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Abstract: The traveling-time curve of the P-wave ends at an epicentral distance (A) of about 100°.
At epicentral distances larger than 100° (A>>100°), P-waves pass through the core-mantle bound-
ary (CMB) and start to be diffracted around the core with speeds of ~13.7 km/s. The diffracted
wave is termed Pdif.

Due to the sharp decrease of the P-wave velocity at the core-mantle boundary from 13. 7 km/
s to ~8.0 km/s, the short period P-wave is strongly refracted into the core with speeds of ~8.0
to 11. 2 km/s. This refracted wave is termed PKP (PKPab, PKPbc and PKPdf).

The Pdif wave was first recognized on seismogram by Denmark seismologist Lehmann in
1936. The traveling-time curve of the Pdif wave was well defined at distances of 105° to 130° by
seismologists Jeffres and Bullen in 1940, using the seismic data from 1930 to 1940, for earth-
quakes with depths from 33 to 794 km. In 1991, the traveling-time curve of the Pdif wave was
updated by Kennett'® for distances of 100° to 144° and depths of 0, 100, 300, and 600 km using
seismic data from 1964 to 1987.

In the China Digital Seismograph Network (CDSN), the Pdif wave of strong earthquakes,
whose distances range from about 100. 2° to 179. 0°, may be observed so that the Pdif phase can
be analyzed perfectly. We collected and analyzed 124 broad-band seismic recordings at the 11 CD-
SN stations during a period of 1990 to 2012, from very-far-field events with magnitudes of ~6. 0
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to 8.8 and depths ~4 to 631. 3 km. The kinematic characteristics of the Pdif phase are summa-
rized as the following:

(1) There is a good linear relationship between traveling-times and distances, and a system-
atic bias exists between our results and those of the IASPEI 1991 table; for example, the differ-
ence reaches 11.2 s at A=100°, and 17.0 s at A=144°,

(2) For A>100°, the Pdif arrival time is about 4 min and 10. 7 s to 29. 8 s earlier than the
PKP wave, and the time difference between the Pdif and PKP waves with distance could be for-
mulated as:

Towopit =— 2.835A+550.7 (h < 100 km) (100.0°t0 179. 0°).

(3) The Pdif wave is about 4 min and 5.4 s to 6 min and 42. 0 s earlier than the PP wave,

and the time difference between the Pdif and PP waves with distance could be formulated as:
Trppar = 0. 014A* +5.562A —163.7  (h << 100 km) (100.0°to 179.0°).

(4) For deep-focus earthquakes, the diffracted depth phases, pPdif and sPdif, may be ob-
served. The time difference between pPdif —Pdif and sPdif —Pdif is similar to pP—P and sP—P.

A time table, called the Traveling-time Table of the Pdif Wave at CDSN Stations, is pro-
posed. The relationship between traveling-time and epicenter distance for Pdif is suggested to be:

Towr = 4.573A+367.4 (h <100 km )  (100.0°to 179.0%).

The time table proposed in this study is a useful complement to the IASPEI1991 table, and it
could be used as a standard of Pdif wave analysis. It will be very useful for enhancing the earth-
quake analysis ability and accumulating analysis experience and for understanding physical charac-
teristics of the mantle-core boundary.

Key words: very-far-field earthquakes; traveling-time table of Pdif waves; kinematic characteris-

