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Abstract: We collected earthquakes with local magnitude above 1.0 and travel time data in Shandong
area from the year 2009 to 2016, and calculated one-dimension seismic velocity model. The process
mainly included three steps: 1) Initial model: to fit the travel time data and analyze the reduced travel
time curve, eventually to get the initial model and its span; 2) Best model: to relocate the selected
events of all possible models based on Hyposat software, according to the RMS and geophysical
background, to get the best model of P phase and the possible model of S phase through adding a
reasonable variable to theoretical seismic velocity ratio, then to relocate events of all models according to
the RMS, and finally to reveal the best model; 3) Model test: to test the best model by using the test of
natural earthquake event, blast event, horizontal epicenter comparison of three location methods, depth
comparison of four location methods, HypoDD epicenter comparison of Rushan and Changdao
earthquake clusters, and ultimately to get the best model. The one-dimension seismic velocity model in
Shandong is: vp =6.13 km/s, vp, =6.88 km/s, vps =7.93 km/s, H, =22 km, H, =33 km, vg =
3.54 km/s, vs; =3.95 km/s, vs; =4.46 km/s. Besides, the location accuracy of nonlinear algorithm such
as simplex generally is less dependent on the seismic velocity model; whereas the linear iterative
positioning method based on the Geiger algorithm is more dependent on the seismic velocity model.
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Fig.1 Epicenter and station map
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Fig.2 Seismic ray map



1576 AR K 2E E RGE BR OB 2 SO

AT &

3 KB

PRMEEENBKRER
AR S I B 2R DL KR N AR 25 M b R
LR AL ) d LAY, DL R R AR i AR A . B
ke .

D) FHE I Ze 485 245 H b 52 B2 8 v v
11 0 T 3 T v s 0 5

2)%F 10 A B A M 5% FOR AR AR R AR, FEE A
Pb 2 AH » 8K J5 I FH i3 26 52 AR B0 AR A5 i 5e T J2 I
Upy \Uss 3

3) 45 G AT N AR, AT LUAR A5 B 8 1 2 % H
H, FIMGEIEES S H, o6 L S50 2k
WL wr A E R &K, 45 2% P i B DL &
AL (14 25 Ak 7

Kl 3 e A e B T 4. Pb o B s 2
ok B 10 A~ B A AR ) FORT bR AR R A . A,
3 W) hf R B R A v = 6,17 km/s, v =
6.88 km/s,vp; =7.76 km/s,

3.1

v,=6.17 km/s !,/"
130T, 688 knvs J

¥, =7.76 km/s

v, =3.59 km/s
100

v=4 44 km/s

/s

50

300 400
R E/km

0 100 200
Sg. S ELIAWE s Sn. S HE L .
B3 ERLE

Fig.3 Travel time curve figure

RS A DL K Crast 1,057 Y 72 J5 B
SRR ANIAR M X 52 JEBE 2 0 33 km K LA 1
SRR TE I A g FE AR 225 3 5 78 I it £ 14
e 4 fros . wEUEW LK 4 b4 a2 sl
R RGBS & M4, ih 2 - 30 1
SR X T B R R A, £ (0 i £ R il 2 R B ol
RS e 4 S8 T DU A A E i 2 S
AW SRR S TR T R A OF 45 B S )
G R AR AR IS AR 1 R .

32 PEMEEERMKER

FEARAS T W0 b 455 0 AR Ak 9 BRI L A ST LA
Hyposat {4 XF 55 A 70 My 7% 3F 47 Ik 2 8 7 .
I A AR /IR SR A8 K T LR AR — R
YA P 0 SRS R 2 5 3k AR AR 1) 5 o7 5% 25 B3N
HL 7R 45 78 W A5 R0 AR A6 BB LN . L o R 6 1Y
55 A b R R 1 PRI AKHE 2 P B A B, BT
P 52 AH AT DL 24 58 M 5 JR B R Mo | b e T8 ) 3
JE 2548, L AT AR I i 249 o 5 R v I UR B BRI A
SCHRE P i AH £ AT AR S 0 BO0E Y % B I
Kk T 55 AR FAM . BARMOE S AW, B
— BB RERCRAELWSEERN L TR P KE
4 0.10 km/s F1 1.0 km, 2F— 0 LLgG i — k2
I /NI EE R B T A s R b AT /N R
31 I 4 /N K 0.10 km/s F10.5 km, 2R 5 3 B g%
/NIRRT, N3k 2 FTR .

