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Fig. 4. Relative location of stations detected the Galapagos earthquake swarm,
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each shock. The station number is given in Table 1.
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Table 2. List of the Galapagos Earthquake Swarm Reported

by USCGS.
Location
Date ( GT?r/{neT ) Mcgs Depth
Latitude | Longitude
h m s
June 12 06 59 42.78 0.062S 91.662W 4.2 33km

18 17 32.94 0.251S . 91.494W 4.7 ”
22 21 14.72 ©0.234S ¢ 91.409W 4.8 ”

13 04 48 15.57 0.444S | 91.531W 4.9 33
04 56 22.19 0.575S I 91.546W 4.5 ”
07 33 50.51 0.292S 91.456W 5.3 "
15 44 52.69 0.486S 91.405W 4.8 ”
21 39 10.88 0.323S 91.628W 4.7 ”

14 04 09 08.01 0.177N 91.592W 4.6 33
10 39 59.11 0.402S 91.810W 4.7 ”
16 23 44.70 0.185S 91.365W | 4.9 ”
22 27 43.78 0.277S 91.243W 5.2 ”

15 01 42 37.43 0.233S 91.414W 4.6 33
04 .20 02.63 0.384S 91.397W 5.4 ”
08 50 43.77 0.421S 91.515W 4.7 ”
13 14 36.69 0.287S 91.144W 5.2 ”
16 34 49.86 0.138N 91.718W 4.6 "
16 56 18.04 0.742S 92.020W 4.4 ”
17 40 17.37 0.189S 91.398W 5.0 ”
21 25 01.35 0.073S 91.426W | 5.2 ”

16 00 31 03.23 0.187S 91.299W 5.0 30
02 48 12.76 0.189S 91.337W . 4.7 33
03 47 08.30 0.240S | 91.256W i 4.9 ”
06 31 38.27 0.043S | 91.203W 4.2 ”
06 47 14.22 0.151N 91.080W 4.3 ”
06 57 14.15 0.167S 91.375W 4.2 ”
07 13 16.65 0.172S 1 91.245W 4.9 ”
10 12 14.26 0.301S = 91.314W 4.6 ”
12 17 14.01 0.464S 01.287W 4.4 "
12 59 57.57 0.280S 91.739W 4.7 ”
15 16 53.87 0.584S 91.475W 4.6 ”
16 20 14.94 0.420S 91.475W 4.7 ”
18 45 15.61 0.241S : 91.372W 4.7 "
20 51 43.67 0.503S | 91.464W 4.8 ”
22 44 35.43 0.441S ©  91.573W 4.4 ”
23 10 39.15 0.622S 91.821W 4.6 "

17 01 07 44.74 0.442S 91.510W 4.7 33
02 14 48.80 0.737S 91.827W 4.7 ”
04 28 21.98 0.249S 91.493W 4.5 ”
05 26 36.05 0.117S 91.221W 4.6 ”
06 06 44.60 0.135S 91.358W 4.2 ”
06 45 38.18 0.295S 91.311W 4.6 ”
08 09 00.67 0.575S 91.546W 4.8 ”
08 51 13.69 0.070S 91.311W 5.0 ”
10 34 12.98 0.595 S 91.486W 4.8 ”
12 30 29.12 0.309S 91.120W 4.6 ”
13 49 39.80 0.482S 91.747TW 4.7 ”
14 16 38.65 0.461S 91.601W 4.7 ”
14 30 50.45 0.245S 91.162W 4.3 ”
14 54 40.75 0.341S '  91.246W 4.9 ”
16 35 29.11 0.362S | 91.378W 4.5 27

(to be continued)
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Table 2. ‘ C ‘(continued)
Location
Date (GTli\;[n eT) - ; Mees Depth
Latitude Longitude
h m s ’
June 17 16 56 16.62 0.318S 91.576W 4.6 33km
17 17 07.56 0.082S 91.344W 4.4 ”
17 36 59.81 0.421S :  91.500W 5.1 ”
18 59 39.21 0.366S | 91.124W 4.5 ” M
19 23 35.76 0.711S | 91.490W 4.6 ”
19 51 13.71 0.278S 91.827TW 4.8 ”
21 08 03.55 0.186S 91.175W 4.5 ”
21 16 45.26 0.737S 91.713W 4.6 ”
21 37 22.52 0.807S | 91.216W 4.4 ”
22 (05 41.55 0.354S | 91.138W 4.6 "
23 07 04.84 0.638S | 91.697W 4.4 ”
23 32 47.23 0.565S 91.567W 4.4 ”
23 43 23.24 0.177S 91.104W 4.1 ”
18 00 08 46.44 0.247S 91.222W 4.8 33