tics; China Digital Seismic Network
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Table 1 The information of Pdif wawe and CDSN stations
/m Pdif
BIT 198 STS—1/GS—13 1990—2012 77
ENH 487 STS—1/STS—2 1993—2012 29
KMI 1952 STS—1/STS—2 1990—2012 29
QlIZ 230 STS—2 1993—2012 40
SSE 15 STS—1/STS—2 1993—2012 37
WMQ 901 6 m STS—1/STS—2 1993—2012 59
HLR 610 STS—1/GS—13 1990—2012 60
MD]J 250 STS—1/STS—2 1991—2012 58
LSA 3789 STS—1/STS—2 1993—2012 63
XAN 630 STS—1/STS—2 1994—2012 48
LZH 1552 STS—1 1990—2000 26
hi)" : n" ﬁ‘ll' I?“ll" 1807 —120" E 90"
B1 CDSN &3:aEAE ok B
Fig. 1 Distribution of earthquake epicenters and CDSN stations
2
Table 2 The catalogue of used earthquakes
Pdif
(GMT) /() /() /km /M /(%)
1 1990-03-25 132255.6 +9.92 —84.81 22.2 7.3 2 117.2~133.5
2 1990-07-14 055425. 4 0. 00 —17. 38 11.1 6.6 4 114.8~121.9
3 1990-09-02 042648. 0 —0.14 —80.28 14.2 6.6 2 128.1~144.0
4 1990-10-17 143013.1 —10.97 —70.78 598.8 7.0 1 154.5
5 1991-04-05 041949. 5 —95.98 —77.09 19.8 7.1 2 144.0~150. 0
6 1991-06-23 212228.8 —26.80 —63.35 558.0 7.3 2 159.4~165.7
7 1992-03-07 015337.7 +10.21 —84.32 78.9 6.6 3 117.4~133.3
8 1992-05-16 205759.5 —13.67 —76.11 56.9 6.1 1 151.6
9 1992-05-30 163001.9 +14.44 —92.93 54.9 6.3 2 119.4~127.3
10 1992-10-18 151158. 5 +7.10 —76.84 10.0 7.2 1 137.1
11 1993-01-10 143900.4  —59.27 —26.21 61.0 6.7 2 140.4~159. 2
12 1993-03-15 160857.8 —26.71 —70.92 28.9 6.7 3 155.7~169. 6
13 1993-03-20 092032.5 —56.08 —27.80 115.9 6.3 1 131.3
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14 1993-07-06 025303.7 —24.60 —111.89 10.0 6.4 2 126.9~141.0
15 1993-07-11 133622.2 —25.13 —69.96 33.0 6.7 2 155.0~168. 1
16 1993-09-03 123500.2 +14.52 —92.71 26.5 6.8 5 109.7~127.3
17 1993-09-10 191254.6  +14.72 —92.65 34.1 7.2 6 109.6~135.7
18 1993-09-19 141056.1 +14.36 —93.33 18.0 6.4 2 110.2~119. 3
19 1993-09-27 133732.9 —53.65 —51.62 33.0 6.6 1 155.5

20 1993-09-30 182750.8 +15.42 —94.70 19.2 6.5 6 108.0~138.1
21 1993-10-24 075215.6 +16.76 —98.72 20.7 6.7 4 114.8~134.7
22 1994-01-10 1556349.6  —13.31 —69.39 589.0 6.9 3 144.8~156.5
23 1994-01-25 071244.8 +10.60 —41.72 29.5 6.3 1 109.0

24 1994-02-12 041626.8 —10.79 —128.80 15.0 6.7 4 112.1~126.3
25 1994-03-14 205124.9  +15.99 —92.43 164. 2 6.9 3 108.6~118. 2
26 1994-03-15 033619.9 +11.11 —88.08 14.5 6.4 1 114.9

27 1994-06-09 003316.2 —13.84 —67.55 631.3 8.2 4 146.0~159. 6
28 1994-12-10 161741.0 +18.24 —101.35 67.0 6.5 1 116. 2

29 1995-03-26 021612.5 —55.95 —28.21 48. 4 6.3 2 131.6~133.1
30 1995-04-17 071435.2 +33.78 —38.60 10.0 6.1 1 119.5

31 1995-10-03 015123.9  —2.75 —77.88 24.4 7.0 4 137.2~162.1
32 1995-10-09 133553.9  +19.06 —104.21 33.0 8.0 5 101.6~129.5
33 1995-11-01 003532.7 —28.91 —71.42 19.9 6.7 2 158.0~170. 1
34 1996-01-22 231957.4 —60.61 —25.90 10.1 6.2 2 128.0~130.3
35 1996-02-16 094458.4  —1.50 —15.28 10. 6 6.6 2 114.2~129.4
36 1996-02-19 071006.4  —42.13 —75.28 7.6 6.0 1 156. 6

37 1996-02-21 125103.5 —9.59  —79.59 10.0 7.5 4 144.2~166.9
38 1996-02-25 030815.8 +15.98 —98.07 21.1 7.1 4 115.8~135.7
39 1996-03-03 145511.8 +11.66 —86.86 33.0 6.6 5 115.0~138.8
40 1996-03-27 205206.0 +11.78 —87.94 33.0 6.0 1 131.1

