007b; Tang and Chen,
2008; Wei et al., 2011). As noted above, the MT station spacing is
relatively large and not optimal to give detailed images of upper
crustal structure. Nevertheless, a number of distinct anomalies
are discernible and discussed below.



Fig. 6. Examples of MT responses at six sites along the profile. The data were rotated to the N35�E geoelectric strike direction. Solid lines show the 2-D responses of TM mode
(blue) and TE mode (red). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Along most of the profile, the upper crust has a high resistivity
(>300 X m) that is likely due to crystalline basement rocks
(BGMRLP, 1989; BGMRIM, 1991). Zones of low resistivity are
observed at the surface where the profile crosses the shallow sedi-
mentary basin near the TLFZ. A lower crustal conductor can be
detected in several areas, as is often the case in crustal MT studies
(Haak and Hutton, 1986) and appears particularly strong beneath
the NSGL.

A number of low resistivity pathways extend through the crust.
Those imaged close to the southeast end of the MT profile and
may represent fluid pathways from the upper mantle with elevated
porosity owing to ongoing deformation in this region. In the North-
west part of the profile, within the CAOB, a conductor appears to be
associated with the Solonker suture, which was formed in the late
Permian by the collision of the NCC and Siberian Craton (Xiao
et al., 2003; Jian et al., 2010). Resistivity models derived from MT
data can sometimes image suture zones, e.g. a dipping high conduc-
tivity layer was found in the Iapetus Suture Zone in Ireland and was
interpreted as a layer of sulfide-bearing graphitic sediments depos-
ited during the closure of the Iapetus Ocean (Rao et al., 2007). Aque-
ous fluids cannot explain the low resistivity as they will not remain
in the crust over timescales of hundreds of millions of years without
some mechanism for recharge. In the present study, a crustal
conductor is imaged in the region of the Solonker suture (station
8–10) and appears to dip northwest, consistent with the proposed
subduction direction. However the broad station spacing means
that it cannot be reliably traced to the surface.

7.2. Upper mantle resistivity structure

Fig. 9 shows that the crustal and upper mantle resistivity varies
systematically from northwest to southeast along the profile. Over-
all, the upper mantle beneath the CAOB exhibits a relatively high
resistivity (300–1000 X m) compared to the NCC upper mantle,
where the resistivity is lower (100 X m). Seismic studies have
shown that the lithospheric thickness varies along the profile from
120–150 km beneath the CAOB, to around 100 km beneath the NCC
(Fig. 12; Li and He, 2011).

7.2.1. Composition of upper mantle beneath the CAOB
In the northwestern part of the profile beneath the CAOB, high

resistivity values (300–1000 X m) extend to depths of 200 km,
consistent with a thick lithosphere. Interpretations of the electrical
resistivity of the lithosphere can be ambiguous. For instance, low
resistivity can be interpreted in terms of several conduction mech-
anisms that include hydrous silicate minerals, partial melt, aque-
ous fluids or conductive phases such as graphite and metallic
oxides (Pommier, 2014). This non-uniqueness can be reduced by
laboratory studies (Selway, 2014). Detailed interpretations of
upper mantle resistivity have been published for cratonic regions
including the Archean Kaapvaal Craton and the Proterozoic Reho-
both Terrane, South Africa (Jones et al., 2009, 2012; Fullea et al.,
2011) the Slave Craton in Northwest Canada (Jones et al., 2005;
Ledo and Jones, 2005) and the Tanzanian Craton (Selway et al.,
2014). Studies in active regions have been published for back arc
regions such as the southern Canadian Cordillera (Rippe et al.,
2013). It is often observed that the resistivity of the upper mantle
is less than predicted by a dry olivine composition. A key point to
address is whether this decrease in resistivity is due to the pres-
ence of partial melt, water (hydrogen), graphite or sulfides.

