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Abstract

Centroid moment tensor solutions are presented for 104 deep earthquakes covering the years 19621976, These solutions
are obtained by applying the algorithm used for modern events to restricted datsets of analog (WWSSN, World-Wide

Standardized Seismograph Network) seismograms,

1. Introduction

We present a catalogue of 104 centroid moment
tensor solutions for deep earthquakes (1 = 300 km),
covering the years 1962-76, and obtained by apply-
ing the inversion algorithm routinely used in the
Harvard CMT project to analog records from the
World-Wide Standardized Seismograph Network
(WWSSN). The catalogue is believed to be complete
for moments M, = 2.5 X 10 dyn-cm, and repre-
senis a doubling of the population of reliable CMT
sclutions for these moment and depth windows.

We refer to Dziewonski et al. (1995) for the most
recent update of the Harvard CMT catalogue, and for
a complete set of references to the other 54 CMT
reports published by the Harvard group over the past
few years.

A full discussion of the geophysical implications
of the results of this experiment will be given else-

" Corresponding author.

where. We simply present here a brief outline of the
operational procedure used to build the WWSSN
catalogue.

2. Rationale

This research effort is aimed at alleviating the
sampling shortfall of the present-day CMT cata-
logue, which covers only 18 years. The possibility of
using a limited number of narrow-band records (such
as WWSSN seismograms) to invert for the moment
tensor of deep earthquakes was discussed in detail in
Huang et al. (1994). It stems fundamentally from the
fact that deep earthquakes excite overtone surface
waves efficiently, thus making up (in terms of the
richness of resolving kernels) for restricted azimuthal
coverage or for poor sampling in the frequency
domain due to the narrow-band character of the older
instruments. In particular, we showed in Huang et ak.
(1994) that it was possible to obtain reliable moment
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TABLE 1 (Left)

