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Abstract

Body wave magnitude m,, in EDR (Earthquake Data Report) of
USCGS for earthquakes with shallow forcal depth (H<50 km) determined
at near and regional epicentral distances (5°<4<30°) deviates signifi-
cantly from the magnitude of the same events determined at teleseismic
distances (4>30°). Overestimation of magnitude by as much as 0.5 to
1.5 magnitude units in the epicentral distance ranging between 5° and
13° relative to the magnitude at teleseismic distances shows that the
zone of low amplitude signals predicted by Gutenberg and Richter
(1956) in that distance range does not exist as a worldwide phenome-
non. Available distance range of the calibrating function Q(4) pro-
vided by Gutenberg and Richter as a worldwide standard should be
limited to the distance range of more than 20°.

Regional correction factor as a function of epicentral distance sub-
tractive from the calibrating function Q(4) are calculated for the five
reference stations, College/Alaska, Tonto Forest/Arizona, Caracas/
Venezuela, Port Moresby/New Guinea and Rabaul/New Britain Island.

1. Introduction

There are two independent estimations of the calibrating functions
for body waves, i.e. the @-functions of Gutenberg-Richter (1956) and
the g-functions of Vanék-Stelzner (1960). Comparison of the B function
with the @-function for PZ component shows fairly good agreement
between the two in the epicentral distance range between 20° and 100°
in spite of the fact that the Q-function was constructed as a worldwide
standard and S-function as a European standard (Fig. 1).

Recently, Carpenter et al. (1967) computed an amplitude-distance
curve by using a least-squares program for short-period P waves at
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Fig. 1. Comparison of B-functions with On,Gutenber,g and Rwhter_s
Gutenberg-Richter’s @-functions for PH, PV and  unified magnitude scale. This
SH (a-.3rd approximation of p-funections, b-1st is not applicable to the case
approximation of f-functions, c-Q-funetions) (After s . .
Vansk, J. etal., 1960) of Cleary’s analysis, since
Cleary measured the ampli-
tude of the first peaks. Nevertheless, comparing the Cleary’s curve with
the Gutenberg-Richter’s curve, it is worth noticing that the agreement
between the two is very good for the broad distance range, though the
values caleulated by the least-squares program show much less fluctuation
in amplitude between 30° and 80° (Fig. 3).
The circumstances mentioned above suggest that the @-function for
PZ component is available as a worldwide standard calibrating function
for magnitude determination in the epicentral distance range between
30° and 100°, when we ignore the small partial departures from the
amplitude-distance curves derived by the different authors with different
source recordings and analytical procedures. Thus, in the following
analysis, we select the five reference stations (Table 1) and re-evaluate
the magnitudes of the earthquakes around them (Table 2) by use of the
amplitude data at the stations between 30° and 90° based on the Gutenberg-
Richter’'s magnitude determination system to see the regional deviation
of magnitude values.
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2.

Material Used

Preliminary Determination of Epicenter (PDE) or Earthquake Data
Report (EDR) of USCGS is used, which includes both magnitudes for
the individual stations calulated from the maximum amplitude A of the
initial P wave group and its period and the average of them usually

noted as ‘“ USCGS magnitude’” mse.

Shallow earthquakes (H<50km)

with epicentral distances less than 30° from the following five reference
stations in Table 1 are selected from EDR for the period of 1965-1967

and tabulated in Table 2 in
order of their epicentral
distances. In Table 2, the
following items are included,
i.e. (A) Year, (B) Month,
(C) Day, (D) Origin time, (E)
Depth in km (ND: probably
shallow, ND*: Automatical-
ly restricted to 33km), (F)
Epicentral distance 4 in de-
grees, (G) Azimuth measured
from north clockwise from
the epicenter to the station,
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Fig. 2. Amplitude-distance curve with con-
fidence limits from least-squares analysis compared
with Gutenberg and Richter’s curve for surface

focus (after Carpenter etal., 1967)

Jefferys-Bullen travel
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tude:
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Megs,

Table 1. Location of the reference stations
No. Station Name Abbreviation Latitude Longitude Height
1 College, Alaska COL 64° 54/ 00”/. 0N [147° 47/ 36””.0W | 183 m
2 Tonto Forest, Arizona TFO 34° 17712, 0N 111° 16’ 03’7. 0 W!| 1609 m
3 Caracas, Venezuela CAR 10° 30/ 24”7, 0N | 66°55/39”/.5W| 1035 m
4 Port Moresby, New PMG 9°24/337.0S [147° 09 14”7.0E | 7T0m
5 Rabaul, New Britain RAB 4°117337.08S |152°10/16”/.0E | 184 m
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Fig. 3. Amplitude-distance curve with confidence limits from least-squares
analysis compared with the Gutenberg and Richter’s curve for surface focus (after
Cleary, J., 1967)

the distance of 80°<4<90°: m,, (L) dm=m,—m, (M) EDR No. and
Page and (N) Region name abbreviation.

3. Regional Magnitude Deviations

The amplitude-distance curves derived by different authors including
the Gutenberg-Richter’s @-function for PZ component show fairly good
agreement between them for epicentral distance ranging from 30° to 90°
or up to 100° as described previously. This circumstance permits us to
use the @Q-function as a worldwide standard calibrating function for the
magnitude determination at teleseismic distance from 30° to 90° in order
to re-evaluate independently of the USCGS magnitude mys in EDR
taking the average value of the individual station magnitude m, at the
epicentral distance of 30°<4<90°. The effect of regional variations of
amplitude on magnitude values caused by the regional difference of the
vertical velocity structure in the crust and upper mantle will be largely
removed by this procedure.

Regional magnitude deviation factor dm(d) is introduced to see the
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Table 2. List of earthquakes
1. Earthquakes around COL (4<30°)

AlBlc|, 2 E | Fle|H|1|J | K |L|M|N

66 IDEC| 23 [164007.6) ND* | 5.5 |348.5 |—0.8 | 4.5| 5.1| 4.3| 0.8 91PI6GFAL
66 |J AN| 15 [160802.3 33 | 5.7 346.9| 0.0| 4.4| 4.9| 4.0 0.9 04P12GFAL
66 [JUN| 03 112206.8 14 | 5.7| 2.1| 0.5 3.7| 5.0| 3.7| 1.3 46P02ZKNPN
66 |SEP| 13 (053001.4 ND*| 6.8 |24.2|—0.2| 43| 55| 41| 1.4 65P30lALPN
66 MAR| 23 |071507.5) ND* | 7.1| 6.2 —0.7 5.1| 8.9| 1.2 17P35|G FAL
66 [MAR 19 |061047.0 02 | 7.6 |16.9 —0.6 | 4.6 | 5.0 | 4.3| 0.7 1ISP24KOD I
66 [J AN| 01 084151.9) 32 | 8.1[19.4| 0.0| 4.4| 4.7| 41| 0.6 [01P02KODI
66 [APR| 11 [182611.8) ND* | 8.2 |17.1 |-1.4| 4.9| 5.3 | 4.9 0.4 [20P42KOD I
66 [APR| 08 1091909.6 ND* | 8.3 |12.4 —1.7| 4.7| 5.5| 4.4| 1.1 22P17KOD I
66 |APR| 22 101550.6) ND* | 8.3 |11.9 |—1.0| 4.9| 55| 4.6 | 0.9 [24P2/KOD I
66 MAR| 07 202133.00 ND* | 8.3110.5 —0.8] 5.0| 5.2| 4.5| 0.7 [16P12KOD I
66 [APR| 13 |003158.2f ND* | 8.3 [11.9 |-2.2| 4.8| 5.0| 4.2 0.8 23P17KOD I
66 MAR| 04 [141930.5) ND | 8.4 [16.6 —2.4| 4.8| 52| 4.6| 0.6 [15P12K0OD I
66 |APR| 16 (044044.9 ND* | 8.4 |17.3 —1.2| 45| 4.7| 4.4| 0.3 [22P30KOD I
66 [APR| 16 012715.3 ND* | 8.4|17.0 |-2.3| 5.7| 6.2| 5.6| 0.6 22P28KOD I
66 APR| 08 221059.3 ND* | 8.4]12.1|-1.9| 5.1| 5.4| 4.9| 0.5 20P36/KOD I
66 [APR 09 1200888.6/ ND* | 8.5[12.3|-1.2| 5.5| 5.7| 5.2| 0.5 22P22KOD I
66 APR| 22(072347.6) 09 | 8.5[12.3|—0.3| 4.7| 5.0 4.2| 0.8 |23P15K0OD I
66 [APR| 11 [230024.0 ND* | 8.5 |12.1|—2.4| 5.4| 5.9 52| 0.7 [21P30KOD I
66 [APR| 09 201744.5 ND | 8.6 |12.7|—1.1| 5.1| 5.3  4.8| 0.7 |22P22K0OD I
66 [NO V| 19 |163903.2, ND* | 8.6 [17.9 |-1.2| 45| 5.1| 4.4 0.7 |83P14KOD I
66 [APR| 09 084815.2 ND* | 8.6 |13.3|—0.6 | 4.4| 4.8  4.1| 0.7 |22P21KOD I
66 APR| 06 222838.7 ND* | 8.9 |18.6 |~1.4| 5.5| 5.8 4.8 1.0 |20P34KOD I
66 'J AN| 08 |203014.3 ND* | 9.2(23.9 |—1.1| 4.4| 4.6 4.2 0.4 |02P10ALPN
66 |0 CT| 10 [211734.5 ND* | 9.4 328.2 |—3.1| 4.8| 5.4| 5.0| 0.4|15P12SALS
66 |J AN| 22 |142707.9| ND* | 9.4 |15.5 |—3.4| 5.8| 6.3| 5.5| 0.8|08P11/SALS
66 MAR| 25 215926.4) 22 | 10.3 329.1 |-3.8 | 4.7| 4.9| 4.6 0.3 19P20SALS
66 AP R| 29 |014642.6) ND* | 12.2 | 20.5 |-7.5 | 5.2| 5.4 5.2| 0.2 |25P21/SALS
66 |J AN| 10 [001726.8) ND* | 12.6 | 27.8 |—0.5| 4.5| 4.5| 4.5| 0.0 [04POSALPN
66 MAY| 19 070626.8 28 |13.5|30.7|—0.4| 5.8| 5.6| 5.5| 0.1 32P19UNMI
66 [MAY| 19 001834.7 35 |13.5|30.0 |—0.1| 4.4| 4.6 | 4.2| 0.4 B4PIAUNMI
66 |SEP| 16 [171039.0, 34 |13.6 | 28.7 |—0.2| 4.9| 5.0| 4.7 0.3 65P32UNM I
66 [AUG| 22 111012.8 35 | 18.7|29.6 |—3.9| 4.5| 4.8| 4.4| 0.4 62P2l|UNMI
66 |[APR| 13 [111750.9) ND* | 14.3 | 33.1 |-0.3 | 3.9 | 3.8| 3.9 |—0.1 25P05FOX I
66 (MAR| 29 225715.5 ND | 14.3 [32.0 |-0.2 | 4.3 | 4.1| 4.2|-0.1 20P15FOX I
66 [APR| 28 064116.7 ND* | 14.4 [ 82.2 |—0.1| 5.0 | 4.0| 4.4|—0.4 20P11|FOX I