The presence of water or partial melt in the CAOB upper mantle
was investigated with the approach of Rippe et al. (2013) shown in
Fig. 13. Small amounts of water (hydrogen) dissolved in minerals
such as olivine can significantly reduce their electrical resistivity



Fig. 7. (a) Measured and calculated pseudosections of apparent resistivity and phase for the TM mode. (b) Measured and calculated pseudosections of apparent resistivity and
phase for the TE mode. (c) Measured and calculated pseudosections of real and imaginary parts of the vertical magnetic field transfer function.
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Fig. 8. Graph illustrating the trade-off between the data r.m.s. misfit and the model
roughness. Tau = 3 was chosen for the final model.
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(Karato, 1990; Wang et al., 2006; Yoshino et al., 2009). However,
experiments by various groups give differing estimates for the
decrease caused by a given amount of water and one model was
recently updated (Yoshino et al., 2014). The primary input is the
resistivity model derived from the MT inversion (Fig. 13a). To illus-
trate the sensitivity of the analysis, calculations were also per-
formed for a resistivity that is double, and half, of the value from
the 2-D inversion. The secondary input is the temperature, and val-
ues from Sun et al. (2013) were used (Figs. 12e and 13b). The tem-
perature is below the peridotite dry solidus at all depths, as
expected. The third column (Fig. 13c) shows the water content
required to explain the observed resistivity at station 4 on the
CAOB. This calculation was performed using the results of both
Wang et al. (2006) and Yoshino et al. (2009).

The H+ content exceeds the solubility limit (Lizarralde et al.,
1995) at depths shallower than 55 and 65 km for the Wang/Yosh-
ino models respectively. Above this depth, H+ cannot explain the
Fig. 9. Upper panel shows the static shift coefficients for the TE and TM mode data in the
final 2-D resistivity model obtained from the joint inversion of the TM, TE and Tzy data. S
data by white triangles. The labeled anomalies A, B are discussed in the text and following
is referred to the web version of this article.)
observed upper mantle resistivity and there are three distinct pos-
sibilities for the low resistivity:

(a) Graphite films. Carbon will be present as graphite at depths
above the graphite–diamond stability field, which occurs
around 140–150 km at the elevated temperatures encoun-
tered in NE China (Kennedy and Kennedy, 1976). However
recent laboratory studies suggest that the interconnection
needed to produce the low resistivity will not occur above
700 �C (Yoshino and Noritake, 2011). This depth occurs at
30–40 km in NE China (Fig. 14) and suggests that the upper
mantle is too hot for this conduction mechanism to cause
the observed low resistivity.

(b) Sulfide minerals. These have been suggested as a possible
cause for low resistivity zones in the upper mantle (Jones
et al., 1997; Ducea and Park, 2000; Jones and Craven,
2004). Laboratory measurements have shown that approxi-
mately 1% volume fraction of iron sulfides can lower the
bulk resistivity, so sulfide minerals are a possible explana-
tion for the resistivity of the upper mantle beneath the
CAOB.

(c) Partial melting. The presence of water (H+) will lower the
melting point of olivine. Fig. 13c shows the water concentra-
tion in wt-% needed to lower the melting point to that of the
observed geotherm and initiate melting. It can be seen that
partial melting could occur above a depth of 55 km (Wang)
and above 65 km (Yoshino). At depths less than 55–65 km
the observed resistivity could be due to a combination of
partial melt and water – it is not possible to determine the
combination of melt/water, so Fig. 13d shows the maximum
melt fraction. In this calculation, the overall resistivity was
computed using the modified Archie’s Law of Glover et al.
(2000) for two conducting phases with a melt resistivity of
0.2 X m. The required melt fraction is below 1% for both
the Wang and Yoshino results. Note that the Wang results
require melt above 50 km, while the Yoshino results require
melt above 70 km.

Below a depth of 55–65 km depth, hydrogen alone can explain
the observed resistivity in the upper mantle, and no partial melt is
needed. The Wang/Yoshino results predict a water content up to
inversion; Middle panel shows RMS misfit at each site; Lower panel represents the
ites with BBMT and LMT data are represented by red triangles, sites only with BBMT

figures. (For interpretation of the references to color in this figure legend, the reader



Fig. 10. Upper panel shows the edited resistivity model fixing the anomaly A with a resistivity value of 500 X m. Lower panel shows the comparison between the measured
MT data and responses from the original model and the edited model inversion at station 13, 14, 15.