Cenzroid parameters

No. Bate Time Latitude Longirude Dapth
D M Y! b m s Bty A Bhy b By B Bhy
i 702 1962 1 1l 1 7.8% 03 321 1885 .04 -025 | 14481+ .05 0190 | 6607 % 32 143
2+ 12 501%62 | 21 15 308204 208 0 -1941x 04 039 | -17723 k04 037 | 3960 540
3 10 9 1862 | 15 44 TA52 100 810 -2103%2.32 0 007 | -178BA ¥ 06 036 | 6589z 4. 18.9
4 29 9 1862 | 15 17 542+05 6.5 1 -2695 £ .07 0.03 -63.06 £ .08 054 | 3886 % 36 13.6
3 712 1862 | 4 3 471205 R 2937 £ (4 017 13935 £ .06 0.35 | 42274 25 1.7
fi g 2 1962 | 21 27 39003 68 0 33922 002 ) 633804 002 | 38922 13 308
7|15 8 1963 | 17 25 314102 255 -1346% .02 .34 -69.64 £ .02 -034 | 3733 % 14 303
8 1235 8 1963 12 18 219203 94 1784203 034 | W17B77E 03 GO3 | 838 18 2188
o 8 9% 1963 | 19 50 381%07 §3 0 238301 023 | 17961 £ .04 039 ) 53484 23 L1582
10 ERE 1963 + 21§15 4435403 41 B2k .06 0.28 -71.38 £ 66 0.2 | 361+ 22 238
It 15 12 1963 19 34 529104 T4 -5.00 .05 029 108.33 + .03 033 | 6611 & 24 14}
12 B3 1964 4 37 072038 3.8 0 52472 .04 D03 | 15206110 064 | 42633 20 13T
13 21 3 1hed 3 43 256+%03 8.0 -6.38 + .04 0.62 128.00 + .03 0.10 | 3613+ 19 -5.7
14 i3 & 1964 g 3l 160%02 1.9 619203 079 15481 + .03 0,51 3845 % 13 1.3
15 110 1%4 | 12 32 346203 WS ST48 % 04 D48 12390+ .04 -0H0 | 5755 % 25 1.5
114 28 11 1964 9 24 102%06 1.3 447+ .05 017 12172+ .04 048 | 6100% 00 0.0
¥ 2811 1964 | le 41 387322 53 -1 ~71.20 6273 & 1717 13
18 9 12 1964 1 13 35 484104 6.0 i -27.61 £.04 011 -62.98 .05 022 | 5873 % 2.6 1.3
19 /12 1964 | 16 6 174 %03 a4 1 -21.44 £ .05 066 | -179.63 £ .03 003 | 610.7% 235 -0.3
20 Hy 4 1965 | 22 32 56605 0.0 -17692 .03 o1 | 178581 £ .05 -0.11 481 % 20 6.1
21 HYJ 4 1965 | 22 53 FTE13 2901 41299 % .09 .41 170.54 & 14 624 | 6313 %£ 57 127
22 22 501965 1 10 31 425:09 3.0 1 -2084 T .14 026  -17878 £ .10  .0.08 | 547.8 % o0 302
23 3 7 1963 | 18 36 50.7x06 33 ~4.62 205 012 13501 £ .06 -009 ; 5203 % 43 10.3
4 07 1965 1 18 33 Msio7 3.8 T4 £ 07T 0l4 D 14N £ 08 031 3900% 0D 0.0
25 20 g 1965 5 5 544203 kR 37050 003 12846 £ .03 -0.14 ; 3383 % 19 12.3
26 Pooan 3968 13 32 W23 06 ] 2027238 057 1743 1 07 006 3619 & 39 159
27 E 1963 1 » 75107 4.4 -9.26 .08 016 -71.22 k.06 018 ¢ 6360+ 34 430
8 [E- 1965 | 20 4 35806 4.3 | -18.80 -177.80 438.4 £ 4. 18.4
29 9 12 1965 ¢ 13 13 0.6 13 4.9 <1843 % .13 033§ 11018 2 21 0.32 | 6665 £ 118 13,5
30 25 12 1965 2 58 8z 12 43 0 1785 13 415 | -179.22 241 002 6239+ 77 -1
31 17 31966 115 50 396405 6.5 | -20.88 £ 6 .22 | -17891 £ .03 029 § 6428 % 2.4 3R
32 22 6 1966 1 20 29 4902 88 597+ .03 .23 12458 £ .02 Q12 | 3155+ 1.9 213
33 20 120 %66 | 12 27 26t 12 843 | 2610 -63.20 38lek 83 4.4
34 17 1 1967 I 15715110 36| -27.29 = 08 .07 -63.01 £ .13 0.26 ; 3855+ 68 2.5
33 15 2 1967 | 16 1L 162:+104 4.7 -B.88 = .03 2.19 L7143 2 .04 D05} 5973+ 27 2.3
36 24 3 1967 G ¢ 233206 42 -6.0% .05 010 112.00 2 .07 024 ! 60172 54 6.7
a7 13 § 1967 |20 6 35808 52| 349807 D32 | 13486 .12 044 | 33771 33 07
38 G g 1967 | 10 6 505203 64 | <2740+ 03 030 6340 4 040 030 | 38635 % 22 83
39 9 38 196Y | 17 21 536+04 41 | 21121205 002 | -17961 £ .05 <031 § 6573 % 33 3.5
40 g 11 1967 2 18 49216 37 -7.20 i23.60 3600 = 0.0 0.0
4] 20 ] 1968 ¢ 21 21 384207 6.8 | -2949 1 ¢ 04Y | 2179522 .07 042 | 3550 % 34 6.1
42 30 1 1968 3 44 299%086 53 -6.42:E 06 -032 11348 & .00 018 | 6184 £ 52 244
43 23 201968 | 12 8 34206 LY 32812 .07 009 13756 = .10 014 | 3490 % 3.9 4.0
44 126 3 1968 1 0 42 4907 BO ! 654107 086 | 11630+.06 020 | 5664+ 42 464
45 24 3 1968 {153 43 SF28£06 14 -6.79 = .05 0.05 1883 +£.09 004 | 6205+ 88 205
46 18 8 1968 § I8 38  412x03 {06 -0.54 + .04 o17 160.00 + .03 013 | 54001 23 8.0
47 23 g8 1968 | 22 36 584104 T304 2237+ .05 038 -64.04 £ .05 -038 | 5542 % 27 17.2
48 12 G 1968 | 22 44 129k 04 64 1 2166104 -001 L 17924 £ .07 012 | 6350 % 00 a0
49 710 19a8 |19 20 2844012 8.1 2634 £ .02 0.05 140.24 £ .03 -036 | 4903 % 1.4 257
50 12100 1968 | 19 17 436407 3.7 1 -2057 £ .05 031 | -17883 .08 017 | 607.0 % 0.0 4.0
51 4 i 1968 ° T 443035 5.8 1 1391 2 .06 0.27 17187 +.05 <006 | 3945 + 31 9.5
52 | 11989 ] 20 33 4704 62§ 2188+ .06 000 | 17954 x 04 004 ) 3990+ 30 4.0
53 H 201969 | 22 3 123%04 65§ -2263 % .08 0.06 17859 & .04 042 ¢ 6696 ¢ 33 -3.4
54 it 2001969 1 22 16 181X 03 4.6 -695%.05  -0.25 126,54 £ .03 -031 | 4323+ 2.1 175
55 3 301969 | 19 25 37104 3.3 3848 = .04 0.15 13359+ .08 101 | 4241+ 23 1.1
56 i 4 1969 | 14 3 123411 8.4 41,98 13095 35144 73 -6
517 i3 1969 | 14 30 2W00k12 0.4 -Th2 kL 0.08 12081 £ .08 007 | 6426 86 1646
58 4 81969 17 19 253 +09 5.7 -3.59 1 27 0.06 WRIAT L 06 088 | 3664 54 454
59 18 12 1969 | 13 32 13 +10 3.1 46.04 £ .07 -0.25 14231+ 11 019 | 3441 + 24 &1
6 28 1 1970 | 23 3 6.6 + 0.6 49 1 2071205 -0.03 ; -178.65 £ 09 020 | 6206 £ 5.1 12.6
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TABLE { (Right)

Half | Scale Principal Axes Best Double-Couple
Dstn | Factor T-axis N-axis P-axis My Plane 1 Plane 2
it 9 & £ o 8 g ] & g o, & A b, g )

6.6 26 240 10 227 954 17 134 -2.84 10 3458 27 337 38 81 122 57 .

136 27 203 40 110 088 10 -1% 50 w2 0 20 188 5 103 21 B3 -89
4.2 25 590 i1 g7 G37 35 195 -6.07 53 332 59 52 46 143 34 64 =50
3.7 28 478 16 278 100 20 1821 -5.78 64 44 1 53 33 W52 172 84 .12
3.1 25 .20 32 70 043 20 174 -9.63 30 290 &4 ML 23 155 357 81 -69
§.4 16 652 39 269 .20 9 172 -6.72 4% 7t 5.6 52 10 38 171 88 -09

16.1 27 iy 13 200 P76 23 208 479 63 370 3% 58 38 R LR A
19 26 425 3 8 622 30 358 -447 44 234 44 252 31 -13 334 B3 .120
4.1 25 585 6l 2 -127 23 214 -4.58 16 3 52 7L 36 133 02 65 64

