OCCURRENCE OF MICROEARTHQUAKES

by
A. M, Pitt

The U.S. Geological Survey has operated a network of short-
period seismograph stations within and around the Hanford Reservation
of the Atomic Energy Commission since March 23, 1969. The data from
7 vertical seismometers (6 before August 9, 1969) are telemetered to
Menlo Park, California, where they are recorded om film. Earthquake
epicenters are determined by computer. _

The network was established to determine the level of micro-
earthquake activity in the vicinity of the Hanford Reservation. With-
in the network, microearthquakes with magnitudes as low as 0 can be
located when the background noise level is low. At 200 km, the
practical limit at which epicenters can be determined by the network,
microearthquakes of magnitude 2 or greater can usually be located. The
accuracy of epicenter determination is greatest for microearthquakes
occurring within the network and decreases rapidly as the distance of
the microearthquake from the network increases.

Epicenters for 166 seismic events were located for the period from

March 23 to December 31, 1969 (figure 25 and table 2). Approximately

Pigure 25 is at the end of the repoxt.
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one~fourth of thése are thought to be explosions rather than
microearthquakes., Most of the explosions occurred 80 km west, 200

km north, and between 80 and 150 km east of the center of the network.
Approximately 105 microearthquakes were located within 75 km of the

center of the network, as were some explosions (table 2 and fig. 4).

Table 2 belongs near here.

Most of the microearthquakes in the immediate vicinity of the Hanford
Reservation occurred in two separate zones. One very regtricted zone,
near the center of the triangle formed by stations B, E, and G, produced
over 230 detectable events, 36 of which have been located. These micro-
earthquakes generally have the most precisely determined epicenters of
any in the region pecnuse.of the advantageous distribution of statiocms.
Activity in this zone began in Ml;, increased to a ﬁeak in August, and
continued at a reduced level until the end of 1969. The second active
zone near the Hanford Reservation extends from a péint between stations O
and E in a northwest direction to the vicinity of station S. Approximately
500 detectable microearthquakes occurred in this area with most of them
concemtrated at the two ends of the zone, Seismic activity fluctuated
along this zone, reaching peaks at the eastend in April and November, the
west end in May, and the center in October. A small amount of additional
seismic activity on the Hanford Reservation occurred along a north~trending
zone between stations M and G. All of the microearthquakes detected on or
near the Hanford Reservation had Richter magnitudes below 2.0, which is

generally below the threshold of (noninstrumental) human perception.

9 -
(194 +5)



Note:

TABLE 2. -- Located microearthquakes and other seismic events in

south;central Washington, March 23-December 31, 1969.

The numbers in this table are reproduced from the computer output
where values for origin time, latitude, longitude, and magnitude

are computed to two decimal places. These values have no mearing
beyond one decimal piace. Relative evaluation is based upon the
quality of P and S arrivals, the distribution of stations, the

number of stations available, and the P-arrival time residuals a*t

the stations used to determine the epicenter. The letters indicate
the following maximum probable epicenfrgl errors: A=l km, 5-3 =,
C-5 km, D-10 km, E~I5 km, F-25 km. Orign +ime 1s givén in Greenwich
Mean Time (GMT) -
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Richter Relative
Date Origin Time(GMT) ‘Latitude Longitude Magnitude Evalua+ion
: hr min sec o 4 o ’
0324 2232 19,54 46,34,R7 11B.55.43 =0,01 D.
25 1911 $2.75 4761466 120.19.14 1.29 F
P 26, 2232 . T7.29 47, 7.78 118.58.52 1.45 £
27T 4 3 1,71 48.16.81 119.16.21 1.98 £
[ 27 2240] 47,42 46.36,10 119.10.08 =0,14 D
.31 1715 18.90 46.39,19 119. 6.29  0.K9 C
Q401 311 17.15 47.59.51 118.50.49  1.96 F
01 20 3. 49,38 46,33.38 11H.52.63  0.20 E
i 05 15 5 50.79 47.10.42 119.63.39 ° . 1,30 F
06 1515 57.94 46,59.42 119:11.41 NeT5 F
08 226 4,28 47. 2.85 119. 3.54 0.96 F
08 649 17,29 47,1044 119.59.07 1.15 F
08 1115 54,38 47. 152 119.34,.88 l1.01 3
10 112 11.87, 46,462,640 117.46.80 1.83 £
11 035 28,98 66.,59.,08 119. 1.87 ~ 0.99 E
12 321 45,06 47, 8.10 119. 2.7R . 1.10 E
12 1110 29,27 46.59,12 120.27.37  1.39 -
19 546 2,18 45,47.35 119.41.54 . 2,10 E
20 219 14,13 4B,17.50 118.53.59 2.56 F
21 1416 34,34 47.11.94 119.43.23 1.85 3
22 2059 50,60 46.36.,06 119. 8,84 1.16 D
24 143 0.91 46.43.67 117.41.96 2.05 E
26 12 3 56,67 474 9451 119.41.35 1.29 €
26 12 9 34,78 47.10.92 119.41.83 1.28 F
29" 15 8 0,77 46.36.13  119. 9.45 0.09 g
© 300 2033 1,71 47, 9.90 119.36.81 1.21 F
. 30 2143 58,23 66.39.80 119, 6.16 0.57 B
10501 052 36,39 48, T.R4 118.44.84, 2.06 F
01 1652 3,15 46.59,10 . 119.49.20 129 E
0?2 1AR34K! 59,79 46.35.93 119. 9.75 0.01 D
04 925 13.82 47. 9.80 119.41.23 1.35 £
05 1835 4,60 46.36.14 119.10.01 0.05 D
05 1926 25.34 48.11.13 118.49.79. 1.94 F
06, " 034 0,83 46.3R.44 117.43.94 . 1,83  F
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«10
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N4
051/
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0601
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0OR
ﬂﬂ
10
15,
23
27.