Fig. 11. Upper panel shows the edited resistivity model fixing the anomaly B with a resistivity value of 500 X m under the TLFZ. Lower panel shows the comparison between
the measured data and responses from the original model and the edited model inversion at station 27, 30, 32.
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0.08–0.1 wt-% respectively, which can be expressed as 800–1000
weight ppm water. These water contents are similar to those
obtained from xenolith studies of cratons (Peslier et al., 2010;
Doucet et al., 2014) and inferred from MT studies (Selway et al.,
2014). These values are relatively high and indicate that the litho-
spheric mantle has been hydrated beneath the CAOB.

7.2.2. Composition of upper mantle beneath the NCC
The composition of the NCC upper mantle was investigated

using the same approach as for the CAOB. Note that temperatures
at 100 km depth are more than 100 �C higher than beneath the
CAOB. At site 42 in the NCC, the electrical resistivity shows a
decrease with depth from 200 X m at 40 km to 50 X m at 100 km.

At depths less than 70–80 km, the water content required to
explain the observed resistivity exceeds the water solubility limit.
As in the CAOB, an elevated water content cannot explain the resis-
tivity of the uppermost mantle, and an alternative explanation is
needed. Temperatures may be too high for graphite films to remain
connected over geological timescales, and sulfide minerals or par-
tial melt are possible explanations. As shown in Fig. 13d, the ele-
vated temperature beneath the NCC indicates that the water
content predicted by both the Wang et al. (2006) and Yoshino
et al. (2009) models is sufficient to allow for hydrous melting in
the upper mantle, to depths of at least 100 km and melt fractions
between 0.2% and 1% are required (Fig. 13d).

In the deeper part of the model, the water content at 70 km is
0.1–0.15 wt% based on the models of Wang et al. (2006) and
Yoshino et al. (2009) respectively. These values decrease to
0.01–0.05 wt% at 100 km depth. These values are below the water
solubility limit, indicating that water alone can explain the
observed mantle resistivity.

In summary, the uppermost mantle (down to 70–80 km) of the
NCC likely contains a combination of water and partial melt. At
greater depths it only requires water, with a water content of
0.05 wt% estimated at 100 km depth (equivalent to 500 ppm).
Xenolith studies can be used to give an independent estimate of
water contents. Basalts erupted during craton destruction in the
Mesozoic, are characterized by high water contents that exceed



Fig. 12. (a) Topography from the Shuttle Radar Topography Mission (SRTM) database (b), Bouguer gravity anomaly from the Earth Gravitational Model (EGM2008) database
(c) surface heat flow from the global heat flow database of the International Heat Flow Commission (d) 2-D resistivity model along profile. XLMLf: Xilamulun fault; CF-KYf:
Chifeng-Kaiyuan fault; TLFZ: Tanlu Fault Zone; LDP: Liaodong Peninsula; YSB: Yansha Belt; CAOB: Central Asian Orogenic Belt; NCC: North China Craton. L1, L2, L3 are
corresponding to three different low resistivity zones. R1 represents a high resistivity zone. The dashed black line represents the location of the Moho based on Lu and Xia
(1993) and Wei et al. (2011). The dashed red line shows the boundary between the lithosphere and the asthenosphere following Lu and Xia (1993), Li and He (2011) and Wei
et al. (2011). Hypocenters taken from China Earthquake Networks, Seismic Data Management and Service System. (e) Temperature along the profile from Sun et al. (2013).
The dashed line denotes the Moho (from Crust 2.0 model) (http://igppweb.ucsd.edu/~gabi/crust2.html) (Bassin et al., 2000). (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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1000 ppm (Xia et al., 2013) perhaps due to the subduction since
the early Paleozoic. However, peridotite xenoliths from the eastern
part of the NCC show a broad variation in water content (Xia et al.,
2010; Wang et al., 2014) that was proposed to be the result of
dehydration caused by heating by upwelling asthenosphere flow
that acted in concert with NCC lithospheric thinning during the
late Mesozoic to early Cenozoic. Yang et al. (2008) report water
contents up to 100 ppm in NCC peridotites and 100–1000 ppm in
granulites, indicating that the water distribution is quite heteroge-
neous and may result in spatial variability in rheology. Overall,
xenolith studies give strong evidence for high, but spatially vari-
able, water content in the NCC upper mantle.

