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Crustal structure of the southeastern margin of the Ordos Block
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We use a profile made up of teleseismic receiver functions to study the crustal thickness and structure of the southeastern margin
of the Ordos Block. The Mohorovici¢ discontinuity(Moho) has been identified beneath all stations. Its depth gradually decreases
towards the southeast, from about 43 km in the Ordos Block to ~30 km near the northern margin of the Qinling Orogen. Our
results show clear lateral variations in the structure of the crust and the features of the Moho. Accordingly, the study region can
be divided into four parts: (1) Beneath the Ordos Block, the Moho is visible and flat at a depth of ~40 km. The crustal structure
is best characterized by stable cratonic crust. (2) In the Weihe-Shanxi Graben, the Moho is uplifted by about 3 km, which may be
the result of upwelling of upper mantle materials. (3) Under the Xionger-Funiu Mountains, the Moho is flat at a depth between
36 and 33 km, but becomes shallower towards the southeast. (4) In the Hehuai Basin, adjacent to the northern margin of the Qin-
ling Orogen, the Moho shows strong lateral variations with a mean depth of ~31 km. The crustal structure here is complex, which
may indicate a complicated tectonic environment. Additionally, the Moho is clearly interrupted at two locations (beneath stations
st11 and st18) near major tectonic boundaries. These results suggest that the structure of the deep crust along the southeastern
margin of the Ordos Block has great lateral variability, which strongly affects the complex geological features on the surface.
Furthermore, these results can help us understand the interrelationships of different parts of the southeastern margin of the Ordos

Block.
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The North China Block (NCB) was formed by the collision
of the Eastern Block (EB) and the Western Block (WB) in
the Precambrian (~1.8 Ga) [1]. From the Late Neopaleozoic
to Early Mesozoic, the South China Block (SCB) moved
northward and collided with the NCB, and the Qingling
Orogen was formed [2]. Meanwhile, the WNW-ESE strik-
ing Xionger-Funiu Mountains were formed in the southern
NCB because of increasing N-S compression [3]. In the
Cenozoic Era, many rift basins were formed around the
Ordos Block due to widespread extension, caused by the
Indo-Asian collision and the subduction of the Pacific Plate
[4]. Also, a series of E-W and WNW-ESE striking
left-lateral strike-slip faults developed along the southern
margin of the NCB due to the uplift and eastward extrusion
of the Tibetan Plateau [5,6]. Therefore, since the NCB
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formed, the southeastern margin of the Ordos Block has
been affected by several tectonic events and its structure has
become complex. This study region (Figure 1(a)) is located
in a transitional zone between the contractional regime of
western China and the extensional setting of eastern China.

The details of the crustal structure can provide important
constraints on geodynamical studies of the area. In recent
years, much research has been undertaken to evaluate the
crustal structure of the NCB [7-11]. For example, receiver
functions have been widely applied to investigate the crustal
and upper mantle structure in a variety of regions [12—14].
In order to better understand the geodynamics of the south-
eastern margin of the Ordos Block, we calculate the receiver
functions using teleseismic data recorded by a portable
temporary broadband seismograph array. The results add
constraints to our knowledge of the crustal thickness and the
Moho discontinuity.
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1 Data and methods

From August 2008 to June 2010, a portable broadband
seismograph array with 22 stations was deployed in the
southeastern margin of the Ordos Block (Figure 1(c)). Each
seismic station consists of a seismometer (CMG-40T) and a
digital sampler (Refteck II) with a sampling rate of 40 Hz.
Using earthquakes with magnitudes greater than 5.5 located
within an epicentral distance of 30°, 80°, we picked 453
well-recorded earthquakes (Figure 1(b)). We cut 160 s rec-
ords (10 s before and 150 s after the direct P wave) from
every event. Then, we rotated the N-S and E-W waveforms
into radial and transverse components. We calculated P-to-S
receiver functions using time-domain maximum entropy
deconvolution for each station [15]. The Gaussian coeffi-
cient and water level are 2.5 and 0.01, respectively. Finally,
we obtained 1145 receiver functions. Figure 2 shows an
example of receiver functions recorded at Station st22. The
primary P-to-S conversion phases are clearly shown in the
receiver functions.

