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Figure Page
1 Frequency response of the Benioff short-period 3
seismograph system 1. INTRODUCTION
2 Frequency response of the Sprengnether long-period 4 ) _ _ _ .
seismograph system 1.1 This bul‘letm tcontams' seismological data on earthquake phases recorded
at three mobile seismological stations being operated by The Geotechnical
3 Frequency response of the Johnson-Matheson 5 Corporatlofl (Geotecl"l).. The bulletin is intended to be an aid to interested
seismograph system observers in determining the extent of the earthquake data contained in the
records from the three teams.
4 Frequency response of the Sprengnether long-period 6

seismograph system at OO NW _
1.2 The bulletin contains the following:

5 Bulletin sites 8
a. Data on all of the phases that have been associated with epicenters

reported by the U. S. Coast and Geodetic Survey (USC&GS);

st sfe kst sl sk sk sk sk sk skl koK K
b. Data on the epicenters listed in the bulletin - as reported by the

USC&GS;
TABLES . .
et et c. Arrival time, period, amplitude, and distance for phases not
associated with USC&GS epicenters.
Table Page
; B Tletin site Siformation 10 1.3 All phases are listed in chronological order, except that unassociated

pPhases are not mixed with a sequence of associated phases. In such cases,
the unassociated phases are listed immediately following the associated phases.

2. INSTRUMENTATION

2.1 Instrumentation at the Grafenberg, West Germany (GG GR) and Oslo,
Norway (OO NW) sites consists of a short-period vertical Benioff seismometer
array. A short-period vertical Johnson-Matheson seismometer array is in
operation at La Paz, Bolivia (LZ BV). Each site is also equipped with a three-
component Sprengnether long-period seismograph system. Both systems use
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phototube amplifiers. The response characteristics of these systems are
shown in figures 1, 2, and 3. Figure 4 shows the response characteristics
of the long-period system at the OO NW site.

2.2 All data are recorded by 35-mm Film Recorders, Geotech Model 1301A,
l4-channel Magnetic Tape Recorders, Ampex Model 314, and 16-mm Film
Develocorders, Geotech Model 4000C.

2.3 Precision Timing Systems, Geotech Model 5400 or 5400A, are used for
primary timing. Chronometers are used for secondary time. WWYV is used
for the time standard at LZ BV. GG GR and OO NW use Radio Potsdam. WWYV
is a National Bureau of Standards radio station located at Beltsville, Maryland.
The accuracy of the time program from WWYV agrees with the U. §. Naval
Observatory. ‘

2.4 Each system is calibrated at least once every 24 hours. In the short-
period system calibration, an electromagnetic (EM) calibrator is used to
determine the magnification as a function of frequency and a weight-lift cali-
bration is used to verify the EM magnification at 1 cps. In the long-period
systems, magnification is determined as a function of frequency using EM
calibrators. No method of verification is used. In the EM method of calibra-
tion, the seismometer mass is driven by a known sinusoidal force and the
magnification is calculated using the relationships between the sinusoidal
force and the recorded amplitude.

3. INTERPRETATION OF COLUMN TITLES

3.1 COLUMN HEADINGS

The column titles appearing in this bulletin are defined as follows:

3.1.1 DAY

The date, for the day of the month, is printed each time a new epicenter is

listed and each time the station designator changes. Dates are given in
Greenwich Civil Time (G. C. T.).
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Figure 1. Frequency response of the Benioff short-period
seismograph system
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Figure 2. Frequency response of the Sprengnether
long-period seismograph system
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Figure 3. Frequency response of the Johnson-Matheson seismograph system



RELATIVE MAGNIFICATION

100w
::Ts = 20 sec LTp= 30 sec
s} Ag = . 625 )Lg=1.0
st Og = ,004

—
o

& N oo 0 -

w

[
o

o 4 0o -

w

0.1

FILTER MODEL 6824-13

Short period cut off = 25 sec.
Rate: 6 db/octave
| Long period cut off = 1000

sec.

Rate: 6 db/octave

/f

14889
1 2 a 4 s 8 7 8 91 2 3 a4 s 6 7 8B 81
1 10 100
PERIOD IN SECONDS
Figure 4. Frequency response of the Sprengnether long-period

seismograph system at OONW

—b-

@lwona[ From the ISC collection scanned by SISMOS

Seismological
Centre

3.1.2 STA

The station from which the data were taken. The station designators used
in this bulletin are given in the following table:

Site code Site designation
GG Grafenberg, West Germany
0]@] Oslo, Norway
LZ La Paz, Bolivia

The locations of the stations are shown in figure 5.