01 10 14.47 0.767S + 91.482W 4.3 11
01 36 51.57 0.299S | 91.440W 4.7 33
01 55 17.34 0.069N 91.162W 4.4 ”
02 22 45.52 0.208S 91.520W 4.7 ”
03 24 55.46 0.630S 91.468W 4.2 "
03 53 00.30 0.5058 = 91.449W 4.6 ”
04 42 20.07 1.201S . 91.394W 4.3 ”
05 04 37.7 03 & |, 912 w 4.5 ”
05 27 07.91 0.591S = 91.121W 4.5 ”
06 25 59.18 0.956S 1 91.445W 4.6 ”
06 59 31.56 0.816S | 91.698W 4.5 ”
07 12 59.12 0.421S 91.754W 4.8 ”
08 05 07.2 0.3 S 91.6 W 4.3 "
08 31 15.8 05 S | 915 W 4.2 ”
08 56 10.29 0.161S ' 91.292W 4.7 ”
09 36 05.5 0.7 S 91.2 W 4.4 20
09 59 05.44 0.300S 91.204W 4.2 33
10 04 50.09 0.263S 91.501W 4.4 ”
10 30 14.14 0.416S 91.693W 4.7 ”
11 34 31.49 0.624S 91 .465W 4.3 ”
11 53 29.42 0.3828 91.436W 4.4 ”

! 12 08 01.22 0.409S 91.282W 4.4 ”

! 12 08 02.67 0.215S 91.171W 4.4 ”

| 12 27 35.48 0.525S 91.443W 4.7 ”
13 07 42.18 0.747S 91.163W 4.5 ”

i 13 33 13.55 ‘ 0.617S 91.333W 4.5 ”
13 51 24.78 | 0.298S 91.686W 4.7 ” .
14 06 16.82 0.382S 91.443W 4.8 18
14 42 32.71 | 0.314S 91.514W 5.0 33
15 26 36.19 | 0.289S 91.187TW 4.4 ”
15 43 29.89 0.606 S 91.795W 4.5 ” ‘
16 17 17.63 0.288S 91.222W 4.9 ”
16 53 47.96 0.962S 91.570W 4.4 ”
17 36 17.79 0.170N 91.061W 4.8 18
18 02 44.54 0.393S 91.508W 4.8 33
18 24 49.48 0.199S 91.091W 4.3 ”
18 44 08.28 0.048S 90.888W 4.4 ”
18 57 58.59 0.481S 91.308W 4.9 ”
19 27 29.72 0.186S 91.558W 4.6 ”
20 03 15.38 0.424S 91.244W 4.4 ”
20 11 00.09 0.337S 91.307W 4.7 ”
21 17 50.07 ' 0.276S 91.291W 4.6 ”
21 48 48.22 0.436S 91.718W 5.0 ”

|

(to be continued)
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Table 2. (continued)
Location
Date ( GTli\r/In eT ) - mcgs Depth
Latitude | Longitude
h m S
June 18 22 23 35.75 0.346S 91.149W 4.4 33 km

22 41 06.36 0.364S 91.027TW 4.4 ”
23 07 01.81 0.602S | 91.463W 4.5 20
23 21 51.24 0.541S ; 91.711W 4.4 33
23 37 29.63 0.615S 91.487TW 4.5 "

