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Abstract

Previousely?, the south-western Pacific area was divided into four
regions in each of which Rayleigh waves have the same group velocities.
In the present paper, the same procedure applies for the whole Pacific
area by adopting the dispersion data at many stations along abundant
paths. Three regions denoted by “07”, “A” and “B?” are newly
added. Special crustal conditions beneath the East Pacific Rise were
confirmed.

1. Introduction

The Group velocity method, a method for estimating the ecrustal
structure from the relation of group velocity ~period of surface waves,
gives us only information about the average ecrustal condition between
a certain epicenter and an observational station. Therefore, when the
travel length is so large as to cover the various crustal regions, the
above-mentioned method is quite inadequate for ascertaining these
regional crustal conditions.

Recently, the progress of ultra-long-period seismographs has attracted
the attention of many seismologists to mantle surface waves. In this
case, the long-period surface waves recorded by such instruments are
not influenced by crustal irregularity, so that the group velocity method
for long-period surface waves, classified as mantle surface waves, has
become a new tool for obtaining valuable informations about the upper
mantle situation.

The progress of electronic computers has, on the other hand, made
it easier to compute the troublesome numerical calculation for the dis-
persion of higher mode surface waves of periods less than several seconds,
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and the estimation of crustal structure from the observation on such
higher mode surface waves is now becoming a current problem.

Due to these circumstances given above, the group velocity method
with medium-periods (25~60 seconds) looks like becoming outmoded. In
spite of that, the writer found a new field of research in utilizing the
group velocity dispersion data of the medium-period surface waves, that
is, by using dispersion data along various paths for the discovery of
different crustal regions in a vast area.

The first attempt was made in 1960V when it was found that dis-
persion characteristics of Rayleigh waves along many oceanic paths
around Tsukuba Station, Japan could be classified into seven groups®.
Characteristic numbers from “1” to “7”, more continental in this order,
were applied to each dispersion curve. The writer’s attension was drawn
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Fig. 1. Relation between classified dispersion curves.
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to the fact that these classified dispersion curves from “17 to “7” were
not independent of each other. Any one of the curves was found to
be obtained by some suitable combinations of other curves. Such
situations are as shown in Fig. 1. In Fig. 1-a), for instance, dashed
curves between the two curves “1” and “5” indicate resultant ones
when Rayleigh waveés passed such regions as “1” (the region in which
Rayleigh waves show the dispersion character “1”) and “5” (the same
meaning as above) with the path length ratios of 8:2, 6:4, 4:6 and
2:8 respectively from upper to lower in this order. Other classified
curves “27, “83” and “4” well coincide with some of these dashed
ones. Therefore, a classified curve, “3” for instance, can be resulted
when Rayleigh waves have passed the two regions “1” and “5” with
the pass length ratio of 6:4. Such conclusions can be made from any
other diagrams in Fig. 1. The situation above mentioned provides a
method for dividing the area in question into several regions so that all
of the resultant dispersion characteristics along many traveling paths
are well explained.

Division of the south-western Pacific Ocean in the western side of
the Andesite line into four regions «“17”, “3”, “5” and “7” was tried,
the actual procedure being shown in schematic figure 2. In this figure,
epicenters, observation stations, and traveling paths of Rayleigh waves
are shown by full circles, circles with crosses and brocken lines re-
spectively. Taking into account that the general tendency is for the
crust to become thinner with increasing sea depth, contour lines of
4000 m, 83000 m and 1000 m were, as a first assumption, taken as pre-
liminary boundaries of four regions “1”, “3”, “5” and “7” respectively.

On such preliminary divisions, the travel-times (C) of Rayleigh waves
along a path was calculated by the formula

C=4|Vi+ 4| Vot 4| Vi+ 4|V,

for certain periods. In this equation, V., V,, V, and V, are the group
velocities of Rayleigh waves which show the dispersion characters “1”,
“87”, «5” and “7” respectively. The value of C thus found was
compared to the observed travel-time (O) of Rayleigh waves along the
path. Our purpose is to shift the preliminary boundaries so as to make
the value of C as nearly as possible to the observed value O.