(to be continued)
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Table 2.
(continued) “
D
A| B | C hms E F G H I J K L M N
66 |J UN| 23 1130625.5/ 16 15.133.6| 01| 4.2| 4.0| 4.1 |-0.1 46P17FOX I ¥
66 IMAY| 07 032646.3 45 15.133.5| 0.0 4.9| 4.3 | 4.9 |—0.6 30P16§FOX 1
66 IMAY| 15 |043410.9 ND |15.3{33.6 | 1.0| 4.7| 4.3| 4.6 |—0.3132P15/FOX1I .

66 |J UN| 11 142543.7 ND |15.3 |33.1| 1.8| 4.1 | 4.0 | 4.1 |—0.1 44P0TFOXI
66 |J UN| 16 {152951.7) ND |15.3 |33.0| 1.6 | 4.1 | 4.0| 4.1 |—0.1 46P10FOX1I
66 MAY| 16 231634.8 15 15.4133.5| 03| 46| 45| 4.6 |—0.1 35P05FOXI
66 MAY! 05073958.2 ND |15.4(383.7|—0.2| 4.3 3.8| 4.3 —0.5 30P10FOX1I
66 MAY! 05 |075115.6t ND |15.4 (34.0| 0.2 4.1 | 3.5| 4.1 |—0.6 30P11|/FOXI
66 MAY| 14 |093358.7] ND |15.5|383.6| 0.4| 4.1 3.9| 4.1 |-0.2 32P13FOX1I
66 MAY)| 04 202583.0, 25 15.6 | 34.2| 0.2} 43| 4.2| 4.4|-0.2 30P09FOX I
66 IMAY| 16 |183946.4 ND |15.6 | 33.6 |—0.6 | 4.0| 3.5} 4.0[—0.5 |33P15|{FOX I
66 |MAY| 05 |002227.3 25 15.6 | 3431 0.4 4.7| 4.7 4.7} 0.0 28P15FOX I
66 MAY| 13 171653.9 ND |15.6 | 383.5 —0.2| 4.0 | 3.7} 3.8|—0.1 32P12FOX1I
66 \MAY| 06 091042.6 25 159 1336 051 4.1 | 3.6| 4.0|—0.4 30P15FO0X1I
66 |APR| 23 180512.6) ND* | 15.9 | 32.3 |—0.7 | 4.8| 4.5| 4.5| 0.0 |24P31/FOX I
66 |APR| 25 074811.4 ND |16.232.9| 0.5| 4.8| 3.4| 4.3 |-0.9 [27/P11/FOX I
66 [SEP| 02 221450.9) ND |16.3 | 34.7|—1.6 | 4.9 | 44| 4.9|-0.5 68P0SFOX I
66 INOV| 16 |231609.1 ND |16.6 |35.5| 1.9| 4.9| 4.2| 4.9 (—0.7 81P16FOX I
66 |OCT| 04 043239.1] 35 16.6 ({329 0.7 43| 35| 4.3|—0.873P11FOX I
66 |INO V| 11 |153104.2 38 16.7 | 82.6 |—1.0| 5.4| 53| 5.8[—=0.5|719P30FO0X I
66 |[FEB| 16 [115814.2 47 16.8 133.3 1—0.2 | 4.8| 4.2 4.8|—-0.6 |09P44FOX1I
66 |J AN| 20 [163219.9 19 16.8 133.2—-04 | 5.3| 4.2 | 4.8|-0.6 05P16FOX1I
66 |J AN| 14 |215549.6) ND* | 17.4 1 31.0 |[—2.5 | 4.4| 3.9 4.4|-0.5 056P1I0FOX I
66 |J AN| 31 /192018.6; ND* {17.9|382.8|—1.2| 4.6 | 4.1| 4.6 |—0.56 09P14FOX I
66 [MAY| 04 070936.9 ND* | 17.9 1 32.2 |—0.5| 3.9 | 3.7| 4.0 —0.3 381P0O7|/FOX1I
66 MAY| 25 165856.5) ND |[18.132.7| 0.1 | 4.1 | 3.8| 4.1 —0.339P05|FOX I
66 |[F EB| 04 083520.00 ND |18.1|36.0| 0.0| 3.7| 3.5| 3.8|—0.3 12P09ANDI .
66 [DEC| 29 1080706.1 ND |18.236.1| 0.6 | 4.1 | 3.7, 4.2|-0.5 96P09ANDI
66 [MAY| 25 215621.7 ND |19.236.2|—0.5| 4.6 4.2, 4.5|-0.3 39P05ANDI
66 MAY| 03 120653.8 20 20.0 1 37.2 |—1.3| 4.9 43| 4.7|—-0.4 32P05ANDI v
66 INOV| 17 [214555.9 ND 120.0 |36.1|—0.9| 4.1| 4.1| 4.2|—0.1 84P15J/ANDI
66 NOV| 15 [161907.4] 48 20.2 | 86.5|—2.0| 5.0 4.8] 5.0 —0.2 30P29ANDI
66 |APR| 19 |105956.8 ND |20.3]36.9|—0.4| 4.3| 4.2 4.2 0.0 25P10ANDI
66 |SEP| 23 215022.8 39 204 87.1| 04| 46| 4.1 | 4.5|—0.4 68P23ANDI
66 MAY| 28 215012.2 ND |20.6 | 38.0| 0.0 | 5.2| 4.6 5.0 |—0.4 35P24ANDI
66 MAY)| 15 1144606.5 31 20.7/37.9| 05| 5.8| 5.2| 5.8|—0.6 31P1ANDI

O = 00001 WN W O o>

©o

(to be continued)
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Table 2.
(continued)

AlBlcl, 21 e 7 6| m® 1|7 x|L | M| N
66 MAY)| 03 025208.8 30 2081379 04, 51| 4.0 4.8|—0.832P05ANDI
66 |J AN| 05 070157.5) ND* | 20.8 | 37.3| 0.4 5.0 4.7 46| 0.1 04P03IANDI
66 |J UN| 20 012412.9) 34 20.8/38.0 0.8 5.1| 4.7 5.1|—0.4 41P1TJAND I
66 (INO V| 08 |035008.2 41 20.9 1374 0.7| 4.7| 44| 4.6|—0.2 80P1RAND I
66 MAY| 17 091150.7] 15 209 1374 04| 44| 4.2| 4.3|-0.1 38P17]AND I
66 [IDE C| 18 (133315.5| 38 2091379 05| 45| 4.0 4.5|-0.5[91P11]ANDI
66 MAR| 25 125455.7) ND |21.2 38.5| 0.0 49| 4.4| 4.8|—0.4 20P11]/ANDI
66 NOV|21022232.5 ND |21.3(|39.2| 0.6| 4.6 48| 46| 0.2 89P04RATI
66 NO V| 15 000807.1| 43 21.4 385 —0.6| 5.0 4.8| 5.0|—0.2 80P28AND I
66 |APR| 18 [150733.5 ND | 21.5 | 38.1 |—0.7 45| 38| 4.4|-0.6 25P09ANDI
66 (J UL| 03 152127.9) 15 21.6 |39.11—0.4| 45| 45| 4.4| 0.1 46PI4RATI
66 |J UL| 03 013258.1 ND | 21.7 39.0 09| 43| 4.4| 4.2| 0.2 [49P12RAT]I
66 |APR| 11 234516.4 ND* | 21.7 | 38.2 |—0.6 43| 3.9 4.3|—0.412TP0O2RATI
66 |J UL| 01 045326.0 20 21.7|39.2|—0.5| 45| 45| 45| 0.0 49P10RATI
66 (O CT| 12 021229.1 42 21.8139.1| 2.0 4.4| 4.2| 4.5|—0.3 TAP12ZRATI
66 |J AN| 21 180330.6 48 21.8138.6| 0.6 4.7| 3.9| 4.4|—0.5 13P02ZRATI
66 FEB| 20 082757.8 48 21.8138.4| 0.0 4.0 3.9 4.0 —0.1 14P14RATI
66 |APR| 20 075705.4 10 22.11837.9|—0.1| 4.7| 8.8| 4.3|—0.5 30P0O5RATI
66 |J AN 27 [193904.5] 41 22.338.9!—0.5| 5.4| 5.0 5.3|-0.3 05P24RATI
66 |S EP| 02 005440.7, 14 2251389 0.0 5.2/ 4.7| 5.0 |—0.3 62P3TRATI
66  DEC| 25 230322.8 47 226|408 | 0.6 48 4.8 4.8 0.0 91P21RATI
66 OCT 09 033228.9 47 22.6 | 40.5|—0.1| 3.8| 39| 3.8| 0.1 [15P12RATI
66 |J UN| 01 (023356.3 15 228403 1.0| 5.1 | 4.5| 4.8|-0.83 35P26RAT I
66 DEC| 11 071459.5| ND* | 22.9 | 40.8 | 0.3 | 4.2 4.2| 4.2 0.0 B9P12RATI
66 |J UN| 10 042514.3 ND | 22.9 |41.5| 1.0| 4.9| 4.7! 4.8|—0.1 42P14NEA I
66 MAY| 02 232123.8 25 23.0141.2| 1.1 | 48| 43| 4.2| 0.1 2TPISRATI
66 |APR| 07 220846.8 ND* | 23.0 | 42.2|-0.5| 4.2| 4.2| 4.2| 0.0 22P16NEA I
66 |J UN/| 10 |191117.1] 45 23.1|42.6) 2.3 | 49| 4.9| 4.6| 0.3 44P06NEA I
66 |J UN| 02 032753.8| 41 23.21383.7(-0.9| 6.0 55| 5.8 —0.335P27RATI
66 MAY)| 13 075442.1 ND |23.2(39.5| 0.6 4.8| 4.3| 4.5 |—0.2 '35P03RAT I
66 /AP R| 08 234650.8 45 23.3 1424 11| 49| 46| 4.8|-0.2 2IP2TINEA I
66 MAR! 26 [133647.9| 44 23.4(89.4|—0.6| 45| 4.2 4.4/-0.2[21PO9RATI
66 |[APR| 11 |160541.6] 29 23.4 4281 0.9 5.2| 49| 4.8| 0.1 21P29NEAI
66 NO V| 08 113557.0| 41 23.41427, 1.0| 49| 5.1 | 49| 0.2 80PIS8NEAI
66 |[DEC| 09 164357.7| 21 23.4141.0| 15| 5.2 48 5.2|-0.4 |8BPI3NEAI
66 |IDEC| 09 |171207.3 17 2351409 051 4.7| 4.3| 4.8|-0.5 88P14NEA I

(to be continued)
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Table 2.

