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Supplementary material for “Newly detected earthquakes in Cascadia subduction zone linked to
seamount subduction and deformed upper plate” by Morton, Bilek and Rowe

TABLE S1. CATALOG OF DETECTED EVENTS

Templates/ Latitude  Longitude Depth Num. of Azimuthal pist. 1o tt RMS ERH® ERZ"
Catalogs* pate Time (UTC) ©) ®) (km) My! Picks Gap (°) near.est (s) (km) (km)
station
Seamount Events
Cc? 07/26/11 01:02:07.72 442888  -124.3340 2.49 2.86 4 332 163.8 0.06 13.1 32
07/26/11 01:02:08.56 443017  -124.3180 3.86 2.98 5 316 131.1 0.50 354 22.2
T, Tr 08/24/11 08:21:52.55 442653  -124.6013 18.20 2.70 7 300 62.9 0.07 5.6 9.5
11/21/11 04:49:12.20 44.4390  -124.5440 3.43 2.30 7 129 7.2 0.08 0.7 1.2
S 11/28/11 00:27:12.93 44,4158  -124.4907 22.03 2.74 11 102 12.2 0.27 0.8 0.7
12/23/11 02:11:09.74 443528  -124.4260 10.18 2.17 7 116 20.5 0.09 0.6 6.6
12/23/11 03:42:54.12 443628  -124.4362 5.84 2.39 7 113 19.2 0.05 0.4 1.2
01/12/12  07:07:33.65 44,4173  -124.4353 2542 2.13 6 110 495 0.17 1.2 18.9
03/08/12 10:25:45.16 442492  -124.5425 6.89 1.47 4 257 25.6 0.92 38.6 50.2
T, Tr, S 03/12/12 11:37:21.30 443587  -124.4160 12.13 2.90 15 115 20.7 0.36 0.8 1.4
03/12/12 11:51:51.30 443628  -124.4008 6.07 2.04 8 114 21.4 0.10 0.5 1.1
03/13/12  22:19:17.46 443752 -124.1655 9.02 1.89 6 120 37.9 0.83 4.0 70.3
03/17/12  22:17:44.06 443692  -124.4012 6.07 2.06 7 115 21.0 0.05 0.5 1.1
03/19/12 13:34:37.21 443670  -124.4075 8.57 2.22 6 114 20.7 0.02 0.7 2.4
03/20/12  08:30:30.30 443727  -124.4058 9.35 2.24 7 116 20.5 0.12 0.6 13.2
T, Tr, S 03/20/12  08:43:46.73 443778  -124.4445 19.39 2.93 17 110 17.6 0.48 1.3 1.6
T, Tr, S 03/20/12  09:28:37.00 443517  -124.4117 10.30 3.25 15 117 21.5 0.42 0.9 2.0
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04/17/12
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04/24/12
04/24/12
04/25/12
04/28/12
05/06/12

09:35:22.50
09:47:17.66
10:14:15.55
10:36:08.30
00:58:30.04
06:34:27.36
09:26:57.52
12:53:02.26
14:15:32.92
17:11:51.13
04:50:23.12
00:01:21.45
00:15:53.23
05:35:32.17
13:02:30.35
13:53:14.21
23:05:42.71
17:35:40.14
17:36:38.34
09:18:16.26
18:08:19.66
23:27:46.08
00:59:03.25
06:29:51.93
23:43:35.32

44.3658
44.3638
443713
44.3850
44.4070
44.3653
44.3633
44.3637
44.3468
44.3622
44.3532
44.3638
44.3700
44.4060
44.3537
44.2998
44.3637
44.3405
443123
44.3227
44.3587
44.3558
44.3538
44.3700
44.3718

-124.4032
-124.4062
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-124.4513
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9.24
7.80
18.65
18.47
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7.03
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6.38
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11.37
9.18
6.40
7.55
14.66
6.86