In order to obtain a unique solution, it is better, if possible, to
begin with such a path, for instance, from the epicenter 1 to the station
A in Fig. 2 whieh crosses only one contour line of 1000 m depth. In
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Fig. 2. Schematic figure which shows the method of dividing
a certain area into four regions.

this case, the final suitable division point P, on this path can be uniquely
decided. After that, the boundary line between “5” and “7” is drawn
from the point P, approximately parallel to the 1000 m contour line.
Then, on the next path, from 2 to A4 in Fig. 2, the shift of the
preliminary boundaries can be achieved mainly for the boundary between
“3” and “5”. A point @, is thus found.

Such procedures were successively made on every path. The division
map thus completed from the dispersion data at a station 4 will become
more reliable if we make the same procedures on other paths for another
station B.

In this paper, a division map for the whole Pacific area thus obtained
will be shown.

2. Materials

Group velocities of Rayleigh waves have already been observed by
many seismologists along various paths in the Pacific Ocean. Among
them, those which are limited to periods of less than 25 seconds are
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Table I.
No. A @ 4 Authors Station
(deg.) (deg.) (km) . .
1 46S  166E 1845 C. B. Officer® Riverview
2 48S 164E 1910
3 43.2S 169.3E 2260 Brisbane
4 258 114W 7400 Christcharch
11(5) 19N  146E 5880 J. E. Oliver, Honolulu
12 (28) 18.5N 121E 8400 M. Ewing and F. Press?
13(42A) 24N 122E 8120
14 (35) 33.3N 134.8E 6700
15(43) 47N 154E 5170
16 (16) 43.5N 147E 5620
17 (25) 60N  149W 4370
18 (64) 14.5S 180E 4650
19 (33a) | 18.5S 170E 5640
20 (17) 5.55 151E 6320
21(23) 1S 78W 8990
22(2) 7.8 77.8W 9300
23(27) 54S 71w 11700
24 (21) 38S 72.5W 11050
31(56) 21.5N 120.5E 11270 T. Santd and M. Bath® Pasadena
32 (46) 13.5N 121E 11930
33(08) 12.5N 125.5E 11670
34 (54) 0.5S 132.5E 11800
35(51) 4.55 135E 11830
36 (19) 6S 147.8E 10720
37 (36) 17.5S 167.5E 9720
38(13) 22S 169.5E 9830
39 (60) 228 174W 8590
40 (03) 30S 177TW 9440
41 (35) 62S 153E 13260
42 (63) 558 152W 10430
43(34) | 7S 80W 6050
44 (47) 53.58 131W 9800
45 (57) 28.55 113W 7000
46 (31) 37S 98W 8200
47 (53) 41.58 74.5W 9520
48 (32) 98 109W 4890
51 (46) 13.5N 121E 10200 Huancayo
52 (59) 4.5S 152.5E 14400
53 (51) 4.55 135E 16120
54 (29) 418 175.8E 10640
55 (31) 37S 98W 3570
61(6) {258 117W 6550 R. L. Kovach and Pasadena
62 (10) 21.5S 113W 4140 F. Press® Huancayo
71 (124) 158 75W 15750 T. Sant6? Tsukuba
72 (27) 218 69W 16700
73 (30) 33.5S 69.5W 17250
74 (139) 278 113W 13150
75 (215) 42.4S  74.8W 16900
76 (130) 38S 73W 17000
77 (129) 458 TW 16740
78 (113) 57S 147 .5W 12350
79 (90) 63S 154E 11040
81 (121) 7.5S 156E 5920 T. Santé Honolulu
82(19) 12N  165E 4060
83(77) 7N  126.5E 8250

(to be continued)
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Table I. (continued)