'0701

02
11!
15!
15
18;

23; .

23!
24
24
2R
29,
31.
31
0801
01
01
02
02
WA
05
n7
0OR.
08
08.
11
11
12
14
15

S 17 6

Origin Time (GMT)
hr min sec

548 37,29
2036, 20,22
15568?1 31
19 6i{iR, 24
1441I1? 55
1937, 21,61
11955 34,92

3501 11, 1m

1, 28,53
13 03%? 66
1859 24,57
7148;;1‘94
933 22,64
1945 42,31
1216 44,96
6413 3,06
926 43,24
9 3 58,91
1?36}&? 26
1450 ?I 30
1453 136 .40
i5 7. 45,03
{241 20,33
622 38,18
2333 '21,.39
2340 45,09
S 430 1,00
2356 10,52
431 139,68
255 14,57
257 3R8.46
7 8 10.68
1013 36,35
1555 1.723
1429 24.01
6ls 22,14
21 9 45,65
1036 52,43
1248 20.17
1558 23,83
3 4 14,71
2141 39,13
1531 38,44
2339 24,85
1918 27,65
75 48,07
50.62
16.99
15.64
34. 92
3,09
45,27
53.75

2240
550
1336
1418
1631
1141

2321_47 53"

6T,
86,49 ,2

Latitude

) 46.49,53
. 46.25.66
C46.36.23

47.41.00
46,61 .54
466,49 ,813
46.49,55
48.11.04!

47¢ 1,73
46.39,13

. 46,49 ,33

46.51.15,

47.49,.60°

L6 44,74
46 .44 ,34
46451.57

46.25,.30

46.42,.79
Teb1

46.25.?”
46.25,37

46.25.28

46.56.55

46425.49

46,2557
46.35.95
46.35.39
46.725.15
46.2%.37
46047465
47. 3,01
47. 2.68
67.41.77
46425425
47« 3.76
46.19.28
464,725,643
46425446
66.25.33
46.25.58
6T7.647,17
47.11.92
46.25.38
4746764
66.35,55
47« D65
47.36.19
47.46,.4]
46,15.06
46 425,69

46.42.32 .

46,25.47
47.61.26
46425.47

119,

Longitude

119.20.79"
119.37.51.
119. 9.65
119.47.64
117.26.11
119.35.46.
119.36.83
118.58.70
119.34,.41,
-l. 77
119.38,8]1,
119.45.09,
118, 3,40
117.33.67
119.20.94
119.46,22
119.16.74
119.35.47
119. 5.15
119.23.62
119016.17
119.16.42.
119.16.13:

‘119.42.25°

119.16.27.
119.16.75

"117.5%.09

117.58.54
119,15.50
119.16.28
120.24,.95
119- 1(40_62
119.14,.71
120.22.73

119.16.27.

119.12.91°
119.32,.43
119.17.01
119.16.46
119.16.29
119.16.25
119.35.68
117.22.54
119.16.62
119.56.95
11R. 3.72
119.22.54
J19. 8.90
119.33.96
118. 0.57
119.15.73
119.55.46

119.16,06.