19 00 22 53.58 0.703S 91.840W 4.4 33
00 39 53.49 0.829S 91.947W 4.6 ”
00 50 28.89 ©0.935S 91.699W 4.2 "
01 10 27.61 0.482S 91.163W 4.8 ”
02 17 14.97 0.069S 90.749W 4.6 ”
02 27 14.40 0.165S 01.187W 4.7 "
03 12 02.06 0.086S 91.067W 4.6 "
03 30 41.39 0.051S -91.466W 4.5 ”r
03 41 45.65 0.349S 91.200W 4.5 "
04 05 40.06 0.178S 91.242W 4.7 "
04 38 37.72 0.032S 90.819W 4.2 ”
05 20 37.01 0 0.653S © 01.922W 4.5 "
05 08 11.52 0 0.289S 91.034W 4.7 "
05 28 58.45 0.497S '91.302W 4.3 ”
05 47 42.71 0.451S 91:721W 5.1 ”
06 15 26.70 0.282S 91.378W 4.5 "
06 46 08.01 0.170S 91.277TW 4.7 "
06 58 03.46 - 0.396S © 91.501W 4.4 "
07 30 26.83 0.504S 91.670W 4.9 "
08 11. 50.08 ©0.073S - 91.460W 4.7 ”
09 58 19.32 © 0.268S 91.220W 4.4 ”
10 17 54.90 :0.056S 90.851W 4.3 "
10 26 58.47 0.480S 91.337TW 4.5 ”
10 47 12.55 . -0.587S 91, 764W 4.6 "
11 26 24.88 F0.725S © 91.353W 4.2 "
11 48 21.94 . 0.416S 91.583W i 4.3 "
12 01 36.24 |, 0.637S 91.479W 4.2 ”
12 17 15.93 : 0.032S © 91.366W 4.4 ”
12 36 45.73 0.472S ' 01.598W 4.6 ”r
13 10 11.12 0.255S 91.586W 4.2 ”r
13 27 47.67 i 0.885S 91:.580W 4.2 ”
13 44 31.23 : 0.894S 01.888W 4.6 "
13 56 13.09 ! 0.780S 91.568W 4.4 ”
14 22 51.03 0.008S 90.702W 4.4 ”
14 34 55.31 © 0.042N 90.753W 4.3 ”
15 05 47.09 0.002S 91.:150W "5.1 ”
15 35 17.89 0.412S 91.309W 4.3 ”
15 48 49.25 0.239S 91.009W 4.3 "
16 17 03.01 0.347S 91.233W 4.8 "
16 28 05.96 0.684S 91.426W 4.4 "
16 47 41.71 0.147S 91:737TW 4.7 "
17 23 47.27 0.640S 01.342W 4.8 "
17 56 45.65 0.114S 91.199W 4.5 "
18 18 09.37 0.016N 90.699W 4.4 ”
18 50 09.43 0.667S 91.702W 4.6 ”
19 07 13.58 1.201S 90.931W 4.5 "
19 19 29.74 0.386S 91.523W 4.8 ”
19 51 17.69 0.011S 91.183W 4.4 ”
20 16 24.33 0.151S 91.117W 4.5 ”
20 39 03.93 0.565S 91.452W 4.6 ”
21 16 34.70 0.738S -91.649W 4.5 ”
22 01 06.92 0.083S 90.957W 4.4 ”

(to be continued)
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Table 2. (continued)
(G M T) Location
Date . Megs Depth
Time . s
Latitude Longitude
h m s 4
June 19 22 11 20.21 0.402S - 91.293W 4.9 33 km

22 21 16.99 0.663S ' 91.495W 4.4 ”
22 40 12.51 0.019N . 90.973W 4.3 "
22 55 51.37 0.510S 91.860W 4.3 ” *
23 31 55.26 0.174S 91.149W 4.9 "

20 00 08 45.65 0.326S 91.359W 4.3 33
00 37 22.15 0.118S 91.171W 4.6 "
00 42 40.02 0.738S 91.500W 4.3 ”
01 01 41.98 0.371S 91.438W 4.3 ”
01 11 08.88 0.702S 91.061W 4.4 ”
01 32 43.93 0.484S 91.508W 4.8 ”
01 48 46.42 0.458S 91.362W 4.1 ”
02 12 32.28 0.188S 91.099W 4.5 "
02 23 30.28 0.377S 91.111W 4.3 "
02 59 59.84 0.282S 91.192W 4.8 ”
03 14 52.53 0.560S 91.802W 4.4 ”
04 21 35.41 0.470S 91.366W 4.2 ”
04 55 24.61 0.293S 91.657W 5.0 ”
05 21 05.93 0.027S 90.926W 4.4 ”
05 38 20.56 0.0208 91.080W 4.2 "
05 48 26.88 0.267S 91.237W 4.2 20
06 21 52.94 0.135S 91.346W 4.6 33
06 25 58.71 0.178S 91.288W 4.3 ”
06 39 15.13 0.160S 91.159wW 4.3 ”
06 48 38.47 0.070S 91.003W 4.2 27
07 04 27.50 0.177S 91.101W 4.5 33
07 14 53.68 0.256S 91.465W 4.8 ”
07 28 02.14 0.186S 90.891W 4.3 ”
09 11 30.34 0.310S 91.752W 4.7 ”
09 41 32.55 0.8108 90.985W 4.2 ”
10 13 07.22 0.773S 91.379W 4.4 ”
10 40 00.83 0.935S 91.760W 4.5 ”