2.38
2.04
2.37
2.23
2.53
2.00
2.23
2.15
2.33
2.07
2.56
2.42
2.72
2.29
2.20
2.15
2.27
2.11
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1.98
1.97
1.85
2.44
1.62
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0.09
0.15
0.12
0.14
0.10
0.11
0.12
0.06
0.24
0.10
0.19
0.19
0.76

0.08
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0.7
0.8
0.5
59
0.6
1.7
1.2
0.6
1.7
1.0
0.5
0.7
0.5
4.8

0.7
35
0.5
6.4
0.9
0.5
0.4
1.2
0.5
0.7
3.6

32
13.8
1.3
14.9
0.8
5.8
73
1.3
43
5.7
2.9
1.7
1.3
30.0

13.9
4.1
3.1
18.3
3.1
1.4
12.6
8.1
2.8
1.4
11.0
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05/17/12
05/17/12
05/26/12
06/03/12
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06/03/12
06/04/12
06/21/12

08/13/12
08/14/12
10/18/12
11/07/12
11/14/12
01/25/13
01/25/13
01/25/13

14:18:55.49
14:21:34.36
21:16:52.48
13:30:17.00
19:51:15.41
19:52:26.72
19:57:11.10
19:58:10.32
22:05:42.05
22:36:01.10
10:40:57.59
17:39:59.32
17:46:20.65
17:47:37.94
19:01:48.84
11:43:00.24
15:57:04.62

07:06:38.75
01:57:59.21
05:31:41.98
17:15:26.45
13:37:36.89
00:41:12.54
01:34:25.36
02:01:39.94

44.3867
44.3623
44.3637
44.3148
44.3297
44.3095
44.3280
443187
44.3933
44.3165
44.3658
44.2790
44.2952
44.2787
44.2927
44.2937
44.4417

443723
44.4087
44.3990
443572
443710
444378
44.4097
44.4492

-124.4490
-124.3773
-124.4080
-124.4518
-124.4773
-124.4567
-124.4640
-124.4663
-124.4030
-124.4597
-124.4060
-124.4820
-124.4867
-124.4748
-124.4828
-124.4893
-124.6095

-124.3933
-124.3373
-124.1975
-124.4205
-124.3697
-124.5800
-124.5185
-124.5825

19.51
7.05
6.72
7.64
16.91
6.67
15.44
13.95
14.57
11.66
8.18
4.94
16.38
5.30
15.45
17.87
19.64

9.78
4.21
6.29
10.64
10.56
14.71
5.92
15.39

2.59
2.09
2.04
2.75
2.87
2.00
2.21
2.61
2.15
2.39
2.11
1.93
2.88
2.28
2.08
2.54
2.41

1.64
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1.50
1.78
1.72
2.82
1.64
2.17

— —
UIUIN@\]UIUIM

Y IRV BC R RN BN R =

_
© o

109
180
114
124
109
183
179
123
188
112
177
137
128
138
129
129
141
144
151
145
172
175
108
179
110

16.8
23.0
20.9
22.2
19.6
22.4
20.4
21.1
19.5
21.6
20.9
24.2
22.5
24.5
229
22.5
3.6
213
23.7
34.7
20.4
23.0
5.0
46.6
4.0

0.41
0.02
0.10
0.21
0.27
0.18
0.12
0.10
0.17
0.15
0.10
0.08
0.19
0.12
0.14
0.08
0.28
0.13
0.14
0.06
0.04
0.08
0.33
0.27
0.30

1.5
10.8
4.9

1.7

1.3
13.4
15.1
3.8
10.7

10.4
1.4

1.4
6.8
0.8
0.7
2.5
1.7
13.5
8.4
10.6
0.4
2.1
0.6
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T, Tr, S

T, Tr, S

01/25/13
01/25/13
01/25/13
01/25/13
01/25/13
01/25/13
01/25/13
01/25/13
01/25/13
01/25/13
03/06/13
04/10/13
04/18/13
05/06/13
07/22/13
07/23/13
11/02/13
11/20/13
11/27/13
02/02/14
03/25/14
04/04/14
04/04/14
05/14/14
08/19/14