41 1996-04-19 001932.6 —23.96 —070.37 49.5 6.7 4 153.0~169. 9
42 1996-06-02 025209.5 +10.80 —42.25 10.0 7.0 3 119.7~130.6
43 1996-07-15 212334.0 —17.60 —100.97 18.3 6.8 6 104.3~131.7
44 1996-09-05 081414.4 —22.12 —113.44 10.0 6.9 3 130.3~152.2
45 1996-11-12 165944.0 —14.99 —75.68 33.0 7.7 7 143.5~161.0
46 1996-12-09 112848.6 +29.85 —42.86 10.0 6.0 1 111.1

47 1996-12-10 083618.7  +0.87 —30.04 10.0 6.7 2 109.0~128.9
48 1997-01-23 021522.9 —22.00 —65.72 276.2 7.1 3 157.8~169.0
49 1997-04-22 093123.2 +11.11 —60.89 5.0 6.7 3 118.3~123.7
50 1997-04-28 120737.8 —42.50 +42.69 10.0 6.8 3 102.7~116.3
51 1997-05-01 113736.1 +18.99 —107.35 33.0 6.9 4 108.6~127.3
52 1997-05-22 075053.5 +18.68 —101.60 70.0 6.5 7 103.0~131.4
53 1997-07-06 095400.7 —30.06 —71.87 19.0 6.8 5 158.7~176.0
54 1997-07-09 192413.1  +10.60 —63.49 19.9 7.0 6 120.3~142.0
55 1997-09-02 121322.9  +3.85 —75.75 198.7 6.8 2 135.0~151.2
56 1997-09-20 161132.1 —28.68 —177.62 30.0 7.0 2 104.6~112.4
57 1997-10-05 180430.0 —59.74 —29.20 274.0 6.3 2 130.4~141.8
58 1997-10-15 010333.4 —30.93 —71.22 58.0 7.1 5 158.7~172.1
59 1997-10-28 061517.3  —4.37 —76.68 112.0 7.2 8 133.1~159.4
60 1998-01-30 121608.6 ~—23.91 —70.21 42.0 7.1 6 153.1~170.0
61 1998-09-03 173758.2  —29.45 —71.72 27.0 6.6 2 165.0~172.4
62 1999-06-15 204205.9 +18.39 —97.44 70.0 7.0 7 105.0~132.5
63 1999-07-11 141416.5 +15.78 —88.33 10.0 6.7 2 110.6~120.0
64 1999-08-20 100221. 1 +9.04 —84.16 20.0 6.9 8 118.2~149.4
65 1999-08-22 093539.4  —40.51 —74.76 33.0 6.4 1 175.7

66 1999-09-30 163115.6  +16.06 —96.93 60. 6 7.5 8 106.2~134.8
67 2000-04-23 092723.3 —28.31 —62.99 608. 5 7.0 5 151.9~173.2
68 2000-11-07 001804.9  —55.63 —29.88 10.0 6.8 4 131.3~148.1
69 2000-11-08 065958.8  +7.04 —77.83 17.0 6.5 4 123.0~142.0
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70 2001-05-20 042143.8 +18.82 —104.45 33.0 6.3 5 113.8~129.5
71 2001-06-23 203314.1 —16.27 —73.64 33.0 8.4 8 145.3~175.7
72 2001-06-26 041831.3 —17.75 —71.65 24.0 6.8 5 147.2~178. 1
73 2002-10-12 200911.4  —8.30 —71.74 534.3 6.9 6 138.0~158.1
74 2003-01-23 024647.7 +13.63 —90.77 24.0 6.5 6 111.4~141.7
75 2003-01-22 020634.6  +18.77 —104.10 24.0 7.4 9 100.2~129.8
76 2003-05-14 060335.8 +18.27 —58.63 41.5 6.6 7 111.0~141.2
77 2003-06-20 133041.6  —30.61 —71.64 33.0 6.8 9 158.2~179.0
78 2003-08-21 121249.7 —45.10 +167.14 28.0 7.2 3 101.5~113.1
79 2003-09-22 044536.2  +19.78 —70.67 10.0 6.5 3 113.3~120.2
80 2003-12-25 071111.5 +8.42 —82.82 33.0 6.5 1 119.6