11 08 36.92 0.029S 91.72TW 4.8 ”

11 46 13.97 0.243S 91.132W 4.2 ”

12 14 26.10 0.022S 91.632W 4.7 ”

13 20 20.80 0.5948 : 91.324W 4.2 ”

13 50 23.57 0.688S | 91.793W 4.5 ”

14 12 33.07 0.329S © 91.183W 4.4 ”

14 32 44.25 0.148N ! 90.446W 4.2 ”

15 04 18.39 0.216S ° 91.668W 4.4 ”

15 16 08.63 0.815S , 91.566W 4.3 ” M
16 09 07.32 0.355S . 91.633W 5.1 ”

17 16 34.79 0.186S ; 91.035W 4.4 ”

20 36 11.70 0.180S 91.578W 4.9 ” .
20 58 05.68 0.029S . 90.877TW 4.4 ”

22 04 43.41 0.176S | 91.061W 4.3 "

22 14 55.12 0.297S 91.240W 4.3 ”

23 25 28.20 0.057S 91.707W 4.6 ”

21 01 19 36.93 0.751S | 91.471W 4.2 33
02 31 49.69 0.169S : 91.116W 4.6 ”
02 31 51.01 0.231S = 91.822W 4.6 "

03 52 08.53 0.157S ' 91.063W 4.6 ”
04 09 20.27 0.109S | 91.048W 4.1 ”
04 29 17.27 0.501S 91.313W 4.4 "
04 46 51.51 0.049S 90.942W 4.3 "

(to be continued)
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Table 2. (continued)
Location
Date (G M T) Megs Depth
Time . .
Latitude Longitude
h m s
June 21 05 15 09.41 0.162S 91.112W 4.1 33km
05 47 22.77 0.375S 91.802W 4.7 ”
08 01 01.72 0.547S 91.642W 4.4 "
08 15 35.84 0.252S 91.215W 4.1 "
09 08 40.17 0.196S 91.114W 3.8 ”
09 32 30.77 0.206S 91.771W 4.7 ”
09 52 47.94 0.161N 90.849W 4.3 "
10 38 08.61 0.058S 90.978W 4.4 "
.11 04 38.21 0.139S 91.616W 4.8 o
12 16 39.61 0.570S 91.554W 4.3 "
16 53 59.08 0.071S 91.086W 4.6 ”
18 40 34.47 0.196S 91.319W 4.2 ”
20 13 21.52 0.022N 90.980W 4.1 ”
20 51 08.63 0.226N 01.469W 5.0 ”
22 15 33.19 0.610S 91.718W 4.2 ”
23 01 00.61 0.843S 91.546W 4.1 ”
23 44 14.16 0.698S 91.466W 4.3 "
22 00 22 02.57 0.052S 91.626W 4.6 33
00 47 08.64 0.284S 91.242W 4.3 "
02 18 26.50 0.023S 90.886W 4.3 ”
03 32 54.96 0.422S 91.643W 4.2 "
06 04 37.10 0.880S 91.973W 4.4 ”
06 44 57.12 0.440S 91.585W 4.4 "
07 28 59.86 0.507S 91.526W 4.5 "
09 46 50.17 0.149S 91.455W 4.9 ”
12 06 41.05 0.376S 91.146W 4.3 ”
14 13 17.20 0.246S 91.201W 4.2 ”
16 09 27.32 0.379S 90.976W 4.5 ”
23 10 51.90 0.060N 90.905W 4.2 ”
23 00 59 25.55 0.042S 90.848W 4.3 33
03 43 25.44 0.232S 91.528W 4.8 ”
04 49 14.19 0.023S 90.988W 4.3 ”
13 58 40.43 0.686S 91.519W 4.3 ”
20 02 51.82 0.968S 91.612W 4.4 ”
25 01 19 08 0.0 S 9.9 W 4.7 33
26 14 06 54.29 0.125S 91.001W 4.5 33
29 01 51 28.27 0.284S 91.734W 4.3 33
30 07 42 00.00 0.820S 91.844W 4.3 33
July 2 20 31 04.38 0.569S 91.806W 4.3 33
29 11 49 00 1.7 S 90.3 W 4.3 33
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Fig. 7. Daily sum of energy released (above) and daily frequency of earthquakes
(below) during the Galapagos earthquake swarm.
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11) T. Smxix and K. A. HowarD, “The 1968 Collapse of Fernandina Caldera, Gala-
pagos Islands,” Abstract of the Symposium on Roots of Volcanoes, International Associ--
ation of Volcanology and Chemistry of the Earth’s Interior, (1969).