119.33.90
119.16.31

Richter

Magnitude Evaluation

052
' O0e21
, 0e23
. 2634
[ 2,00
" le75
-ﬂ.OR
© 2423

1.05 -

0.16
=010
5-00 l1a
L2477
1 2.09
C 022

0.09

- 0415

“‘0007

1.06
- 0.57
N84
' 1.37
1 0627
. 1e01

Joe72-0

0.54
' 1.73
1.76

1425

; 1.056
1.86
! 1-2“
lelb
1.83
0.9?
l1}23
N.l?
179
1.25
0.77
.1.25
251
 2.80
1.02
. 2e60
1.88
- 0e85
2.03
" 2eb5
o le62
0.96
fle46
P 063
L 2.69
N0.50
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Latitude
46.25.17

46.,48,92.

46.25,32
46.25.70
46,25,37
46.25.58
466.25.74
46.25.66
46,16.83
46.25.41

66425.41

46.25.19
46425.92
660061 4,42
46.25'53

46 ,25.,55
46.57. 6#
46435,40,
47.47.89,
46.25.92,
46,42 ,65
46.38,30
46458 ,69
46.26.01
46,42 .31

46-25-87,‘

46.61,18R
4642587
464725459!
46.52.55
46.40.97,
47.19,.,12
46.49.70
66.40,79
46.48,91
46041 ,47

. 46.,48,78

464,42 .45
46.15.55
46,41 .R4
47¢3R.51
46431.56
46.52.52
46 449,37
(‘60“'10 ‘.?
46650425
bhobtgl?
46,464,337
46.50.06
46 4B T4
466.51.13
46.51.89
bbhet3,54
4T+ 5,92

TABLE 2. -~ continued
Origin Time (GMT)
Date pr min sec
TG i 157 1623 4,07
92 ' 18 . 1439 18,64
' 93 18 1R50 .57.30
i 96 . 21 148 '30.06
L 95 T 22)  B44 1,46
; 96 {1 31! ° 252 28.09
;97 3L 118 7,74
£ 98 | 31 1119 31.32
'99 i 31, 1627 32.91
iLon" 0901, 1 035 47,99
101 0 011 2027 43.19
1102 07 0034 '10.30
103 02, 1241 52,47
l106_ ; 02 2150 30.71
_0S_ - 04 1817 _11.31
L1067 9906 - 2228 346,86
107 "] 10; 1214 58,18,
108 ! 17;; 07W'57 36
109 13] : R30, 46,00
110 21, 1021 121,06
111 1 26" 143600 6426
227 2 45,47
113 §1002; ! 059 1.63
11641702 - 214 27.50
115 021 13 0,4T.75
116 | 02, .. 637-45.20
117 ' 03F 156 50.98
,119'4,,06 1158 5.96
119 | 067,12 4'. 1.30.
. 120 4 06. 2230 18.09
« 121 __1. 14, 724 57,71 .
122 '15 R34 58,31
123, 15 1952 58,35
1267 0 15 2046  6.80
125 16 1530 45.90
126 16 1913 643.33
127, 7 17 1R10 36.40
128" 17 20 8 0.13
129 © 19 730 27.37
130 20 2379 3.17
131 21 20648 16.11
132 21 2235 38.72
133 23 1741 10.14
134 ?3 2348 43,49
135 24 44T 5,24
136 78 039 4h.44
137 . 2R 416 57.28
138 28 513 . 3,17
139 29 - 034 36437
140 30 1616 35.83
141 4101 0 0 23.50.
142 701 - 112, 46.82
143 1+ 03 2246 23,52
144 | 05 041 27.22
T45 05 1940 44,77

46.50.18

Longitude

119.16.73
119.28.97
119.16.12
119.16.95
119.14,.91
119.16.75
119.16.87,
119.17.24
120.53.29
119.16.85
119.16.85

. 119.16.15

119.16.81

119.35.73
119.15.53"
‘11915.55

119.37.10

118.22.84
119.23.57:

119.16.78,

119.34. 28!
118. 1. 53,
118.18,.12°
119.16.35
119.21.44

119.16.35,
119.14.45,
119.17.69,
119.17.55" -
120.34.59°
119.15.94

122. .86

119. 2.90
117.61.67

120.29.83°

119.14.52

120.28.62"
117.50.74 °

11R.17.27

118.14.14

118. 6.26
170.32.14

"120.29.70

119.14.01

120.30.00.
119.19.33°

119.19.86
120.31.43
170.31.75
120.29.14

170.30.62°
119.15.68"
3.37
120.29.82°

118.
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Richter
uagnitude Evaluation

.1e51

. 0433

0.53
0.56

“1.09

. 0.22

1.59

ifl.aa

0447
H 00?.0

1.07

ile21

le61

- 17009

1.15

1.64

1e77
2e37

0,467 °

0.04
2.12
1.88
0.99

" 035

022

N.61

- 0eb?

