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A fundamental problem of earthquake selenology is the occurrence of 
the upper mantle low-velocity channel* This study is Intended to confirm 
or deny its existence in the upper mantle below the Northwestern Pacific 
on the basis of body wave arrivals at a bottom-mounted hydrophone near 
Wake Island. A comparison of the observed travel times shows an extreme 
anomaly In the apparent surface distance range of twenty-one to thirty- 
three degrees for both £ and g waves. Assumed linear paths suggest a £ 
wave channel upper boundary between 169 km and 189 km, and a lower boundary 
between 290 loa and 9*»2 km. Travel times for £ and & waves Indicate that 
the velocities In the channel remain constant at 8 .1 km/sec and A.69 km/sec 
respectively.

Iht.rô v̂ .Uqn
Records obtained with a bottom-mounted hydrophone at Wake Island 

are used in this study far an analysis of £ and & waves originating 
from the Marianas Islands, Japan, and the Southern Kurils Islands.
Because the distances for these areas range from 18 degrees for the 
Marianas to 30 degrees for the Kurils, £ and g arrivals at Wake are 
ideal for studying the effect of the '̂ 20-degree discontinuity". A 
Map shoving the relation of the epicenter areas to the bottom-mounted 
hydrophone location is shown In Figure 1.

The objective of the study was to obtain evidence for the lov- 
velocity channel below the Northwestern Pacific on the basis of £ 
and g arrivals at Wake from the above-mentioned areas. If adequate 
evidence were found, it was hoped that the data might permit the 
boundaries of the channel to he established from an analysis of the



Bonin Is. . 
Volcano Is. • M arcus Is.

Fig
130°

M a ria n a s  is. .

(Hydro(bhone)_jj 
W ake ¡s.-

Guam o

¡40° 150° ISO®
, 1. Northwestern Pacific



observed velocities as a function of distance and depth.
Prior to this study, the only seismic data related to the North­

western Pacific Upper Mantle structure was obtained from surface wave 
dispersion studies. The following is a summary of these studies and 
their conclusions.

Dorman, Swing, and Oliver (i960) said that multilayer dispersion 
computations indicated a very prominent region of low shear velocity 
between depths of about 100 and 200 km under the continents, and from 
60 to 100 km under the oceans. At the Pacific Science Congress held at 
the University of Hawaii, Swing, Bruns, and Kuo (1962) proposed a low 
shear velocity channel from 60 to 150 km under the Pacific. Anderson 
and Toksos (1963) proposed spherical models which satisfy Love wave and 
torsional oscillation data. A low shear velocity channel in the T5 to 
160 km depth range with a velocity of about 4.35 km/sec is suggested. 
Kovach and Anderson (1964) found that under the Pacific the low velocity 
shear wave zone may extend to 400 km followed by an abrupt Increase in 
shear velocity.

Zt should be noted that the above studies were made for the Pacific 
In general and not specifically for the Northwestern Pacific.

p fi A o l m k.
A first step was the establishment of the validity at the phases 

as P and £ arrivals. This was necessary as there was a possibility that 
the pressure level recordings could be £ phases which arrived at the 
same time as the expected £ and £ arrivals. The criteria which were 
employed for eliminating £ phases were:

1. All £ phases recorded on the bottom-mounted hydrophone would



k

be expected to also be recorded on the hydrophone mounted at 
the axis of the sound channel. Phases not recorded on the 
channel-mounted hydrophone, therefore, would presumably not 
be £ phases.

2. The low probability’ of random X Phases being recorded at the 
same general time as the expected X and & arrivals for 2? 
events further eubetantiated that the Observed phases were 
not X phases.

Because the arrival times of the phases often were later than the 
expected X and § arrivals, there was also the possibility that the 
phases were PP and Sg arrivals rather than P and 3 arrivals. However, 
confusion on this point could be resolved an the basis of the following:

1. The travel times indicated that if the phases were XX and g§ 
arrivals, they arrived from 20 to 50 seconds early.

2. If PP ana SS arrivals were recorded, at least some correspond­
ing X and §, arrivals should have been observed in the range 
from 18 to 63 degrees, because of their higher «¡.,crgy. As such 
phases were not observed prior to the first arrivals for any of 
the 27 events studied, it was reasonable to conclude that the 
arrivals were neither XE's nor gjg’e.