157 7 326 3 % 0.43 9 170 -3.68 80 329 13 o 42 103 338 49 <78
83 6 455 il 225 oy 32 128 -4.54 56 331 4.5 348 44 4] ) 63 126
EN. 25 432 44 141 -0.01 g 239 -432 48 33y 4.3 153 9 i74 5% 89 -8%
56 pid 1.38 31 149 042 & 270 -2.000 34 33 1K 4 4 7 91 88 -49
1.7 26 3.63 7 67 | <057 6 138 ¢ 306 8L 287 ¢ 331 157 38 A% 343 520 83
1.1 26 2.68 i 329 A0 22 239 368 68 61 3.2 80 a8 60 119 50 -1
pR:] 25 124 13 93 015 54 349§ 140 33 197 P33y 57 S50 331 1 Mg
2.4 24 529 1% 260 -0.03 6 168 -3260 N 61 5.3 359 27 =77 165 o3 46
36 25 358 26 274 080 17 176 -4.38 58 37 4.0 % 24 44 176 73 108
38 26 L4l 48 168 015 2% 53 -Li6 34 ) B3 344 22 20 236 83 11t
4.4 25 633 43 356 -0.83 33 124 -347 28 235 59 16 35 165 18 & 56
35 25 352 1 199 -048 68 105 -304 22 280 3.3 LX) -13 66 76 163
27 25 1.40 & 9z 028 L 184 -1.68 76 329 ] 69 39 108 12 34 -76
31 23 i 28 357 0.08 3 266 -3.20 62 0 32 93 i 80 65 13 =93
21 24 Wl 10 33 201 33 151 1 -1243 53 30| Rt it 48 140 | 35] 63 -32
56 26 134 28 297 021 36 183 -1.55 i 56 1.3 79 37 =13 179 82 126
30 23 232 16 i37 030 50 248 -2.82 35 35 27 182 53 165 82 78 -38
54 26 1.24 3 251 029 4 347 -1.52 83 128 1.4 337 43 -8 165 43 -85
43 25 580 43 1i8 031 28 238 -6.12 34 350 6.4 3T 28 170} 236 85 &1
30 23 2.48 7 190 001 82 36 -171 3 280 2.1 325 &3 24 235 88 13
3.2 23 233 13 3 0.58 7 93 -2906 75 214 256 ¥3 33 4 1 280 58 -81
4.8 23 .08 27 125 107 g 220 1 <1243 61 328 1 116 93 20 3% 43 72 -80
7.8 26 35 e 253 01r 28 349 -362 60 145 3.6 33 42 135 igs 6! -5
33 23 368 30 263 -G53 10 359 BCH LI 104 34 326 17 124 181 7% -80
3.0 25 292 23 270 014 18 172 -278 60 47 28 M -47 165 70 -9
13 26 404 12 259 -0.10 4] 168 -394 78 7 4.0 349033 -89 68 57 90
5.0 26 P43 29 i3 [EX0 A ] i -1.45 39 221 ) 7w 127 2/4 75 18
3.0 25 334 23 338 -0.56 19 240 RV I 1] 113 3. 166 28 46 | 232 0 -1i0
3.2 26 143 23 248 .03 2 339 -1.47 67 73 13 333 22 -85 159 68 -88
9.5 26 9.07 37 13 -0.71 7 227 33 82 327 8.7 184 11 133 48 82 -83
33 25 233 b3 2i9 030 18 it -2230M 106 23 89 40 118 44 55 68
28 2 151 13 93 8.21 15 187 212 T 324 2.0 164 35 1i8 16 60 <72
29 23 303 13 49 -0.03 4 an -2.98 75 213 30 144 30 -82 | 313 60 -85
23 28 ER I 118 -032 13 7 -285 30 270 3.0 326 19 43 9l 76 103
232 25 180 7 154 -08 15 286 1711 74 B0 1.8 268 4G 113 i17 53 -7z
30 25 304 7 164 60 27 6 -244 62 263 27 282 45 -49 52 3% 123
9.7 26 9.74 i 313 @06 23 Im2 983 67 451 98 64 49 -38 201 500 -2
32 23 333 9 77 .53 ¢ 347 <387 81 254 a6 158 36 -8% | 347 54 -91
2.3 25 1.99 5 143 8.0 14 234 -1.99 T3 36 20 218 42 134 66 51 -T2

i0.7 26 L6210 224 39 23 130 ¢ -112% 63 36 0 114 EL US| -53 s 0 417
2.6 24 1377 26 149 35 17 51 ¢ -13.21 358 291 133 213 24 -43 45 73 -108
4.8 25 548 13 277 .81 8 i85 W1 4 65 6.9 8 32 -73 180 59 Ry
5.1 26 131 3% 8 24 2 193 -1.07 48 307 12 119 21 66 16 & -69
9.0 6 762 8 255 1.26 47 156 -8.08 42 352 8.3 24 53 =27 130 68 -142
935 s 891 33 226 -1.21 16 125 ST 52 14 83 3 19 -3 123 80 106
45 25 e57 37 150 405 35 28| -1301 34 PUUR I Y 32 38 3 209 88 125
1.9 24 137 40 56 0.2 31 77 -1.09 0 34 Pl H 13 80 3t 174 175 87 59
26 25 434 21 193 @37 13 288 -4.72 83 49 4.5 26y 27 120 1} &7 -6
35 25 460 62 33 086 18 lot 363 20 238 4.l 1729 129 154 68 0
34 25 382 46 35 0.68 43 198 -4.50 G 296 &2 64 52 149 174 66 42
6 25 188 8 183 0.22 9 94 L2018 313 2.0 286 38 =73 87 53 102

123
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TABLE | {Left; continued)

