•

University of Queensland
PAPERS
·DEPARTMENT OF GEOLOGY·.
Volume III (New Seri~s)

1946

·. Seismological Evidence Bearing on
· Crustal Thickness in.
The· South-West Pacific
BY

N. J, de JERSEY, M.Sc.

, Pries: One

Skil~ing

and Sixpence

DEPARTMENT OF GEOLOGY.
VoLUME III. (NEw SERIEs).

1946.

NUMBER 2.

SEISMOLOGICAL EVIDENCE BEARING ON
CRUSTAL THICKNESS JN
THE SOUTH-WEST PACIFIC
By

N. J. de JERSEY, M.Sc.

(Published as an original paper by the University of Queensland.)
DATE OF PUBLICATION :
1st October, 1946
by WATSON, FERGUSON &. Co.
Stanley Street, South Brisbane

Printed

SEISMOLOGICAL EVIDENCE BEARING ON
CRUSTAL THICKNESS IN
THE SOUTH-WEST PACIFIC
By N.

J. de

jERSEY,

M.Sc.

INTRODUCTION
This paper is based mainly on a study of seismograms recorded at the
University of Queensland Seismological Station, Brisbane, and involves primarily
the interpretation of data bearing on crustal thickness (a) in the Australian continent, and (b) in adjacent parts of the South-West Pacific region. The materials
available for study are records which have accumulated since September, 1937,
and as the history of the station has been one of continuous expansion, the records.
have become progressively more valuable for research. The following is a summary
of the history of the station, in relation to the instruments recording :
l. From September, 1937, to May, 1941, two Milne-Shaw instruments (N-S ·
and E-W components; Vs=250; T=12 sec.; Drum speed=8 mm.fmin.) were
almost continuously recording.
2. In May, 1941, the drum speed of the two Milne-Shaw's was increased to16 mm.fmin. by the installation of electric motors, thus facilitating reading the
seismograms to the nearest. second, and both instruments have been kept in operation
since that time.
3. In September, 1943, a medium-magnification vertical Benioff instrument
(T =1.5 sec.) was placed on a continuously recording basis.

4. In February, 1944, a second Benioff instrument (N-S component) was
placed on a continuously-recording basis.
Since the installation of the Beniofi instruments, it has been found that the
combination of short and long period seismometers is particularly valuable forteleseismic work .
. SEISMIC METHODS AVAILABLE FOR A STUDY OF CRUSTAL THICKNESS.
AND THEIR APPLICATION TO THE S.W. PACIFIC REGION.
Most detailed information on crustal structure has. been supplied by study
of velocities and arrival times of crustal P and S waves for near earthquakes.
("" <10°). However, a primary requirement of such work is that earthquakes should
be recorded by at least three well-equipped stations within roo· of the epicentres,
and New Zealand is the only area in the region where this condition is fulfilled.
Also, the Australian continent is of minor seismicity, and owing to infrequency
and small magnitude ·of earthquakes recorded; instrumental data on near earthquakes are as yet meagre. Other methods for study of crustal thickness must
consequently be applied. These are (1) observations of the amplitude ratio PP jP·
and (2) observations of the_ velocities and periods of surface waves.
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The first of these methods has been developed by Gutenberg and Richter
(1935, pp. 305-324). They have shown that PP from Pacific reflections should
·theoretically be weaker than PP from continental reflections at the same distances
especially within 6,000 Km. This is confirmed by observation, and is clearly indicated
if ratios of amplitudes are plotted against distarices and separate curves for the
·continental and Pacific reflections are drawn on the one graph. ·The most useful
portions of the curves are those between 3,000 and 4,500 Km. (27° and 41 °) for
the following reasons : (a) " at distances up to 3,000 Km. (27°) PP is usually very
small.... Occasional large waves following P are frequently too early for PP and
are probably late members·of the P Group (or possibly pP, etc.)" (Gutenberg and
Richter, 1935, pp. 308, 310). (b) At 4,500 Km. P becomes very small, so that
the ratio PP /P suddenly becomes very large, and following this maximum there
is considerable scatter· of the points at larger distances.
Consequently this distance range (27° -41 °) has been selected for detailed
:study in the records considered here. The work has been based entirely on the
Milne-Shaw records, as Gutenberg and Richter state (1935, p. 311) " PP usually
has longer prevailing periods than P ; this may lead to an appreciable difference in
magnification, so that PP JP appears too small on short-period instruments."
Study of observations of PP JP affords, in general, a reliable method. of
·discriminating between crustal structures of the Pacific and continental type, but
cannot be applied to supply data on the thickness of the crustal layers.
Investigations based on the velocities and periods of surface waves have
·demonstrated conclusively that the velocity for waves of given period is dependent
on the average thickness of the crustal layers traversed. · This is the case for both
Love and Rayleigh waves. Further applications of -this principle may be divided
into two groups. The first is based on Jeffrey's results for the dispersion of surface
waves, which have been applied to the Pacific by Bullen (1939, p. 579) and de Lisle
(1941, p. 303). Jeffrey's work depends on the hypothesis of a crustal layer in
which S. waves travel with a velocity of 3.3 Km.jsec. Dispersion curves were
·drawn up for various total thicknesses of the crustal layers, the basis of calculation
being the mathematical theory of the wave types and the above assumptions.
'0qservational results were then compared with these curves and hypothetical crustal
thicknesses calculated. Such methods have not been used in this investigation as
it is considered that they are based on theoretical assumptions which have yet to
be proved for the regions i.nvolved. The method adopted has been to draw velocityperiod curves for the travel paths and regions involved, and to compare these results·
with those for regions for which the total thickness of the crustal layers is known
from other data. It is thus of a practical and comparative nature rather than
based on theoretical assumptions. Gutenberg and Richter (1936, p. 92) have plotted
the velocity of Love waves (Q) and of Rayleigh waves (R) as a function of period
for several regions, and their curves serve as a basis for investigation.