03:43:08.53
03:50:35.27
04:27:43.50
04:49:47.74
04:53:09.04
06:11:56.99
08:39:02.72
08:39:41.36
08:58:34.39
18:47:51.95
15:01:39.46
04:43:39.69
08:32:13.87
18:02:46.80
05:24:58.72
17:47:34.31
13:21:08.74
15:35:48.53
02:18:42.48
17:57:55.77
05:57:34.67
02:08:07.40
02:08:51.20
07:53:43.46
08:50:29.85

44.4388
44.4322
44.4307
44.4312
44.4152
44.4173
44.4557
44.4395
44.4380
44.4273
44.3502
443877
44.2853
44.3750
44.3903
44.3795
44.4172
44.3693
44.2847
44.3628
44.3563
44.3602
443567
44.2862
44.4348

-124.6032
-124.6025
-124.5827
-124.5708
-124.5865
-124.5233
-124.5953
-124.5932
-124.6033
-124.5298
-124.3267
-124.3782
-124.6112
-124.3693
-124.4415
-124.2178
-124.5533
-124.4045
-124.5923
-124.5960
-124.3790
-124.4235
-124.4142
-124.5930
-124.5870

15.94
12.52
16.39
14.66
25.51
13.69
20.13
16.11
16.20
12.59
8.69
8.04
22.72
5.04
2.31
0.01
17.3
5.61
12.63
47.22
6.93
8.16
8.67
15.4
25.04

3.09
2.12
2.95
2.39
1.96
2.32
1.97
2.55
3.02
2.44
2.61
2.21
2.41
1.88
2.38
2.44
2.41
1.9
1.84
1.75
1.76
1.84
1.56
2.27
2.70
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16
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14
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16
21
17
14

12
13
18

10

10

14

107
119
117
114
117
117
109
112
107
115
125
261
177
260
278
244
91
116
125
194
179
114
172
125
141

3.9
41.7
43.0

6.0
41.9

9.9
43.5

42

4.0

8.8
46.3
52.7
64.3
51.3
40.8
30.4

8.2
20.8
21.1
36.2
233
20.2

21
20.9
66.7

0.36
0.24
0.31
0.37
0.55
0.56
0.67
0.38
0.32
0.46
0.18
0.07
0.45
0.10
0.12
0.13
0.42
0.12
0.07
0.4
0.1
0.18
0.16
0.14
0.56

0.9
0.9
0.9
1.0
1.7
1.2
1.7
1.0
0.7

0.6
0.9
2.2
2.1
2.8
1.4
1.3
0.5
1.2
23
32
0.5
4.6
1.4
1.7

0.6
2.1
23
0.6
24.6
1.5
57.0
0.8
0.7
1.3
1.4
1.9
32.9
2.1
0.8
0.4

1.2
1.9
3.7
11
1.3
12.3
34
359
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T, Tr, S

09/28/14
09/28/14
09/30/14
10/27/14
10/27/14
10/27/14
10/27/14
10/27/14
11/02/14
11/06/14
11/19/14
11/29/14
11/29/14
03/13/15
04/18/15
04/19/15
05/24/15
06/11/15
06/11/15
06/21/15
06/25/15
06/26/15
06/26/15
06/26/15
06/26/15

18:51:17.56
19:00:56.80
11:02:45.24
07:40:45.03
07:41:40.28
07:45:38.12
07:55:15.39
16:00:33.49
08:37:42.09
04:15:07.18
09:01:55.58
16:54:29.06
18:34:00.93
12:19:13.30
02:55:55.09
00:57:17.75
11:00:57.22
03:19:51.64
04:00:30.82
02:42:15.95
20:25:34.68
01:24:01.01
01:24:39.43
03:35:41.51
05:44:31.39

443618
44.3682
44.3145
44.3580
44.3668
44.3702
44.3762
44.3710
44.4272
44.3630
44.3438
44.3985
44.3920
44.3327
44.4165
44.4073
44.3763
44.3700
44.3565
44.4375
44.3797
44.3195
443155
44.3910
44.4010