81 2004-05-03 043650.0 —37.70 —73.41 21.0 6.6 3 161.2~164.9
82 2004-06-29 070130.9 +10.74 —87.04 9.0 6.3 2 115.7~115.8
83 2004-10-09 212653.6 +11.42 —86.67 35.0 6.9 8 115.2~145.6
84 2004-11-20 080722.0  +9.60 —84.17 16.0 6.4 3 117.7~127.2
85 2004-11-20 220145. 6 13.3 —90. 06 40. 6 6.3 3 112.0~121.5
86 2005-03-21 122354.0 —24.98 —63.47 579.1 6.9 2 149.9~157.0
87 2005-05-12 111535.3 —57.38 —139.23 10.0 6.5 2 117.1~126. 3
88 2005-06-13 224433.9  —19.99 —69.20 115.6 7.8 9 149.4~178.7
89 2005-09-26 015537.6  —5.68 —76.40 115.0 7.5 6 134.5~160. 6
90 2006-04-30 191717.2  —27.01 —70.96 26.7 6.6 4 156.3~174.0
91 2006-10-12 180558.2 —31.30 —71.33 45.9 6.4 2 160.2~169. 4
92 2006-10-20 104856.0 —13.46 —76.68 23.0 6.7 4 141.8~168. 4
93 2007-04-13 054223.0 +17.30 —100. 20 34.0 6.0 2 104.9~113.7
94 2007-06-13 192940.1 +13.55 —90.62 23.0 6.5 9 111.6~141.9
95 2007-06-24 002518.4  —55.65 —2.63 10.0 6.3 1 137.5

96 2007-08-15 234057.8  —13.39 —76.60 39.0 8.0 10 141.7~171.6
97 2007-09-10 014914.2  +2.98 —77.97 31.0 6.8 8 125.7~152.0
98 2007-11-16 031300. 1 —2.31 —77.84 122.9 6.7 8 130.9~157.3
99 2007-11-29 190019.6  +14.97 —61.26 147.5 7.4 10 115.0~145.1
100 2008-02-08 093814.1 +10.67 —41.90 9.0 6.9 4 109.1~127.6
101 2008-02-12 125018.4  +16.36 —94.30 83.0 6.4 7 107.4~135.6
102 2008-02-23 155719.8 —57.33 —23.42 10.0 6.7 4 127.6~140.5
103 2008-04-12 003012.6  —55.66 +158.45 16.0 7.1 5 101.9~115.7
104 2008-05-23 193534.9  +7.31 —34.90 9.0 6.5 1 125.9