3. The observed phase Intervals fitted very poorly to the Jeffreys- 
Bullen (1958) 3S-PP arrival intervals, whereas there was a good 
fit to the Jeffrays-Bullen £-P Intervals as shown in Table 1.

All lines of evidence therefore indicated that the phases were 
neither X nor PP or SS arrivals and as the phase Intervals and observed 
travel times corresponded closely to those to be expected for X and S 
arrivals, one could safely conclude that the arrivals were actually X
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Table 1. Travel Time Intervals
5

J-B 83-PP J-B S-P Observed Interval
(secs .7“ Uffiql-T  (secs.)-----
209 199*0 199*0
218 206.5 190.0

226 210.0 189.0

236 226.5 213.0

236 226.5 213.0

2k9 229.5 230.5

256 239.5 233.0
272 21*8.5 21*6.0
276 253.0 21*1*.0

m m  «■

310 277.5 272.0
312 277.5 278.0

315 280.5 277.0
m m  m

318 282.0 280.0

319 282.0 285.0

321 281*.5 287.0

325 280.0 291.0

333 292.0 303.0

361* 311.5 327.0
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and S phases.

sfaafflfcgttffi. .gong,.. $pfe,
Of the approximately fifty events that were recorded from August 

1963 to August 1964, twenty-seven were chosen for this study» the only 
criterion used for selection being the clarity of the first arrivals.
The £ and g arrivals of these twenty-seven events axe shown In Figure 2.
The tines at which the £ and g arrivals were read are Indicated by 
arrows. In most cases the first-arriving g waves were partly obscured by 
the later-arriving P's, and hence the reliability of g arrivals Is debatable.

Through the courtesy of the Coast and Geodetic Survey, the origin 
tines, coordinates, and focal depths of all the earthquakes used were 
recomputed to give maximum precision. These data are given In Table 2. 
Coordinates and depths are accurate to within * 0.1 degree and * 10 km 
respectively. Figure 3 Is a nap of the epicenter positions.

A comparison between the observed travel times and the Jeffreys- 
Sullen travel tines clearly Indicates an anomaly In the 21 to 33- 
degree range. Apparent distances as measured on the surface of the 
earth, depths, Interpolated Jeffreys-Bullen travel times, observed 
travel times, and residuals are listed In Table 3«

Although the £ and g residuals are significant In the 21 to 33- 
degree range, this Is not necessarily Indicative of a low-veloclty 
channel. It merely shows that the velocities are less than those pre­
dicted by the Jeffreys -Bullen tables. As depth Increases from 33 km to 
1*50 km, the Jeffreys-Bullen velocity values Increase linearly from 7.7 
km/sec to 9*0 km/sec for compnesslonal waves and from U.3 km/sec to 5.0  

km/sec for shear waves. Therefore, the £ and g residuals only Indicate
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Origin Time
17:58*15.7

2.
20:UOs3U.8

з.
06:06:1;5

и.
01:15:27.2

5.
OU:12î38.9

6.
17:20:13.1;

7.

13:10:05.1;

\
8.
03î58:U8.9

9.
13:17:17.1

10. 
22:00 :58 .9

11.
05:39:12.6

P at 18:02:23 S at 18:05:33

P at 06:11:06
V* *..'+■ 

S at 06:ll;:l5

'-'i ' i •¿'ÿ/.’i i”..

P at OU:17:13 S at 0l;:20:36

-. ,1 m l im i PI-  |« | ,1 | |M» nt ; k i *Tu* 1 1 k. v i \ ̂v VA* 1 * V "» I
P at 17:25:08 S is not clear.

w i 1 s '*  ̂ .̂eiqui »i if p i   i V 1 * v i r i  » « « ■*..... ...