Centroid parameters

No. Date Time Latitude Longitude Depth
D M Y A om H Bt A Sho cp oy 3] Bhy
51 13 201870 | 15 43 310407 23| -653+.07 -0.38 11333206 030 | 6240+ 44 120
62 39 31970 ¢ 20 5 197424 18 1877+ 18 0.15 143.29 + 14 8.05 5998 + 5.3 w22
63 27 501970 | 12 5107 £63 47 1 ML 03 202 140,59 & 04 047 ¢ 39130 28 93
44 28 6 1970 | 11 9 60%G6 1.8 2151 £.08 Qb ) 17942+ 4 009 | 6120+ 3 -HO
65+ | 31 7976 | 17 8 2031202 239 -1.86 £.00 -D40 -72.29 % .00 .27 6231+ 04 279
56 7 g8 197G 7051 126%13 0.6 | -1827£ .17 -856 ] 178362 08 007 | 5734 46 106
47 i8 g8 1970 16 32 318213 6.5 4.54 12362 5156 +£11.7 454
68 30 g 1970 17 46 159 +03 6.9 5232+ 03 008 15153 x 06 .0.07 6496+ 2.9 46
i3 5 9 1978 7082 NAK0s 32 RWr05 013 1306594 .09 Qa4 | 5607 % 34 -193
T0 29 H 1971 ¢ 21 58 S92 +03 3.8 51454+ .03 027 15102 & 05 0.07 5245+ 1.8 193
i 15 1971 7 31 24203 64 ¢ -2522 % .03 8,00 T8I .03 046 | 5842 L 21 02
72 4 1971 9 28 Itxie 08 ; 3031 +.18 -049 13841 2 36 005 | 4359+ 134 19
73 5 1971 H 6 313:04 07 2207 £ .05 015 | -179.36 % 04 0.01 6027 34 <03

&

-3
s
[
&

i
1671 T2 62304 52 1 22307 .04 0.33 17993 £ .08 016 | 5542 % 23 32
9

~3

L

et
S T G NS

1972 59 98206 -03 -6.30 % 07 0.56 STLAR k06 007 | 5488+ 3% 312
76 21 1972 + 19 19 4.7 £ 1.1 7.5 -6.37 £ .10 0.34 -TLTG & .67 0.1% | 55012 50 -1
77 26 1972 ¢ 23 0 23665 08 -2052%.07 034 | (17879 £.04 016 | 6494+ 35  -i86
78 30 1972 5 34 587:rop4 4.0 § <2560 + .07 0.09 179.54 + .04 0.5 | 4780+ 26 540
79 4 1972 1 22 43 8302 123 S186 .02 023 12585 £ .03 027 ¢ 3892 14 222
80 28 1972 1 23 32 199+03 97 -4.94 + .03 014 15400+ 03 D34 ¢ 4198+ 17 08
81 7 5 1972 4 6 50913 Q.5 34.99 13627 4114+ 8.1 14
82 i3 6 1973 s 41 112306 103 363404 031 12447 + 07 015 1 3325+ 26 7.5
83 21 8 1972 & 23 57707 8.8 4949 £ 06 002 14664 = .11 040 | 60721 5.8 262
84 a1 18T 1 17 4071209 -0 4599 + .17 0.51 12697 % 16 038 1 4379+ 50 129
85 3 POIST3 L 20 35 B3 %03 52 28182 .03 -003 13886+ .04 037 1 3062% 24 82
86 21 71973 4 19 242105 74| <2481 -1719.22 295 % 28 185
87 i g 1973 7 43 38204 1.7 42391 .03 -006 130,36 £ 06 -0.55 | 5569 % 29 49
88 20 9 1973 20 43 412204 i4 9.30 + .05 025 12379 + .03 000 1 238% 28 362
89 24 9 1973 4 44 T3 x04 6.5 42,16 & .04 0.27 13132 £ .07 0.25 ¢+ 5930 3.3 8.0
90 25 10 1973 | 14 9 36104 .11 -2196 £ .04 0.03 0393+ .04 D27 ¢ 5592+ 22 302

1

EH 28 12 1973 3003 164404 001 -24252 .04 038 179.58 £ .04 -D38 ¢ 3398 % 2.2 42
9z | 22 1974 o 37 23403 87 ! 3302&.04 003 13680 & .06 <011 | 3864 % 2.3 14
93 3 301974 ) 14 28 44603 9.2 | -2423 203 030 | -179.97 £ .04 025 | 5372+ 20 22

94 121 10 1974 4 12 351%07 57| -1 E 09 042 | 17837 .06 024 1 6037 % 5 17
95 2% 11 1974 | 22 5 281x03 5.7 | 3693 %.03 0.23 13840 4 .04 008 | 40792 16 -1L1
96 | 22 2 197 22 4 435103 5.8 | 2489+ 05 0.00 | -178814£.04 025 | 3738 22 -1z
91 29 6 1975 1 10 3 466%03 52| 3843x08 033 12983 £ .04 -016 | 57101 20 1o
98 21 12 1975 | 10 54 240402 63 | 384203 0140 ISL75 4 .04 017 | 5448¢ L3 9.2
99 {23 T 1978 5 45 359zx04 54 -7.42 £ .05 0.06 Ne76 £ .07 015 | 837.0% 3.5 230
0 10 41976 17 12 150108 58 [ -17.91 %04 -025 | -177.91 £.07 059 | 38201 47 220

101 HY 71976 1 37 178106 5.0 | 4741 £ .08 0.05 14537 £ .09 035 | 4213 £ 45 343
i 12 8 1976 P 20 53 5406106 5.3 3.60 > .08 0.05 12455+ 06 022 | 496+ 3.6 =74
13 5 1 1970 ;14 6 34107 -1 | 2032306 082 ) -17N32 2 07 039 | 4701+ 33 29.1