-124.3770
-124.4045
-124.3463
-124.3968
-124.4008
-124.3673
-124.3750
-124.4047
-124.4808
-124.3975
-124.6342
-124.6665
-124.3568
-124.4562
-124.5068
-124.5020
-124.5468
-124.4273
-124.4310
-124.4912
-124.5172
-124.5562
-124.5588
-124.5297
-124.4282

6.81
6.26
6.81
6.09
6.04
6.01
8.80
9.70
20.40
9.93
16.23
34.34
9.25
9.00
20.89
21.02
18.34
9.24
6.61
19.75
18.45
12.20
11.87
13.13
15.96

1.77
1.87
1.64
2.48
3.15
1.82
1.44
1.92
1.93
1.81
2.24
1.85
1.55
2.12
2.24
2.61
2.50
1.75
2.14
1.94
2.83
2.31
2.30
1.95
1.83

25
27

13
10
18

325
262
235
56
104
259
169
141
139
143
109
138
131
162
133
88
134
145
150
141
54
97
98
131
193

51.0
53.2
41.9
21.6
20.9
50.9
223
20.4
12.4
213
12.5
7.1
23.0
19.6
10.8
11.6
11.2
18.9
19.4
11.3
12.5
16.4
16.7
10.9
17.3

0.16
0.17
0.15
0.34
0.39
0.12
0.39
0.03
0.37
0.16
0.38
0.48
0.30
0.54
0.49
0.49
0.77
0.12
0.11
0.36
0.72
0.78
0.75
0.35
0.21

4.8
2.0
4.0
0.5
0.6
1.6
6.9
0.7
1.3
0.6
0.8
2.8
1.3
6.7
1.2
1.2
1.5
0.6
0.7
1.4

1.9
2.3
3.4
4.4

17.6
8.2
15.6

1.3
1.5
28.8
2.5
1.3
2.0
1.3
3.8
4.7
83
1.3
0.8
1.8
1.8
3.6
0.9
1.0
2.1
2.7
2.0
1.9



T, Tr, S

06/26/15
06/26/15
06/26/15
06/26/15
06/26/15
06/26/15
06/26/15
06/26/15
06/26/15
06/26/15
06/27/15
06/27/15
06/27/15
06/27/15
06/28/15
06/28/15
06/28/15
06/28/15
06/28/15
06/28/15
06/28/15
06/28/15
06/28/15
06/28/15
06/29/15

09:49:15.45
09:55:09.55
10:13:27.18
11:02:23.29
13:29:46.00
18:01:13.64
18:38:33.24
19:03:12.04
19:46:51.34
19:47:46.18
13:06:22.57
20:28:04.26
22:33:21.32
23:28:33.90
00:13:40.28
00:31:39.55
01:46:41.04
02:07:39.01
02:41:03.33
02:41:35.72
04:05:28.40
05:20:22.91
11:59:43.22
15:50:17.19
11:44:27.27

44.3592
44.3692
44.4142
44.3857
443758
44.4207
44.4043
44.3258
443918
44.4233
443613
44.3850
44.3678
44.3582
44.3720
443518
44.3673
44.3642
44.3665
44.3548
44.3553
44.3573
44.4208
44.3678
44.3522

-124.4533
-124.4385
-124.5017
-124.4573
-124.5118
-124.4810
-124.4300
-124.5230
-124.4788
-124.4777
-124.4495
-124.4187
-124.4483
-124.4192
-124.4448
-124.3862
-124.3917
-124.4388
-124.4323
-124.4008
-124.3963
-124.3977
-124.5172
-124.4400
-124.3958

7.77
9.68
20.84
14.21
19.24
19.47
16.84
12.90
19.61
21.79
9.32
9.72
10.79
6.44
11.42
5.32
6.77
8.00
9.32
6.84
6.92
7.03
19.67
10.95
5.61

2.27
2.00
2.18
2.08
2.98
2.03
2.06
2.01
1.83
2.14
2.02
1.86
1.92
1.83
1.87
1.86
1.96
2.32
1.97
2.04
2.17
2.02
2.03
1.98
1.93
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140
148
132
137
53
138
133
138
127
140
139
187
151
148
148
260
325
149
178
261
325
325
134
149
261