P at 0l;:03:52 S is not clear.
Ì.Ì.V.-, p.,.«.«•1|,ii.v\v..'!1

',, > '■‘Ì ,,* 1 , 1 f ' ' ** • i I -ín,*.>- I t,'

P at 13:22:52 S at 13:26:1:5
i , i i uCl, • „1 • • * » • • 1 * • * * 1 * • *1 1
If’■ ̂rvy1̂* ; ±

P at 22:06:22 S at 22:10:28

P at 05:1;5:12 S. at_05:U9:l6



12.
15:51:06.3

13.
13:21:1*2.2

Di.

11:30:15.7

15.
21: 06: 32.1*

16.
05:17:57.1

17. 
11:26:58.1

18. 
00:1*0:36.1*

19. 
16:11:00.2

20.
01:5U:33.5

P at 13:27:56 S at 13:32:28
• 1 * . • i • .. . .

■' ! — • -  r ’ - i í  ' ' i f V  ' i - -  r — "  ■ • ' un im  i >  i i K n  n i i ^ - 1—  • —  i i ; - — r -  * . —

P at 11:36:30 S at 11:1*1:08
t ri.*j iV ,r. * • • I % I I » • I • » • *• » *

P  * + .  9 1  . 1 9 ? ^  «  o + .  9 1 ? 1 7 ? ^ H

¡Vm  te/rf H  ■rtyjÊ m 'fr« *  Wi urt -h t «v* r*. ISO*

S at 00:51:1*5

P at 16:17:22 S at 16:22:0?

^  ‘ ‘ 4 * ' ' ‘ ' ' * ' 
P at 02:01:05 S is not clear.
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23s2UsUl.8

22.
0U:50:53.8

23.

12:03:22.5

2U.

17:17:U5.5

25. 
00:30:02.6

26.
03:36:12.7

27.

19:3U:U5.5

21.
P at 23:31:Oli S at 23:35:55

P at Ol;:57:32 S at 05:02:35

P at 12:10:U6 S at 12:16:13
• i i • i i . • i i

I < k . i ....
1 J aJ ft to- r - j .  V f l1' “ - ■' | , | J ' V ^ - ^ q . A f c « U L r i ' l L - j L < t l > < U j^  • ' * r  , rt • i J7i„ , . . . ^ r T ' T J

P at 17:2U:08 S is not present,

S n - 'V .^ U ! ' \i It

   .............•/\i '. < i t • ' > » i i » i , .
P at 00:38:33 S is not present.

P at 03:1)5:28 S is not present-
1 * *ij $/iV- ’*'* " IV̂*4!dtUkd!iJLAb4yUlki}i2̂khUfaLAJ(ld<MMwU3h\lk̂MMHt

P at 19:1^:10 S is not present.'

Fig. 2. P and S Arrivals



Table 2. United States Coast and Geodetic Survey Data
10

Event # Date Time Coordinates Depth Mag.
1 Jan. 22, 1961» 17:58:15.7 20.2B, 147.11 32 5.1
2 Aug. 27, 1963 20:40:34.8 18.4H, 146.61 56 4.1
3 Dec. 11, 1963 06:06:45 19.6n, 145.7* 110 4.5
1* Dec. 30, 1963 01:15:27.2 21.5H, 144.41 145 5.2
5 Dec. 17, 1963 04:12:38.9 22.2N, 144.3* 105 4.4
6 Jan. 30, 1961» 17:20:13.5 23.3*, 143.4* 33 4.7
7 April 10, 1961» 13:10:04.1 13.5», 144.5* 98 5.4
8 Bov. 11», 1963 03:58:48:9 22.6B, 142.9* 178 4.9
9 Aug. 10, 1963 13:17:46.1 24.4b, 1 2̂ .7* 33 5.0