3.1.3 PHASE

Symbols defining the phase type are listed in the phase column. Prefixes to
the phase designators are defined as follows:

a. An "i" (impetus) preceding the phase designates a sharp or sudden
beginning of the phase motion. Direction of first motion is discernible on all
"i'"" phases.

b. An 'e' (emersio) preceding the phase designates an emergent phase
motion. The direction of the initial break cannot be positively determined.

c. An '"i" or "e' alone designates an unidentified phase of either an
impetus or emersio arrival.

3.1.4 TIME

The arrival time of each phase is given in Greenwich Civil Time (G. C. T.).
Arrival times indicate that time at which phase motion is first detected.
Arrival time is measured to the nearest one-tenth second for initial arrivals
recorded by the short-period system, and to the nearest second for all other
Phases on both systems. The direction of motion for iP arrivals is also noted
in this field: either C (compression) or D (dilation) will appear immediately
to the right of the tenths of second column.
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3.1.5 INST

The seismograph channel from which the data were taken. The symbols used
to designate the seismograph channels are given as follows:

Z Benioff short-period vertical
JZ Johnson-Matheson short-period vertical
R} Short-period radial (horizontal)
Tl Short-period transverse (horizontal)
LZ Long-period vertical
¢ LR} Long-period radial (horizontal)
. LT Long-period transverse (horizontal)
Y
~ 3.1.6 PER

The period, in seconds, of each phase. When possible, the period is determined
from the first full cycle of the phase; otherwise, it is taken as the average period
of the first three cycles. The digits 999. 9 appearing in the period columns indi-
cate that the signal period could not be measured.

3.1.7 AMP

This column contains the amplitude of the phase given in millimicrons (mp)
of ground displacement. The digit in parenthesis indicates the power to which
the multiplier 10 is to be raised. For instance:

30.0 (2) =30 x 10% = 3000 mu
30.0 (1) = 30 x 10(1) =300 mp
30.0 (0) =30 x 10° =30.0 mu

All amplitudes are corrected for instrument response and are reported as
one-half the peak-to-peak value. Amplitudes are measured from the largest
pulse within the first 3 or 4 cycles whenever possible. The digits 99.9 (9)
appearing in the amplitude columns indicate either a ''clipped' signal or a
trace amplitude too large to measure. When amplitudes are not calculated
because of insufficient calibration data, the amplitude columns are left blank.

*Bulletin sites during
January 1964

Table 1 gives the instrument orientation of the horizontal seismometers.

Figure 5. Bulletin Sites



Bulletin site information

Table 1.

Seismometer orientation
(Azimuth from true

north in degrees¥)

Site coordinates Elevation

Trans-

Site

in km Rock type

in deg, min, sec

verse

Radial

Site designation

code

0.53 Limestone

32
55

41

49
11

230
61

140

Grafenberg, West Germany

GG GR

12
03

17 0.56 Glacial Drift

58
31

228

138

Oslo, Norway

OO0 NW

51

10
16
68

Limestone

3.99

15
28

231

141

Bolivia

La Paz,

LZ BV

47

315°

#* When earth moves in direction shown, trace
moves up.

2=
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3. 1.8 BIST

This is the distance from the recording station to the epicenter. All reported
distances are calculated based on geocentric coordinates. Distance is given to
the nearest one-tenth of a degree for distances up to six degrees. Beyond six
degrees, calculations are made to the nearest one degree. Distances computed
for unassociated data are determined from the S-P intervals. In some instances,
surface groups are recorded which have traveled the major arc from the epicenter
to the station. In such cases, the major arc distance is given.

3.1.9 MAG

The ma gnitudes provided are bodv wave magnitudes, m, , as defined by Gutenberg
and Richter.” They are determined only from the short-period vertical com-
ponent of the P phase (initial arrival). The following equation is used:

m, = log, (A/T) + Q

I

where

m, = Body wave magnitude

>
1l

One-half P-P earth amplitude of P phase,
in microns

= Period of P phase, in seconds

T

Q = Depth-distance factor for PZ given by
Gutenberg and Richter?Z, for distances
greater than 16°,

Magnitude computations for distances less than 16° are based on extensions
of the Q table. Points from 10° to 16° were read from a curve in the Gutenberg-

Richter paper, and an inverse cube relationship was used to extrapolate from
2° to 10°.