In applying these methods to the South-West Pacific region data have been
·obtained mainly from observations of Rayleigh waves. This is due to the fact
that the majority of the earthquakes studied have epicentres too close to Brisbane
to produce satisfactory records of Love waves, since at distances less than 30° these
waves follow S so closely that the onset and periods are usually obscured. The
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phase SS also frequently interferes with the trace of these surface waves at such
distances.

It will be convenient to consider the data separately for (a) the Australian
continent, and (b) adjacent areas of the South-West Pacific. The Australian continent is essentially of minor seismicity, while the earthquakes studied.under (b) are
centres in the active belts round the western margin of the Pacific basii1. The
purpose of the following section, dealing with the Australian continent, is to give
.a summary of instrumental data on Australian earthquakes, and to adduce data
bearing on crustal thickness and structure.
THE SEISMICITY OF THE AUSTRALIAN CONTINENT

General Summary

•r detailed
Jv on the
•p usually
fference in
mts."

From the view point of seismicity Australia may be divided into two regions
which are also distinct in general geological structure. These are : (l) The Australian
Shield or Stable mass which includes the area west of a line from DarWin to Mt ..
Isa, through the MacDonnell Ranges to Kangaroo Island, and (2) the remainder
of the continent to the east of this line.
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The Pre-Cambrian series of the Australian Shield have undergone no folding
of consequence since the close of Proterozoic time. All the evidence indicates that
this region is completely aseismic; no epicentres have been located within it and
all the shocks associated with this stable mass may be interpreted as marginal.
There are none of the active interior fractures such as characterize some of the
other continental nuclei, so that the Australian Shield appears to be particularly
stable.
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Of the earthquakes recorded frpm Australia, those of greatest magnitude are
clearly marginal to the Australian. Shield. The· remainder consist of a number of
-smaller shocks in the Eastern States which cannot be considered as marginal in the
same sense. As yet these shocks are too few and too- poorly located to enable
their relation to structural features to be deduced. Some remarks of Gutenberg
and Richter are pertinent to the occurrence Of such shocks in -the area between
the stable mass and the active zones bounding the continental block. They state
(1941, pp. roo; 102) : " In the central region of each continental block is ,the Stable
Shield or continental nucleus, with active inter~or fractures and marginal seismicity.
Between this Stable Shield and the active zones bounding the block is a wide zone
which is not quite as inactive as the Stable Shield itself. That part of this substable zone adjacent to the Stable Shield often contains an old mountain system
such as the Appalachian system or the mo~ntains of eastern Australia. In such
a mountain system the seismicity is often slightly higher than in surrounding areas."
Evidently this is in agreement with the diVision of the Australian continent into a
stable mass which is aseismic and a sub?taQI~ zone which is of minor seismicity.

