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Abstract Since the Late Mesozoic, the lithospheric properties of the Sino-Korean Craton have
changed significantly. However, the specific form of craton “destruction” is mainly based on the
investigation of surface geology, geochemistry, crustal structure imaging and the detection of
low-velocity discontinuity in the upper mantle, lacking constraints on the fine structure and
properties of the entire upper mantle. Therefore, based on the seismic observations from the
nuclear explosion on September 3, 2017 in North Korea recorded by the national seismic network
of China and some temporary broadband seismic stations, we obtain high-vertical-resolution one-
dimensional V, models of the upper mantle beneath the eastern Sino-Korean Craton and its
adjacent areas by using deep seismic sounding imaging method. The results reveal that the regional
average crustal thickness is about 29~ 30 km, and the average crustal velocity is about 6. 10~
6.17 km « s~ ', which is significantly lower than the global continental average value, indicating
the lower crust below these profiles is extremely thin or even missing. Thin and strong reflection
coefficient across the Moho discontinuity may be caused by the existence of strong horizontal
anisotropy at the base of the thin crust. An intra-lithospheric discontinuity (ILD) with small
positive velocity gradient is detected at about 80 km depth. We speculate it may be caused by the
phase transformation from spinel to garnet. the Lehmann discontinuity is observed at about 220
km, which usually exist below stable cratons. What's more. the velocity of the upper mantle
between the ILD and Lehmann discontinuity is significantly lower than that of the global IASP91
model. The arrival times of these upper mantle seismic phases (Pn, PL and P410) are between
the stable craton region and the active tectonic region, indicating that the upper mantle in the

eastern Sino-Korean Craton and its adjacent areas is in a “cold” to “hot” transition state as a whole.

Keywords The Democratic People’s Republic of Korea Nuclear explosion; Deep seismic sounding
profile; Thin lower crust; Upper mantle discontinuity; Eastern Sino-Korean Craton
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Fig. 2 Eastern Asia simplified tectonic map and broadband seismic stations distribution of eastern China

Red five-point star shows the location of the sixth nuclear test conducted by the Democratic People’s Republic of Korea (41. 303°N, 129. 070°E) ,

Triangles of different colors represent broadband seismic stations used in different profiles. The Ryukyu Trench and Japan Trench formed by

the subduction of the western Pacific Plate and Philippine Sea Plate respectively are marked by blue saw-toothed lines (Bird, 2003). Interface depths

of the subducting Pacific slab and Philippine Sea slab are marked by blue and purple dashed contour lines respectively (Hayes et al. , 2018). CAOB:
Central Asia Orogenic Belt; SKC: Sino-Korean Craton; QDSOB: Qinling-Dabie-Sulu Orogenic Belt; SCB: South China Block.
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Fig. 3 Reduction seismic section for the profile 1 with nuclear explosion source
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(a) Station elevation distribution. (b) Seismic section with a reduction velocity of 8 km « s~ ! and phases travel time fitting. Red short lines
represent the picked travel times for each phases and the black dots show the theoretical arrival times for each phases calculated based on the
optimal model obtained from inversion. (c¢) Ray path coverage for each seismic phase, illustrating the resolution and constrained range of the
optimal model. (d) Synthetic theoretical seismogram displayed with trace-normalized amplitude and the same amplitude scaling as the observed

data calculated based on the optimal model.
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Fig.4 Reduction seismic section for the profile 2 with nuclear explosion source

The meanings of subgraphs and symbols are the same as those in Fig, 3.

Wit i 7% 08 R I S AR L R E AE 8.0 km e s T
A B R RERR B BLGE T RE R O b g TR A
AR S22 A - 14 3k R 0K L A R R DR A i ) T
M58 J5E 2 A T P PR O i #% B 1 P 52 4 2 I AR
X e AR B E] 5 A Pl R B Pn R A B
uit 1 e A AR /N (T&] 3a 8] da [&] 5a, 8] 6a HIIA|
Ta) AR 4f Ty 2 0 J B AT DU 65 0t T O b o R
AR AN/ 5 R ATIN S A B AR AL B /N P

FRERH S Y e TS S BE B E /DN S R RE A AR AH X
IR 2. ZERIT 3, BBER) 2 B3R 1 2ok B g
B[] B 1f] (Intra-Lithospheric Discontinuity, 1LD)
() B3 58 AH PP, 32 52 AH AR AE V6 M W] A RB BR 2
300 km, #1728, 10 km » s7' 7E 5 &l H
2y 400~1000 ke 72 rpv J 0 [ A X A] 00 00 31 22 Y
Al PIPPmP, HAfT & 0L i #h 26 5 PIP & AH ik T °F
1. TG BINERETE 12~ 14 s, ATHE ZEA N



74 T I8 T 45 P T AR IS b SR 24 2 45 R - oA 1R A % b R R ) TRT Y 24 O 2849

39(@
&
g2
=
51
o N
O U T T T T T T T T T | e T T 1
2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 0
5047 : ST ; 7
1¢(b 4
B ®) Profile 3 4
i cF i
40 c ]
30 ]
& 1 ]
= i 4
2 20 i
% - mPPmP
= B P410 S il i
10 7 + L PmP ]
01 PL .
] — — — Picked time ]
10 1 sssesess Calculated time
= T T T T T T T T T T T T
D 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 0
= —
1©
100
£ 200 A
i=Intadll I N
= J
B
A 300 4
400
500 T T T T T T T T T T T T
2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 0
50T §
1@ ]
40 ]
] 3 ]
i E 3 i
30 A T3 1
27 ﬁ%_k .
€ ] T ]
é 20 A 1= 4
S t 4
s ] fi 2 ]
10 3 T .
] i 1L Ly B B ]
- Ah S k4 -
J4 7 i
2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 0

Offset/km

5 MR U TR 2 D R T 5 ) T3
FEFIAFS i & XA B 3.

Fig. 5 Reduction seismic section for the profile 3 with nuclear explosion source

The meanings of subgraphs and symbols are the same as those in Fig. 3.
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Fig. 6 Reduction seismic section for the profile 4 with nuclear explosion source

—_
(=

The meanings of subgraphs and symbols are the same as those in Fig. 3.
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Fig. 7 Reduction seismic section for the profile 5 with nuclear explosion source

The meanings of subgraphs and symbols are the same as those in Fig. 3.
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Fig. 8 The crust and upper mantle velocity structure beneath the five profiles which is applied

an earth-flattening inverse transformation (Biswas, 1972)

ILD represents Intra-Lithospheric Discontinuity, “410 km” represents the top boundary of mantle transition zone.
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2004).
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Fig.9 Average crustal structure for five types of global
major tectonic units and Eastern Sino-Korean Craton (E
SKC) and Southeastern part of Central Asian Orogenic Belt
(SE CAOB) (modified from Christensen and Mooney, 1995)
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Fig. 10

(a) Plot of a collection of travel times for published long-offset seismic data for tectonically active areas (or

hot areas) (red points), tectonically stable areas (or cold areas) (blue points) (Thybo, 2006), and the five seismic

profiles used in this study (green points). Travel times are reduced by 8 km + s

km e« s~

' so that phases with velocity of 8

! appear along horizontal lines. (b) Generalized interpretation of the travel time picks in (a). Pn represents the

first arrival of the upper mantle, PL represents refraction / reflection from Lehmann discontinuity, P410 represents

reflection from the 410 km discontinuity
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