The average magnitude (sum of station magnitudes/number of stations) is listed
on the last line of an epicenter print-out.

When possible, magnitudes are computed for foreshocks and aftershocks as well
as for the main event.

2
Gutenberg, B., and Richter, C. F., 1956, Magnitude and energy of earth-
quakes; Amn. Geofis., vol 9, pp. 1-15.

1 s



3.2 ADDITIONAL INFORMATION

The notation FS located between the phase and the time columns calls attention
to a foreshock recorded before the main event.

The notation AS located between these columns calls attention to an after-
shock recorded after the main event.

4. INTERPRETATION OF UNITED STATES COAST AND
GEODETIC SURVEY DATA

The epicenter data reported by the USC&GS precedes each list of associated
phases. This information appears as follows:

Line 1 (from left to right)

First group: Day of the month
Second group: Origin time of the event
Third group: Geographic coordinates of the epicenter
Fourth group: Geographic description
NOTE

An asterisk (*) following the origin time indicates
epicenters believed accurate to 1/2° in latitude and
longitude and to 50 km in depth.

Line 2 (from left to right)

First group: Depth (h) of the hypocenter in kilometers

Second group: Magnitude (MAG) as determined by Pasadena
(PAS), Berkeley (BRK), Palisades (PAL),
or USC&GS (CGS)

1P
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NOTE

MAG. (CGS) is m, of Gutenberg and Richter from the
P phase only. The magnitude quoted is an average
value determined from data forwarded by cooperating
Standard stations and other observatories.

5. REMARKS

The Geotechnical Corporation routinely receives and preprocesses data
collected from three overseas field stations. Information on background
levels, magnification levels, operational procedures, available records,
and other data can be provided to interested organizations. Requests
for such information should be made to the attention of:

The Geotechnical Corporation
3401 Shiloh Road

Garland, Texas 75041
Attn: Mr. J. M. Whalen

.
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STA PHASE

04 22 13e*

05

09

09

09

Lz

| 4

Lz

i2

LZ

LZ
L2

i4

| 274

Lz

14 26%

14 0148

43 595

45 2847

eP
el

eP

21 S5Se4

eP'1
epPi2
epPi2

eP
el

i6 2Be*
eP

iP

TIME INST
43.7 N 1263 W
H =033 KM MAG
374 N 1427 E
H =033 KM MAG
19.1 S 169s5 E
H =247 KM MAG
18e¢2 N 1059 W
H =033 KM MAG
23-9 S 67'4 w
H =200 KM MAG
09 47 1840 J2
09 48 44 R
11 05 373 JZ
11 26 5842 JzZ
06.8 S 1298 E
H =096 KM MAG
12 41 362 Jz
12 41 41 Jz
12 41 43 Lz
12 41 49 Jz
i2 42 i2 JZ
12 42 12 Lz
i4 10 5147 JZ
i4 13 28 B 5
414 S Thel4 W
H =033 KM MAG
14 21 570 Jz
14 18 51.0C Jz

fa

. PER

AMPL

DIST

OFF COAST OF OREGON
CGS

3.70"‘

Ee COAST HONSHU: JAPAN
4e10- cGS
NEW HEBRIDES ISLANDS
4 440~ CGS
OFF CST JALISCO4 MEXICO
46840= CGS
NORTHERN CHILE
4s.10= cGS
o4 263 840
0.8 1.9
+ 8 {0
1 13
BANDA SEA
S5 70= CcGS
1e5 1.0 (2) 15140
2 B Y 3.1 (2)
17 1.2 (2)
1e1 1.5 l2)
145 2.3 (2)
21 2.2 (2}
¢4 343 (O)
io 2.7 (3)

NEAR COAST SOUTHERN CHILE

44 70=

lel

a

CGS

15

8.0

(1)

t1)

2640

1s46

MAG

4450

DAY

STA PHASE
14 18 5349
LZ eP
eS
eSS
elLQ
eLR
Lz &5
15 49 479
Lz &P
el
Lz tP
16 43 08.%
LZ eP
L e
17 26 435
LZ eP?
e SKP
e
eSS
elLR
LZ eP
LZ iP
eS
19 45 45,%

