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Regional differences in crustal structure beneath northeastern China and
northern North China Craton: constraints from crustal thickness and
V,/V, ratio
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State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics ,
Chinese Academy of Sciences, Beijing 100029, China

Abstract  Using teleseismic waveform records collected from 127 permanent seismic stations
which are distributed relatively evenly, in combination with previous studies from 97 temporary
seismic stations, we obtained the crustal thickness ( H) and average crustal V,/V, ratio (x)
beneath the northeastern China and northern North China Craton (NCC) by H-x stacking of

receiver functions. The results show relatively thin H and complicated variations both in « and
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crustal density, which suggest intense and uneven reactivation and modification of crust during
the Mesozoic-Cenozoic times. Significant E—W difference in crust was imaged in the northeastern
China and northern NCC. In northeastern China, H thickens nearly linearly as the elevation
increases in the Xingmeng orogenic belt located in the west. H changes from 31 km to 39 km with
an average of ~ 35 km, k varies from 1. 71 to 1. 83 with an average of ~ 1. 77. No clear
correlation was observed between H and elevation in the Jihei fold belt located in the east. The
values of H are in a range from 28 km to 37 km with an average of ~33 km. « varies from 1. 72
to 1. 89 with an average of ~1.79. In the northern NCC, H thickens from east to west in the
Yanshan belt located in the west, and changes from 28 km to 40 km with an average of ~34 km.
k is concentrated in a range from 1. 70 to 1. 91 with an average of ~1.79. H is larger in the
middle in the Liaodong anteclise located in the east, and ranges from 29 km to 35 km with an
average of ~ 32 km. k changes from 1. 71 to 1. 83 with an average of ~ 1. 77. Complicated
variations and a large range in ¢ and relatively smaller H were observed in the Jihei fold belt (the
northeastern China). This suggests that this region may have experienced more intense crustal
modification and thinning related to the Pacific plate subduction because of the inherent
complexity in crustal structure and being adjacent to the Pacific plate. In the northern NCC,
complicated variations and large ranges both in H and x in the Yanshan belt indicate that this

region probably underwent a more complex crustal modification which may be associated with

Central Asia Orogenic Belt accretion and Pacific plate subduction.
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Table 1 Crustal thickness (altitude removed) and V,/V ratio («) under the stations

Sta. |, H (km) K Sta. |, H (km) K

JGDy, 33.0+0.7 1.794+0. 04 MOHY, 34.040.8 1.76+0. 05
NZNL, 34.1+1.0 1.8040. 05 N38L, 31.2+1.6 1.8040.1
TAHY, 35.94+1.0 1.7840.05 N41l, 34.7+1.4 1.74+0.07
BCTY, 32.7+£1.7 1.76=+0.07 N59%, 36.8+1.2 1.7840. 06
ARS), 36.1+0.9 1.7740.04 N60L, 36.8+1.6 1.7540.07
IDRY, 33.8+1.5 1.7940.07 JIPL, 36.5+1.2 1.7540.05
MDG, 37.34+1.6 1.7640. 07 LIXY, 35.741.1 1.7540.05
MZL!L, 35.0+0.9 1.7440. 04 TIS,, 34.1+1.0 1.7140.05
ZLTY, 34.3+1.0 1.7640.05 WLTL, 35.6+1.1 1.7840.05
2451, 33.34+1.0 1.7840. 05 XLTL, 36.6+1.1 1.7740. 05
2481, 32.4+1.1 1.81+0.06 240%, 33.6+1.1 1.81+0.05
2491, 33.4+1.2 1.7840. 06 241%, 33.2+1.2 1.8240.05
250%, 34.2+1.1 1.7540. 05 2421, 33.0+1.1 1.8140. 06
252}, 34.6+1.1 1.76=+0.05 243%, 33.440.9 1.80+0. 05
253%, 34.0+1.0 1.8040. 05 2391, 34.3+1.0 1.8840.05
254%, 35.5+1.1 1.7640. 06 N43%, 36.9+1.5 1.7440. 06
NEHZ, 32.3+1.3 1.75+0.07 N442, 37.4+1.5 1.7540.07
HLHZ, 37.4+1.3 1.82+40.06 N452, 37.4+1.4 1.7640. 06
NJT%, 34.1+1.1 1.7740.05 N46%, 38.2+1.5 1.7540.06
X1Q%, 34.9+1.2 1.7840. 06 N47%, 37.9+1.8 1.7640. 07
2462, 33.9+1.2 1.7440.06 N482%, 39.0+1.3 1.7240.06
2512, 34.0+1.3 1.7640.07 N50%, 36.6+1.5 1.8240.06
2552, 35.6+1.2 1.7740.06 N52%, 38.3+1.8 1.7440.07
2472, 33.4%1.3 1.7740.07 N54%, 37.3+1.7 1.78+0.08
2562, 35.7+1.1 1.7740.05 N56%, 37.2+1.3 1.7440.06
2572, 36.6+1.1 1.7640. 04 N58%, 37.1+1.6 1.7140. 08
N36%, 31.8+1.3 1.82+0.07 2442, 33.6+1.1 1.78+0. 06
N37%, 31.8+1.7 1.7640.09 LUB, 32.9+1.2 1.7740.06
N39%, 33.241.9 1.7340. 09 N42%, 35.441.4 1.7540. 07
N31%, 30.8+1.6 1.88=+0.09 N40%, 33.7+1.9 1.7540.09
N33%, 31.4+1.1 1.7940.05 N49%, 38.1+1.9 1.7840.08
N343, 33.5+1.1 1.75+0. 06 N55%, 38.7+1.3 1.74+0.07
N353, 33.54+1.0 1.7340. 06 N27%, 30.0+1.3 1.8040. 07
211y, 31.7+1.1 1.82+0.06 LBPy, 35.6+1.0 1. 86+0. 05
2123, 32.9+1.2 1.7740.06 LLM}, 35.7+1.3 1.7640.05
2133, 33.54+1.2 1.7240. 06 MIY}, 34,4+0.9 1.8240.05
214y, 32.5+1.2 1.794+0.07 LQS}, 34.4+1.1 1.98+0.05
215}, 33.6+1.1 1.7640.06 MDY3, 35.0+1.1 1.7640.06
2163, 33.6+1.2 1.7640.07 SZLY, 32.2+1.3 1. 86+0. 06
220y, 33.3+1.0 1.8140.05 TST), 35.0+0.9 1.7840.05