No. ! 2 1 ‘ 4 ‘I Authors { Station
91 6.85 155.1E | 5970 | M.EwingandF. Press®
92 6.85 155.1E 9810 | Berkeley
93 ” 10220 ¢ Tuccson
94 ” 9850 Palisades
101(P1) | 39.5N 143E | 7360 : J. Kuo, J. Brune and Suva
102(P2) | 45.5N 151E ‘ 7570 M. Major?
103(P3) ;56N 162.5E 8090
104(P4) | 5IN 173W | 7670
105(P5) | 50.5N 175W 7630
106(P6) 40N  126.6W ! 8590
107(P7) 26.5N 111W 9075
108(P 8) 17.5N 97W 10050
109(P9) 16.55 71.5W 11460
110(P10) | 27S 113W | 7035
111(P11) 38S 73.5W 10280
112(P12) 58S 67W 9675
113(P13) |61.58 154E . 5190
114 (P14) 7.4S 130.7E ; 5300
121 | 11.4N 162.1E | 3600 P. W. Pomeroyo Tsukuba
122 ” \ 3800 | Suva
123 ” i 5200 ! Hongkong
124 r i 4400 Honolulu
125 11.4N 165.2E I 4060

excluded. Because the dispersion characteristics of Rayleigh waves in
such a short-period range are more or less influenced by the sea depth
along the path.

The data of shocks and the authors ete. are given in Table I.
The shock numbers in bracket indicate those used in the original papers.
In Fig. 3, some of the dispersion data obtained by other authors are
shown. Velocity scales of these diagrams are all exaggerated about ten
times the original values. Some -classified curves are also given for
comparison. All of the traveling paths of Rayleigh waves used are
shown in Fig. 4.

For the purpose of making a preliminay division, a bathymetric
chart in “Times Atlas of the world,” London press 1958, was used. In
Fig. 5, only a coutour line of 4000 m and the deep sea regions of more
than 6000 m depth (marked by hatched region) are represented.

3. Assumed dispersion characters of Rayleigh
waves through East Pacific Rise.

A dispersion character “0”, the most oceanic type which has never
been observed at Tsukuba Station, was newly found along the central
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Pacific paths to Pasadena®. As a test to examine if this curve “Q”
could belong to the “17”~“T” series or not, group velocities of Rayleigh
waves along the path which occupy two regions “0” and “47, “Q”
and “57, “0” and “6”, “0” and “7”, half and half in each segment,
were caleulated. The results are given in Fig. 6 by different marks,
from which we can obtain a positive answer. For instance a curve “2”
can be resulted if Rayleigh waves pass over two regions “0” and “q”
by half and half. Similar conclusions can be made for other cases.

A problem was set, however, to divide the East Pacific Ocean. This
was because, as previousely reported®, Rayleigh waves which partly cover
the East Pacific Rise showed new characteristics from “c” to “g” which
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Fig. 3. Some examples of group velocity dispersion data of Rayleigh waves by
other authors.
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differs remarkably from the dispersion group “0” to “7”. In such
cases, some special dispersion characteristics for Rayleigh waves had to
be assumed through the East Pacific Rise in order to make such special
resultant dispersion characters possible.

As a preliminary, the East Pacific Rise region was divided from
other regions by a 4000 m contour line. (Region A). Referring to the
anomalous topographical and geophysical situations along the crest of
the Rise, which have been observed by a few authors, a narrow band
was suggested for along the crest. (Region B). The troublesome aspect
was that we have to determine two dispersion curves “A” and “B”,
which Rayleigh waves might show in these regions “A” and “B”
respectively, so as to explain the resultant dispersion data along many
paths which crossed these anomalous regions in question.

After several trials, however, such dispersion characters and such
shapes of regions “A” and “B” were decided and are as shown in
Fig. 7 and Fig. 8 respectively.

4. Results and discussions

The final division map of the regions “0”, «1”, «38”, «5»7 «77,
“A” and “B” in the Pacific Ocean is shown in Fig. 8. Path length
and travel-time in each region, calculated group velocities V,(=X.4,/5t;)

and observed ones V, of Rayleigh waves for three periods are given in
Table II. Divisions were aimed to be made for resulting the ratios of
(0—C)/O 1less than 19, from which we could get V, to coincide with
the observed value V, within the range of observational error. In Table
II, we can see some cases when V, differs more than +0.04 km/sec
from V,. These cases are, however, mostly limited to shorter periods.
Therefore, these unsuccessful results might be more or less due to the
influence of water layer along the paths.

From a comparative observation of the data in the two columns V,
and V, in Table II, we may deduce that our division map is quite
satisfactory with the observed group velocities along the whole of the
paths which crossed with each other in the Pacific Ocean.

