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SUMMARY. — An analysis of P’ and § arrivals recorded at Guam from
175 earthquakes which occurred along the seismic belt in the Western Pacific
reveals difterences between the travel times to that station and those recorded
at Marcus, Midway, and Wake islands from earthquakes occurring in the
same general area. Three possible explanations are offered to account for
the observed discrepancies: (1) compressional phases observed at Marcus,
Midway, and Wake are mantle-guided phases of the I’n type; (2) systematic
errors in epicenter determinations of the type reported by Japanese authors
for earthquakes in the Kurile, Japan, and Izu trench region are present;
and (3) real differences exist in the upper-mantle velocity structure of the
two regions in question through which the phases travelled. Lither of the
last two hypotheses is considered more acceptable than the first. The
travel times to Guam are found to be similar for earthquakes north and south
of the station, but for earthquakes to the north at distances greater than
~ 260, energy being transmitted to Guam appears to be absorbed or blocked.
This may be explained by a high attenuation zone along paths sub-parallel
to the Marianas, Izu, Japan, Kurile trenchs or by a shadow zone at Guam
produced by the lateral refraction of energy by the downgoing lithospherie
slab.

(*) Hawaii Institute of Geoplysics Contribution 495.
(**) Hawaii Institute of Geophysics, University of Hawaii, Honolulu,
Hawaii 96822 (U.S.A.)
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R1assuNTO. - - Un esame i 175 scosse sismiche con epicentri situati
lungo la cintura sismica del Pacifico occidentale e registrate a Guam rivela
differenze fra i tempi di tragitto a questa stazione e quelli alle stazioni delle
isole Marcus, Midway e Wake ottenuti per scosse con epicentri nella stessa
zona in altri studi recenti. Tre possibili spiegazioni sono proposte in questo
studio per giustificare le differenze osservate: 1) le fasi osservate a Marcus,
Midway ¢ Wake sono fasi guidate dal mantello, del tipo I’n; 2) errori siste-
matici del tipo menzionato da autori giapponesi per scosse nella zona delle
fosse delle Kurili, del Giappone e di Izu sono presenti nelle determinazioni
degli epicentri; 3) andamento della velocitad con la profonditd nel mantello
superiore nelle regioni attraversate dalle fasi registrate a Guam ¢ diverso
da quello nelle regioni attraversate dalle fasi registrate a Marcus, Midway
e Wake. Gli autori considerano le due ultime ipotesi piu accettabili della
prima. I tempi di tragitto a Guam sono simili per scosse a nord e a sud di
questa stazione, ma per eventi a nord a distanze epicentrali superiori a 26e,
I’energia sismica propagata verso Guam sembra essere assorbita o bloccata.
Questo pud essere spiegato o da una zona di forte assorbimento lungo tragitti
sub-paralleli al sistema di fosse del Pacifico nord-occidentale (arco delle
Isole Marianne, Izu, Giappone e Kurili) o da una zona d’ombra a Guam
prodotta da rifrazione laterale dell'energia da parte della zona ineclinata
della litosfera sotto le fosse oceaniche.

INTRODUCTION

The purpose of the present work is to obtain a clearer picture of
the velocity-depth distribution under the Western Pacific Ocean. Ad-
ditional information on this region is presented here using earthquakes
recorded at Guam during the period 1965-1971. This study was prompt-
ed by the observation of high frequency P and S phases recorded at
hydrophone stations on Wake, Midway, and Eniwetok (8) and by
results obtained from compressional and shear arrivals recorded at
seismograph stations on Marcus, Midway, and Wake (¢). The hydro-
phone arrivals, interpreted as mantle-guided phases possibly of the
Pn and Sn type (5 ¢), imply a zone of low attenuation for these fre-
quencies in the upper mantle under the Northwestern Pacific Basin
and under the East Caroline Basin-Ontong Java Plateau-Nauru Sea
area. The seismograph arrivals suggest differences between the mantle
velocity structure under the two regions as well as departures from the
Jeffreys-Bullen model.
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DATA (EVENTS NORTH OF GUAM)