10 Sept. 7, 1963 22:00:57.1 27.5N, 141.5E 46 4.9
11 May 10, 196k 

Aug. 28, 1963 05:39:39.9 29.IB, 141.6* 36 5.3
12 15:51:04.3 28.2B, 141.0* 83 5.1
13 Oct. 11», 1963 13:21:42.2 44.9B, 151.1* 33 5.914 Feb. 5, 1961» 11:30:16.2 36.5», 140.9* 52 5.4
15 Bov. 15, 1963 21:06:32.4 44.4b, 149.0* 33 6 .0
16 Oct. 13, 1963 05:17:57.1 44.8b, 149.5* 52 8
17 Oct. 12, 1963 11:26:58.1 44.7B, 149.1* 39 6.5
18 May 31, 1961» 00:40:39.2 43.6B, 146.9* 68 6.3
19 May 2, 1964 16:11:01.0 45.5N, 150.5* 37 5.7
20 May 3, 1964 01:54:33.8 40.3B, 141.8* 62 4.8
21 Dec. 12, 1963 

Jan. 10, 1964
23:24:41.8 46.3», 150.6* 134 5.2

22 04:50:53.8 41.9B, 142.6* 38 5.5
23 Oct. 28, 1963 12:03:22.5 52.8B, 160.0* 57 4.4
2k Jan. 24, 1964 17:17:45.5 38.7B, 129.4* 542 5.3
25 Dec. 18, 1963 00:30:02.6 24.88, 176.6w 46 6.5
26 March 28, 1964 03:36:12.7 61.1B, 147.6» 20 8.5
27 Dec. 15, 1963 19:3*:45.8 4.8S, 108.QE 660 6.4



Fig* 3, Epicenter Map



Table 3« Observed Arrivals and Residuals
12

Event Apparent Tim S Iravfl EJjngNo. Distance Depth J - B Observed Residuals J - B Observed Residuals
(degrees) (tan) (secs. ) (secs.) (secs.) (secs.) (secs.)

1 18.2 32 251.5 247.5 -4 450.5 437.5 -13
2 19.0 56 260 257 -3 466.5 41»7 -19.5
3 19.6 110 262 261 -1 472 -22
4 20.6 145 269.5 279 ■•9.5 500 *»>1 -9
5 20.7 105 274 274 o' 500.5 487 -13.5
6 21.8 33 291 291 0 a* «• NC —
7 21.8 98 285.5 297.5 +12 515 528 +13
8
9

22.3
22.5

178
33

283
298

303304
« 0

+6
m m

537.5
NC
537 -0.5

10 24.1 k6 312 323 -41 560.5 569 ••8.5
11 2k.k 36 311» 327 +13 567 571 +4
12 21».5 83 311.5 329.5 +18 — NC —

13 27.6 33 3^.5 374 «7.5 624 646 +22
14 27.7 52 3l»6 375 -•29 623.5 653 •29-5
15 28 .0 33 350 380.5 ■*30.5 630.5 657.5 «7
16 28 .1 60 3l»8 378 +30 — NC —

17 28.3 39 352 382 •♦30 634 662 +28
18 28.1» 68 352.5 386.5 ■»34 634.5 671.5 •37
19 28.6 37 355.5 383 «7.5 640 670 +30
20 28.8 62 354.5 392 "•37*5 — NC —

21 29.0 131» 349 382 •33 629 673 +44
22 29.7 38 364.5 398 •33.5 656.5 701 +44.5
23 32.7 57 389.5 443.5 •54 701 770.5 •69.5
2k 37.0 542 385 382.5 -2.5 mu m HP - -

25 1»8 .0 k6 516.5 515.5 -1 m m NP m m

26 51.7 20 551 555.5 •♦4.5 — NP —

27 63.O 660 567.5 565 -2.5 m m N?

NC - not clear 
HP - not present



a velocity gradient less than the predicted values using the Jeffreys- 
Bullen tables*

In studies of the low-velocity channel, travel times axe custom* 
arlly plotted against apparent distances - the distance as measured on 
the surface of the earth from the epicenter to the recording station, 
nils method of plotting is only acceptable, however, if all events are of 
nearly the same focal depth. Because the foci In this study varied con­
siderably In depth, an adjustment has to be made. In order to achieve 
this, distances as measured along a linear path through the earth from 
the focus to the recording station wars used rather than apparent dis­
tances. These chord segment distances are preferable to the apparent 
distances since they decrease with increasing focal depth, as is the 
case with the actual travel path, while apparent distances ans indepen­
dent of the focal depth. It should be emphasised that chord segment dis­
tances do not entirely eliminate the effect of focal depth but axe mere­
ly preferable to apparent distances.