The values of 500 ppm at depths of 100 km are higher than the
low values (10 ppm) required to give the high strength required for
craton longevity (Peslier et al., 2010). They are higher than the ele-
vated values of 100 ppm reported by xenolith studies on the Kaap-
vaal craton (Peslier et al., 2010) and a value of 100 ppm was
inferred from MT data in the Tanzanian Craton (Selway et al.,
2014). The high values from the NCC are closer to the values
reported by Doucet et al. (2014) in xenoliths in the Siberian Craton
(300 ppm). These values suggest that the lithosphere of many cra-
tons may not be as dehydrated as previously believed. In the case
of the NCC, this water was likely transported into the upper mantle
by the subducting Pacific Plate and would have initiated melting of
the back arc upper mantle, and lowered the mantle viscosity
(Karato and Wu, 1993; Dixon et al., 2004) allowing water to be
distributed throughout the back-arc upper mantle and lithospheric
thinning/craton destruction to occur.

Mantle xenoliths from the Colorado Plateau and vicinity from
the North America Craton have also revealed elevated water con-
tents (Li et al., 2008) and suggest that a similar process occurred
when the Farallon plate was subducted beneath North America
during the early Cenozoic. The elevated water contents would have
caused the hydration and weakening of the cratonic mantle and led
to the observed lithospheric thinning.

7.2.3. Low resistivity anomalies
The MT data show that the resistivity of the lithosphere does

not change smoothly across this region. Two major zones of low
resistivity are observed (L1 and L3), and it was demonstrated that
these features were required by the measured MT data. A smaller
zone of low resistivity, L2, was also detected. Since these features
may be related to ongoing deformation, it is important to deter-
mine the physical cause of the low resistivity by considering the
topography, Bouguer gravity anomaly and heat flow (Fig. 12) and
the seismic sections (Fig. 3).

7.2.3.1. L1 – Xilamulun fault (XLML-f). The low-resistivity anomaly
L1 appears at >80 km depth beneath the surface trace of the Xilam-
ulun fault (XLML-f) as shown in Fig. 12. The resistivity of L1 is too
low to be explained by hydrogen diffusion in olivine and requires
either partial melt or an increased concentration of sulfide miner-

http://igppweb.ucsd.edu/~gabi/crust2.html


Fig. 13. Electrical resistivity, mantle temperature, water content and melt fraction for two stations along profile: site 4 in the Central Asian Orogenic Belt; site 42 in the North
China Craton. From left to right: (a) Resistivity obtained from MT inversion (thick blue line). Resistivity multiplied by 0.5 (thin blue dashed line) and multiplied by 2 (thin blue
line). (b) Geotherm (blue line) and dry peridotite solidus (red line). (c) Water content calculated from the results of Wang et al. (2006) and the MT inversion (thick red line).
The thin red lines show the water content when the inversion model resistivity is multiplied by 2 and 0.5. The blue lines show the water content calculated using the results
of Yoshino et al. (2009). Water content required for hydrous melting (black solid line). Water solubility limit (black dash line). (d) Melt fractions calculated using the results of
Wang et al. (2006) are shown with the thick red line. Thin red lines show the melt fractions when the resistivity from the inversion model is multiplied by 0.5 and 2. Blue lines
show the melt fractions calculated with the results of Yoshino et al. (2009). (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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als or graphite. However, graphite films will not remain connected
over geological timescales (Yoshino and Noritake, 2011). Conse-
quently, partial melt could be a plausible explanation for the low
resistivity of L1. In addition, sharp lateral resistivity variations
are observed here, indicating that the lithosphere under the Xilam-
ulun fault is thinner than on either side. This is consistent with the



Fig. 14. Temperature–depth relationship for 48 stations along profile. Blue line
shows the graphite–diamond transition boundary (Kennedy and Kennedy, 1976).
Blue line represent the temperature at which the graphite will become unstable.
(For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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seismically detected LAB undulation shown in Fig. 12d (Lu and Xia,
1993; Li and He, 2011). A significant change in magnetic anomaly
was also observed in this region (Lu et al., 1993) perhaps associated
with a change in Curie depth.