The data analyzed consists of 73 shallow— and intermediate — focus
earthquakes located along the portion of the circum-Pacific belt extend-
ing from Kamchatka to the Marianas Islands recorded at Guam, a

station which is part of the World-Wide Network of Standard Seismo-
graphs. The epicenter and station locations are shown in Figure 1.
In general the events used here are from the same portion of the circum-
Pacific belt as the events studied by Sutton and Walker (¢). The range
of epicentral distances is also about the same except for the range 1°-5°,
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for which Sutton and Walker have no data due to the absence of earth-
quakes at these distances from their stations.

Table 1 — UNITED STATES COAST AND GEODETIC SURVEY
DATA FOR EVENTS NORTH OF GUAM

Event Origin Time Coordinates Depth

Date Mag.
No. | h - m s Lat. Long. (km)
1 1 Aug. 1965 185349 9 13° 7N 145° 6E 33 4 3
2 5 May 1965 232324 9 14° 7N 146° 2E 56 5 4
3 29 May 1965 | 000536 3 14° 7N 146° GE 61 52
4 5 Oct. 1968 | 220253 4 15° 5N 147° 1E N 4 5
5 7 Jul. 1969 | 044315 4 16° 5N 147° 3E 38 57
6 8 Oct. 1966 | 035223 8 17° 6N 147° 3E 30 50
7 22 Nov. 1970 | 115359 1 18° 3N 146° OFE 91 55
8 1 Sept. 1970 | 051116 1 17° 7N 147° 6E 40 6 3
9 20 May 1967 | 025109 4 19° 8N 146° OE 42 55
10 5 Apr. 1967 | 023411 1 20° ON 147° 1E 50 59
11 10 Feb. 1965 | 142110 9 20° 8N 146° 3E 43 6 2
12 18 Jan. 1970 | 001823 9 21° 4N 146° 7E 39 57
13 27 Oct. 1966 | 14 21 04 8 | 22° 2N 145° 9E 29 6 0
14 12 Mar. 1968 | 06 3920 9 | 22° 6N 143° 4E 5 4 9
15 29 Mar. 1966 | 021738 5| 23° 7N 142° 1E 79R 59
16 25 Apr. 1965 | 01 0011 0 24° 5N 142°¢ 7E 15 56
17 7 Aug. 1970 | 103329 2 | 27° 3N 141° 7E 33 5 4
18 28 Nov. 1965 | 203224 7 | 279 8N 141° 8E 36 59
19 11 Oct. 1967 | 155216 8 | 30° 4N 142° 6E 32 55
20 12 Nov. 1965 | 175224 1| 30° 5N 140° 2E 40 6 6
21 | 28 Feb. 1967 | 093718 0| 32° 7N 141° 7E 23 55
22 21 Dec. 1969 | 101802 4 | 28° 2N 130° 6E 28 56
23 10 Jan. 1969 | 032054 9 29° ON 130° 7E 33 55
24 28 Jul. 1969 | 130317 6 30° 7N 132° 5E 24 56
25 16 Apr. 1970 | 01 5556 4 | 34° 5N 141° 6E 35 52
26 17 Sept. 1969 | 184045 8 | 31° 1IN 131° 3E 8 6 2
27 21 Apr. 1969 | 071927 5 32° 2N 131° 9E 41 61
28 4 Jan. 1971 | 21 08 53 4 34° 5N 137° 1E 40 56
29 26 Jul. 1970 | 071036 0 ' 32° 2N 131° 8E 35 6 1
30 25 Jul. 1970 { 224110 7 32° 2N 131° 7E 34 61
31 19 Nov. 1967 | 120659 5 36° 4N 141° 1E 41 55
32 9 Sept. 1969 | 051537 7 35° 7N 137° OE 29 55
33 4 Nov. 1967 | 132647 4 37° 4N 141° 6E 46 57
34 17 Jan. 1967 | 115931 5| 38° 3N 142° 1E 44 59
35 14 Sept. 1970 | 09 44 53 6 | 38° 7N 1420 2% 44 56
36 16 Oct. 1970 | 0526 13 3 | 39° 3N 140° 7E 24 59
37 12 Jun. 1968 | 13 41 50 7 } 390 5N 142° 7K 44 6 0
38 16 May 1968 | 230454 7 | 39° 8N 143° 1E 37 58
39 1 Apr. 1970 | 142325 1 39° 8N 141° 8E 81 58
40 27 May 1970 | 190539 0 40° 3N 143° OE 33 57
41 24 Nov. 1968 | 212059 9 40° 3N 142° 3E 51 59
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Table 1 continued