114 f& B AR A ARl Hh X FE Al A 2 b oE 25 4 1 DX I8 25 5 < b 5 I B U L I IR A R 3605
gkl

Sta. |, H (km) K Sta. |, H (km) K

2213, 34.07%0.9 1.78+0.05 ZUH}, 32.1%1.2 1.7940. 05
222}, 33.941.0 1.7940. 05 CHC, 38.9+1.8 1.81+0.07
223y, 33.4%1.7 1.81+0.1 CHD;, 34,5+1.2 1.77+0. 06
2243, 34.240.7 1.7940. 04 FEN, 35.7+1.2 1.7740.06
2253, 36.4+1.5 1.7040. 07 KUC}, 33.4+1.5 1.81+0.08
226y, 35.4+1.0 1.7340.05 LOH}, 35.0+1.0 1.7940.06
227}, 34.2+1.5 1.7840.08 QIX}, 33.3+0.9 1.7740.05
2283, 35.3+1.1 1.714£0.05 QIL}, 33.0£1.4 1.74+0.07
229y, 35.1£1.0 1.7340.05 TLK}, 33.4+1.4 1.7140. 06
230, 35.0+1.0 1.7740.05 XILy, 34.8+1.3 1.7540.08
2323, 33.24+1.7 1.9040. 08 XLD}, 33.440.9 1.76=+0.05
233y, 34.4+1.2 1.86=+0.08 BEP), 32.1+1.5 1.81+0.09
235y, 34.9+1.2 1.8240. 06 BZH,, 29.740.9 1.7940. 06
2373, 33.6+1.1 1.86=40.06 CHY}, 32.340.9 1.8740.05
2393, 34.34+1.0 1.88+0.05 FXI, 32.4+1.5 1.75+0.08
N22}, 31.1£1.2 1.76=+0.07 JCA), 32.8+0.9 1.80+0. 05
N24}, 30.9+1.6 1.8040. 09 JZHY, 30.5+1.7 1.7840.09
N263, 29.5+1.4 1.80=£0. 08 LYA), 35.0+1.1 1.74=+0.06
CHFy, 33.7+0.8 1.76£0. 04 NAPy, 32.4£1.3 1.77+0.06
NICY, 35.3+1.0 1.7340.06 SUZy, 31.340.9 1.7640.05
219%, 35.34+1.7 1.7340.07 FENZ, 36.041.2 1.7740.06
231%, 34.0+1.5 1.83%+0.07 KUC, 33.7%2.2 1. 80+0. 09
234%, 34.6+1.2 1.8440.06 XILZ, 34.7+1.3 1.7440.08
236%, 35.7+2.0 1.8340.1 CHC, 39.6+1.4 1.7740.05
238%, 35.3+0.9 1.80=+0. 04 WECE, 35.3+1.3 1.7840. 06
N23%, 31.2+1.6 1.7540. 09 SHS, 28.142.0 1.84+0.1
N25%, 30.7+1.7 1.79+0.09 BACE, 39.840.9 1.7240. 04
N28Z, 30.641.4 1.7440.07 XIHZ, 32.1+1.6 1.81+0.08
N29%, 30.2+1.8 1.80=+0. 1 JIXE, 32.2+1.8 1.82+0.1
SSL%, 33.4+1.1 1.8140.05 CHR%, 36.6+1.5 1.8040.08
XBZ4, 36.84+2.0 1.8240. 1 SHCE, 34.7+1.4 1.8340.06
BITS, 33.0+1.3 1.96=+0. 07 XUH?, 38.4+1.1 1.75+0. 04
GUY%, 39.3+1.9 1.7840.07 CHD3, 34.7+1.2 1.7740.06
2173, 31.6+1.1 1. 9040. 06 LBGE, 36.3+1.7 1.7540. 08
2183, 32.0%1.2 1.88=+0.06 N313, 30.8+1.6 1.88+0.09
N30%, 31.2+1.9 1. 840.09 LYN{, 30.740.9 1.76+0. 05
FST}, 31.440.8 1.7640. 04 MQI;, 32.640.8 1.74+0. 04
PSTY, 31.4+0.9 1.75+0. 05 QYUY 31.840.9 1.7440. 05
YFTY, 31.8+0.9 1.7940.05 SNY/|, 29.3+1.0 1.8240.06
YNB}, 31.3+1.2 1.8240.07 XFN}, 32.0£0.9 1.7740.05
ANS}, 30.0+1.2 1.7540.07 XYN}, 34.141.2 1.7640.06
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Sta. |, H (km) K Sta. |, H (km) K