It has been suggested that the Xilamulun fault is an important
tectonic zone, along which intense deformation, magmatic activity
and associated mineralization occurred (Davis et al., 2002). Based
on the resistivity model, together with other geophysical and geo-
logical observations, it is proposed that the Xilamulun fault is asso-
ciated with a major litho-tectonic boundary that has a significant
effect on the structure and composition of the lithosphere in this
region.

7.2.3.2. L2 – North–South Gravity Lineament (NSGL). Thinned litho-
sphere near the NSGL was inferred from observations of crustal
low resistivity and low velocity (Bai et al., 1993a,b; Tang and
Chen, 2008; Wei et al., 2011; Li and He, 2011). Taking into account
the higher temperature at this depth, partial melt is the most likely
explanation for the low resistivity of L2. It has been proposed that
the NSGL might represent the boundary between two tectonic
regimes, with back-arc extension related to Pacific subduction to
the east and convergence due to the Indo-Eurasian collision to
the west (Xu, 2007). The model presented in this paper suggests
that the NSGL is a lithospheric-scale boundary that has played an
important role in lithospheric thinning. The strike direction of
the NSGL (N30�E) is also significant. The boundaries of the Solonker
suture and related features strike east–west. Since the initiation of
subduction of the Pacific Plate beneath this region in the early Cre-
taceous (Kusky et al., 2007), the regional structural strike may have
changed from N90�E to N30�E.

7.2.3.3. L3 – Tanlu Fault Zone (TLFZ). The third low resistivity anom-
aly is located beneath the TLFZ. High temperatures rule out graph-
ite as a cause of the low resistivity. Seismic studies have reported a
low velocity anomaly beneath the northern and southern TLFZ (Niu
et al., 2000; Chen et al., 2006). Partial melt is the preferred expla-
nation for observation of elevated heat flow (Fig. 12c) (Hu et al.,
2000) and the coincident seismic and resistivity anomalies. Since
partial melt lowers the strength of the crust and upper mantle, this
observation has important implications for the dynamics of this
region, since it implies that this feature might have acted as a
major channel for asthenospheric upwelling during the Meso-
zoic–Cenozoic continental extension and lithospheric thinning in
eastern China.

7.2.4. Constraint on mechanism of lithospheric thinning
The resistivity model derived in this study shows two first order

features in the lithospheric structure:

(1) A decrease in upper mantle resistivity from Northwest to
Southeast. The resistivity decrease can be explained by a
combined increase in temperature and partial melt and
associated increase in the concentration of water – although
sulfide minerals could also contribute to this change.

(2) Discrete upper mantle conductors. This decrease does not
occur smoothly, and there are three regions of low resistivity
in the upper mantle (L1, L2 and L3).

How can these observations contribute to the debate about the
mechanism of lithospheric thinning? Models that have been pro-
posed for lithospheric erosion can be grouped into two categories:
(1) delamination, where parts of the lithosphere sink into the
asthenosphere (Gao et al., 2004, 2008; Deng et al., 2007) and (2)
asthenospheric erosion where hot upwelling material removes
the base of the lithosphere (Zheng et al., 1998, 2007a; Xu et al.,
2004). Some studies have proposed that destruction of the NCC
has not been spatially uniform and characterized by localized
zones of rapid destruction (Chen et al., 2006, 2008; Zhu and
Zheng, 2009). The resistivity model presented in this study sup-
ports this type of destruction, based on the observation of conduc-
tors in the upper mantle adjacent to the NSGL and TLFZ. The low
resistivity features within the NCC (L2 and L3) can be identified
with zones of lithospheric erosion and the intermediate region of
high resistivity in the upper mantle could be a region where
delamination is occurring (R1). It should be noted that while the
data presented in this paper do not cover the entire NCC, the het-
erogeneous resistivity structure is clearly present within the study
area.

L2 is located near the NSGL, and likely caused by the presence of
partial melt. The extensive magmatism in this region is recorded
by the voluminous Mo–Cu ores of the Xilamulun metallogenic belt,
and R1 could be the remnant of this magmatic activity. A lower
heat flow above this high resistivity feature is consistent with this
feature representing a pulse of past magmatism that is now
cooling.