Event Dat Origin Time Coordinates Depth
ate
No. h m s Lat. Long. (km)

)
a3

42 4 Dec. 1969 | 08 50 21
43 29 Mar. 1965 | 1047 37
44 25 Jul. 1965 13 3305
45 12 Nov. 1966 | 1249 43
46 6 Dec. 1970 | 20 20 52
47 21 Sept. 1968 | 13 05 58
48 20 Jan. 1970 | 17 33 05
49 14 Aug. 1969 | 14 19 01
50 13 Aug. 1969 | 22 57 07
51 18 Mar. 1969 | 16 16 39
52 7 Dec. 1966 | 17 17 42
53 11 Jun. 1965 | 03 33 44
54 10 Mar. 1970 | 04 58 26
55 20 May 1968 | 21 09 44
56 10 Jun. 1970 | 16 17 48
57 19 Mar. 1967 | 04 01 36
58 1 Aug. 1969 | 23 43 44
59 4 Sept. 1969 | 03 08 52
60 5 Feb. 1970 | 12 46 38
61 8 Jan. 1971 | 14 45 29
62 20 Aug. 1969 | 07 50 05
63 3 Mar. 1966 | 03 25 28
64 13 Jun. 1969 | 08 48 29
65 3 Oct. 1965 | 14 45 26
66 22 Jun. 1969 | 02 33 52
67 21 Jun. 1966 | 23 06 25
68 16 Dec. 1967 | 2053 58
69 8 Apr. 1966 | 0l 46 44
70 8 Oct. 1970 | 04 53 21
71 6 Feb. 1970 | 00 11 49
72 28 Mar. 1965 | 13 22 57
73 22 Nov. 1969 | 23 09 37

407 TN 144° 7E 20
40° 8N 142° 8E 33
41% 3N 146° 6E 33
4]1° 8N 144° 1E 33
41° 8N 143° 5E 48
420 2N 1420 6E 33
420 5N 143° OE 46
43° IN 147° 5E 33
44° ON 148° 1E 33
44° IN 151° OE 44
44° 3N 151° 7E 26
44° 7N 148° 7E 47
44° 8N 148° 9E 40
44° 8N 150° 3E 38
44° 9N 149° 5E 57
45° 4N 151° 3E 33
45° 6N 150° 9E 38
46° 6N 153° 5E 33
47° ON 1540 2E 33
47° 4N 154° 4E 32
47° 9N 153° 6E 73
480 3N 154° 3E 45
49° 4N 155° 5E 64
49° 5N 156° 5E 33
490 2N 158° 5E 33
50° 1IN 157° 8E 14
510 2N 157° 7E 24
51 2N 157° 7E 47R
53° 8N 160° 4E 53
54° 6N 163° 6E 43
55¢ IN 162° 1E 33
57° 8N 163° 5E 33
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United States Coast and Geodetic Survey (C&GS) epicentral data
are given in Table 1; and epicentral distances, observed travel times,
and residuals based on expected travel times as taken from the Jeffreys-
Bullen (J-B) tables (2) are given in Table 2.
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Table continued

Event

No.