TIME INST
0443 S 10549 W
H =033 KM MAG
14 26 1940 J2
14 32 20 L+
14 35 11 L
14 36 15 LT
14 37 45 2
14 19 13 R
55«9 S 271 W
H =033 KM MAG
15 58 45.2 Jz
16 17 06 Lz
16 19 2847C Jz
37«7 N 1125 W
H =015 KM
16 44 26,9 Jz
16 44 40 Jz
45¢4 N 1519 E
H =045 KM MAG
17 46 0243 Jz
17 49 08 Lz
17 50 57 LZ
18 06 47 LY
18 34 30 Lz
17 53 23.9 JZ
18 00 41.3D Jz
18 01 06 R
23.0 N 1059 W

H =033 KM MAG
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PER AMPL Disf MAG
GALAPAGOS tS8LANDS
4 ¢ 60= CGS
1 143 (1) 3940 4462
13 1e5 t3)
23 2.9 (3}
24 1e8 (39
23 1e4 (3)
045 301 (1) 146
SANDWICH 1SLANDS
5e40- CGS
+9 846 (1) 5140 5¢72
25 2.8 (2)
o6 6ot 1)
SOUTHERN UTAH
1 2.9 41}
9 28 (15
KURILE ISLANDS
6600~ PAL
1e6 6.6 (1) 13540
17 7e6 (2)
26 1¢1 (3)
22 1.6 {3}
23 1e3 (3}
.8 1«0 (1)
3 leg (2) 19
Oe7 3e3 (1)
SINALOAs MEX1CO
4 ¢00=— CGS
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DAY STA PHASE TIME INST  PER  AMPL DIST  MAG DAY STA PHASE TIME INST  PER  AMPL Dtst  MAG
i 26 02 325 0362 S 1397 E WESTERN NEW GU INEA 2 L? eb 25 {2 6047 J3 { siz LY
H =033 KM MAG 6e30= CGS
3 00 45 2044 05¢9 S 1467 E NORTH EAST NEW GUINEA
i Lz ePt1 20 22 2.1 Jz 9 3¢4 (1) 14640 H =034 KM MAG 4460~ CcGS
e 20 22 36 J2 1 449 (1)
el 21 13 45 Lz 26 2.0 (2)
3 00 59 33.8 08¢5 S 1574 E SOLOMON 1SLANDS
H =061 KM MAG 4480~ CGsS
H =040 KM MAG 4 4204 CGS
3 LZ eP 01 11 3440 Jz 2 362 (1) 240
eS 01 12 00 R Oe¢7 8e6 (0}
1 22 42 2740 45.5 N 1517 E KURILE 1SLANDS
H =045 KM MAG 4470~ CGS
3 03 18 0244 23¢4 S 18040 F1Ji ISLANDS REGION
H =509 KM MAG 4450~ CGS
N 53 40 44el 45.5 N . 1519 E KURILE ISLANDS
H =060 KM MAG 4450= CcGS
3 LZ el 04 29 09 Lz 18 15 (2)
_ 3 Lz P 04 36 34.7D Jz 4 245 (1) 043
2 00 i1 15&% 06«1 S 105¢i W SOUTHWEST OF GALAPAGOS 1S éS 04 36 41 R 044 1e2 19
H =033 KM MAG 4440~ CGS
3 05 20 33.% 194 S 69¢2 W NORTHERN CHILE
2 03 01 5345 53,0 N 1596 E KAMCHATKA H =062 KM MAG 4410« CGS
H =040 KM MAG 4490~ CGS
3 LZ eP 05 21 2347 Jz 9 1el 1) 342 3491
> 05 2{ 00.5 S4.6 N 1615 E KAMCHATKA e 05 21 29 42 1 241 (2)
H =033 KM MAG 4490~ ¢cGs el 05 22 14 Jz 8 8.6 (1)
el 05 22 14 LR 20 69 (2)
2 06 32 589 216 S 68e2 W CHILE BOLIVIA BORDER
H =110 KM MAG 5,10= cGs 3 06 14 2444 069 S 128¢7 E BANDA SEA
H =033 KM
2 17 28 3545 364 N 71«1 E HINDU KUSH
H =233 KM MAG 4480~ cGs 3 LZ eP 06 59 2740 JZ «8 10 (1)
» 18 i6 123 D31 S 13040 E CERAM 3 07 14 S54.2 071 S 1290 E BANDA SEA
H =033 KM MAG 4430~ CcGS H =157 KM
2 19 15 239 08e4 S 1571 E SOLOMON ISLANDS 3 LZ epPn1 07 34 2842 Jz ¢4 244 (1) 15140
H =033 KM MAG 5,50 CGS e 07 34 33 JZ o4 1«0 (2)
epi2 07 35 10 J2 1.6 (1)
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2 19 48 379 35=gt4 Kél A G cad 3 LZ eL 13 01 34 L2 26 2.7 (2)
16 17