Foci were plotted to scale on a large arc corresponding to earth 
curvature at the approrlate apparent distances and depths (Figure *t).

20 °i —

4 ----

13

Fig. k. Chord Segment Distances
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The linear distances were then measured from the foci to the station to 
obtain the chord*segment distances* Table U contains the chord-segment 
distances, the P and § travel times, and the expected Jeffreys-Bullen 
travel times for events 1 through 27* Figures 5 and 6 are plots of the 
observed and expected P and S travel times versus chard segment dis­
tances*

7̂ SlJS^92L%I. Variation, in the.M̂ rfclp.
For distances less than 20-degrees, the observed and expected P 

travel times show a close correspondence* As the events become more 
distant, discrepancies appear and Increase* Beyond a chord-segment 
distance of 32.1 degrees, the expected and observed travel times again 
show a close correspondence* The sharp drop In the observed travel 
times of events occurring at 32*1 degrees and 35*1 degrees Indicates 
that a very rapid increase in velocity must have occurred.

Considering a possible 5-second error In reading first arrivals, 
nearly all the data points could be placed on the straight line shown 
In Figure 5* This Indicates that the travel times could be attributed 
to a constant velocity with depth In the mantle out to events with a 
chord-segment distance of 32.1 degrees.

For a constant velocity with depth the chord segment distances 
will be the actual travel paths and calculations show 8 .1 km/sec to be 
the velocity which would produce the observed P wave travel times.

Previously the close correspondence between thè observed and ex­
pected JP travel times for events in the 18 to 20-degree range was men­
tioned. It should be noted that these values also correspond closely to 
the 8.1 km/sec line. This suggests that the overage velocity is around



8.1 km/aecand. Since the Jeffreys-Bullen model predicts a linear vel­
ocity increase vith depth starting at 33 km with a velocity of 7-7 km/ 
sec* a velocity greater than 8 .1 km/sec oust have been encountered for 
the observed values in the 18 to 20-degree range to average 8 .1 km/sec.

As the events bee case more distant and the travel paths deeper in 
the earth, the correspondence between the observed and expected travel 
times no longer holds. The observed values maintain a constant velocity 
of 6 .1 km/sec out to 32.1 degrees.

This region of constant P velocity bounded above by a velocity 
greater than 8 .1 km/sec and bounded below by a rapid velocity increase 
in the 32.1 degree to 35*1 degree chord-segment distance range estab­
lishes a low velocity channel for primary seismic waves.

A similar analysis may be made with the g travel times although 
their arrivals were not as distinct as the P arrivals, and g waves 
were not recorded for events beyond a chord segment distance of 32.1  

degrees.
Far a constant velocity with depth the chord segment distance will 

be the actual travel path and calculations show 4.65 km/sec to be the 
velocity which would produce the observed g wave travel times.

In view of the possible 10-second error, it is reasonable to say 
that the observed and expected g wave travel times may correspond out 
to a distance of 24.0 degrees. Since these values also are close to the 
4.65 km/sec line, an average velocity of 4.6$ km/sec is suggested for 
the expected values. Since the Jeffreys-Bullen model predicts a linear 
velocity increase vith depth starting at 33 km with a velocity of 4.3 
km/sec, a velocity greater than 4.6$ km/sec must have been encountered

15



Table 4. Data for P and £ Travel Time Curves
16

Event Chord Segment 
No. Distance 

(descreas)
Observed Expected Observed Expected 

P Travel Time P Travel Time S Travel Time S Travel Time 
(secs.) (secs.) (secs.) (secs.)