(continued)
AlBle w2 B |Fle|BH |1 |J|K|L | M|N
66 |J AN| 20 |144606.2 29 23.56143.8) 0.8| 5.4| 5.4| 5.2 0.2 05P15 NEAI
66 |SEP| 20 061348.0, 21 23.6 1423 0.6 4.8| 45| 4.5| 0.0 66P23INEAI
66 |J AN| 16 091150.0 25 23.6 |43.6 0.5| 5.7| 5.5} 5.4| 0.1 05PIONEAI
66 |J UN| 25 |213211.6 ND 23.6 | 445 |—-0.5| 4.6 | 45| 4.5 0.0 49P05INEA I
66 MAR| 02 |115120.7; 40 23.7142.8| 0.8| 53| 5.1 | 5.0| 0.1 11P30ONEAI
66 |[FEB| 25 [224955.8 ND [23.843.1| 0.9| 4.3| 4.1| 4.3 ~0.211P2INEAI
66 MAR| 08 232640.3 18 239|447 0.6 | 4.7 4.9| 45| 0.4 [14P3IINEA1
66 NOV| 13 |211004.2 ND* 24,1 {45.3| 0.5 | 4.7 4.7 4.7 0.0 85P08KOM I
66 |J UN| 12 |064908.9f ND |24.3(43.8|—-0.8| 451 4.9 4.2| 0.7 42P18NEA1
66 |J UN| 06 |145932.9, ND 2451495 | 1.51 43| 4.2 4.3 —0.1 40P11KOMI
66 MAY| 20 [114428.8] 46 247 147.7(-0.2| 53| 5.2 5.1 | 0.1 33P20KOMI1I
66 O CT| 24 |135344.5| ND 24.7 1476 0.3 49| 5.1 | 49| 0.2 83P03KOMI
66 |DE C} 23 |234927.3] 28 26.2 147.4/—0.2 49| 4.7 49|-0.2 91P1INEKM
66 |IDE C!| 23 |235609.0) ND* | 26.5 | 47.0 |—1.0 | 4.6 | 4.4 | 4.7|—0.3 91P1I8NEKM
66 (F E B| 05 (012532.1] 17 276 144.9|—-0.4| 45| 44| 4.5|-0.1 11P06|0 EKM
66 |F E Bl 20 [055809.6] 44 28.6 145.0 |—1.1| 4.9 | 44| 4.9/—0.5 12P23NEKM
66 |F EB| 05 [142445.0, 44 29.2 1446| 0.1] 5.2| 46| 5.1 ‘—0.5 }07P34NEKM

2. Earthquakes around TFO (4<30°)

AlBlc|, 2 e |FP|lGc|HB|I|J | K L M| N
66 IMAY| 10 011555.7| ND 58| 45|—2.0| 44| 40| 4.3|-0.3 831P12GLCL
67 IMAY| 10 (175933.4| ND 75| 86 —0.3| 43| 46| 4.8|—0.231P33GLCL
67 {APR| 10 [190025.6| 05 7.6 224.7 |—1.1 4.8 45| 4.9 |-0.4 27P20‘C LRD
66 MAR| 17 (114748.7| 38 7.81179.0 |—-0.4{ 45| 4.1 | 4.4(—-0.3 |16P20UTAH
66 |J UN| 29 |195324.1| 05 781989 |-2.1 49| 4.8| 5.0|—0.2 46P29CRCL
66 |J UN| 28 (040854.7, 05 7.8/98.8|—-2.2| 5.0| 5.1| 5.0 0.1 45P27/CRCL
66 |J UN| 28 042612.4] 04 7.8/99.31—-2.9| 5.8 5.2| 5.2| 0.0 456P28CRCL
66 |SEP| 12 |164101.7, 08 8.71122.9| 1.7| 5.4| 5.6 5.3| 0.3 67PI6§NCAL
67 [APR| 14 i100417.3| ND 8.8 1350.7 |—~1.0 | 4.1 | 4.5 4.2| 0.3 27TP32GLCL
66 [APR| 13 130735.6) ND 8.9 1349.5 |—3.5| 4.3 | 4.2| 4.3 |—-0.1 23P17GLCL
66 MAY| 18 032077.3 ND 9.4 1348.7 |-2.0| 5.83| 5.0 | 5.3|—0.3 833P18GLCL
66 MAY| 24 034952.8 2 10.1 1119.8 |—0.4 | 45| 4.5 | 4.3| 0.2 83TPOTNCAL

(to be continued)
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AlBlec, 2 sl rle B |17 x| L | M| N

67 |APR| 24 044517.5 ND |10.3 345.2 | 0.9 4.3 4.8 4.7 0.1 29P31GLCL
66 MAY| 24 054906.8) 01 |12.5(109.9 | 3.1| 5.2| 5.2| 4.7| 0.5 43P030CNC
66 NO V| 26 043057.9) ND | 12.8 113.6 | 4.3 | 4.6 5.6 | 4.7| 0.9 |83P200CNC
66 | DEC| 17 151630.5) ND* | 12.9 1113.3 | 3.8| 4.6 5.1| 4.2| 0.9 90P180CNC
67 |J AN 26 060433.9) ND |13.0 351.3 | 1.1| 5.3 5.9| 5.2| 0.7 08P26RGD I
66 |FEB| 06 202112.8 ND |13.3 112.5 | 4.3| 4.6| 5.0| 4.0| 1.0 12P1l0CNC
66 IMAY| 22 092922.7) 48 |13.3 350.8| 0.4| 5.2| 5.7| 5.0 0.7 33P23RGD I
66 MAY| 22 060630.3 28  13.4 351.5 |—0.2| 4.7| 5.1| 4.3| 0.8 35PI0RGD I
66 FEB 06 [101617.6/ ND* | 14.1 [109.9 | 3.2 | 4.8| 5.1| 4.4| 0.7 14P050CNC
66 (AUG| 11 144704.4 ND |14.5 352.5 | 0.4 45| 45| 4.9 |—0.4 50P20RGD I
67 |J AN 23 212413.0 ND |14'5 353.6 | 1.1| 4.4| 5.0| 5.0| 0.0 0TP25RGD I
66 |[AUG| 11 132537.3 ND |14.6 852.1 | 0.7| 4.6| 4.9| 4.6 | 0.3 59P20RGD I
67 |J AN| 80 024421.1) ND | 14.7 852.1 | 0.7 | 4.4| 4.6 4.7 |—0.1 |09P37RGD I
67 |J AN| 18 053434.8 ND |14.7 3515 | 0.3 | 4.3 | 4.3 | 4.9 |—0.6 07TPI4RGD I
66 |J AN| 24 052304.7 ND |14.8113.8 |—4.8 | 4.6 8.7| 4.4 —0.7 [08P160 CNC
66 |J AN| 14 055940.7 ND | 14.9 114.8 |—0.8 | 4.6 | 4.1| 4.4 [—0.3 b7P14l0CNC
66 NOV| 09 031827.7 ND |14.9 352.7 | 0.9| 4.2| 4.4| 4.7 —0.3 80P19RGD I
67 [FEB| 11 [122944.0 ND |15.1 349.7| 0.9 4.3| 4.4| 5.1 |-0.7 12P20R G D I
66 'J ULl 24 085239.3) ND |15.11350.7 | 0.3 | 4.8| 4.4| 5.3 |-0.9 5B4P15RGD I
67 MAY| 03 /003145.8 ND |15.11350.3 | 1.3 4.3| 4.4| 4.8|-0.4 B1P2RGD I
66 |J UN| 11 023738.7 45 |15.21350.1| 0.4 5.3 | 45| 5.3 0.8 41POYRGD I
66 |AUG| 08 080245.8 ND |15.21350.0 | 1.8 5.4 5.2| 5.4|-0.2 56P18RGD I
66 FEB| 07 074022.4 ND |15.4 350.8| 0.6| 4.9| 45| 5.0 0.5 09P28RGD I
66 |J AN| 28 101506.6) ND* | 15.5 121.8 | 1.8 | 5.2 | 4.0| 4.6 —0.6 06P220COR
66 |APR| 28 223005.1 18 |16.0 121.6 | 1.0| 5.0 4.4 5.1 —0.7 [24P330COR
66 (DEC| 20 075538.6) ND | 16.0 345.0 | 0.3 | 4.6 | 4.4| 5.0 |—0.6 90P210 CJ M
66 |APR| 05 060813.2) ND |16.0 [350.9 |~1.6 | 4.0 | 3.4| 4.6 |—1.2 120P30RG D I
66 [(DEC| 20 014501.5) ND | 16.0 344.8 | 0.1| 4.2| 3.7| 4.8 |—1.1 90P200C J M
66 [DEC| 20 022703.4/ ND |16.1 345.7| 0.2| 4.4| 43| 5.3 |—1.0 90P210C J M
66 |J AN| 04 023048.00 ND* | 16.1 (351.9 (~2.0 | 4.4| 85| 4.8 —1.3 02PO4RGD I
67 [APR| 04 181801.9) ND | 16.7 341.0 —0.6 | 4.5| 4.4| 4.9 |—0.5 27P13NC J M
67 |J AN| 17 005007.9) ND* | 16.7 120.5 | 1.6 | 4.0 3.4 4.1 |—0.7 06P090 COR
66 |SEP| 04 012822.8 ND | 16.8 (121.4 (0.5 | 3.9| 3.5| 4.4 |-0.9 68P070 COR
66 MAR 19 012336.8 ND |17.0 /119.6 | 4.1| 4.6 3.4| 4.0 |—0.6 16P210COR
66 |0 C'T| 24 [110534.00 ND* | 17.0 [120.7 | 1.6 | 4.2| 3.8 | 4.1 |-0.3 77P170COR
67 |J AN| 25 (2349475 ND | 17.4(120.0 | 3.3 | 3.8| 3.6 | 4.3 |-0.7 09P210COR
67 |J AN\ 26 082628.9 ND |18.4 117.7| 3.4| 4.1| 4.0 | 4.2|-0.210P140COR