51
52
53
54
55

65

-

N.
(

8E% , P Travel Times . § Travel Times .
589 P-residual S-residual
s& | J-B Observed * J-B Observed *

A 8= | (secs) (secs) (secs) (secs) (secs) (secs)
31.0 | 375 5 N.A. (N.A.) ( )y 675 9 N.A. (N.A.) (

31.3 {380 2 N.A. (N.A.) — ( — )/ 6843 NA. (NA.)| — ( —
31.3 1378 1 N.C. (379.1) — (+1.0)| 680 5 N.A. (681.1) — (+ 0.
31.4 | 379 8 N.C. (N.A.) ( )| 683 6 N.A. (677.8) — ( —5.
31.6 | 381 3 N.C. (N.C.) — ( — )68 3 N.A. (N.C.)})| — ( —
31.6 | 379.5 N.A. (N.C.) — ( — )/ 6831 N.A. (675.83)| — (— 7.
32.3 1 388.1 N.A. (N.C.)|] — ( — )/ 6984 N.A. (705.3)| — (- 6.
32.5 | 388.8 N.A. (N.A.)| — ( —)|/6998 N.A. (701.1)| — (+ 1.
33.8 | 401.2 N.A. (N.C.)| — ( —)|7221 N.A. (NA.)| — ( —
34.3 | 4057 N.A. (NA.)| — ( —)|/7300 N.A. (NA.)| — ( —
34.8  409.4 N.A. (N.A.)|] — ( — )| 73868 N.A. (NA.)| — ( —
35.1 408.2 N.C. (408.5) (+0.3) 734 7 N.A. (742.5) — (+ 7.
35.6 | 415.3 N.A. (N.A.) ( ) 747 5 N.A. (NA)| — ( —
36.9 | 424.2 N.A. (422.5)| — (—1.7)| 7637 N.A. (N.C.)| — ( —
37.2 | 429.8 N.A. (N.A.) ( ) 773 8 N.A. (NA.)| — ( —
37.4 | 431.2 N.A. (N.A.)| — ( — )[776.5 N.A. (N.A.)| — ( —
38.0 | 439.7 N.A. (N.A.})| — ( —)|7914 NA. (NA)| — ( —
39.0 | 446.6 N.A. (N.A.)| — ( — )| 804.2 NA. (NA.) — ( —
39.0 | 443.8 N.A. (N.C.)| — ( — )|799.58 N.A. (N.A.})| — ( —
42.1 | 468.1 N.A. (N.A.)| — ( — ) 843.3 NA. (NA.)| — ( —
43.6 | 481 5 N.A. (N.A.)| — ( — ) 867.8 N.A. (N.A.) — ( —
43.6 | 483.1 N.A. (N.A.), — ( — )|870.1 NA. (NA.) — ( —
46.4 | 505.2 506.3 (500.8) | +1.1 (—4.4) 909.9 N.A. (N.C.) — ( —

, Not clear;
Arrivals on LPZ seismographs.

A., Not apparent;
)’

o

Lo
et e e e e e i e e St S S e . e e " "t e " et e

[e 2]

Compressional Arrivals, 00.7-26°.0 (Events No. 1-37).

The frequency of the observed arrivals on the short-period vertical
seismograph (SPZ) appears to be that of the refracted mantle P (~ 1 Hz);
lower-frequency components of the phase appear on the long-period
vertical seismograph (LPZ). The travel times on both SPZ and LPZ
are generally in good agreement with the times expected from the J-B
tables. In only one case, event No. 32, do both SPZ and LPZ readings
give a travel time residual larger than 4 seconds. No other significant
phases, other than the first arrivals, are observed. Poor signal-to-noise
ratios, low magnitudes, or combinations of both are the possible rea-
sons for which some events (Nos. 6, 11, 14, 18, 23, 24, 31, 33 and 35)
in this group do not have clear (N.C.) or apparent (N.A.) arrivals.
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Compressional Arrivals, 260.3-460.4 (Events No. 38-73).