1 18.0 21*7.5 251.5 *37.5 1*50.5
2 18.8 257 260 1*1*7 1*66.5
3 19.3 261 262 1*50 1*72
1* 20.25 279 269.5 1*91 500
5 20.1* 271* 271* 1*87 500.5
6 21.6 291 291 NC m m

7 21.5 297.5 285.5 528 515
8 21.85 303 283 NC m m

9 22.3 301* 298 537 537.5
10 23 .8 323 312 569 560.5
11 2l*.0 327 3H* 571 567
12 21* .1 329.5 311.5 NC m m

13 27.1 371* 3^.5 61*6 61*2
11* 27.15 375 31*6 653 623.5
15 27.5 380.5 350 657.5 630
16 27.55 378 31*8 NC mm

17 27 .8 382 352 662 631*
18 27.85 386.5 352.5 671.5 631**5
19 28.1 383 355.5 670 640
20 28.3 392 35^.5 NC —

21 28.1* 382 3 9̂ 673 629
22 29.1 398 361*.5 701 656.5
23 32.05 SÍ3.5 389.5 770.5 701
21* 35.Í 382.5 385 NP mm

25 1*6.3 515.5 516.5 NP mm

26 1*9.8 555.5 551 HP —

27 56.8 565 567.5 NP m m
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for the observed values In the 18 to 2^-degree range to average k.65 km/ 
second.

Although no g arrivals are recorded beyond 32.1 degrees, it Is reason­
able to assume that somewhere beyond 32.1 degrees the S velocity should be 
greater than b.65 km/second.

The region of constant 8 velocity bounded abwe by a velocity 
greater than U .65 km/sec and bounded belov by an unobservable velocity 
Increase beyond 32.1 degrees establishes a lor velocity channel for 
secondary seismic waves.

Thg frywtitorteft off ̂ ...^mwmii
Of those events which may he useful In determining the upper 

boundary, events b and 5 have particularly distinct first arrivals.
Figure 7 la a plot of these events at the appropriate apparent dis­
tances from the recording station.

19

Fig. 7* Events Determining the Upper Boundary

Assuming a linear path, event 5 reaches a maximum depth of 165 km 
in Its travel to the station. Event b reaches a maximum depth of 185 

kilometers. As It appears frem the P travel time residuals that event 
5 did not enter the channel whereas event k did, It can be condluded 
that the upper boundary of the £ velocity channel Ilea between 165 km 
and 185 kilometers.



By a similar analysis it was found that events 3 and 6 had maximum 
depths of penetration to 155 and 130 lot respectively while the residuals 
indicated that they did not enter the channel* Event 7 reached a maxi mu»» 
depth of 170 lot while its residual Indicated entry into the channel.
These facts support the conclusion that the upper boundary lies between 
165 and 135 kilometers.

The events which mark the lmer boundary axe 23 and 24. The travel 
time residuals Indicate that event 23 had obviously travelled In the channel 
while 24 occurred below the channel* Since for a linear path the maximum 
depth of penetration of event 23 la 290 kilometers and the focal depth 
of 24 is 542 kilometers* it is concluded that the £ velocity channel 
ends at a depth greater than 290 kilometers but less than 542 kilometers.

Since no £ phases were found to be comparable to the £ phases of 
events 4 and 5» no attempt was mads to find the £ channel's upper bound. 
Since no £ arrivals wars observed beyond a chord segment distance of
32.1 degrees, the £ channel's lower bound could not be established. It 
is not unreasonable to suppose that the £ channel boundaries may be similar 
to the £ channel boundaries.

20

The Hsrglots-Wlechart method of depth determination was not used to 
estimate the boundaries of the low-veloelty channel; it has been shown 
to be applicable to velocity decreeses with depth provided the following 
condition is satisfied:



where "v" la the velocity at any depth» V  is the distance from the 
center of the earth to that depth» and is the rate of change of 
velocity with depth at that depth* The Herglotz-tfiechert method was not 
used because a fundamental condition was not satisfied. A condition for 
the applicability of the HciTglotz-Wiechert method is that the apparent 
surface velocity is a monotonlcally Increasing» continuous function of 
distance (Macelwane» 19^9» p. l8l). In order to determine whether this 
condition was satisfied under the present study, all events were pro­
jected to a more distant zero focus event by assuming a linear (chord- 
segraent) travel path. As shown in figure 8, the assumed travel path was 
projected from the focus nC" to its intersection with the surface of the 
earth *A% To determine the travel time spent on the additional travel 
path segment V , a P-wave velocity of 8.0 km/sec was assumed» the 
linear distance of the additional path segment was measured and the add­
itional path segment was obtained by dividing this distance by the assumed 
8.0 km/sec velocity.