L3 underlies the eastern segment of the YSB and neighboring
TLFZ and is characterized by lower resistivities than L2. This
implies larger volumes of fluids are present, with partial melt as
the preferred explanation for the low resistivity. It was previously
suggested that the TLFZ was a weakened zone that experienced
rapid extension and magmatism during the Mesozoic–Cenozoic
(Zheng et al., 1998, 2008; Xu et al.,, 2004; Chen et al., 2006). The
TLFZ existed before craton destruction began and cuts through
the eastern NCC as a lithospheric scale fault system. This pre-exist-
ing structure may have provided a path for upwelling astheno-
spheric material (Zheng et al., 1998). It has been proposed that
the mechanism of the lithospheric thinning beneath the YSB
occurred by delamination (Gao et al., 2004; Deng et al., 2007),
whereas thermal erosion dominated beneath the TLFZ (Zheng
et al., 1998, 2007a; Xu et al., 2004; Zheng et al., 2008). It is pro-
posed that the region L3 beneath between the YSB and the TLFZ
may be the result of lithospheric thinning caused by a combination
of delamination and thermal erosion. The TLFZ is associated with
elevated heat flow, perhaps suggesting that this zone continues
to be supplied with fluids/partial melt.

In summary, the resistivity images show evidence that litho-
spheric destruction beneath the eastern NCC has occurred in a spa-
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tially non-uniform manner. The zones L1, L2 and L3 can be identi-
fied as regions of elevated fluid content that represent the location
of upwelling, and which may continue into the future. Beneath the
YSB the lithosphere appears to be resistive, and this could indicate
intact lithosphere, which may be in the process of delaminating.

It should be emphasized that there can be other, non-fluid,
explanations in Phanerozoic orogenic belts for the origin of low
resistivity and low velocity anomalies (Lebedev et al., 2006;
Shomail et al., 2006; Fishwick et al., 2008; Begg et al., 2009;
Spratt et al., 2009). However, in the present study other geophysi-
cal, geochemical and petrological data have suggested that high
heat flow and low lithospheric strength are characteristic of the
region (Wang and Cheng, 2012; Chen et al., 2013). In combination
with our resistivity model and calculated water contents, the pre-
ferred explanation is that the low resistivity observed within the
study region is due to elevated concentrations of fluid.
8. Conclusions

An MT study of Northeastern China has revealed a number of
features that are significant in terms of the tectonic evolution of
the region.

The NW-dipping low resistivity zone in the crust beneath the
Solonker suture zone confirms the location and polarity of this
feature.

The MT data show that there is significant lateral variation in
the electrical resistivity of the lithosphere in this region. The CAOB
is characterized by relatively thick lithosphere with an upper man-
tle resistivity in the range 300–1000 X m, which can be explained
by an elevated concentration of H+ (800–1000 wt ppm). This is in
contrast to the thin, low resistivity lithosphere beneath the north-
eastern NCC. In this region, partial melts, or other conducting
phases are needed to explain the observed upper mantle
resistivity.

The change in lithospheric resistivity does not occur smoothly
along the profile, and three low resistivity features suggest that
the lithospheric thinning has occurred in a spatially non-uniform
manner. The first is located under the Xilamulun fault and could
be a lithospheric scale feature. The second is located near the NSGL
and shows that this lineament is associated with a lithospheric
scale resistivity feature. The third anomaly is close to the TLFZ,
and the scale of this feature suggests that the TLFZ has played an
important role in the Phanerozoic tectonic modification of the
eastern NCC.

The models presented in this paper can address the questions
posed in the introduction as follows. (1) The observed resistivity
and the estimated water contents imply that the lithospheric man-
tle of the CAOB is hydrated to levels comparable to that of many
cratons. The lower resistivity of the northeastern NCC requires ele-
vated water contents and probably a small amount of partial melt,
which will reduce the lithospheric strength. (2) The southeast
decrease in upper mantle resistivity does not occur uniformly
and a couple of major conductors are observed. These features
could have originated from a combination of delamination and
thermal erosion, and represent zones of inherent weakness that
have continued to the present day.
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