In this distance range the refracted mantle P is either not apparent
or not clear on the SPZ, and with the possible exception of surface
waves no other phases are observed. The travel times of the few
compressional arrivals seen on the LPZ within this distance range gene-
rally agree with the expected times from the J-B tables. In two
cases, events No. 47 and 73, the residuals are larger than + sec, however
LPZ readings are less precise than SPZ readings due both to lower
record speed and to lower-frequency content of the arrivals on these
records.

Shear Arrivals, 00.7-10°.5 (Events No. 1-15).

There is little data on shear arrivals within this distance range,
due to difficulty in picking the beginnings of these phases. When the
beginnings can be identified on either the SPZ or the LPZ seismograms,
the residuals are mostly negative.

Shear Arrivals, 11°.2-320.5 (Events No. 16-58).

All shear arrivals are observed on the LPZ seismograms and are
the normal long-period §. Most show positive travel time residuals,
in a few cases the residuals being quite large (10.8 sec for event No. 28;
9.1 sec for No. 31; and 12.4 sec for No. 36). The generally larger size
of the S travel time residuals compared to that of the P residuals is
explained by the lower speed of the LPZ records and lower frequency
content of the 8 phase.

Shear Arrivals, 330.8-46°.4 (Events No. 59-73).

With the exception of one event (No. 62), showing a positive
residual, no § arrivals are observed on either the SPZ or LPZ instru-
ments in this distance range.

DISCUSSION (EVENTS NORTH OF GUAM).

Most of the P travel times of this study are generally in agreement
with the times given in the J-B Tables, in contrast, somewhat, to the
results of Sutton and Walker. In their study, P travel times of shal-
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low — and intermediate — focus events were consistently early for epi-
central distances less than 23° and close to J-B times for distances great-
er than 23°, Their data were recorded mostly at Marcus Island (but
also at Midway and Wake) from earthquakes having their epicenters
in locations similar to those of the earthquakes used in this study. A
discussion of three possible explanations for these differences follows.

One possible explanation is that the compressional arrivals observ-
ed. on seismographs by Sutton and Walker at distances less than 23
are not, as they suggest, normal refracted mantle P phases; but are,
in fact, Pn phases. But, if this were the case, the apparent frequency
of the Pn’s should be higher than actually observed (~ 1 Hz) by Sutton
and Walker since Sw»’s, which generally have less energy than Pn’s
at higher frequencies, were observed on the seismographs to have
frequencies greater than 1 Hz. Such an explanation therefore does
not seem probable at this time.

Another explanation is systematic errors in epicenter determina-
tions. Utsu (7), Yamakawa et al. (*), Kishio and Yamakawa (3), and
Ichikawa (1) all found that epicenter locations for the Kurile, Japan,
and Izu trench regions, based on data from local stations, generally
lie 20 to 30 km on the oceanic side of C&GS epicenter determinations.
Similar findings have been obtained by Mitronovas et al. () for Tongan
earthquakes. If these locally determined epicenters are more accurate
than the C&GS determinations, some of the early arrivals on seismo-
graphs at Marcus, Midway, and Wake could be attributed to errors in
epicentral determinations, since a 20 or 30 km error would account for
3 or 4 seconds of the 3- to 7- second residuals generally observed. Also,
because of the orientation of these epicenter errors (essentially I8-W
in the Japan area), C&GS and locally determined epicenters would
have similar travel times to Guam. Thus, for epicentral distances
of less than 23¢, discrepancies between the results of our two studies
could, in part, be attributed to systematic errors in epicentral determi-
nations.