H‘:El lfm O O Pe
H:—J_’r km B
10 v, =6.01 km/s O Eb
[ v =688 kms L Pn
s \‘,9.98 km/s
4
=y
0 100 200 300 400 500 600
f i E/km
B4 HEEMMEKE
Fig.4 Reduced travel time curve figure
1 MEHREERSHEER
Table 1 Parameter setting of seismic wave velocity model
vpr/ vpz/ vpy/ Hy/ H,/
(km/s) (km/s) (km/s) km km
TRR 6.0 6.8 7.7 20.0 30.0
LBR 6.2 6.9 8.0 23.0 36.0
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Table 2 Seismic velocity model vombination of minimum RMS

vpr/ vpz/ vps/ H,/ H,/ RMS/
(km/s) (km/s)  (km/s) km km s
6.13 6.88 7.93 22.0 34.0 0.353
6.13 6.88 7.93 23.0 33.5 0.354
6.13 6.88 7.93 23.0 34.0 0.355
6.13 6.88 7.93 20.0 34.0 0.357
6.13 6.88 7.93 21.0 34.0 0.359
6.13 6.88 7.93 22.0 33.0 0.360
6.13 6.88 7.93 20.5 34.0 0.360
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Table 3 The best seismic velocity model

(km/s) (km/s)  (km/s) km km s
6.13 6.88 7.93 22.0 33.0 0.360
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Table 4 The best velocity model parameters

vp/(km/s) vs/(km/s) H/km
I 58 6.13 3.564 22
T Hh5E 6.88 3.909 33
b 1% TH S 7.93 4.455

TE:H )2 Fm R e .

34 EEKIE

TEARAT T AR RS A SCR ] 22 Fh 7 i 0 A8
RUHAT R 5
3.4.1 BRAFHER

AR S o A MR (1 TR R b R AR KR b R
o P e A TR R e AR A B R A7 A6, SRS LR
e AL 45 R Bk 221045 55 . AE KSR MR 1 5 o ik
TP EEUE R IREE R 0, B B MR E A 25 R
# 5.6 FiR,

Wt 5.6 LUK B, B AU AR L 4 55 Y 4R
15 T RARM SR 2, HALE 5 9 B AL E TR, WoR
e LA TR L JE I A TR A 7 v B RO TR A

RS RAMBFEHEEMER

Table 5 Relocation of selected natural earthquake event
A A H 1 isf 2] ZRE/ () /() W /km RMS /s AL o HR B
% H 20120906 0:41:06 117.058 34,802 7 0.400 iR g PURIUE s
JE R AR AR 20120906 0:41:06 117.077 34.816 9 0.408 Hyposat R
AR 20120906 0:41:07 117.071 34.803 9 0.349 Hyposat AR A
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Table 6 Relocation of selected blast event
A H b it 2] 2 /) HipE/ () B /km RMS/s LT 2 HR B
i H 20150502 5:51:02 116.902 35.393 0 0.300 LiRZ g L 412 &
JE R AR Y 20150502 5:51:02 116.917 36.393 0 0.229 Hyposat R A
5 3) R 20150502 5:51:02 116.908 36.390 0 0.168 Hyposat AR RE A
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Table 7 Parameter detail of three location results
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Fig.5 Comparation ofthree epicenter difference
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Table 8 Parameter detail of four location depth
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Fig.7 Epicenter of Rushan earthquake clusters
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Fig.8 Epicenter of Changdao earthquake clusters
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