17.8
18.2
11.3
15.9
13.1
12.6
17.0
16.9
14.1
12.8
17.9
18.7
17.6
20.1
17.6
51.0
523
18.4
18.7
52.2
51.9
52.1
9.9
18.1
51.7

0.32
0.07
0.38
0.21
0.71
0.47
0.62
0.92
0.54
0.51
0.30
0.14
0.11
0.12
0.13
0.08
0.06
0.20
0.37
0.07
0.11
0.11
0.15
0.10
0.08

0.8
0.8
1.5
0.7
1.0
1.8
2.0
2.9
2.0
1.9
0.8
2.1
0.8
1.3
0.9
1.8
35
0.6
8.0
2.0
4.0
3.9
0.8
0.6
1.7

1.5
2.4
1.0
0.9

1.2
1.9
2.1
1.3
1.3
2.6
2.3
1.3
6.5
1.3
2.0
12.9
1.6
10.3
10.8
14.6
14.6
0.5
1.2
1.8



T, S

T, S

06/29/15
06/30/15
07/05/15
07/05/15
07/22/15
08/27/15
08/29/15

Northern Cluster Events

T, S

10/11/11
11/29/11
11/29/11
12/20/11
12/20/11
12/20/11
12/20/11
01/07/12
01/07/12
02/13/12
02/17/12
04/04/12
04/06/12
04/16/12
04/17/12
04/17/12
04/17/12

11:50:40.14
03:40:14.53
03:06:03.16
03:20:10.59
02:37:51.05
04:52:56.66
00:55:23.40

19:54:49.39
00:51:30.05
11:27:22.33
00:00:21.21
00:01:29.99
01:24:53.10
10:48:38.41
21:10:42.67
21:10:59.13
02:51:12.86
16:40:53.94
05:23:22.13
18:08:18.59
06:47:53.71
01:46:07.02
03:43:01.04
07:25:27.75

44.3598
44.4180
44.3648
44.3548
443713
44.3587
444115

44.7203
44.6093
44.7142
44.6865
44.6388
44.6160
44.6402
44.6225
44.5443
44.6373
44.6503
44.6050
44.5645
44.6152
44.5757
44.5733
44.5647

-124.4137
-124.5155
-124.4347
-124.3907
-124.4722
-124.3962
-124.4765

-124.3307
-124.3090
-124.3275
-124.3380
-124.2713
-124.2827
-124.2895
-124.2527
-124.2237
-124.3253
-124.3213
-124.3055
-124.3312
-124.4825
-124.2913
-124.2875
-124.3048

5.72
20.60
5.79
5.37
14.05
10.56
23.58

25.17
16.61
18.56
21.86
39.74
44.22
11.94
23.65
18.54
6.07
24.59
26.10
8.75
4.95
15.45
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09/15/13 23:36:14.58 44.1465  -124.5662 20.22 1.73 5 170 26.5 0.11 0.9 15.6

09/16/13 04:03:42.04 441782  -124.3745 8.57 2.04 7 230 38.2 0.68 3 12.9
C 12/15/13 18:20:59.04 43.7397  -126.0793 9.37 -9 13 300 104 0.5 15.3 22.5
C 01/16/14 15:38:23.79 43.7613  -125.9858 11.6 -9 20 291 96.1 0.47 3 40.3
C 01/24/14 13:53:30.20 42,7222 -124.4407 7.35 3.52 19 323 144.8 0.97 48.3 36.1
C 02/25/14  23:03:10.79 43.9453  -125.7132 10.72 3.27 22 278 68.3 0.43 2 37.6
02/25/14  23:04:48.32 43.7230  -125.0027 15.51 2.98 6 328 44.8 0.52 7.8 5
03/13/14  21:53:47.59 44.0537  -124.4360 6.9 1.45 5 200 37.5 0.51 8.7 322
C 05/16/14  09:23:37.77 43.7240  -126.0670 10.61 -9 13 301 103.8 0.59 34 50.9
03/01/15 14:58:21.97 44.6578  -126.1678 10.64 291 11 144 24.0 0.39 1.1 345
05/01/15 11:32:25.29 44.7338  -125.6840 7.70 2.74 8 188 19.2 0.14 1.1 1.2
06/22/15 21:58:59.68 44.4968  -124.3740 25.07 2.31 10 212 60.5 0.68 6.2 57.8
09/01/15 21:07:34.07 43.9253  -124.7472 24.19 2.02 10 132 18.7 0.39 3.0 54