(to be continued)
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66 |J UN| 16 085937.7) ND | 19.0 ‘341.7 1.3) 3.9, 38| 43 —-0.5 48P02100MM

66 |OCT| 13 023755.1 ND |19.9 1346.7| 0.8 | 4.2 | 3.8| 4.3|—0.5 T9P06OCMX .
66 APR| 06 [130245.2] 15 20.1 831.1| 1.3 4.1 8.9 4.3 |—0.4 22P09GRMX
66 |F E B| 20 [185957.1| ND | 20.1 331. 0 4.4 41| 4.7|-0.6 15PO5NCGM .

46| 45| 4.8|-0.317TP06 GRMX
4.0 4.0 4.0| 0.0 8OPO3BNCGM
4.6 4.6 4.5 0.1 TTPO6NCGM
3.8| 36| 3.7/—0.1 4P14NCGM
46 4.5 45| 0.0]12P1TNCGM
47 4.6 4.9(-0.3|09P4TNCGM
48 4.8 4.9(-0.1|18P22NCGM
4.6 4.7 45| 0.2 18P2T10XMX
48| 45| 4.9 —0.4 43P38OXMX
4.3 4.1 4.3(-0.2 47P04CHPM
3.7! 33! 3.7|-0.4 09P1110XMX
46| 48! 4.6, 0.2 05P210XMX
4.7] 4.4 4.8|-0.4 09P470XMX
3.9 41| 37| 0.4 538P0CHPM
48| 5.0 4.7, 0.3 09P45NCOX
4.7] 4.6| 44| 0.2[TIPIGNCOX
4.2| 4.3| 4.2) 0.18P2INCOX
47| 4.6 4.9, —0.3 24P383NCOX
4.4| 4.3] 4.5|-0.2 30P1T0CMX

67 |FE B| 17 1202319.1| 47 20.6 329.
66 (O CT| 12 [190404.6) ND | 20.8 311.
66 (O CT| 12 |185527.9| 25 20.8 329.
66 |J UN| 17 {130538.5) ND* | 21.2 331.
67 |[FEB| 11 044805.3] 34 21.2 1329.
67 |F E B| 11 042546.8] 38 21.2 1329.
67 |F E B} 19 [114639.8 25 21.4 329.
66 (NO V| 01 [145531.2 ND | 22.0 |327.
66 |J UN| 25 1231706.1] 40 22.5 [326.6
66 |J UN!| 15 1021947.8 43 22.5 [322.2
66 |J AN| 26 044508.4| 36 22.9 324.5
66 |J AN| 23 |005721.8 32 23.2 323.6
67 |F E B| 08 |193914.2 46 23.3 327.3
66 |[AUG| 03 [102438.9 ND* | 23.8 318.2
66 |F E B| 19 [020043.9] 43 24.3 323.8
66 |SEP| 30 070322.4] 46 24.4 1323.5
66 |INO V| 26 [105559.9| 44 24.6 324.1
67 |APR| 12 |143239°1) ND | 24.6 [323.8
67 |APR| 30 [132103.3) ND | 24.9 [345.3

!
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66 |SEP| 03 (162420.7 47 24.9 346.6 [—0 5.3 4.7 5.1 |—0.4 63P270 CMX
67 |APR| 02 [115829.7] 45 25.3322.6 | 1.4 4.5| 4.4| 4.7/-0.3 271POBNCCM
66 INO V| 04 063636.4 35 25.71323.9 1.1| 4.8| 4.7| 4.8|-0.1 [T9P21INCCM
67 |J AN| 18 (074813.0, ND* | 25.8 821.9 | 0.7 | 3.9| 4.2] 4.4 —0.2 07P15[NC CM
67 |J AN| 28 134300.9) ND | 25.8322.9| 1.0 | 4.3| 4.2| 4.4—0.2 09P2TNCCM ’
67 |F E B| 10 [223230.3| 50 26.11322.6 0.5| 4.0| 3.9| 4.1|-0.2 12P17INCCM
66 [DEC| 14 |065234.1) 26 26.2 322.7 [—=1.0| 4.4 4.1} 4.4 -0.3 90PI4NCCM
66 IDEC| 10 [141020.1] ND* | 26.31322.4 | 0.9| 4.2| 3.9} 4.3]—0.4 91POSNCCM -
67 |FEB| (7 090234.5) ND* | 26.3 1322.6 | 1.7 4.2| 3.8| 4.3 |—0.5 09P45NCCM
67 |APR| 14 [042504.3) ND* | 26.5 322.5 | 1.0 | 4.1 | 3.8| 4.3|-0.5 28P23NCCM
66 |IDEC| 10 [145627.9) ND | 26.6 [322.4 —1.4| 8.9| 3.6 | 4.0 |—0.4 91P06.NC CM
67 IMAR! 05 [213632.5) ND | 26.6 1346.0 |[—0.1 | 4.3} 3.9 4.4 ,—0.5 16P190CMX
66 |J UN| 23 133337.6 40 26.6 1319.7 |—-0.1| 4.2 | 4.0 4.2 |—0.2 46P14GTML

66 DEC| 11 065926.4 09 26.7 322.8 ; 0.3 45| 48] 4.5 /0.2 89P121OCCM

(to be continued)
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Al B |cC | WDl E ' F |G H I, J!|X|L|M| N
67 |J AN/ 03 !062527.81 ND [26.8 346.3(—-0.6, 4.1 8.9 4.2]—0.3/02P130CMX
66 (OCT!| 25 010840.2 ND | 26.8 344.9 —0.8 | 4.5 | 4.1 4.6 —0.5 78P140CMX
66 (O CT| 21 103323.7| 31 27.0 321.3, 0.5, 4.6, 4.5 4.71-0.2 {76P22GTML
66 |OCT! 21 [103616.7| 46 27132056 0.3| 4.7| 4.6 4.7 |—0.176P22GTML
66 |J UL| 14 232813.7| 48 27.31321.7 1 0.3 4.1 8.9| 4.0 |—0.1 48P24NCGM
66 |J UL 17 1204427.1) ND* | 27.6 322.3 | 1.1 | 4.1| 4.0 4.2 |—0.2 pTPO4NCGM
66 [AUG| 29 |178524.8) ND [27.8321.5| 1.5| 39| 3.9! 3.8 0.162P32NCGM
66 NOV| 26 I053837'21 ND [27.9344.9/-0.8] 4.2 4.0| 4.4]|-0.4 85P20]OCMX

3. Earthquakes around CAR (4<30°)

A| B C ‘h m s E F G H 1 J K L ’ M l N
66 [MAR| 06 ‘2104188 46 | 5.7|53.8| 2.4| 5.0| 5.8| 4.2| 1.6 |13P2,VNZL
65 |ISEP 11 221514.8 14 591539 2.1| 6.0 6.1 4.2 1.9 [72P31lVNZL
66 |IFEB i1734462 47 7.1158.3 —0.1| 45| 5.5 4.0| 1.5 13P14NCLB
67 MAY| 08 030627.1] 29 7.4159.6 2.0 44! 6.3| 4.4| 1.9 31P33‘NCLB
65 |[SEP ;()45941 0 ND 8.2176.4 1 —0.41 5.7 5.6 4.0 1.6 71P35]MNPS
67 [FEB| 2 041621 1 44 8.7|173.7| 0.4 4.8| 5.8! 4.8| 1.0 13P26MNPS
67 FEB| 18 ‘12512‘7 .8 22 8.7 1173.9 —1.4| 42 55| 42| 1.3 14P13‘MNP S
66 |S EP| 27 063433.2 24 8712252114 46 58| 46| 1.2 67P35 LWDI
66 |J AN| 13 '103051 1 41 8.8[1945| 0.4, 50| 5.7 4.9| 0.803P14VRGI
66 |SEP] 10 ‘215846 .8 28 8817356 —0.5| 4.7 5.8! 4.6 | 1.2 66P2T]MNP S
67 |FEB| 21 ’062939 8) 34 881735 —-0.1 4.2| .51 4.3 1.2 13P2TMNPS
66 |J AN| 15 063558.5) ND* | 8.9 1190.0 | 0.9 4.1 5.2| 4.2! 1.0 08P04PTRC
67 MAY]| 06 |140041.4] 39 9.2 161.0, 4.0 58| 6.2 5.3| 0.9 31P30DMRB
65 | DEC| 12 [093652.1 ND 9715461 0.1 42| 5.4| 4.2, 1.2 97P07CLMB
67 MAY, 22 062329.5 33 9.8 185.7 (—0.6 | 4.4| 5.5 4.4| 1.1[37TP2IINATO
67 |F E B| 13 (135321.0] 45 10.8|37.0 |-2.1| 4.7 55| 4.6 0.9 ({13P14CLMB
67 [AU G| 03 [082844.9] 40 10.9145.0) 0.2 4.1) 5.4| 4.0) 1.4 50P32CLMB
66 |F E B| 26 1003043.9] 35 11.2 1 67.6 |—0.1]| 45| 5.6 4.3| 1.8314P17NWCL
65 (AU G| 02 [191747.7) 35 11.4(77.9] 0.1 4.1 5.8| 4.1] 1.7 64P53PNMA
66 |J UL| 26 161705.3) ND* | 11.4 {66.7| 1.1 | 4.1} 5.3| 4.0| 1.3 55P11INWCC
65 [AUG| 16 121649.9 15 11.7162.7 |—-1.7| 5.1| 6.3] 5.0| 1.3 66P35NWCC
65 |[AU G| 02 204330.6) ND | 11.7{74.5(-1.9| 4.7| 59| 4.6 1.3J64P53PNMA