12) C.F. RICHTER, “Elementary Seismology”, (1958), 348 and 366.

13) S. Mi1vAMURA, “Seismicity and Geotectonics”, Zisin 15(1962), 23-52, (in Japanese)..
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Fig. 8. Cumulative sum of energy released during the Galapagos earthquake swarm.
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14) K. Mogi, “The Fracture of a Semi-infinite Body Caused by an Inner Stress Origin”,
Bull. Earthq. Res. Inst., 41(1963), 595-614. . .
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49. On the Earthquake Swarm in the Galapagos
Islands Region in June and July, 1968.

By ’i‘akayuki IWATA,

Earthquake Reserch Institute.

In the time from June to July 1968 there occurred a swarm of relatively small earth-
quakes in the Galapagos Island of the Eastern Pacific region. The total number of the
events, as reported in the Earthquake Data Report of the U.S. Coast and Geodetic
Survey was 260. The Galapagos Islands are one of the volcanically most active regions
in the world. For example, there are found: Volcano La Cumbre in Fernandina Island
and Volcano Wolf, Volcano Darwin and Volcano Alcedo in Isabela Island in Galapagos
Islands. An eruption phenomenon was reported just before the present earthquake ac-
tivity at Fernandina Island, by the Center for Short Lived Phenomena of the Smith-
sonian Institution. The activity continued from 15h00m to 23:00= (U.T.) on May 21, on
a small-scale. But there was an intensive eruption at 10818™m on June 18. ' The main
visible result of the activity was the collapse of the caldera floor, the southeast part of
which dropped 300m. The volume of collapse was 1~2kms3., The activity area of the
earthquakes swarm includes the region of Fernandina Island and Isabela Island. The
total number of the larger earthquakes of the swarm with magnitude 5.0 or more, which
occurred through the whole period, amounted to 16. We report the results of an in-
vestigation, using the data published by the USCGS as well as the seismograms of
long-period type obtained at the Galapagos Seismological Station of WWSSS, and discuss
in this paper.

(1) The distribution of epicenters which was obtained from USCGS data is shown in
Fig. 5. The activity area forms an elliptical region with a major axis about 150km
long lying in the direction from northeast to southwest and with a minor axis about
100 km long lying in the direction from northwest to southeast. However, the accuracy
of the location is not necessarily satisfactory in this area. For example, for the felt
earthquakes of the Matsushiro earthquakes swarm in 1967 the locations as published by
USCGS, JMA and ERI are compared, as shown in Fig. 11, in order to examine the ac-
curacy of epicenter location by distant stations, such as employed by USCGS. As a
general tendency, we know that for the network the accuracy of epicenter determi-
nations becomes worse and consequently the area of epicenters is overestimated. There-
fore, the activity area determined from USCGS data in Fig. 5, although we cannot
definitely conclude by this, can be reduced very probably by one-third both in major
axis and the minor axis of the activity area.

(2) Among the 260 reported earthquakes 977 are reported as having normal depths
(33km) and only 3% are given as very shallow, i.e., 11~27km. However, it is notice-
able that the O-C residuals for P arrival times at the Galapagos Seismological Station
for 72% of the 260 earthquakes are negative. This suggests that the depths of hypo-
centers would in most cases be shallower than 33km. .

(3) As the most of initial motion at the Galapagos Seismological Station were shown
the downward movement, the source mechanism of these shocks was estimated the
single negative source concerning with the collapse of the caldera floor on June 11.
However, the investigation was used the data from June 16 to 25 in 1968.
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(4) The cumulative sum of the energy released by the Galapagos earthquake swarm
reached 4.7X10" ergs which seems to be comparable with that of the energy released
by an ordinary volcanic eruption. In the energy computation we used the formulae
M=1.59m—3.97 and log E=11.8+1.5 M.

(5) The magnitude-frequency relation for this swarm is shown in Fig. 9, and coincides
with the result already confirmed by Dr. S. Miyamura for the seismicity of the oceanic
ridge, fracture zone and island arc.