4 212 1978 I § 532+£05 31 28.08 = 06 0.04 139.54 £ .08 -0.04 | 4990+ 37 B0
tensor solutions with as few records as fwo compo- h = 300 km, and at least one reported magnitude M
nents from a single station. {most often m,) =5.8. Our experience was that

smaller events could not be reliably inverted. Out of
the 119 such earthquakes, we obtained 104 centroid

3. Selection of events moment tensors. One earthquake (Marianas, 5 Au-
gust 1969) relocated 1o a depth of 279 km, and was
We targeted for inversion all events spanning the dropped from the catalogue, leaving 103 solutions

“WWSSN years’ (1962-1976) with a reported depth deeper than 300 km. For each event, stations well
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TABLE 1 (Right; continued)

Haff | Scaie Principal Axes Best Double-Coupte
Drtn | Factor T-axis N-axis P-axis My Plang 1 Plane 2
10°% o 3 & o 3 3 <] & g &, ¢} R [ 0 A

38 28 597 3% 169 018 11 265 | 616 S8 131 61 229 18 -128 88 76 7Y
24 25 153 1 68 14 4] 165 | -1.67 46 B 16 34 49 -20 1 14 6% -135
1.9 6 497 24 208 1.86 7 HS 6583 65 t 59 3 22 -72 13 69 -7
kX 25 4.54 37 109 045 15 21| 438 49 3191 48 | 144 16 158 33 84 .78

20.0 28 136 20 259 G170 Y% | -5 0 9 14| 349 23 -90 1 168 63 90
2.7 23 182 15 140 | 006 59 23, 176 26 238 7 18 1 277 60 -8 1 83 150
1.9 4 603 I3 8% 294 26 353 ¢ 897 60 203 | 1.5 210 39 -46 1 338 63 -120

10.3 27 117 8 129 -0.08 9 38 -109 78 260 1.1 219 38 -76 k3 53 -
37 25 568 34 83 132 n 182 ST 34 287 6.4 137 15 -1368 4 79 <19
6.3 26 24y 27 133 a6 M 36 -2.57 39 31 2.5 254 22 -30 k3 73 -105
4.0 25 813 6 W51 Q08 40 130 -8G5 50 3221 84 350 52 =36 0 14 62 <136
23 24 1031 3 18 O99 42 140 052 13 263 9.9 33 42 1M 21 & ~48
3.0 25 08 74 347 039 14 196 -1.70 8 Hi4 1.9 178 3 67 26 54 108
4.0 25 6.7 45 56 § -0.58 1 325 1 617 45 234§ 65 ¢ 255 i W45 80 91
36 25 334 5 63 -1.0 19 157 -433 71 322 4.8 136 44 -i18 152 52 64
24 25 1.63 ) g5 4.09 3 186 -i73 83 343 1.7 181 39 -93 8 32 -86
4.6 25 761 40 127 0538 19 234 -B.13 44 343 79 151 19 1713 54 88 =11
8.2 26 935 37 57 G020 38 184 -3.33 30 301 9.3 83 39 173 181 &6 52
83 6 2.00 1 7 G306 18 277 -t 7z 101 1.9 113 46 B3 260 49 -1i4
9.4 % 782 4 246 G.04 1% 337 -7.86 78 133 7.8 34 41 -7 fo6 30 =75
2.4 24 g10 30 161 056 34 48 -8.65 41 281 84 4 33 -11 43 B4 124

141 27 48 23 147 049 12 H -4.50 63 256 4.7 22 24 -39 T 69 103
33 2 298 o} 170 039 15 52 =258 25 345 2.8 6 24 51 37 7 106
36 25 395 5 i34 0.2 6} 234 <373 08 41 38 181 66  -163 & 74 =258
6.6 20 244 25 28 0.0 37 138 -2.52 43 273 2.5 s O S £X 32T 79 -52
35 25 376 39 97 042 37 202 -3.34 46 310 35 125 17 -168 AT 1) -3
54 26 124 383 84 -0.07 & 183 -L¥T 36 278 12 40 11 127 182 81 83
4.2 25 6.51 9 263 259 48 163 -9.09 4] i T8 33 58 <25 133 69 42
LG 27 496 50 68 0.0} Ik 175 -4.97 36 273 50 56 18 152 173 83 76
5.4 26 3360 0 97 O 9] 187 099 84 279 Int 187 39 94 7 51 =90

3 i

5.4 26 172 67 83 413 7 192 -1.87 22 285 1.8 W 24 107 89 67 33
5.4 25 9.87 56 G4 -£L08 9 331 979 33 255 9.8 35 15 53 30078 99
4.8 3% 438 05 97 045 10 210 393 22 4 4.2 33 24 116 W6 68 7
36 25 358 3 i5 0532 50 149 -3.06 24 10 33 51 30 E75 4 86 40
8.5 26 4.83% 30 57 112 13 155 -594 57 265 | 54 | {13 19 -333 | 338 7s <77
6.5 26 229 28 77| 001 21 178 § 288 34 300 | 23 125 26 146 4 76 -68
8.6 26 333 61 148 .65 & 46 -5.98 28 313 57 1B 69 228 73 97
6.3 26 217 32 139 -0.43 3 46 -2.02 37 308 2] 247 14 -68 44 77 83
4.9 26 069 13 172z .61 a 262 <1311 354 1.8 202 32 -9 §3 38 -60
4.0 25 407 18 Hg 412 4 11 -4.19 43 226 4.1 252 4% -2t 35775 -133
3.0 a3 212 36 161 -0.41 7 635 -1t 33 328 1.9 284 11 =30 64 81 -97
33 25 483 32 145 -(.84 9 49 =359 36 306 4.4 264 1§ =35 48 18 -89
4.2 2% 6.51 13 AN -0.59 23 154 -393 62 11 8.2 36 -48 42 64 116
3.3 25 442 41 52 0319 154 -6.46 43 208 5.4 301w 77 339 89 =71