In order to reduce incoherent noise efficiently and iden-
tify weak signals, we used a nonlinear stacking technique
called the phase-weighted stack (PWS) to stack the radial
receiver functions for each station [16]. Before the PWS, we
applied a distance moveout correction for Ps phases [17].
We chose 65° as the fixed distance. The crustal mean
P-wave velocity and Vp/Vs ratio used to compute the dis-
tance moveout corrections are 6.3 km/s and 1.73, respec-
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tively. The stacked results are plotted along Profile AB in
Figure 3.

We further used the H-x stacking method [18] to estimate
the average thickness (H) and Vp/Vs ratio (k) of the crust
beneath each station (Table 1). To balance the contributions
from different phases, the weights for Ps, PpPs and
PpSs+PsPs are chosen as 0.7, 0.2 and 0.1, respectively. The
mean P-wave velocity of the crust was chosen to be 6.3
km/s. We show two examples of the H-x stacking results
obtained from one station located in the Ordos Block (stO1,
Figure 4(a)) and another one from the Xionger-Funiu
Mountains (st14, Figure 4(b)). The results are listed in Ta-
ble 1. In Table 1, we also show standard variances of H and
x. Then we plotted a depth and x section along Profile AB
in Figure 5, without the results of Station st09, stll and
st18.

We migrated the receiver functions into the space do-
main to image seismic discontinuities by using the Common
Conversion Point (CCP) stacking technique [19-21]. We
obtain the CCP migration image of receiver functions along
the Profile AB (Figure 6). For this study, we choose the
TASP91 model as the initial crust velocity model. The hori-
zontal grid spacing is 10 km, and the vertical grid spacing is
2 km.

2 Results

Most of the stations readily show Moho P,S converted (Ps)
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Figure 1

(a) Map of the tectonic setting in the southeastern margin of the Ordos Block. The study region is shown in the red square. (b) The distribution of

teleseismic events used. The blue dots denote earthquakes with M > 5.5 between August 2008 and June 2010. The red star denotes the center of the seismic
array. (c¢) The red triangles denote stations. The gray dashed line AB is the location of the observation profile with end-points A (36.3°N, 109.3°E) and B
(33.0°N, 114.0°E). The black lines denote faults. F1: Mianlve-Yvexi Suture Line. F2: Luanchuan-Gushi Fault. F3: Sanmenxia-Lushan Fault. F4: the south-
ern marginal fault zone of the Taihangshan Mountains. F5: Weihe Fault. The black dashed line F denotes a possible fault that may be the extension of F4 or
F5. The blue dashed lines are boundaries between different tectonic regions of the Profile AB. Tectonic regions are: I, Ordos Block; II, Weihe-Shanxi Gra-
ben; III, Xionger-Funiu Mountains; IV, Hehuai Basin, adjacent to the northern margin of the Qinling Orogen.
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Figure 2 An example of the receiver functions recorded at Station st22
located in the Hehuai Basin. Dashed line indicates the arrival times of the
primary P-to-S converted phase.

phases (Figure 3). The most prominent feature in the study
area is that the Moho becomes shallower to the southeast,
which is in agreement with the variations observed in
Bouguer gravity anomalies here (Figure 6). The depth of the
Moho decreases southeastward, from about 43 km in the
Ordos block to ~30 km near the northern margin of the Qin-
ling Orogen.

In the Ordos Block, Ps phases can be identified clearly at
around 5 s. The crust is about 40 km thick and the Moho
discontinuity is flat with a depth of ~40 km. Its depth de-
creases gradually toward the southeast. The estimated Vp/Vs
ratios are around 1.74, varying from 1.69 to 1.78.