fig. 8. Seducing Events to Zero Focus

The apparent surface velocity was obtained by dividing the new zero 
focus apparent distance by the sum of the additional and observed travel



Table 5. Data for Events Projected to a Zero focus
22

Event New Apparent Additional Additional Observed New Travel Apparent 
No. Distance Distance Time Time Time Velocity

 (dasatL- i d m m L  .(jas&J___L m ial iassf,»,) iWsss.).
1 19.7 1 .6 22.2 247.5 269.7 8.12
2 21.95 2.95 41.0 257 298 8.19
6 23.4 1 .6 22.2 291 313.2 8.30
9 24.2 1.75 24.3 305 329.3 8.17
3 25.2 5.6 77.8 261 338.8 8.27
5 25.9 7.2 73.7 274 347.7 8.28

10 26.3 2 .2 30.6 323 353.6 8.27
7 26.6 4.8 66.7 299 365.7 8.09

11 27.05 2.7 37.5 329.5 367.O 8.20
4 27 .8 7.2 100.1 279 379.1 8.15
12 28.45 3 .8 52.8 331.5 384.3 8.23
13 28.85 1 .2 16.7 374 390.7 8.21
15 29 .0 1 .1 15.3 380.5 395.8 8.1514 29.4 1 .8 25 .0 374.5 399*5 8.18
17 29.7 1.45 20.2 382 402.2 8.21
19 29.9 1.35 18.8 382 400.8 8.30
18 30.25 1 .8 25.0 383.5 408.5 8.23
16 30.3 2 .2 30.6 378 408.6 8.25

8 30.5 8.2 114.0 303 417.0 8.13
20 30.9 2 .2 30.6 391.5 422.1 8.14
22 31.0 1.4 19.5 398 417.5 8.26
21 33.75 4.8 66.7 382 448.7 8.36
^3 34.4 1 .8 25 .0 443.5 468.5 8.16



times* A sunraaiy of these calculations Is given in Table 5* A comparison 
of the apparent distances to the apparent velocities shoes that the 
condition of monotonlcally increasing apparent velocity is not satis* 
fled, lienee, the Herglotz-Vlechert method was not applicable.

Darling and Buttli (196*0 suggest a method by which travel times 
for an assumed earth model can be computed. Since a model for the 
Northwestern Pacific could only be estimated at this time, the method 
of Darling and Nuttli was not used* Under NSP contract OP-3^3?, the 
Hawaii Institute of Geophysics has undertaken to obtain a more detailed 
crustal and upper laaatle model. Zt is hoped that in that study a method 
such ao Dowling and Nutt 11'• may be used to correlate body and surface 
wave models*

ffiMMBLMi j&MJlaUaaa
The purpoee of this investigation was to study the velocity of 

the upper mantle below the Northwestern Pacific, and, if a low velocity 
channel existed, to Obtain some knowledge of Its boundaries.

The norms used to indicate its existence were travel time residuals 
and Jeffreys-Bullen travel times. Since the observed travel times were 
significantly greater than the expected Jeffreys-Bullen values In the 
31 to 33~dagnee range, the existence of a low velocity channel was sug­
gested. The channel was established for both P and g waves by an analysis 
of the obser/od and expected travel times.

For primary seismic waves the upper bound of the channel seems to 
be between 165 km and 105 km, and the velocity In the channel constant 
at 8.1 km/second.

For secondary seismic waves the velocity in the channel appears to

23



te constant at U.65 km/second. The boundaries for the secondary waves 
were indeterminate.
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