DAY

L WL

&TA PHASE
Lz ebP
e8

i3 27 445

Lz
L2

Lz

ia

i6

17

LZ

21

GG

Lz
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Lz
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eL

41 47e
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20 54.0

tP

24 5643

ept1

eP

48 0546

ep

el

12 09.%

TIME INST
i3 23 5040 2
{3 24 23 R

05.0 S 773 W

H =033 KM MAG

13 29 25.4 Jz
13 34 16 JZ
14 12 55 Lz

4448 N 1515 E

H =033 KM MAG

36.0 N 713 E
H =i{23 KM MAG

S28 N 1731 E
H =033 KM MAG
18 12 48.2C JZ
2044 S 1782 W
H =820 KM MAG
21 43 57.0 7.4
21 45 051 JzZ
5340 S 21e2 E
H =033 KM
21 59 55.3 Jz
22 00 i1 J2
22 39 51 Lz
21 51 44 Lz
015 S 793 W
H =033 KM MAG
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PER
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0.3

AMPL DisT
W of !i} 246
2.5 (1)

NORTHERN PERU
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o 7

le2
20

CGS
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1e3 (1)
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4450=
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4490~ CGS
« 9 1.8 (2)
F1Jl I1SLANDS
5e30~ CGS
0«9 1.6 (1) 15060
1 13 (1)
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30 3.5 (2) 10340
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4640~ cGS

MAG

Se i

DAY

STA PHASE
LZ eP
el
03 41 2246
GG elLR
00 ebLR
Lz eL
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00 eP
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00 el
GG elLQ@
elLR
00 el
17 40 23.3
21 12 09.3
LZ eP

TIME INST

22 16 2045 Jz

22 23 05 LZ
034 S 1492 E

H =033 KM MAG

04 45 06
04 47 22
04 51 08

04 25 39

2146 N

LZ
Lz
Lz

Lz

1218 E

H =033 KM MAG

11 19 20
11" 31 43

44 44 N

LR
LZ

1508 E

H =050 KM MAG

16 28 24.4 Z
21«7 N 1218 E
H =033 KM

17 25 20 LR

17 31 03 LR

17 37 20 Lz

17 35 16 LZ
05¢5 S 15040 E

H =117 KM MAG

529 S 20«9 E
H =033 KM
21 24 00.0 JZ
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9 549 [0) 1840 3475
i7 148 23
B1SMAREK SEA
4430~ CGS
25 4.7 (2) 12240
23 76 (2) 11440
21 3.9 (2) 13840
24 3.2 (2)

OFF SOUTH COAST OF TAIWAN

4470= cGs
31 9«7 (2) BleO
21 2.6 (2) 8640
KURILE 1SLANDS
4470~ CGS
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32 8.0 (2) 8140
20 3.6 (2) 10940
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i7 1¢5 (3)

NEW BRITAIN

5020"' CGS

BOUVET ISLAND REGICN

«9 1e7 (1) 7740 5.09
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DAY STA PHASE TIME INST PER  AMPL DIST  MAG DAY STA PHASE TIME INST  PER  AMPL pist  MAG
" 21 24 05 Jz 49 244 ) 5 LZ eLR 14 37 36 L7 33 6.0 150 é8:6
elLa 21 44 40 e 24 2.0 (2)
NE-) 21 49 {0 Lz 29 4ess (2)
5 15 17 43.6 4341 N 144e4 E HOKKAIDO) JAPAN
. H =110 KM MAG 4430~ CGS
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H =033 KM MAG 4410~ cGs
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eSKS 16 50 00 Lr 15 2.9 t2)
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H =061 KM MAG 4430~ CcGS e 17 04 45 LR 37 3.8 (3)
eLR 17 10 40 Lz 32 3.1 {3)
5 GG eSS 17 09 50 LT 30 549 (2) 15740
5 LZ eP 07 16 1447 Jz 1 17 (1) 2240 4438 sl 17 26 02 L 0 Bea |2}
elR 17 46 32 Lz 30 7.1 t2)
5 00 eSS 17 10 55 LR 25 9.6 (2) 16340
5 08 57 223 32.5 N 14ie7 E SOUTH OF HONSHUs JAPAN eSSS 17 17 22 LR 22 1e6 (3)
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