Beneath the Weihe-Shanxi Graben, the Ps phases are not
generally clear at first due to the interference of multiple
reflections from sedimentary deposits. However, after being
stacked through the PWS method, some of the multiple re-
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flections from sedimentary deposits can be reduced in
amplitude. The depth of the Moho here is about 35 km,
which is ~3 km shallower than in adjacent regions. The es-
timated Vp/Vs ratios are relatively high at > 1.79.

In the Xionger-Funiu Mountains, the Ps phases can be
observed clearly at ~4 s. The Moho here is continuous at a
depth between 36 and 33 km, which gradually decreases
southeastward. The estimated Vp/Vs ratios are around 1.73.

In the Hehuai Basin, adjacent to the northern margin of
the Qinling Orogen, the Ps phases are clear but not contin-
uous. The crust is relatively thin at about 31 km, and the
Moho topography here is complex. The estimated Vp/Vs
ratios vary greatly from 1.65 to 1.88.

The Ps phases of two stations (stl1 and st18) are identi-
fied at nearly 6 s. Also, the Moho is clearly interrupted near
these two stations (Figure 6).

3 Discussion and conclusions

Our results suggest that the crustal structure of the south-
eastern margin of the Ordos Block is characterized by
strong lateral variations, as indicated by the change of crus-
tal thickness and Moho topography (Figures 5 and 6). Ac-
cordingly, the study area can be divided into four parts: (I)
the Ordos Block, (II) the Weihe-Shanxi Graben, (III) the
Xionger-Funiu Mountains and (IV) the Hehuai Basin (Fig-
ure 1(c)).

The Moho discontinuity in the Ordos Block is generally
flat at a depth of ~40 km, which gradually decreases to-
wards the southeast. Pan et al. obtained similar results in
this area using receiver function data [22]. Our results are
also consistent with those obtained through artificial earth-
quake [23] and gravity data [24]. Since the Precambrian,
deformation in the Ordos Block has been weak [4],
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Figure 3 The PWS results of radial receiver functions for all stations. The results are aligned by the stations’ locations projected on to the Profile AB. The
location of the Profile AB is shown in Figure 1. The solid black line indicates delay times of Ps phases for every station. Tectonic regions of the Profile AB

are shown at the top.
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Table 1 The crustal thickness (H) and average Vp/Vs ratio (k) at 22 stations
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Station H (km) K RFs No. Tectonic zone
st01 43.5+0.9 1.69+0.01 31
st02 40.6+0.9 1.73+0.01 22
st03 38.8+0.9 1.73+£0.01 85
st04 38.2+0.8 1.78+0.01 111 I Ordos Block
st05 39.8+0.6 1.72+0.01 18
st06 37.8+0.8 1.78+0.01 139
st07 37.4+0.7 1.75+£0.01 5
st08 36.0+0.8 1.79+0.01 56
509" x x X II Weihe-Shanxi Graben
st10 33.4+1.2 1.85+0.01 61
st11” 38.4+0.8 1.89+0.01 77
st12 32.8+1.1 1.84+0.02 70
st13 35.6+0.8 1.73+£0.01 10
st14 34.6+0.8 1.76+0.01 43 . . R
«t15 33.0£0 8 17740.01 67 IIT Xionger-Funiu Mountains
st16 34.8+1.0 1.74+0.01 64
st17 32.6+0.9 1.69+0.01 96
st18® 44.0+£0.9 1.67+0.02 62
st19 32.8+1.0 1.65+0.01 82
st20 28.8+1.5 1.88+0.03 118 IV Hehuai Basin
st21 30.2+0.8 1.85+0.01 81
st22 31.2+0.9 1.70+0.01 147

a) Station st09 has no well-recorded earthquake event; b) station stl11 and st18 lie on the tectonic boundaries with complex crustal structure. The crustal
thickness (H) beneath them is large and unreasonable. So their results are not adopted in Figure 5.