When considering distances greater than 23¢, residuals at Guam,
Marecus, Midway, and Wake are similar in travel times; i.e., on time.
However, the locations of the earthquakes and the arguments just
presented indicate that these arrivals also should be early at Marcus,
Midway, and Wake and on time at Guam. Instead, we find that
travel times are generally on time at all stations. This observation
seems to weaken the argument that errors in epicenters may be the
cause of differences in the two studies.
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The third and final explanation which will be offered here is
that the diserepancies observed in the two studies are real. In general
great circle paths to Guam for events up to 26° of epicentral distance
are confined to the Marianas-Izu-Japan trench region, while for distan-
ces greater than 26°, the paths to Guam from epicenters distributed
along the Kurile trench, traverse a region better described as typical
oceanic basin. Paths for all distances to Marcus, Midway, and Wake
could also be described as typically oceanie. Thus a comparison of
the results of this study and those of Sutton and Walker suggests that
the velocity structure of the uppermost part of the mantle under the
Marianas-Izu-Japan trench system differs from that under the North-
western Pacific Basin. A change is suggested from a model chara-
cterized by higher than J-B upper-mantle velocities under the region
sampled by the oceanic basin-type paths studied by Sutton and Walker
to the J-B type of upper-mantle velocities for paths along the trench
system above the sinking slab of the lithospheric plate, as in the case
of the data presented here from the Guam station.

Before moving on to a discussion of shear arrivals, it should be
noted that while the normal-refracted mantle P comes in at Guam
with travel times consistent with those expected from the J-B tables
for distances less than 26°, this phase is either absent or poorly recorded
for epicentral distances beyond 26°. Therefore, for distances greater
than 260, it would seem that compressional energy of approximately
1 Hz is effectively blocked or absorbed when travelling towards Guam,
while towards Marcus, Midway, and Wake it is efficiently propagated.
Possible explanations for this apparent loss of energy are: (1) changes
in the attenuation which seems to become very high in a direction
sub-parallel to the trench system; (2) a shadow zone at Guam produced
by the lateral refraction of energy by the downgoing lithospheric
slab.

On comparing the shear arrivals presented here with those of
Sutton and Walker, it appears that while throughout the whole epicen-
tral distance range only the normal long-period S is observed at Guam,
at Marcus, Midway, and Wake it is observed only for distances beyond
~ 20°, while for shorter distances the high-frequency (guided) § is
observed at these three stations. This absence of Sn arrivals at Guam
has previously been reported by Molnar and Oliver (). In the distance
range where the long-period 8§ is observed both at Guam and at Wake,
Midway, and Marcus, both the size and the sign of the residuals are in
agreement, i.e., later than Jeffreys-Bullen.
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DATA (EVENTS SOUTH OF GUAM)

The data analyzed consists of 102 shallow- and intermediate-focus
earthquakes located along that portion of the circum-Pacific belt
extending from the (‘aroline Islands to the Fiji-Tonga area recorded
at Guam. Given in Table 3 are C&GS epicentral data for the events
south of Guam: and epicentral distances, observed travel times, and
residuals based on expected travel times as taken from the J-B tables (2)
are given in Table 4. The epicentral locations are shown in Figure 1.
These locations coincide with those of only a few of the events studied
by Sutton and Walker at Marcus and Wake (no arrivals were recorded
from this region at Midway). Also, due to the immediate proximity
of Guam to the earthquake zone, additional data are available for the
epicentral distance range 1°-69, the range not covered by Sutton and
Walker. Throughout the entire distance range the compressional-
arrival travel times to Guam agree with the expected times from the J-B
tables. In only four cases, events Nos. 96, 110, 115, and 169 are the
residuals larger than + 4 seconds. The shear arrivals are almost never
well recorded at distances less than ~ 17° and their residuals are ran-
domly positive and negative and occasionally become quite large. The
same considerations made for the events north of Guam, concerning the
relative size of P and S residuals and the ¢ not clear”’ and ‘‘not apparent”
arrivals, are also valid here. The observed phases appear to be the
normal refracted P and § mantle arrivals at all distances.