distributed in azimuth were selected after inspection
of the individual records; their number varied from 2
to 10 and averaged 5. A processing window consist-
ing of the generalized body waves (P group, $ group,
and the mantle reverberations such as PS, S8, etc.)
was isolated, Jasting from 2 mn before the P arrival
to 2 mn after the arrival of fundamental Love waves.
Records were digitized and equalized to a common

sampling &7=1 s, identical to that used on long-
periad channels of present-day digital networks. The
inversion proceeded by using exactly the same algo-
rithim as utilized in the routinge CMT determination
of Dziewonski et al. Tables I and 2 and Fig. 1
present our dataset in the same format as used
throughout the quarterly reports, the only (trivial)
exception being the inclusion of the vyear as the
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TABLE 2
No. | Scale Elements of Moment Tensor
10 M., Mg Mg Mo M,y May
t 26 -2.48 £ 009 100 & G.10 148+ 012 | 1382000 | 006 201 L0 RO
2% 27 3322004 1004 £ 006 0364006 | 0702005 | -1B3+004 012 £ 005
3 25 -354 2024 0 -1LB7T+ 048 5404+037 | 3194038 | -138 4036 031 034
4 23 -4.20 £0.24 8.4] £ 032 3794042 ¢ 1772041 283 £ 4.35 115+032
5 25 -2.98 £0.25 066 £ 036 2324041 S336£039 | 8372035 1 3342040
6 26 -125 2010 ¢ D0 £ 013 1.36 £ 0.17 -Li6 £ 015 633 £0.14 0.84 £ 0.14
T by 336 2086 167 £ 008 162 H008 | -120 £008 248 £ 0.08 1152009
g 26 9120488 1 0342012 125 2 0.4 822011 -3.60 L2 205 1010
9 25 394 £0.20 -2.43 £ .31 -1.52 £ 0.20 0364018 | -3.52+819 | 201 2025
0 27 -356 £ 014 044 £ 0.14 312£01s 55 £013 | 051 2013 ] 0562017
H il S190 20409 LR LGRS PRR 204 ¢ 2424014 | 041 £ 015 | -SRI XIS
12 25 008 £0.42 | 030 £ 815 0358+022 1 366%017 | 2192018 034 £ 0.45
13 26 032004 1006 £ 006 089 £0405 | -1.35+£0405 038 £004 1162006
) 26 -2.93 £ 0.07 004 £ 011 290 £0.12 .08 £ 011 -0.86 + .18 -1.48 £ 0.10
5 26 S304 012 2.08 £ 020 056 £0.47 | A77T£0.19 141 + 018 101 £0.26
6 25 025 2008 | 0824009 LOT 2007 0.64 £ 011 -0.45 £ 0.09 0.45 £ 0.1
17 24 -4.18 £3592 ¢ 002+ LT 4204320 1 -1.O6+1.15 297+ 107 | 059575
18 5 -2.36 1012 037+ 018 2002019 1 -1.20+018 3.05 + 017 0.84 + G117
19 26 G306 £ 004 025007 ;¢ -03530.05 L0005 | 076 2005 | 0452005
20 25 147 201 175+ 008 1 32 E0U6 4466019 | -132+£023 198 £ 019
21 25 084 £ 018 2.88 £ 031 2203 E024 7 038£025 | 081 021 -1.88 £ 0.22
22 25 -1.55 £ 0.16 0.20 £ 0.26 1352028 3352023 | -038 £0.21 -0.01 £0.26
23 25 -1.83 +0.11 176 £ 023 0.07 £ 023 258 £ 026 0.28 +8.25 | -0.01 £0.18
24 24 <131 £ 090 277+ 095 4542084 1 3451109 | -6.19+ 101 S5.97 £ 1.22
25 9% <31 k0,04 0.08 = 406 0.22 +0.03 027 =004 114 £ 005 0.82 £ 0.04
26 25 -0.56 = 0.15 0.01 £ 422 03520104 1 -1.63 2014 .44 + .20 2.00 £ 0.19
27 2% -1.51 £ 0.06 .38 £ 008 113+ 008 Q.08 = 0.067 016 £ 007 | 0305008
28 25 0.83 066 @ -3130+£8.97 247 2043 6235029 1 294 £ 034 0.46 £ 0.73
29 25 T2 2021 23025 | -180 X038 1 0382038 Q0F 2043 1 070028
30 25 -1.58 2020 2.08 + 044 0.51 £038 1102037 | -0.51 £ 332 .01 & 0.31
3 25 -7.08 £ 0.27 1.55 £ 039 553 £038 | -T00£0.34 ] -624+035 238 £ 038
32 26 -2.55 2007 | 0242011 279 £4.418 LIsE01 132001 -1.38 £ 0.10
33 25 SE33 047 | 054 1040 1.86 £ 477 0.07 £ 0.46 297 £ G52 1 055 £ 042
34 23 -LET £ 019 | -044 £023 211 £835 | -078+026 193 £ 024 6,32 £ 022
35 26 -3.58 £ 0.15 005 021 333+023 | 0351020 1634024 1 073 2021
36 2 373 007 0812048 1 008 £810 1072009 5 0581009 | -007£0.18
37 25 -1.65 £ 0.14 220£ 019 ¢ 055 £0.258 1.66 £ 0.24 1.41 + 015 0.96 £ 0,22
38 26 -1.03 + 0.04 019 £ 08¢ G084 2006 | -0.34 +0.06 098 £005 | 035 £0.06
39 %6 S203 + 023 045 033 198 #6834 | 6182036 | -535+£0.33 i.81 £0.33
40 25 ~1.95 £ 0.53 1.34 £ 0.70 0.62£679 [ -0.06 2068 0.85+£ 055 | -1232074
41 25 -1.75 £ 0.24 003 £044 1722027 | -064+0148 ¢ 081 X006 1 0041026
42 25 <257 016 1074023 15145624 1132034 § -D97£029 | -134£033
43 25 1522019 | 009+026 @ 1432032 | -0.74+025 ; -249+022 043 £0.26
44 25 -1.56 £ 0.08 1466 013 <010 =+ Gl 029 4032 0948 =014 -042 2012
45 25 -197 =014 272024 1 -075£026 | -041£028 1 0892029 095 +0.28
46 26 -3.27 £0.25 3721042 454036 | -245£038 2.61 = 044 559 £ 0.34
47 25 -3.67 2016 0.66 = 025 301 £6.25 029+027 § -113£024 | 056 £ 025
48 25 -1.85+0.10 11720101 0.67 £0.12 | 053+ 0.1t 014 013 101 £ 047
49 28 -8.91 £0.1¢ 397 £ 025 494030 | 5242029 § -D34x024 | 65712026
50 24 -6.97 £ 078 T5THOBG | 060088 ) 6801094 1 8152050 390+ 103
51 25 -6.38 £0.27 0.78 kD46 S6F 041 -0.74 & 047 319 £ 049 (.85 + 0.40
52 pin D2 004 038 006 0502008 | 0232004 1 1072005 ) 0221005
53 26 310 %023 -3186 £ 0.30 6.96 £ 029 | -532£027 0.14 2026 | -235x030
34 26 S246 2017 <008 029 2347023 | 62602024 43122033 0 294+ 028
55 25 0.55 032 671+ 055 | 7262060 1 230054 1 949 % 050 1.53 + 048
56 24 Q.70+ 079 0512138 | -1.21 £083 0944086 | 6092078 | -3.642 077
57 25 -533 & 028 3.28 £ (40 0.04 £ 046 | -2.55 £ 0386 1.76 050 | -8.33 £ 046
58 25 07104 | 0201221 SZE6 £ 112 21046062 | 2102069 ¢ 09 £ 0.69
59 25 2.19%0.13 871 £ 018 1 2802022 04.94:£022 | 1662018 | 271 £ 018
43 25 -1e8T 002 179 £ 019 018+ 019 ¢ 0542020 | -033£024 [ 4.19+022
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TABLE 2 fcontinued)