Earthqttakes Marginal til the Australian Shield
The epicentres listed under this heading fall into two groups : (i) Those
located off the west of Western and North-Western Australia; and (ii) those
associated with the eastern margin of the stable mass, in particular in the tectonically disturbed Flinders Range-Mount Lofty region. The first group includes the
following earthquakes :

4

SEISMOLOGICAL EVIDENCE BEARING ON CRUSTAL THICKNESS

-(I) Near 20°S, ll0°E, November 19,1906. Focal depth, 50 Km.? Magnitude
class b (Instrumental magnitude 7-7.7). This earthquake occurred in the early
days of instrumental seismology and was felt over an enormous area, including the
west coast from Albany to Shark's Bay (see Gutenberg and Richter, 1941, p. 80).
(2) I6t S, 121 °E; H~2I h. 28m. 25 s., August 16, 1929.
(Instrumental magnitude 6-7).
0

Magnitude class c

(3) Near 30°S, ll5°E, H~I h. 35:7 m., April 29, 1941. Magnitude class c,
Instrumental magnitude 6i; felt throughout the South-Western Division of Western
Australia. Only the coda and late surface waves were recorded at Brisbane, ,the
earlier part of the trace being lost while changing records ; the following are readings
of the other Australian stations which recorded the earthquake :

Phase
iP
M

F
. Phase
iP
iPP
iS
iPcP
M

F

Perth
time (U.T.)
h. m. s.
l-36-57
40-22
(N-S component Milne-Shaw)
2--25-40

Adelaide
time (U.T.)
h. m. s.
l-40-25
40-37
44-00
(N -S component Milne-Shaw}
44-10
. 46-9
2-32 ca.

Riverview
Time (U.T.)
h. m. s.
iPEZ .. .
l-42-10
Dilatation
iP?Z ... .
42-26
(Galitzin vertical and
iPPZ .. .
42-54
Weichert horizontal
iPPPE
43-ll
components)
iPPPN
43-12
iZ
44-12
iPcP?NZ
45-44
iSN
47-03
iSSN ...
48-31
iSSEZ
48-33
MN
52--06
Period 6 sec.: Amplitude 31
mm.

Phase

An estimate of the instrumental magnitude was made from the maximurri
horizontal amplitude at Riverview, using the method developed by Gutenberg and
Richter (1936, p. 122). The value obtained was 6!, indicating its placing in
magnitude class c (Instrumental magnitudes 6-7).
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The epicentres in the second group are as follows : 1. 31°5, l38°E ; H=3-56-08, March 26, 1939 ; Magnitude class d (Instrumental magnitude 5.3-6). (Gutenberg and Richter, 1941, p. 89). This earthquake
was felt at Marree, in South Australia. The following are the phases recorded at
the Australian Stations :
·

Adelaide

Time (U.T.)

Phase

h. rn. s.

3-57-03
57-15
57-18
57-26
57-46
57-53
58-07
59.3

iPn
iPg
i
i

oe-Shaw)
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i
iSn
i?
M

D. meas.=4°
i::,Pn-H=3.6°
Alllplitude=25.0 mm. for
period 3 sec.

4-43

F

Riverview

Time (U.T.)

Phase

h. m. s.

1e-Shaw)

3-58-49
59-17
4-01-09
l-15
l-23
2--00
2--04
2-05

iPE
iN
eSN
iE
eZ
iN
iE
iZ

,!\, meas. =ll o
,!\, p-H=ll.3°

Brisbane

Phase

Time (U.T.)
h. m. s.

iPN
eLRN ...
MN
tude 31

'·

:.tximum
•erg and

Lcing in

3-53-59
4-02-44
4-35

,!\, meas. =13° ,!\, P-H=l2.0°
Period 7 sec.
Period 6-7 sec.; Amplitude
l2mm.

There is no clearS on the Brisbane records. The period of the surface waves
is first clear at 4 h. 02 m. 44 s. and has short period waves of S type superimposed
On it.
·

2. 26°5, 136°E, H=22-07-29, May 4, 1941; Magnitude class e (Instrumental
magnitude less than 5.3). Felt in the Finke River area of Central Australia. Two
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aftershocks, also of magnitude class e, o'ccurred at the times : 22-31-53 ; 23-23-55.
The phases of the first shock recorded at the Australian stations include :
Phase
iP
iS
M

Adelaide
Time (U.T.)
h. m. s.
22-09-40
ll-20

Brisbane
Time (U.T.)
h. m. s.
eP?N
22-10-58
iSN ...
13-33
eLRN
16-31 period lO sec.
Riverview
Phase
Time (U.T.)
h. m. s.
iPEZ
22-l0-58
iZ
ll-04
eSE
13-45
The period of the Rayleigh waves at Brisbane is first clear at 22-16-31, at
which time it is lO seconds. Using the origin time and f'.. S-H for Brisbane the
velocity was calculated at 3.07 Km. jsec.