DISCUSSION (EVENTS SOUTH OF GUAM)

Great circle paths for this group of events are affected by the New
Britain, New Hebrides, Vityaz, and Tonga trenches, the extent depend-
ing on epicentral distance and the paths could not be defined as typical
oceanic basin paths. The compressional-arrival travel time residuals
show that the J-B model would be an acceptable one for the region
sampled by these paths to Guam. Our negligible travel time residuals
and the consistently late travel times for paths from the same region
to Marcus and Wake indicate differences between the two studies for
which an explanation should be found. We will again consider the
three explanations already presented for differences in the two studies
for the area to the north of Guam and examine their applicability to
the differences in the two studies for the area to the south of Guam.
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Table 3 — UNITED STATES COAST AND GEODETIC
FOR KEVENTS SouTil oF GuUAM
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Date
Sept. 1970
Mar. 1965
Nov. 1970
Mar. 1970
Nov. 1967
Dec. 1970
Jan. 1967
Dec. 1966
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Aug. 1967
Apr. 1965
Mar. 1967
Jan. 1971
Jan. 1969
Apr. 1965
Oct. 1968
May 1970
Jan. 1967
Jan. 1965
Apr. 1968
Feb. 1969
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jan. 1971
Jul. 1968
Jul. 1968
Jan. 1971
Jan. 1971
Apr. 1969
Nov. 1970

Origin Time

hm s

01 49 20
18 18 40
04 51 37
03 30 35
17 23 48
11 42 47
13 34 48
16 59 29
22 58 48
00 50 00
22 54 18
02 07 08
00 36 42
0053 17
03 29 58
01 41 49
1025 13
052517
12 24 23
05 46 50
07 55 00
21 55 26
22 41 14
14 42 15
13 15 24
05 21 30
21 04 41
08 32 42
16 30 28
23 45 38
19 57 03
15 57 44
07 43 47
07 53 52
10 45 06
16 07 45
19 34 22
07 28 38
1457 11
07 17 03
08 44 32
14 29 56
19 13 36
22 14 37
06 09 41
0552 10
16 38 36
1516 24
01 22 47
11 07 40
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120
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Coordinates

Lat.
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4N
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1IN
ON
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2N
2N
2N
2N
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2N
2N
2N
2N
IN
1IN
1IN
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4N
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8N
93
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48

28
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4S8
03
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0S
18
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0S8
28
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28
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28

Long.
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1400
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1459
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146°
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1390
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1390
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1390
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8K
7E
7E
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7E
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71
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6E
6E
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2K
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3E
2B
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11
3E
9k
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75
61
8K
75
5K
oK
7E
75
8K
81
oK
51
7
(U}
5K
or
7E

Depth

(km)
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43
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33
22
49
36
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33R
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30
33
14
30
33R
33R
33R
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33R
33R
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33
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Table 3 continued

445

31
12
12
19

Date

Oct.

Feb.
Nov.
Feb.

Nov.

Jan.

Jan.

1970
1966
1970
1970
1970
1970
1970
1965
1970
1965
1968
1969
1970

. 1965

1969
1966
1969
1969
1970
1965

. 1970

1965
1970
1965
1970
1970
1970
1970
1968
1969
1969

. 1969

1969
1968
1965
1967
1970
1970

1965 |

1970
1969
1967
1967
1968
1965
1965
1965
1965
1968
1966
1968
1965

Origin Time

hm s

17 53 09
23 37 54
06 07 12
22 55 03
09 22 40
22 35 46
01 02 48
14 24 04
14 48 35
12 57 09
17 20 22
16 58 02
20 03 25
21 38 53
03 43 47
15 56 04
12 32 03
01 44 01
07 45 59
10 25 22
12 04 54
12 47 49
19 53 40
14 45 15
011214
16 56 54
0513 58
070111
08 18 36
03 22 56
13 26 39
16 08 03
00 15 31
06 04 38
07 20 30
15 00 07
0211 09
0226 12
02 58 26
15 54 19
15 39 00
10 50 46
18 02 45
17 10 32
203419
0040 10
22 31 48
08 01 43
16 41 27
001218
08 47 02
18 05 58
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Coordinates
Lat Long.
40 9S 145° 5E
30 7S 152° OE
50 1S  145° 1E
4% 58  140° 1E
30 85 152° 4E
30.45 135° G6E
4% 6S 153° 1E
6° 1S 149° 1E
5¢ 25 1529 3E
50 38 152¢ 2E
50 0S 153° 3E
50 85 151° 2E
50 25 153° 6E
50 28 153° 7E
5° 78 153° 6E
40 85 1340 2E
4% 58 132° 7E
30 88 131° 5E
6° 38 154° GE
69 45 154° 5E
6° 58 154° GE
7° 28 153° GE
40 73 130° S8E
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80 1S 156° 4E
6° 8S 130° 4E
709 98 158¢ 7E
7° 9S8 158° 7E
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90 08 158° 4E
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10° 58 161° 5E
10° 58 161° 4E
11 28 162° 5E
11° 0S 163° 3E
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10° 98 164° 2E
10° 78 166° 3E
120 3§  166° 7E
13% 38  165° 8E
14° 7S 167° 4E
15 88 167° 2E
15° 9S 167° 5E
16¢ 28 178° 1E
16° 4S 177° 6W
14° 78 175° 6W
200 35 174° 1W