*T indicates an event was used as a template for scanning; C indicates the event is in the regional catalogs but was not used for scanning; Tr indicates an event
that was also in the catalogs of Tréhu et al. (2015; 2018); S indicates an event that was also in the catalog of Stone et al. (2018)

"Mp is duration magnitude.

YERH indicates horizontal location error.

"ERZ indicates vertical location error.
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Figure DR1. Vertical component seismograms for one of the largest (Mp 3.15) seamount events, occurring
on 27 October, 2014 at 07:41:40.28 UTC. Seismograms are labeled by station name, with corresponding IRIS
DMC network code and filter used. Direct P, S and duration picks used for location and magnitude estimation
are shown. Sixteen of the stations have duration picks that are outside the shown time window.
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Figure DR2. Map of CSZ margin with regions colored by the extent of an applied velocity model. Regions
were chosen to account for along-strike heterogeneity and to incorporate numerous velocity lines from
multiple studies, as well as to account for differences where the crystalline Siletz terrane is present.
One-dimensional velocity models are chosen from a series of seismic profile studies (Locations of 1-D
models indicated by black squares) and include the ORWELL-1 and ORWELL-3 velocity models presented
in Tréhu et al. (2015). Vp/Vs values used are noted by their corresponding 1-D model locations. Solid colored
regions indicate where a single velocity model is applied; dashed lines indicate the extent of transition zones
between single-model regions, where a mix of models is applied (Klein, 2002).
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Figure DR3. Comparison of common event depths (left) and magnitudes (right) determined from this study
with those determined by other studies (Tréhu et al. 2015; 2018; Stone et al., 2018) and the regional Pacific
Northwest Seismic Network (PNSN). For comparison with the Stone et al. (2018) catalog, we use 1-D
velocity models from some of the same studies along the margin, but exact 1-D model locations and extent of
where they are applied differ, as well as the models used for the Juan de Fuca plate and on land. Similarly, the
1-D velocity models used by PNSN differ from those we use, and the extents of where they are applied differ
from those we determined.
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Figure DR4. Wadati diagrams for the seamount (left) and northern (right) clusters with pick-based Vp/Vs

ratios. Symbols correspond to direct P- and S-wave picks on a given station. Linear arrival time (P or S) vs.
S-P time behavior is expected for well-picked arrival times and is evident for our events. No event in the set
has all station picks as outliers, indicating that the few outliers present are issues with individual station picks
(although they appear acceptable) rather than issues with the location of the event.
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Figure DRS5. Comparison of determined duration magnitudes with the maximum amplitude of stations that
contributed to magnitude determination for seamount (left) and northern (right) clusters. The maximum
amplitude was chosen between the direct P-wave arrival and signal duration picks. Only stations with 10 or
more duration picks during the time period are shown.
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Figure DR6. Focal mechanisms determined for events in the seamount (left) and northern (right) clusters
using the FocMec program (Snoke, 2003), colored by event depth. Events with multiple possible mechanism
solutions show all solutions boxed together. Gray shaded regions are the M2 seamount magnetic anomaly
(left) and G2 gravity anomaly (right). Colored vertical lines are the depth contours of the plate interface of
Gerdom et al. (2000). Mechanisms with bold outlines (left) are consistent with the pattern predicted by the
upper plate deformation model of seamount subduction (Dominguez et al., 1998; Wang and Bilek, 2011;
2014).
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