(to be continued)
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65 AU G| 02 184422.8‘ ND* | 11.7 | 75.4 |~1.4| 5.0 5.6 | 4.5 1.1 64P51]PNMA
65 {AUG]| 03 1195618.2 ND |11.7 ,76.0 —1.2! 45 59 4.4| 1.5 66P13PNMA
65 [AU G/ 02 [130456.8/ ND* | 11.8 | 74.6 |—1.8 | 4.8 | 5.9 | 4.8| 1.1 67P08’PNMA

65 |[AUG| 02 164330.9} |

02 12.0 | 74.2 |—4.5| 5.4 6.3 5.2 1.1 64P50PNMA
67‘ JUL| 14 073807.3 46 12.4172.1 0.5 43| 55, 4.2| 1.3 !45P46)S PNM
67 MAR/( 25 142913.6 35 13.0 | 75.3 |—0.7 | 4.7| 5.6 | 4.6 | 1.0 21P33SPNM
66 |[FEB| 04 "161556.2‘1 ND |15.6 |74.5|—0.1| 4.4} 4.6 4.3| 0.3 08P23 SPNM
65 |0 CT| 04 1062304.5/ 388 15.7 182.9—-1.3| 4.6 48| 4.4| 0.4 77P34PCBR i
67 |APR| 22 144321.4 40 15.8{80.8| 0.5| 5.0 4.9 5.0 —0.1 28P2TPNCT
66 |APR| 02 083427.6) ND |16.2 [ 71.3| 0.9 | 4.6 | 4.7 4.3| 0.4 20P23‘SPNM
66 /APR| 15 1064259.7 ND |16.3 | 69.4 |—0.3| 4.8 | 4.6 | 4.8 |—0.2 22P28 SPNM
66 (SEP| 16 122824.6 ND* | 16.3{70.1 | 0.7 4.5| 4.4 | 4.4| 0.0 72P06/SPNM
66 |APR) 01 {151951.8 39 16.4 169.7] 0.6 4.8 4.7 4.6 0.1 20P2SPNM
65 |OCT| 16 1142255.5 50 16.4 | 83.83 |—0.5 5.0 | 5.0 4.9 0.1 79P36‘C SRC
67 JUN, 22 |134948.7 ND |16.6 39.5{ 2.8 | 4.8| 4.8| 4.9 |—0.1 45P0SP BBR
66 |AU G| 09 {111239.4 35 16.7 (8.6 1.0 50 48 43| 0.5 56P19;CSRC
66 |APR| 09 023423.0' 40 17.0 | 85.0 ,—1.0 | 5.3, 5.0, 5.2 —-0.2 20P37‘C SRC
65 |[DEC| 28 1220452.0 14 17.0 1 36.0 ’—0.7 56| 5.1| 5.5 |—0.4 96P18‘PEBR
65 | DEC| 29 040824.1) 24 17.1 1 87.0 —0.2 | 4.7! 4.3! 461-0.3 96PI8PEBR
65 SEP| 06 211330.5 21 17.7 | 76.2 '—0.1 5.1, 53, 5.0, 0.3 70P58‘OCCA
67 |APR| 19 062657.9, 47 18.0 | 50.0 [—0.1| 4.5| 4.4| 4.4 0.0 29P20‘NCEC
66 MAR| 23 051132.5 DN* | 19.5 106.2 ]—1.3 53| 48| 52|-04 17P34ICRBS
67 |AUG) 09 071408.1 46 20.1 20.1[ 0.5 5.0 5.1 4.9 0.2 49P54P BBR
65 |AUG| 13 005442.7 34 20.83|43.5|—1.6| 5.1| 5.2| 4.8 0.4 65P35PEBR
65 |OCT| 18 |161740.6, ND |20.3 | 63.1|—0.2| 4.7| 4.9] 4.5 0.4 81P23:OCEC

67 |J UN! 10 180439.6 ND | 20.6 J256.0 —2.5| 4.9 5.2 4.8| 0.4 41P19tNATR

67 |J UN| 12 000506.5 ND |20.6 225.5] 1.9| 5.1| 5.1 5.1{ 0.0 40P35;NATR
66 |J UL| 22 194740.8 48 21.6 | 40.1 |—1.5| 4.9 49| 4.9 0.0 56POSNCNP .
65 IDEC| 10 025915.9, 30 21.8 13951 0.0 46| 4.7 4.5| 0.2 91P233NCNP
66 MAR| 03 101223.2, 34 22.7 248.1| 2.8| 4.7 4.7| 46| 0.1 13P22)NATR
66 |OCT| 20 222248.9 46 22.9 [ 122 0.4 45| 4.7 45| 0.2 TIP12ZPERU
66 |OCT| 21 103616.7 46 23.6 | 96.6 0.4’ 4.7 4.9 | 4.7 0.2 76P22~GTML :
66 |OCT| 17 [230422.1 39 23.9 1204 05 5.2 4.8} 5.21]-0.4 76P13’NCPR
66 |OCT| 17 [233237.7 ND (24.1,29.8,—0.1| 5.0 4.9, 4.9 0.0 73P23{NCPR
66 |OCT| 17 214156.3 38 24.1129.4| 1.6, 6.3 6.6| 6.4 0.2 78P2INCPR
66 |OCT| 20 235053.0! 21 24.2130.3| 2.3 47| 48| 45| 0.3TTP120CPR

66 APR| 03/001726.7 22 24.2 31.8[ 1.2' 4.7 47| 46| 0.1 20P25\OCPR
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66 OCT| 18 1010342.8f ND |24.3 129.8| 0.9| 4.5| 4.4 4.3 0.1 |75P20)NCPR
66 |OCT| 23 153254.2| 44 24.83129.8 0.3, 5.0 4.7 5.0 |—0.3 T6P29NCPR
66 'O CT| 18 |082607.7, 30 24.4131.81 0.2 4.9 4.8| 5.0 ]-0.2 77P10~OCPR
66 |[OCT| 18 |110203.8) ND [24.4|30.2| 04| 4.6 | 4.8 4.5 0.3 76P140OCPR
66 [OCT, 18 |125214.6! ND* | 24,5 /1 30.2 | 0.1 | 4.7| 4.8 4.6 | 0.2 76P150CRP
65 |J UL| 16 (1247183.2 ND |25.2 /67.5 1.0, 5.1 5.0 4.9| 0.1 64P13GLDI
66 |J UN| 10 |081325.8/ 22 26.7120.3° 1.9 5.0, 5.1] 5.0/ 0.1 42P15WCPR
66 |J UN| 19 154047.6 29 26.720.0 1.6 5.1} 4.9, 5.0 —-0.1 41PITWCPR
66 |J UN| 07 [005946.4! 48 26.8119.8|-0.5| 4.8| 5.1| 5.5 {—0.4 36P3TNCPR
66 |J ULl 06 000551.0; 07 27.0118.8| 0.5 5.1} 4.9} 5.0-0.1 46P30"NCPR
66 |J UNj 07 1032417.2’ 42 27.0119.7 1.1 49| 4.8 4.8, 0.0 36P38NCPR
66 |\SEP| 04 \053749.71 08 29.0114.4 |—0.5| 5.1 5.2| 5.1] 0.1 64P22§OCPR
4, Earthquakes around PMG (4<30°)
AlBlc,D " ® 'FiGe|®E | 1]J K |L|M, 6 N
67 |[FEB| 18 [023919,4 41 6.9 239.3|—0.6| 5.4 6.7} 53| 1.4 11P32NIRL
66 NOV| 02 200011.3 34 7.11243.1/-1.83| 4.6 ] 6.1 | 5.0| 1.1 79PI9NWBR
67 |JAPR| 10 231307.7) ND* | 7.2 [146.7 |-1.2 ' 5.5 6.2 5.0| 1.2 26P29 NNCN
66 |J AN| 18 [080005.7 49 7.4 1236.3 | —0.6 ] **! 6,3 5.1 1.2 06POSNIRL
66 INOV| 28 081710.1 13 7.81254.5|—0.9| 5.0| 6.6 5.4 1.2 85P25!SOLI
66 |J UL/ 06 ‘034445.6 27 7.9 141.6 |—1.0 ] 4.8| 5.6 | 4.8| 0.8 50P11’NNCN
66 | DEC| 25 202153.9; 48 8.11201.1| 3.6! 4.7, 6.2 5.2| 1.0 95P14NIRL
66 |OCT| 23 091548.2 34 8.51249.4| 0.3| 5.0 6.4| 5.4 1.0 77P15SOLI
67 |[APR| 12 145149.4] 21 8.7 1256.4| 0.7| 5.8} 6.3 5.4| 0.9 24P33SOLI
67 |APR| 12 |134605.0, 49 8.7 |1256.6 |—0.5 | 5.1| 5.6 5.1 0.5 25P29JSOLI
66 OCT 06 111604.9‘ 34 9.0 127.5{—0.9 | 5.2| 5.4 5.1| 0.3 [7T6PO6WNWG
66 MAR| 21 [160021.7, 16 9.6(134.81-0.4| 5.5{ 58| 5.4 0.4 1I9PISNNCW
66 NOV| 12 ‘\090001.4 28 10.6 [129.7 (—=1.0 | 5.4 5.81 4.9 0.9 90PO4WNWG
66 |SEP| 04 094123.8 39 10.81129.8) 0.7} 6.0 6.83] 5.4 0.9 63P28rWNWG
66 |OCT 05 |203233.5 17 11.0 130.0 |—0.7 | 4.7 5.8 4.7] 1.1 81P02‘WNWG
66 |FEB| 28 210345.1) ND* | 11.9 1382.8 —1.0 | 4.7 | 5.6 | 4.7| 0.9 B1PO2ZWNWG
66 |J UN| 16 1094658.1 27 13.6 272.7 1 9.7| 5.0| 5.1] 5.0 0.1 44P12[SOLI
66 |J UN| 17 [114788.7 ND | 13.6 273.5! 8.8 | 5.1| 5.2] 5.0 0.2 42P26;SOLI
66 |J UN| 17 ‘222604.1 ND |13.7271.9] 2.3| 5.6 | 5.9| 5.6 0.8 [45P11/SOLI