No. | Scake Elements of Moment Tensor
10 M, Map M Moo My Mag
61 25 -2.87£023 2.61 £ 0.33 .26 £ 0.31 =527 £ .35 14 £ Q.35 121 2033
62 25 075 008 | 069 £ (012 144 010 092 £ 015 G4E £ 612 80 £ 043
63 26 -4.80 £ 0.20 240+ 028 240+032 | 4264826 1154025 | 082103}
64 25 -L14 2044 362 £0.22 176 £0.20 -2.70 + 020 -3.61 £ 018 -0.35 £0.20
65 28 SE17 002 g20£ 00 098 £0.03 | -0.18 & 60! 0934001 | 016001
66 25 -0.26 & 009 0582012 | 032£010 | 0012012 | -BBTHOI2 148 £ 0.12
67 24 -5.8% £ 099 0.48 + 3483 341 *3.02 475 2 4.30 ~2.72 2298 103 £2.12
68 27 -103 2004 041 £ 0038 0.62£0.05 0072008 | 8321008 0,61 £ 005
55 23 -2.96 % 0,23 128 £ 0.39 168 £0.39 | -100£034 | 5852039 | 1132035
70 26 -1.40 & 0.06 0.97 £ 0.08 G.43 £ 0.08 | -0.84 £ .07 | -1.84 £0.07 .76 + 0.07
71 25 -4.63 £ 016 191 026 272023 -390 £ 0.23 -182 £ G.26 -5.68 £ 0.23
T2 4 042+ 1063 6.57 + 181 6.6+ 1.9 4.96 £ 224 -346 & 167 -1.92 4227
3 25 188 £ 008 | 028014 | -1.59 012 0.69 £ 014 032+ 0.14 | 025 +0.11
T4 25 037+ 016 -0.43 & 0.25 0.06 £ 0.24 3.68 £ 0.23 =530 % 0.24 032 2024
] 25 =352 £ 023 <013 + 043 4.03 + (.40 S0.60 + (141 W10 2 638 2258 £ 0.38
16 25 -1.68 £ 0.10 009 + 0.14 135 £ 08 014 £ 014 -R37 2012 013 20.09
77 25 077 2027 -246 £ 039 283 032 -6.25 £ 0.3% -4.03 k(.32 0.7 + 036
18 26 L +029 -0.16 + 0.50 -0.95 + 6.31 0.36 + 0.30 -7.25 %034 S3.78 + 031
7% 26 <157 £0.04 196+ 0.07 | -0.39 £ 0.08 0.14 £ 0.07 §40 £ 0.05 | <031 20.07
80 26 -1.48 020 116 £ 0.24 632 032 0.90 £ 0.30 167 £4.25 2305 £ 025
81 24 -154 £ 059 3372106 -3.83 4 148 ~4.00 -+ 1.00 -3.56 % 1.85 075 X095
82 21 W284 + 018 014 + 026 298 £ G209 -0.18 £ 0.22 -3.46 ® Q.20 149 2024
83 25 19+ 018 031 £ 023 -128 £ 025 -2.00 £ 023 -0.84 £ 0.26 077 £ 028
84 25 ~0.97 & 0.37 0.20 + 0.58 0.76 + (.35 -1.39 % 0.41 (69 = G.43 3422054
85 26 071 £ 006 1.60 £ 009 | -0.B8 £ G.08 075 £0.07 | -L7T22008 | -0.88+0.08
86 25 028 £ 018 -0.97 + Q352 1.24 £ 0.23 -1.20 £ 0.8 S3A5 T 020 -0.37 £ 0,22
87 26 038 £ 003 -0.08 + 0.04 -0.31 + Q.05 -0.01 + 8.05 -1.14 £ G.05 -0.14  0.05
B8 25 -232+0723 -4,03 & 0.36 9,35 1 0.34 -5.86 & 031 6.69 X 0.34 -0.3% & 0.32
G 27 122k 006 027 £0.23 -1.48 £ 0.27 071 £ 0.23 -4.61 & 0.18 -1.00 £ 0.21
90 26 -0.97 £ 004 -0.0% x 003 1.06 £ 0.06 -0.03 % 0.05 -0.23 £ 0.03 0.13 £ 0,05
91 26 120+ 085 0.04 + 008 -1.24 £ 007 -013 £ 0.07 -1.24 + 0.07 044 = 007
92 23 3532028 -0.50 % 0.43 -343 + 045 0.77 £ Q.37 BB87 035 190 £ 0.38
93 26 3.02+0.12 -1.37 2 018 -1.65 4+ 020 050 % 017 -2.85 £ 0.16 -1.28 £ 0.8
94 25 4.1 £ 016 2331025 ~2.44 £ 8.20 1.7 £0.25 -1.40 1 025 079 2021
95 26 2872013 IR RN 0,96 £ 0.21 P17 2008 -4.58 £ 0.16 107 = 819
96 26 -1.00 % 0.06 -0 2812 L 810 -0,33 + 0,08 -1.85 £ 0.08 074 £ 009
97 26 282+ 014 -1.00 £ 6.21 18220 =354 £ Q.21 -3.03 £ 0.20 211 R0
o8 26 082 4004 0.58 £ 005 0234005 ¢ 130005 | 136+ 006 0.56 = 0.0%
kel 26 SR2 4 006 0.60 £ 8.07 0.61 * G.09 -0.43 £ G.06 -0.03 & 0.05 GO0 & 0.07
100 25 -149 + 023 -0.20 2 838 169 £0.27 094 + (.31 -2.60 £ 0.29 262 2032
101 28 -0.38 £ 009 0752614 | 037005 1 -L65£004 | 076106 G.30 % 003
12 23 -140 k019 1533029 013 £ 0627 -296+0.28 <264 + 024 145 £ G.32
103 25 -4.27 +0.26 -1.02 &£ G.38 529 2036 -2.76 £ 0.39 210 & 0.49 -1.82 £ 0.42
104 25 .90+ 021 255 = (.27 -1.65 £ 020 091 £0.26 -3.16 £ .28 047 £0.29
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fourth column of Table 1. The format of the tables is
described in detail in Dziewonski et al. (1987}, to
which the reader is referred. In the case of a few
small earthquakes, a blank enfry for the precision of
the coordinates A, & of the centroid indicates that
the epicenter was fixed during the inversion. How-
ever, in all cases, the depth was inverted.