Phase

(3) 25°S, l36°E, H=7-35-36, June 27th, 1941; Magnitude class d. Felt
in the Finke River a:r:ea of Central Australia. Two aftershocks of magnitude class e,
occurred at the times: 12-40-26; 14-37-48. The available data are not sufficiently
precise to ·determine whether this shock and the earlier one from the same region
(2) above had the same epicentre. The S-P intervals at Riverview are closely
comparable for both earthquakes, but the S-P interval at Adelaide is distinctly
greater for the later shock, indicating an epicentre somewhat to the north of that
of May 4th. That both earthquakes were closely related is suggested by their
occurrence in consecutive months in an otherwise inactive area. The following are
data for the main shock, as recorded by Australian stations :
Phase
iP
iS
Phase
iPE ...
ePN
iE .. .
iSE .. .
iSN .. .
iGE.
iLRE

Adelaide
Time (U.T.)
h. m. s.
7-58-00
59-47
Brisbane
Time (U.T.)
h. m. s.
7-59-04
59-05
59-20
8-0l-46
l-47
· · 3-42 Period 4 sec.
4-54 Period lO sec.

---- -------
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Riverview
Time (U.T.)
h. m. s.
ePZ
7-59-10
iPE ...
•59-13
ePN
59-13
iZ
59-15
iNE
59-19
ISZ ...
8-01-59
iSE
2--01
iSSNE
2-11
iZ
2-13
iN ...
3-35

; 23-23-55.

Phase

Phase
eP
iS
eSS
eL ...

-16-31, at
sbane the

d. Felt
:le class e,
1fficiently
ne region
ce closely
distinctly
h of that
by their

)Wing are
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Perth
Time (U.T.)
h. m. s.
8-01-15
3-50
4--23
5-13

The data for the surface waves recorded at Brisbane are as follows :

Type
G

LR

Arrival Time
8--03-42
8-04--54

Travel Time
9m. 06s.
9m. 18s.

·Velocity
3.35 Km. /sec.
2.92 Krr:t. /sec.

Period
4 sec.
10 sec.

4. Minor shocks have been felt occasionally in the Mount Lofty district, and:
recorded at Adelaide. None of these, however, could be located with sufficient
accuracy to warrant an epicentre determination. The following are data on four·
relatively recent shocks of this group :
Locality of Max.
Date
First P Movement at Adelaide
felt intensity
May 1, 1939
19-09-35
Port Augusta
June 5, 1939
12-21-42
Port Augusta
March 30, 1941
26--57-38
Eudunda
June 20, 1941
20-43-22
27 miles S. of Adelaide.
Earthquakes i"n Eastern Australia
These earthquakes will be considered in order of latitude from north to south.
Most of these shocks are of small magnitude and consequently have proved difficult
to locate, even when the instrumental records were supplemented by macroseismic
data. They are as follows :

(1) In the region of 24"S, 154"E; H near 4h. l4.6m., June 7th, 1918 ;.
magnitude class d. The macroseismic data for this earthquake have been dealt
with by Hedley (1925, p. 151). Its location in an area where submarine cables.
have been frequently broken in the past is interesting. Precise location of thee
epicentre is rendered difficult by its relatively early date.

~ ~

-
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(2) The Gayndah earthquake of April 12th, 1935 ; 25° 30' S, 151 o 40' E.
(epicentre based on macroseismic data). This earthquake was studied in detail
by Bryan and Whitehouse (1938). Instrumental data are incomplete and conflicting, and the times of origin calculated from P and S at Australian stations
disagree by intervals of the order of two minutes, with the time at which the shock
was felt in the epicentral region. The epicentral area is quite close to " a major
structural line separating a great palaeozoic terrain to the east and a narrow strip
of mesozoic rocks to the west." No field correlation with fault lines could be
established. The earthquake was of magnitude class d.
(3) The. Guyra-Arruidale earthquake of 27th June, 1938. This shock, of
magnitude class e, was felt in Guyra and Arruidale with intensities 2 and 3 on the
Rossi-Fore! scale. The amplitudes at Brisbane are small and waves of the P group
cannot be distinguished from mic:roseisms. The S group shows a clear division
into three phases, and these suggest the occurrence of crustal layers cdmparable
with those in other continents. The data from Brisbane and Riverview are as
follows :
Brisbane

Phase
iSnE
iSnN
iS*NE
iSgE

Time (U.T.)
h. m. s.
22-40-12
40-14
40-19
40-26
Riverview

Phase
eS*?E
iN ...
iSgZ
iSgN
iSgE
eLN
F ...