(to be continued)
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(continued)

A(B‘chgsEFGHIJKL/M M
67 JANE 13 [134811.7) 32 |14.0 273.7| 14| 5.7| 6.0| 5.9 0.1 02P29;SOLI
66 |JUN 15 [195900.6 ND | 14.1 [273.38 —0.4 | 5.4 | 5.2| 5.6 —0.4 43P25SOL I
66 DEC| 18 094822.9] 50 |14.11273.1| 1.7| 5.8| 5.5 5.1 0.4\91P10LSOLI
66 MAR| 30 012634.8 40 |14.2 272.2| 1.1} 5.2| 5.2| 5.4!—0.2 21P13SOLI
66 |[SEP| 16 075039.7) 21 [ 14.9/120.9| 5.1 | 5.4, 5.3| 5.5 —0.2!67P24{WNWG
66 |OCT| 12 075659.4 41 |15.0 274.8| 0.3 | 5.0 5.1 5.3 —0.2 37P10SOLI
66 |DEC| 21 [112505.4 32 |15.41272.5| 2.7 4.5| 4.2 | 4.7 —0.5 96 P06 S O L 1
66 |J UL| 26 |114047.4] 43 |16.4 |121.4 |—0.1 4.8 | 4.4 5.1 —0.7{53P14}WNWG
66 AUG, 08 072413.8 16 | 17.0 |272.0 |—0.2 | 5.3 | 5.2 | 5.4 —0.2;56PI7<SCRI
67 |J AN 03 104325.1 ND |18.0 273.2| 1.6 | 4.8 4.4 ‘5.0 —0.6 {02?13130R1
67 {J AN| 02 202051.8 ND |18.11274.3 | 0.0 | 4.5| 4.2! 4.7 |—0.5 08P06SCR I
67 IMAR| 21 1190630.8 39 |18.2 274.7 | 0.8 4.9| 4.5| 5.2 1—0.7 !20P29‘SCRI
67 |J AN| 16 [160222.7, 38 |18.2 274.3| 0.3 | 5.1 | 4.8| 5.4 |—0.6 'OSPll[SCRI
67 |J AN/ 16 (142622.9 06 |18.3(273.9| 1.1| 5.8| 5.2 5.5(—0.3 09P08'SCR I
67 |J AN| 16 |144849.8 ND |18.4 274.3 (—0.6 | 5.1| 4.8 5.3|—0.5 108P14SCRI
67 |J ANJ| 01 125329.9 ND |18.6 275.1| 0.6 | 4.7| 4.7| 5.0 |—0.8 ‘07P02iSCRI
67 |J AN| 07 164103.0 ND |18.7 275.7| 0.3| 5.1, 5.2 5.3 —0.1 ‘02P2:)‘JSCRI
67 |J AN/ 03 1212321.8 ND |19.1(277.0 |—0.2 | 5.0 5.3| 5.5 |—0.2 02P17{SCRI
66 [NOV| 16 [030814.0/ 50 |19.31278.9| 1.3| 5.1 | 5.2| 5.4 —0.2 !83P11’NWHI
66 J UN) 01 |101443.2) 48 |19.6 280.8| 0.9| 5.5| 4.8 5.5 |—0.7 137P12‘NWHI
66 |J UN| 29 |214654.5) 35 |19.6 280.6 | 0.9 | 6.2| 5.2 5.6 —0.4;50P08iNWH1
66 |[APR| 09 [144922.8] 47 [ 19.7 281.4| 1.2 | 5.4 5.3| 5.6 —0.3 23P23NWHI
66 |J UN| 06 014545.5) 37 |20.9 282.7 |—0.5| 5.5| 5.0 | 5.5 —0.5 41P05|‘NWHI
66 DEC 07 |165929.2 ND |21.7 167.9 |-1.7| 5.1 5.5 5.3 0.2 [%85P32iSMRN
66 SEP| 14 200042.8 ND* | 21.8 112.1 | 6.1 | 5.0| 4.6 5.0 |—0.4 ‘69P13|MLCS
66 NOV/ 16 005432.1 18 |22.2290.6( 1.0 5.0 5.0 5.1—0.1 186Pl3‘NWHI
67 (J AN| 31 095747.00 ND {22.6(109.8 | 2.4| 5.0 4.7 5.0 —0.3;’11P17~‘MLCS
66 OCT 12 031626.8 ND* | 23.3 178.6 | 4.2 | 4.8 | 4.7 4.8 |—0.1 T4P18MRAN
66 OCT| 18 |174316.2 ND* | 24.4 181.9 | 0.3 | 4.7] 4.9 5.0 —0.1 74P23 DR AN
67 | J AN| 30 |141923.8 ND |25.1 123.8| 0.6 5.2| 5.3 5.2| 0.1 11P15]TLDI
66 [MAY 06 070027.9 ND |25.6 105.7 |—1.2 5.2 5.1| 5.0 0.1 31P08’CLBS
66 |SEP| 13 005042.8) 28 |26.2 297.3| 3.5, 5.0| 5.0| 5.1 —0.1 69PI1ILYTI
66 IMAR| 13 [161434.7 ND* | 27.4 1 93.3| 1.1 5.2| 4.8 5.1|—0.3 17P15FLR1
66 |J UN| 30 [122741.9 44 |27.8|132.2/—0.9 | 5.4| 5.1 | 5.2 |—0.1 45P3IMNDN
66 |J UN| 06 |230730.4 45 |27.9132.4 2.8| 5.3 50| 5.2 —0.2 44P04AMDPH
66 |JUN 06 231633.3! 45 [27.9(131.8| 1.9 5.2 50| 4.9 0.1 44P04JMDPH
67 |J ANJ 16 [143909.0, 42 |28.0 [122.5 |—-1.0| 5.2 | 5.5| 5.8 | 0.2 05P10MDPH
66 APR| 20 [140126.2 28 |28.1[179.5| 2.8 | 5.2| 5.1| 4.9 0.2 24P23MRAN
66 |A PR| 20 [060039.4 ND* | 28.2 179.2| 0.8| 5.1 5.0| 5.0 0.0 24P22MRAN
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5. Earthquakes around RAB (4<30°)
AlB c D i E|F |G |H 1 |J | K!|L!|M| ~
65 I DEC] 17 063536.91 ND*| 5.1/01.1|-0°1| 4.8| 5.6, 4.8| 0.8/10P63BSMS
67 MAY, 04 133242. 3‘ 39 5.7(725) 0.2| 5.1| 5.5| 4.9| 0.6 33PI3ENWG
67 IMAY)| 04 162200.9, 49 581720 |-1.1| 5.2| 54| 5.2| 0.2 B3PI4ENWG
66 |J AN| 01 [122430. 1’ ND*| 6.1(835.0/—2.9| 5.6 5.9 5.4! 0.5 03P02DNTI
66 |(NO V| 25 205756.7 14 6.146.9] 0.2| *=*| 56! 5.2 0.4 STPOIENWG
67 IMAR| 26 223901'5f 14 6.2 135.5 -0.9] 5.3 6.1] 5.7| 0.4 133P22ENWG
66 |[SE P 23 045148.3 39 6.8 311.2 | 0.0 4.9| 5.3, 5.2| 0.1 "7TP02SOLI
66 JUN| 21 [133248.8 42 | 7.7 82.8| 1.0 5.5| 5.6| 5.3 0.3 46P13:NWGN
66 |IOCT 28 ‘014119.1] 32 9.3 805.2| 6.4| 55| 5.6| 5.6 0.0 77P20'SOLI
66 |AU G| 07 080716.2' 48 10.9 305.4 | 6.1 5.5| 6.0 5.3| 0.7 p7TP20SOLI
66 JUN| 16 0003485% 34 11.1 305.4 | 1.3 4.9 6.1 5.1 1.0 43P26’SOL I
66 IDE C| 18 094822.9| 50 11.1 \303.5 4.1 58| 5.8/ 5.1| 0.7 :91P101$0LI
66 |J UN| 16 [120022.0, ND* | 11.2 1305.0 | 2.7 | 5.4 | 5.7 4.8} 0.9 4TP09SOLI
66  NOV| 12 090001.4} 28 13.3197.1| 0.4 5.4| 5.4 49| 0.5 90P04IWNWG
67 MAR| 04 224114.5 20 | 13.3 |153.4 | 0.1| 5.1| 6.0 | 5.3| 0.7 19P06CRL I
66 |SEP| 04 1094123.8 39 13.5197.6 | 0.2] 6.0| 5.9| 5.4| 0.5/63P28WNWG
66 |AU G| 08 072413. 8: 16 | 18.6 296.4 |-1.4| 5.3| 55| 5.4 0.1 56P17|SCRI
66 [DEC| 26 [171636. 6‘ 37 13.7 298.9| 0.4 5.2| 5.8! 5.3 0.0 91P22SCRI
66 |JAPR| 04 \!233222 3 37 13.7 297.8 | 0.4 58! 5.7 52| 0.5 21P19IS CRI
66 | DE C| 31 (221514. 0" ND |14.4298.3/-0.1| 5.2| 5.2| 5.3/—0.1 97P16/SCR I
66 |J UN/ 21 004313.5 25 14.6 296.1 | 1.4 531 5.4 5.1, 0.3 44P18‘SCRI
67 |J AN/ 03 (104325. 1‘ ND |14.7 296.1| 1.0| 4.8, 51! 5.0( 0.1 ‘02P13 SCRI
67 |J AN| 03 123209.2“ ND 14.7 296.8| 2.7 5.2| 5.0 | 5.4 ,—0.4 !06P04‘SCRI
67 |J AN| 03 113134.4! ND 14.8 2969, 06! 5.1 4.8! 5.8/—0.5 J02P15‘SCRI
67 |J AN g1 215857.8° ND 14.9 1296.6 26| 5.4 4.9, 55]-0.6 ‘OZPOS‘SCRI
67 |J AN/ 03 |110515. 4“ ND |14.9 i296.8 1.5 5.3 4.9] 5.4 |-0.5 s02P14= SCRI
67 MAR| 21 190630.3' 39 15.1 297.5 | 0.2 4.9| 4.6 | 5.2|—0.6 ZOPZQSCRI
67 |J AN| 16 142622.91 06 15.1 ‘296 5/ 0.0| 5.3| 49| 5.5!-0.6 '09P08 SCR1I
67 |J AN| 16 (160222.7, 38 15.1 |297 .00 0.9 51| 48| 5.4(|-0.6 ’051311 SCRI
67 |J AN| 16 044427.3 ND (15.1 296.8| 2.1 | 5.3 5.1 5.41-0.3 083P17/SCR1I
67 |J AN| 16 '144849.3 ND [15.2 296.9| 1.4| 5.1| 4.8} 5.3 —0.5 [08P14 SCRI
67 |J AN _01 141851.4 ND 15.7 1800.0 | 1.8 5.0 4.7 5.11—-0.4 ‘03P02‘SCRI
67 |J AN} 07 ’164103.0 ND |15.7297.9| 0.2 5.1 4.7! 5.8 |—0.6 02P23SCR I
67 \FEB} 20 224144.6} 22 15.9 297.4 |-8.8| 4.7, 4.7| 5.1 |-0.4 12P4OJSCRI
67 | J AN| 01 002106.6< ND 16.0 5298.2 1.2 49| 4.8 5.1|-0.8 04P02inCRI
66 |CCT, 17 134854.3} ND*|16.1 }294.6 0.8 4.8 4.6 | 4.9 [—0.3 TTP09SCR I
67 |J AN| 03 212321.85‘ ND |16.2 3298.9 0.5 5.0 4.6 5.5 ‘—0.9 02P17IS CRI