(a) (b)

55 55—
45— 45
c ) E
< =
Ry I

35 35—

25
i 1.7 1.8 1.9 2.0 1.6 1

K

T

1.8

K

1.9 2.0

Figure 4 Two examples of the H-x stacking results obtained from Station st01 (a) and st14 (b) located in the Ordos Block and the Xionger-Funiu Moun-

tains, respectively. Location of the amplitude peak is indicated by the white star.
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Figure 5 The depth and « section shows Moho depth and Vp/Vs ratio vary along the Profile AB.
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Figure 6 The CCP migration image of receiver functions along the Profile AB. The red represents positive stacking amplitude, and the blue represents
negative stacking amplitude. The black triangles are stations’ locations projected on to the Profile AB. The black dashed line marks the depth of the Moho. F
and F3 denote faults (Figure 1(c)). Tectonic regions of the Profile AB are shown at the top. At the top, the black line is the surface topography and the blue

line is the Bouguer gravity anomaly.

earthquakes have been rare and heat flow values are low
[25]. This stable crustal structure indicates that the Ordos
Block is a typical cratonic block.

The Moho beneath the Weihe-Shanxi Graben is observed
to be uplifted by as much as 3 km relative to neighboring
areas. Pan et al. [22] and Zhao et al. [23] obtained similar
results in this area. Bouguer gravity anomalies support an
upwarp in the graben (Figure 6) and heat flow values are
relatively high [25]. The uplifted Moho may reflect the
upwelling of upper mantle materials beneath the Weihe-
Shanxi Graben. Tang et al. [26] obtained a similar result in
the northern Shanxi Graben. However, their results show
that the Moho has an upwarp of about 4 to 6 km. So the
upwelling of upper mantle materials may be stronger in the
north than that in the south.

Near Station stll, the Moho is clearly interrupted.
Bouguer gravity anomalies have a relatively big gradient
near Station st11 (Figure 6). From Figure 1(c), we can see
that Station stl1 is located on the eastern extension of the
Weihe Fault (F5) or the western extension of the southern
marginal fault zone of the Taihangshan Mountains (F4). F4
is the boundary between the southern and northern NCB
[27], and F5 may be the plate boundary between the Ordos
Block and the Qinling Orogen [28]. Therefore, Station st11
may be located on a deep fault (F), which even influences
the lower crust.

The Moho becomes flat and continuous again at a depth
between 36 and 33 km below the Xionger-Funiu Mountains
in the southern NCB. The crustal structure in this area is
stable. However, due to the N-S compression in the Triassic
followed by extension, this region appears to have a tectonic
framework of ridges and basins on the surface. Therefore,
the stable crustal structure suggests that these tectonic activ-
ities did not influence the lower crustal structure in this area.

The flat and continuous features of the Moho terminate
near Station st18. The Moho is again clearly interrupted

beneath Station st18. Near Station st18, there is a fault
named the Sanmenxia-Lushan Fault (F3) across the Profile
AB. The results suggest F3 may be characterized by the
deep fault. The aeromagnetic anomaly values are high to the
north of F3 [29] and F3 is considered as the boundary be-
tween the stable and active areas of the southern NCB
[29,30].

Passing through the Sanmenxia-Lushan Fault, the Moho
becomes uneven and complex at a depth of around 31 km in
the southwestern Hehuai Basin, which is adjacent to the
northern margin of the Qinling Orogen. The result reflects
complex crustal structures and tectonic environments in this
area. This area belongs to a tectonic active region in the
southern NCB [29,30]. Since the SCB collided with the
NCB in the Late Paleozoic, the tectonic evolution in this
area has been continuously active. During the Cenozoic,
many of the approximately E-W and WNW-ESE striking
left-lateral strike-slip faults were formed due to the uplift
and eastward extrusion of the Tibetan Plateau [5,6]. There-
fore, the lower crust may also have been modified and su-
perimposed during these periods of tectonic evolution, re-
sulting in the development of a complex structure.
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