3.1. Case of the 31 July 1970 Colombian earthquake

This event, and the 15 August 1963, Peru-Brazil
earthquake, were the subject of a detailed investiga-
tion by Gilbert and Dziewoaski (1975}, which can be
regarded as the prototype of the centroid-moment-
tensor inversion project. Because of the long dura-



128 W.-c. Huang ¢t al. / Physics of the Earth and Planetary Interiors 99 (1997) 121126

Fig. 1. Equal-area representation of the moment tensers listed in Table 2. Solid lines are the projections of the nodal surfaces of the full
moment tensers; dashed lines represent the fault planes of the best double-couples, as fisted in the last columns of Table 1. The compression
and tension axes are shown by plus signs and crosses, respectively.
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tion of its source, the 1970 Colombian earthquake
could not be inverted by the standard algorithm,
which targets periods of at most 135 s, We include in
our catalogue the resulis of a similar inversion (D.
Russakoff, personal communication, 1996), carried
out at periods 7" 2 200 s, using records at 56 stations
from the original dataset of Gilbert and Dziewonski
{1975). This brings back the total population of the
catalogue to 104 earthgquakes. Note that this study
solved for the full six-component tensor (without
constraining the isotropic part to zero; we report in
the catalogue the deviatoric part of the resuliing
moment tensor). The special character of this particu-
lar entry is flagged by & dagger (1) in Tables 1 and 2.

4, Discussion

The total moment release for the 84 events in the
catalogue (including the 1970 Colombian earth-
quake) above the estimated threshold of complete-
ness (M, = 2.5 X 10% dyn-cm) is 5.1 X 107 dya-
cm, corresponding to a rate of 3.4 X 10%7 dyn-cm
year™!, as compared with 102 events and 4.9 x 10%
dyn-cm (2.7 X 10%" dyn-cm vear™") for the 1977-94
Harvard CMT catalogue (including the 1994 Boli-
vian shock). If the gigantic 1970 Colombian and
1994 Bolivian earthquakes are excluded, the corre-
(1962-76) and 1.3 X 16% dyn-cm year™ ' (1977-94).
That the rate of seismic moment release was actuaily

greater during the WWSSN years constitutes in itself
an important a posteriori justification of our en-
deavor.
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