3

061
1.87
079 7

3.12

N1

1.58

162

1.17

" 1.68

1.51

" 1.91

1.8

. 1.99

" 1.62
' 1.82

1.72
0.725
1.90

, N0e21
' 2.04

1.89

- le91
" 2423
F 040
2651

l.84

Relative
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TABLE 2.

Date
146777067 . 021
147°. 1 08 . 1140
148 .'° 08 12 2
149~ 10 ' 056
150 .° 10 814
151 - 10 - 852

- 152 10 1859
153 -+ 10 19 3
154: . 18 1817
155 .+ 21 423
156 .1 21 1631
157 23 "S5 8
'158 26 1216
159 26 2231
60 30, 240
161 1201, 23 1
1162 177030 2018
163 | 13, 1755
164 ) 18 2137
165 18° 2257
166 |, -30° 141

]
e

-= continued

Origin Time (GMT)
hr min sec

o

30,04
20.70

0060
15.41
16 649,
18.52

8.10
27.03
3R8.04
57.88
56,06
31.68
?.5 096

8.73
41.85
44,75

48469,

57.02;
59.96)
39,70

57.00 -

i

A

Latitude

46.48,60
46.43,23
46.43.50
46.33.22
46.46.20
46.47%,48

" 46443.59
- 46.43.87

46.36.70
46.30.42
46.37.29
46,4244

46.37.30

46.25.60
46.38.,03
b6. 8.95

L6 o &b 442 .
46.40.62

46.41402
46.41.08

46.40.58
G

Longitude

120.29.86
119. 6.28
119. 6082
119.39.00
119, .3.91
119. 6.85
119. 7.08,
119. 7.02
119.38.21:

119037.36' '

118..53006
119.22.40.

119.3R8.69: .

119.15.65
118.43.18
118.35.26°
119.45.66

119.13.29,
119413.77,
119.13.17,

119.12.85 /
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Richter

l.81
1.22
"0.53
T 0.94
0.84
0.73
le.34
0.93
; 0.31
' 0.07

'1.18
=0.03
: 0.55

1422

T 1l.61
1.49

0.58.

! 0.35
- 0693
0.50
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Most of the microearthquakes near the Hanford Reservation appear
to be less than 10 lm déep although it has generally not been possible
to accurately determine their depths. Accurate determination of the
depth of focus of an earthqu#he'requi;es a distribution of stations'
around the epicenter with at leaat'ﬁne station having an epiceatral:
distance less than the depth of focus of the earthquake. These
criteria generilly are not met for the Hanford events. A few of
the better recorded ;icroearthquakei in the main zones of activity
appear to have occurred at depths of 5 kn or le;s. Significantly
deeper events were microearthquake number 104 with a well determined
depth of 21 km and micfoeafthquake number 149 with a depth of around
11 kna, both of which oc?urredlalong the north-trending zone of minor
activity between sta;idns u’.aa G. Othef'nicroearthquakes located
along this zone were too poor}y recorded to make accurate depth deter-
mination posgsible.

A few of the seismic events om or near the Hanford Reservation are
explosions rather than microearthquakes, but the great majority within
or clogse to the network have dilatational first motion at one or more
stations which precludes their being'gxplosionsh Lhnd;iides would
probably n&t bé miatak&ﬁ fqg eirchqugkes because landslides have a
dia:incciyé:aignal on a seismogram. There 18 no apparent asgsociation
between i;iigation actifityﬁ;;d the.iélanié ac£1vity of the region,
and there are nicroeartgquakes occurring on the Hanford Reservation

where no irrigation takes place.
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The results of the U.S. Geological Survey seismic study indicate
that the Hanford Regervation is in a2 region of microearthquake activity
vhich is moderate by comparison with the microearthquake activity of
seismically active regions of California and Nevada where similar
monitoring studies have been made. The loci of activity have
fluctuated between several zones during the recording period. A
longer recording period will better define the areas of microearthquake
activity in the Ranford region and the fluctuations of activity with

time.
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