BXT}, 35.2+1.3 1.78+0.07 YKO, 30.6+1.0 1.7440. 06
FSH;, 30.541.2 1.7340.07 GUS|, 30.4+1.3 1.8040. 09
KDN}, 31.4+1.2 1.80+0. 07 WFED, 34.0+0.7 1.7540. 04
N0, 29.0+1.5 1.7940.08 YT, 40.4+1.2 1.82+0.07
N2}, 31.54+1.5 1. 8040. 09 LYT} 30.2+1.7 1.8240.08
N3%, 33.3+1.9 1.7540.09 MI T}, 33.7+1.1 1.7440.05
N4%, 31.5+1.8 1.8340.09 THTS, 33.3+0.9 1.7140.05
N6, 35.242.0 1.7540. 09 DDO}, 29.9+1.0 1.7940.07
N7, 32.8+1.8 1.8240. 09 GAX, 30.5+1.5 1.80+0.08
N9, 34.5+1.6 1.75%+0.08 HUR;, 32.6+1.2 1.78+0. 06
N10%, 33.24+1.7 1.7940.09 TILE 30.34+1.3 1.76=+0.06
N12%, 32.1+£1.6 1.7740. 09 DL2}, 33.840.9 1.7640. 05
N14%, 31.4+2.0 1.8340.1 HSHS, 30.9+0.9 1.8140.06
N15% 30.5+1.9 1.7440.1 JCT?, 31.740.9 1.7640.05
SNY}, 30.34+1.5 1.7840. 08 BST}, 32.3+1.5 1.7140. 06
N13, 30.3+1.6 1.78+0.1 HCT}, 33.5+1.5 1.7240.08
N8, 34.342.3 1.7640.12 LHT}, 30.94+1.0 1.784+0.06
N11§, 31.7+£1.9 1.8340.12 LHS}, 29.3+1.4 1.8240.08
JIYS, 32.7+1.5 1.7740.06 MDJ{, 34.9+1.1 1. 84+0. 06
LBE}, 35.0+1.1 1.8040. 06 XBH), 36.5+0.8 1.7940.04
WDL}, 31.4+1.0 1.7340.06 DHT}, 32.24+1.1 1.7740.05
WUC}, 28.0+0.9 1.7940. 06 FMT}, 29.2+0.9 1.7440.05
HHL, 36.4+1.5 1.78+0.08 YAS;, 29.5+1.7 1.7640.09
BAQj, 36.941.2 1.7240. 08 YCHE, 30.5+1.1 1.7240. 06
BEL}, 32.342.2 1.8640. 14 LIH}, 35.3+1.0 1.7940. 04
BNXj, 31.3+1.4 1.7640.08 SHZ}, 34.242.0 1.8140.1
HEH3, 30.8+1.1 1.81+0.06 SGTj, 30.2+1.5 1.8640. 08
QANE, 31.1+1.5 1.7540. 07 CN2j, 28.6+2.0 1.8340.13
XUK}, 30.8+1.3 1.7540.08 MIH}, 32.7+1.5 1.8640.09
QTHS, 33.941.9 1.89+0.12 YIL], 32.6+1.1 1. 81+0. 06
TOH;, 33.240.9 1.7940. 06 DN, 36.9+1.1 1. 7640. 06
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Fig. 1 Map showing the study region and distribution of stations and earthquakes
Solid circles show the locations of the stations used, different colors indicate different data quality (see lower-right inset). Thick gray line
shows the northern border of the North China Cratont**), Thin black lines and thick white line denote the Tanlu Fault Zone and North-
South Gravity Lineament, respectively. The earthquakes distribution is shown in the up-right inset. The spatial range of the Yanshan Belt

(outlined with black dots) is from Zheng et al. (14,
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amplitudes; Crosses and black ellipses represent the best estimates of crustal thickness and V,/V, ratio and the 95% confidence intervals.
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Fig. 6 Comparison of crustal thickness by different seismological methods
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of RFs[1%) (circles) and receiver function migrationt®®) (red dots).
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