105 2008-06-01 143103.0 —59.38 +149.66 10.0 6.5 2 101.0~102.9
106 2008-06-30 061744.8 —58.22 —22.10 19.0 6.9 6 126.9~147.9
107 2008-10-19 194125.7 +14.42 —92.36 24.0 6.6 9 110. 0~140. 2
108 2009-05-28 082445.0 +16.72 —86.23 10.0 7.3 5 110.4~137.5
109 2010-02-27 063411.5 —36.12 —72.90 22.9 8.8 9 160.9~177.4
110 2010-03-11 143943.9 —34.29 —71.89 11.0 6.9 3 162.7~169.7
111 2010-04-04 224043.1 +32.30 —115.28 4.0 7.2 4 104.7~113.4
112 2010-08-12 115415.5 —1.27 —77.31 206.7 7.1 3 130.0~145. 6
113 2011-01-01 095658.1 —26.80 —63.14 576.8 7.0 2 151.0~157.1
114 2011-01-02 202017.7 —38.36 —73.33 24.0 7.0 7 161.7~175.3
115 2011-07-06 190318.2 —29.54 —176.34 17.0 7.6 2 106.0~113.8
116 2011-10-21 175716.1  —28.99 —176.24 33.0 7.4 2 105.8~113.6
117 2011-10-28 185434.0 —14.44 —75.97 24.0 6.9 8 142.9~163.4
118 2012-03-20 180247.4  +16.49 —98.23 20.0 7.4 8 105.2~133.9
119 2012-03-25 223706.0  —35.20 —72.22 40.7 7.1 7 160.8~178.5
120 2012-04-11 225510.2 +18.23 —102.69 20.0 6.7 4 101.4~115.3
121 2012-08-27 043719.4 +12.14 —88.59 28.0 7.4 9 113.8~144.1
122 2012-09-05 144207.8  +10.09 —85.32 35.0 7.6 10 116.2~147.4
123 2012-09-30 163135.9  +1.93 —76.36 170.0 7.2 10 127.1~158.3
124 2012-11-07 163546.9  +13.99 —91.90 24.0 7.3 10 110.6~140.8
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Pdif 101.9°~175.7 PKP—Pdif PP _ § ’
. . h<< 100 km 100. 0° ~
—Pdif L8] = . ’
179.0° Pdi o
CDSNI11 h<< ;
[@D) 2 Pdi
100km,100<<h<{300 km 300<<h=<{631. 3 km ’ )
. ,  IASPEI1991 Lol
3 Pdif
Table 3  The table of travel- time of Pdif wave Pdif ( ) ’ °
Pdif
/(®) (h<<100 km)  (100<<A<{300 km) (300<<h=<C631.3 km) R 100°
100 13 mid. 7 11.2 s, 144° 17.0 s,
102 13 m53.9 s "
104 14 m03.0 s Pdi
106 14 ml2.1s Trea = 4.573A+ 367. 4
108 1 mzl. 3 (h << 100 km ) (100.0° ~ 179.0%) (1)
110 14 m30.4 s 14 m16.3 s T
112 14 m39. 6 s 14 m25.4 s 4 °
114 14 m48.7 s 14 m34.6 s 1200
116 14 m57.9 s 14 m43.8 s 1150
118 15 m07.0 s 14 m53.0 s 1100
120 15 m16.2 s 15 m02. 1 s @1 050
122 15 m25.3 s 15 mll.3 s =
124 15 m34.5 s 15 m20.5 s ﬁ%l 000
126 15 m43. 6 s 15 m29. 6 s £ 950
128 15 mb52.7 s 15 m38.8 s 900
130 16 m01.9 s 15 m48.0 s 850 .,
132 16 mll.os 15 m57. 2 s 400 &= ASPE | 1991
134 16 m20. 2 s 16 m06. 3 s | P
136 16 m29.3 s 16:ml5.5 s 7% 100 110 120 130 140 150 160 170 180
138 16 m38.5 s 16 m24.7 s 15 m39.4 s A/ )
140 16 m47.6 s 15 m33.8 s 15 m48.5 s
s g+ ks 43
142 16 m36.8 s 16 m43.0 s 15 m57. 5 s B 2 Pdif AR5 RPN X A
144 17 m05. 9 s 16 m52. 2 s 16 m06. 6 s Fig.2 The relation between travel time of Pdif wave
146 17 ml5.1 s 17 m0l.4 s 16 ml15.6 s and epicenter distance
148 17 m24. 2 s 17 m10.5 s 16 m24.7 s 2) A>100° , Pdif PKP
150 17 m33.3 s 17 m19.7 s 16 m33.8 s 4 minlO. 7 S’\’Zg. 8 S i
152 17 m42.5 s 17 m28.9 s 16 m42.8 s .
154 17 m51.6 s 17 m38.0 s 16 m51.9 s 3 ’ JPdif  PKP
156 18 m00. 8 s 17 md7.2 s 17 m01.0 s ., Pdif PKP
158 18 m09.9 s 17 mb56.4 s 17 m10.0 s
160 18 ml19.1 s 18 m05. 6 s 17 m19.1 s _
162 18 m28. 2 s 18 ml4. 7 s 17 m28.1 s Tewp-par =— 2. 8354+ 550.7
164 18 m37.4 s 18 m23.9 s 17 m37.2 s (h <100 km) (100.0° ~ 179.0°) (2
166 18 m46.5 s 18 m33.1 s 17 m46.3 s (3) Pdlf PP 4
168 18 m55.7 s 18 md2.3 s 17 m55.3 s {105, 4 6 mind2. 0 A
170 19 m04. 8 s 18 m51.4 s 18 m04. 4 s minbo. %8 minke. ves ° ’
172 19 m14.0 s 19 m00. 6 s 18 ml3.5 s Pdif PP . Pdif
174 19 m23.1 s 19 m09.8 s PP
176 19 m32.3 s 19 m18.9 s - , B
178 19 m4l. 4 s 19 m28. 1 s Teppar = 0. 014A% +5.562A — 163. 7
180 19 m50. 5 s (h <100 km) (100.0° ~ 179. 0% (3)
4) 3 , CDSN Pdif
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Fig.5 The pPdif wave seismographs of windward islands earthquake with Ms7. 4 recorded by three stations
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