Depth
(km)
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15
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65
41
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33
64
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28
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5
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16
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23
41
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41
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16
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25
21
33
35
33
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TABLE 4
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Table 4 continued
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Concerning the first explanation, it appears unlikely that the dif-
ferences can be attributed to the recording of P phases in one study and
Pn phases in the other. The travel times and apparent frequencies
of the compressional phases recorded in both studies strongly suggest
that in both cases only the normal mantle-refracted I> phases are ob-
served.

Concerning the second explanation, systematic errors in epicenters
in the New Guinea, New Britain, Solomon Islands region — similar to
those found in the Japan and Tonga regions — would place many of
the epicenters southwest of their C&GS locations. Arrivals which
generally appear late by 2 or 3 sec at Marcus and Wake would then
have travel times closer to J-B times if the locally determined epicenters
were, in fact, the actual epicenters. Because of the orientation of the
epicenter errors, the effect of these errors would not be as large at Guam
as at Marcus and Wake.

Concerning the third explanation, it is apparent — from the loca-
tion of great circle paths from the epicenters to Guam, Marcus and
Walke — that the travel paths of the two studies differ. Travel paths
to Guam generally lie somewhat parallel to the trench systems, whereas
travel paths to Marcus and Wake are more normal to the trench sys-
tems. Therefore, a greater portion of the travel paths to Guam are in
mantle material proximate to the downgoing lithospheric plate, as
compared with the travel paths to Marcus and Wake. These latter
travel paths are mostly under the KFast Caroline Basin-Ontong
Java Plateau-Nauru Sea area. If the differences in the results
of these two studies for the area south of Guam are real, it seems
reasonable to attribute these differences to the dissimilarities in
travel paths.

Although our shear-arrival travel time residuals seem to suggest
somewhat lower velocities with respect to the J-B model, we do not
attribute much weight to these data because of their poor quality. No
direct comparison with Sutton and Walker’s data is possible since S
waves do not seem to be well transmitted to Marcus and Wake. No S»
phases were observed at Guam.

CONCLUSIONS.

The results of this study can be summarized as follows: the stru-
cture of the mantle close to and in the island arc-trench regions sampled
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by our data for events to the north of Guam appears to be similar to
that of the island are-trench region sampled by the paths for events to
the south of Guam and is consistent with a Jeffreys-Bullen type model.
A comparison of our travel time residuals with those of Sutton and
Walker (¢) suggests that differences exist between the mantle velocity
structure of these areas and that of deep ocean basins. Part of these
differences may be real, or may, in part, be attributed to systematic
errors in epicenter locations. Also, compressional energy seems to be
absorbed or blocked for events at distances greater than 26° with travel
paths to Guam, whereas events at similar distances are efficiently pro-
pagated to Marcus, Midway, and Wake. This apparent absorption of
energy is explainable either by high attenuation in the mantle under-
lying the island-arc regions or a lateral refraction of energy by the
downgoing lithospheric slab. Also, Pn and S» phases which are efficient-
ly propagated to Marcus, Midway, and Wake are not observed at Guam,
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