The two suggested dispersion characters “A” and “B” along the
East Pacific Rise must be discussed. In Fig. 7, these two curves are
compared with other normal curves. Two specialities are well recognized
from the figure, that is, 1) the maximum group velocity appears in a
short period of about 25 seconds and 2) the maximum value of group
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Fig. 7. Suggested group velocity dis-
persion curves ‘“ A’ and ‘““B”’ of Rayleigh

O 2( 7/ V0+7/ V4 )-7 waves. The following three curves are
- represented for comparison.

o 2 ( 7/ V0+7/ VS ) 1: Classified curve denoted by the char-
-1 acteristic number ““17.

A 2 (7/ V0+ 7/ VG ) T: Theoretical curve of the Case 1588
1 which was found by R. L. Kovach® as

X 2 (7/ V0+7/ V7) being the best one to fit the dispersion

data of Rayleigh waves passing through
the East Pacific Rise.

S: Standard oceanic dispersion curve of
Rayleigh waves. (After J. Oliver!d.)

Fig. 6. Relation between a classified
dispersion curve ‘“0” and some other
curves.

velocity in curve B is remarkably smaller than any other curve. Though
the crustal structures which coincide with the curves “A” and “B”
have not yet been found, we can estimate such a crustal structure with
rather thin crust and with slow seismic velocity at the upper mantle
from the general characters of these curves. Or, a low velocity layer
may exist in the upper mantle quite near the Moho discontinuity. These
suggestions given above coincide well with the result of the crustal
profile across the East Pacific Rise given by H. W. Menard™. After
Menard, the average crustal thickness within 1400 km of the crest in
the East Pacific Rise is only 8.7km, or 1km less than that found at
an average station elswhere in the Pacific basin. Further, the compres-
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sional velocity discovered at the upper mantle is only 7.5 km/sec, which
is remarkably smaller than that of the ordinary basin. Characters of
two dispersion curves “A” and “B” are both satisfactory ones with the
refraction data given above.

The widths of the regions “A” and “B” can both be changed by
varying the assumed dispersion curves “A” and “B”. If we assume
more abnormal curves, the widths of the regions will become narrower.
After Menard, the width of the East Pacific Rise (which corresponds to
the width of the region “A”) and that of the highly abnormal belt
(which corresponds to the region “B”) are about 1400 km and 400 km
respectively along a little northern section of Easter Island. In our
results, they are about 2000 km and 500 km respectively across the same
section. Therefore, our results are also satisfactory with regard to the
widths of the regions.

In the division map, the region “B” branches off eastward following
the 40°S line. This projection was made in order to explain the travel-
time of Rayleigh waves along the path from Chile shock 75 to Tsukuba
(see Fig. 4). It is also interesting that this branch just corresponds to
that of the crest of oceanic ridge as is seen in Fig. 9.

5. Conclusions

The division map we obtained satisfies well with nearly all of the
dispersion data of Rayleigh waves along various paths in the Pacific
area. More detail and a more accurate regional crustal view must be
left to the covering of refraction or gravitational measurements in the
whole area. Considering, however, the practical difficulties of covering
such measurements over such a vast area in a short time, map gives
us the first gross crustal picture of the Pacific Ocean basin.

The results can be summarized as follows:

1) The western side of the Andesite line clearly shows continental
crustal structure.

2) On the eastern side of the Andesite line, the Pacific basin of
the thinnest crust with the dispersion character of “0” is divided into
four by two bands which cross each other around Easter Island. The
first band runs from southern Chile to the Marshall Islands region. The
second one just corresponds to the East Pacific Rise.

3) Two abnormal dispersion curves “A” and “B” are suggested
along the paths which occupy the East Pacific Rise. The general
features of the crustal condition being suggested from these curves and
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the widths of the corresponding special crustal regions are both agree-
able with the results from refraction data.
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Fig. 9. Map of the mid-oceanic ridge in the East Pacific and Atlantic Oceans
(After B. C. Heezen and M. Ewing!?).
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Division of the Pacific Area into Seven Regions 741
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