|

|

(to be continued)
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(continued)

- ,
A!BCthEFIGHI;J K’L MIM

66 INO V| 16 ,080814.0, 50 16.7 t300.8 320 51| 45| 5.4|-0.9 83P11[NWHI
66 |APR| 09 [144922.8 47 17.3 {303.0 29| 54| 5.0 5.6 |—0.6 23P13:‘NWHI
66 INOV| 23 021913.8 48 18.0 1304A9 1.2 5.6 4.8| 5.7 1—0.9 88P06}NWHI
66 MAY, 03 184332.9] 30 18.2 1449 1.7| 5.6 4.6| 5.0 —0.4 33P04EWCRI
66 (DEC| 29 |145442.2) 41 18.7 159.6 (—2.5 | 4.6 4.6 4.7.1-0.1 91P26MR AN
66 (O CT| 04 072254.6, 47 18.9 147.4 | 1.4 5.2 4.9 5.2 |—0.3 71P19:SMRN
66 |J UL| 26 {114047.4; 43 19.4 ’100.0 —0.8| 4.8| 4.6 5.1|—0.5 53P14;WNWG
66 |AUG| 09 222542.3) ND* | 19.9 ‘309.0 —0.5| 5.2| 4.8| 5.4 |—0.6 GSPZSLNHBI

J
\
66 NOV]| 19 140934.2{ ND |20.1 155.9! 1.4 4.7] 5.1} 5.4 §—0.3 %85P12;MRAN
66 |/ APR| 12 231529'6E 30 20.6 309.5 J—O.l 5.3 | 5.2 5.3 g—O.l }25P041NHBI
66 |SEP| 14 200048.5) ND* ' 25.6 | 96.8 |—0.9 | 5.0 5.1 5.0“ 0.1 69P1IBMLCS
66 |SEP| 13 005042.8 28 25.9 313.7) 0.9 5.0 5.1 5.1& 0.0 JG9P11§LYTI
67 MAR| 01 142426.5: 49 26.3 102.6 | 0.4 | 5.3 | 5.4 5.3i 0.1 jl7Pl4;MLCS
67 [J AN| 31 |095747.0, ND | 26.6  95.4 ]—1.5 5.0, 5.1 5.0] 0.1 111?17;MLCS
29

66 {O C T| 27 {142104.8 5.8 6.0 2—0.2J76P32;NPCO

‘ 26.9 }‘166.0 ~0.8| 6.0 |

regional variation of magnitude at the epicentral distance range of
5°<4<30° as a function of 4. The definition of dm(4) is given by
the following equation.

om(d) =m.(4) —m, (5°<4<30°)

where m,(4) is the magniude at a reference station located at the
epicentral distance between 5° and 30° and m, is the averaged magni-
tude of the stations for 30° <4< 90°. Regional magnitude deviation factor
om(4) are calculated for the five reference stations listed in Table 1.
The average of om(d) for the each intervals of the epicentral distance
of 1° reperesented as om(4) are tabulated in Table 3.

4. Results and Interpretations

Epicenters of earthquakes given in Table 2 are illustrated in Figs.
4 to 8. Regional magnitude deviation factor 0m(4) introduced in the
previous section is characterized by its patterns as revealed in the next
three different epicentral distance ranges around the stations: (1) near
(5°<4<13°), (2) near-regional (13°<<4<20°) and (3) regional (20°<4
<30°) (Fig. 9).
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Table 3. Regional magnitude deviation factor omi(4) with standard
deviations (in magnitude units)
Interpolated values are parenthesized and the values associ-
ated with only one source data are shown without standard

deviation.

' St.

X COL | TFO CAR PMG RAB
5° — | —0.30+ — — 0.80=+
6 1.00+0.22 | (—0.25) 1.75+0.15 — 0.42:0.14
7 1.80:£0.10 | (~0.21) 1.70£0.20 | 1.23+0.11 | 0.10%
8 0.65+0.22 | —0.17+0.18 | 1.60+ 1.00£0.20 |  0.30=
9 0.67+0.18 |  0.05+0.26 = 1.08+0.16 ,  0.68+0.22 | 0.00=
10 0.30+ 0.15+0.05 | 1.15=0.05 | 0.40: (0.42)
11 (0.25) (0.36) 1.32+0.26 | 0.97+0.10 | 0.83+0.13
12 0.20+ 0.57) 1.24+0.14 | 0.90+ 0.72)
13 0.00% 0.79+0.32 | 1.00= (0.49) 0.60+0.10
14 0.09+0.28 | 0.70= (0.71) 0.07+0.27 |  0.20+0.26
15 —0.30+0.22 | —0.40+0.82 | (0.42) ~0.30+0.15 | —0.38:0.29
16 —0.31+0.28 | —0.93+0.21 | 0.13+0.21 | —0.70+ ~0.48+0.21
17 —0.62+0.11 | —0.61:£0.19 | —0.10+0.32 | —0.20+ —0.7520.15
18 ~0.38+0.10 | —0.20= 0.15+0.15 | —0.57+0.15 | —0.65+0.25
19 —0.30+ —0.50+ 0.15) —0.200.08 | —0.30%0.16
20 —0.220.17 | —0.500.09 | 0.15:0.83 | —0.47+0.17 | —0.45+0.15
21 —0.30+0.28 | —0.10+0.15 |  0.20+0.20 | —0.50% —0.10+
22 —0.24+0.24 | 0.20% 0.10+0.10 | —0.10::0.25 | (—0.07)
23 —0.08+0.20 | —0.24=0.24 | 0.15+0.05 | —0.20=0.10 | (—0.03)
24 0.08+0.31 |  0.30+£0.09 | 0.03+0.24 | —0.10+ 0.00)
25 0.07::0.81 | —0.220.18 | 0.150.05 | 0.10= (0.04)
26 —0.20% —0.27+0.13 | —0.10+0.17 | 0.00+0.10 |  0.07=0.05
27 —0.30= —0.30+0.16 | {—0.03) —0.30+ ~0.050.15
28 —0.10= —0.17+0.21 | (0.03) 0.032:0.15 —
29 —0.50+ — 0.10+ - —

In the near epicentral distance (5°<<4<13°), dm(4) decreases with
increase of 4 for the cases of COL and CAR, while it increases with
increase of 4 for the case of TFO. 0w (4) for PMG and RAB show more
complicated patterns with a small minimum in that epicentral distance
range. According to the Jefferys’ earth model (1962), the ray paths of
P waves observed at 5° and 13° have their deepest points at depths
of about 48 km and 155 km respectively in case of a surface focus event.
Therefore, the remarkable differences in the patterns of dm(4) around
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Fig. 4. Epicentral distribution of the earthquakes used within 30° from College,

Alaska.
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Fig. 5. Epicentral distribution of the Fig. 6. Epicentral distribution of the
earthquakes used within 80° from Tonto earthquakes used within 30° from Caracas,
Forest, Arizona. Venezuela. .

the stations considered are presumably caused by the differences of

vertical velocity structure in the crust and upper mantle down to 150 km

or so. A distance range giving minimum value of % (4) commonly )
found for the five stations in case of the near regional distance (18°<

4<20°) is followed by the regional distance range (20°<4<30°) charac-

terized by the small fluctuation of 6m(d). Such patterns of dm(d) as

described above lead us to conclude that the available distance range

of the Q-function as a worldwide standard calibrating function should

be limited to the range of 4>20°. Magnitude deviation factor o0m(4)

consists of the following two terms as given by
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Fig. 7. Epicentral distribution of the earthquakes used within 30° from Port
Moresby, New Guinea.

om(4)=C(4)+Cs (6°<4<30°)

where the first term C(4) is the correction term depending on 4 and
the second term C; is the constant term in regard to a specified station.
To the station correction usually used in magnitude compulations is given
by —Cs. We calculate Cs for the five reference stations assuming that Cs
is given by the average deviation of 6 (4) from zero level in the regional
distance (20°<4<30°). The results are given in Table 4.

Amplitude/Period (A/T) versus Distance (4) curve can be calculated
from the equations as given by

om(d)=m.(4) —m,

= logu % (4)+Q(4) — T+ Cs

and then, logy % (4) =37 (4) — Q(4) +7,— Cs.
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Fig. 8. Epicentral distribution of the earthquakes used within 30° from
Rabaul, New Britain Island.

Table 4. Station correction factor Cs (in magniude units) with
standard deviations

Station correction ordinarily used in magnitude computation
is given by —Cjs

w COL TFO CAR PMG RAB

Cs —0.19+0.16 | —0.13+0.24 0.08+0.10 | —0.17+0.21 | —0.07+0.16
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Fig. 9. Regional magnitude deviation factor dm(d) for COL, TFO, CAR, PMG and
RAB with illustration of magnitude deviation calculated from the theoretical amplitude
basing on the Jefferys’ earth model and the @ function.
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Fig. 10. Shot point (Amchitka Island 51° 267 17.0"*
N, 179° 10’ 57.0’’ E, Depth 700 m) and the station
distributions (open circle: arrival time readings only,
solid ecirele: both arrival time and amplitude readings)
of the LONGSHOT experiment
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Fig. 11. Comparison of Amplitude/Period (A/T)
versus distance 4 curve obtained from the magnitude
analysis for COL (solid line) with LONGSHOT data
(solid circle) and the predicted curve of the @-function
(dotted line)

The curve of A/T for COL
calculated by the method
represented above is com-
pared with the result of
the LONGSHOT experiment
(Carder et al. 1967). The
shot point at Amchitka
Island and  observation
stations are shown in Fig. 10.
Plots of A/T values show
fairly good agreement with
the curve obtained by using
our method, excluding an
extraordinarily small value
of A/T at White Horse
(WHY, 4=26.6°), as illus-
trated in Fig. 11. Fig. 11
indicates that our curve for
COL can be used as the
calibrating function for the
region of Alaska and Aleu-
tian Islands. Large devi-
ations of the @-function
from the actual A/T curve
of the LONGSHOT suggest
that the @-function is not
easily available for 4<13°
for this region. Ccmparison
of A/T versus 4 curves
obtained by use of the above
method with Gutenberg-
Richter’s curve are illus-
trated in Fig. 12.

Theoretical amplitude
of the ground motions of the
free surface of the earth
based on geometrical ray
theory can be expressed as
follows:
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Fig. 12. Comparison of Amplitude/Period (A/T) versus distance curve reduced
from the magnitude data with the curve predicted by Gutenberg and Richter.

A ()= I tan® e sec’ e(14 3 tan?e¢)?
’ 7, sin 4(p* tan® e—73 sin® €)2 {4 tan e tan f+ (1+3 tan? )4 °

d°T |
d j

where
9, cos e;=n, cos e=dT/d4,
cos?e=3 cos’f,

and A,(4) is the amplitude of the vertical component of the P waves,
I denotes the energy in this type emitted per unit solid angle from
focus and e, is the angle which any ray leaving the focus makes with
the surface of the earth through the focus (see Bullen, 1963). Knowing
the ray parameter d7T/d4 as a function of the angle of emergence ¢
with use of the above equations, it would be theoretically possible to
estimate 4, as a function of 4 for a given earth model. We calculate
A, in case of surface focus for Jeffreys’ earth model (1962) which has
no asthenosphere low velocity layer. Discontinuous and very erratic
behavior of the calculated amplitude curve is caused by some very slight
irregularities produced by approximating the earth model with shells in
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Fig. 18. (a) Vertical component of P wave amplitude theoretically reduced
basing on the Jefferys’ earth model in comparison to the @-function.
(b) Magnitude deviation calculated from the theoretical and predicted (the @-

function) amplitudes.

which the velocity is given by linear functions of depth. The theoretical
curve is smoothed taking its envelop as illustrated in Fig. 13.
Magnitude deviations produced when we assume the theoretical
amplitude patterns are actual ones can be given as om(d)=A,(4)+Q(4),
which show large positive values between 5° and 13° corresponding to
the low amplitude at the same distance range of @-function. This pattern
of magnitude deviation derived by subtracting the predicted values (@-
function) from the calculated values basing on the Jeffreys’ model
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explains observed magnitude deviation factor om(4) for CAR at the
distance of more than 9°, for PMG and RAB more than 11° and for
COL and TFO more than 13° (Fig. 9). This indicates that in the
region around CAR the amplitude versus distance curve can be well
approximated by the Jefferys’ earth model having no asthenosphere
low velocity layer. As a conclusion, the information of the vertical
velocity structure in the crust and upper mantle is quite important to
construct the calibrating function in the near and regional distances.

5. Critical Remarks on USCGS Magnitude Determination

The USCGS magnitude is an average of the individual station magni-
tudes. Prior to October 31, 1966 the magnitude was the logarithm of
the average of the A/T x10° values where Q is the distance-depth factor
as defined by Gutenberg and Richter, A is the P wave amplitude in
microns, and 7' is the period in seconds. Values which deviate from
the avrage by the equivalent of 0.7 unit of magnitude at any point in
the computation, or which are associated with P readings having time
residuals greater than 10 seconds, are not used in the average and are
marked with an asterisk.

The magnitude computation system adopted by USCGS seems to
provide reasonable magnitude values without any notable discrepancies
in the data processing so long as it is applied to the data report of stations
located at the epicentral distance of more than 20°. However, we
frequently encounter such cases as the individual station magnitudes
determined at 4<20° deviate from those for 4>20° by as much as 0.7
magnitude units or more as mentioned in the previous section. The
typical examples of such cases showing notable discrepancy in magnitude
computation by USCGS are found for earthquakes located at 4<20° from
CAR. Overestimation of magnitudes by USCGS as exemplified in Table
3 and Fig. 14 is due to (1) the application of the Gutenberg-Richter
Q-function for the distance of 4<20° in the calculation of individual
station magnitudes and (2) improper setting of ecriterion for the data
selection in taking an average of the individual station magnitudes.
Thus, the USCGS magnitude will be improved by (1) taking an average
of individual station magnitudes after correcting the regional deviation
of the individual station magnitudes for 4<20° or (2) taking an average
of individual station magnitudes for distance of 4>20°. The latter
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Fig. 14. Examples of re-evaluation of the USCGS magnitude Reduced values (open
cirele) for CAR, TRN and SJG are calculated by use of the magnitude deviation factor
gm(d) for CAR Station Name Abbreviations CAR: Caracas, Venezuela/TRN: Trinidad,
West Indies/SJG: San Juan, Puerto Rico/CPO: Cumberland Plateau, Tennessee/WMO:
Wichita Mountains, Oklahoma/UBO: Uinta Basin, Utah/TFO: Tonto Forest, Arizona/EUR:
Eureka, Nevada/BMO: Blue Mountains, Oregon/COL: College Outpost, Alaska.

method can be proposed as a practical data parocessing in the magnitude
determination.

Conclusion

(1) Available distance range of the calibrating function Q(4) provided
by Gutenberg and Richter as a worldwide standard should be limited
to the distance range of more than 20°.

(2) Overestimation of magnitude by as much as 0.5 to 1.5 magnitude
units in the epicentral distance between 5° and 13° relative to the
magnitude at teleseismic distances of more than 20° shows that the
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zone of low amplitude signals predicted by Gutenberg and Richter in
the distance range around 10° does not exists as a worldwide phenomenon.

(8) Jefferys’ earth’s model provides a fairly good approximation of
the amplitude patterns at the distance of more than 13° for all stations
considered.

(4) The information of vertical velocity structure in the crust and
upper mantle is quite important to construet calibrating function for the
magnitude determinations at near and regional epicentral distances (4
<30°).

(5) Re-evaluation of the USCGS magnitudes by rejecting the indi-
vidual station magnitudes at the distance of 4<20° will provide more
reliable sets of magnitude data for the study of regional and worldwide
seismicity.
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22. PHoRERMoOHEEL <~ =5F .- FOREIL2VT (I)
wmeEs ¥ b 753

Gutenberg-Richter (1956) iz X - THhi-xz bi7- Q-function ASFEYLFERE 4>30° T P o
Rihe 4 LoBGE 7225 X VIERBERTH S 2 L I3BHB IUHRLLZLAD bR T 5.
LALHEVER (HL50km) 2L 2HIED <7 =F 2 —F mp. S 4230° o bhizdbol
4<80° TEO LN LD L CREELAER TTHARS 5. Zhix Q-function 25 4<30° Tix
PELTLL PEOEML 4 LoMGE s 25 I WIEHERcRAVZEZLDL TS, i
Hlkic X - T 5°<4<18° TED BRIz Mpe 3 42830° TED ORIz Mpz LHIZL T, 0.5 2L
15FBER s 2L 2L N BHANRDH D LV HIHEIT, Q-function itk > Thizzbhd 4=10°
EHEDO PEORMPHEIZ B VWELHZ2L bR TE TV A LitHET 5.

COL, TFO, CAR, PMG, RAB D& AILED AN (4=30°) itk X 7= #i% (H<50 km) iz,
USCGS o EDR iz & T 3408 P k0 EERS OFKIEM, ZoRM (1sec fifg) LW
INBERBLED BN =F a—F Mp: 200> T, THOHOBBEDEDOMIE D Pio
T 4 2 EXBABBLIVEFRR< S =F a— FORBEIBIETEBCOVWTER L. TOK
BOED XD mfEHE X
(1) Gutenberg-Richter @ @Q-function 2~ = = — FPIED D O RS Kz T 2 EHERERK

L LTz 2R OFIE 4>20° Th 5.

(2) 5°<A<13° TEDOBNIZT=2F a— K Mp 5 4220° TED DRI~ T =F 2—F mp: I
LT, Hifiick-T 05 vl 1.5 FERs ¥ 5. Zhix Q@-function Itk »Thizx
BTV B L o7z 4=10° iEFFT P EDIRMBZBEIL B WE 25 X 5 kBt RS g
EBICALOOENB LI RO TRAVIEEZLDL TS,

(8) =Y bNLEBIZRIT B Vb D MREEE & bz Jefferys (1962) oiEkE Fricd &1
W SN PEROETR v =F 2 — FIREDOTZDDOPE D IWIBHERKE Do x5 b0
ThHY, T d 4>13° ioxt L THERS ke 288 8ER e UCERT 228 T
X5 LBLbhs.

@) =X =Fa—F mp: ZHIRIC X 20T ERBRAVE S ICRET B 72D HEB XU L~ b
NTD P OEEST DMK I & > TETBIRM oM BRI B NERD 5.

(B5) UEkDz bt ReROF A 2IvF 4 HHEET B0z, £#iEiz>wT USCGS ick
S>TEDHLNTVBEHALEIND mp: 225 4>20° OBHETO mp: XiT 226, ThbE
L TEDOHBO Y =F 2~ FeT52 R bo b bEBMAFETHE LB LDRS.