Time (U.T.)
h. m. s.
22-40-31
40-35
40-39
40-40
40-41
40.9

43

(4) The Riverina earthquake of March 24, 1938. This was of magnitude
class e, and was felt in the Riverina and N.E. Victoria; the available instrumental
data are:
Melbourne
Phase
p

...

Sg?
L

M ...

Time (U.T.)
h. m. s.
20-04--40
5-15
5-30
5-34

) 40' E.
n detail
nd constations

Phase
iPNEZ
iSnE
iSnN
iSgE
iSg?Z

1e shock

a major
>W strip
ould be

of
l on the
P group
division
1parable
r are as
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lOCk,

Phase
iSgE
iSgN

Riverview
Time (U.T.)
h. m. s.

20-04-43
5-24
5-26
5-38
5-39
Brisbane
Time (U.T.)
h. m. s.

20-08-39
8-41

(5) In addition to the above there are a number of small shocks which have
been felt in southern Victoria and recorded at Melbourne observatory. It has
proved impossible to locate many of these shocks, mainly on account of their small
magnitude and becaus~ there-are no first class stations in the vicinity.
Geographical Distribution
The epicentres dealt with in the preceding discussion were plotted on the
accompanying map (Text Fig. 1) with one exception, the earthquakes are all of
normal focal depth. The convention for magnitude is that adopted by Gutenberg
and Richter (1941).
Shallow Shocks
Closs c

+

Class d
class e

X
e

1gnitude
·umental

'"
i

I

!
Text Fig. !-Australian Epicentres
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-Data on Crustal Thickness
The velocities of Rayleigh waves recorded at Brisbane for the Finke River
earthquakes are plotted on Text Fig_ 2, which is based on Gutenberg and Richter
(1936, p. 92, fig. 2). They are comparable to those across North America, for
several areas of which Gutenberg (1943, p. 489) summarises the evidence from
near earthquakes as indicating a total crustal thickness of the order of 40 Km.
The average thickness for the travel path, the greater part of which is across
Southern Queensland, may be taken as a rough approximation to this figure.
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Text Fig. 2-Velocities of Rayleigh Waves in Australia

DATA ON CRUSTAL THICKNESS IN THE SOUTH-WEST PACIFIC
REGION TO THE EAST OF AUSTRALIA

Observations of PPJP
Introduction
The aim- of this section is to adduce some direct seismological evidence on
the nature of the crust in the region to the east of Australia. It has been tacitly
assumed, on indirect evidence, that this region, which is bounded to the east by
the well-defined seismic belt from New Zealand to New Guinea, is underlain throughout by material of continental structure. However, no direct evidence has been
previously put forward to determine whether the crust is wholly continental, or
whether there are isolated patches of Pacific StruCture, suGh as occur in the Carribbean region (Gutenberg and Richter, 1935, p. 324).
The investigation has been based on seismogr~ms recorded at Brisbane,
Riverview and Apia; the methods used have been outlined above (Part 2). In
the course of the work data of theoretical interest have accumulated regarding the
relative direction of initial motion in P and PP. According to Gutenberg and
Richter (1935, p. 296) " PP should always begin with initial motion opposite to
that of P, except in cases of :Peculiar mechanism at the focus." This generalisation,
which was based on theoretical considerations; has been found to apply to all
observations of P and PP with clear initial inovement in the seismograms studied.
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Data from Brisb.ane aJid RivervieW Seismograms
. I. The earthquake of March 25, 1938. The epicentre given by the New
Zealand Seismological Report ("List of Provisional Epicentres in the South-West
Pacific ") is I2"S, l77"W; H=l5 h. 29.1 m. The relevant phases at Brisbane are :
Phase
Time (U.T.)
Period
Amplitude
h. m. s.
15-55-29
0.4mm.
6 sec.
iPE
56-24
7 sec.
0.6mm.
iPPE
16-00-33
iSN
The point of reflection of PP is 20i"S, I69"E. The amplitude ratio PPJP
is 1.5, which clearly indicates continental reflection at this distance. (6S-P-3l.6").
2. The earthquake of September 16, 1941. The epicentre given by the United
States Coast and Geodetic Survey, Washington, is 28l"S, l78°W, with H=2l h.
39.1 m. That given by the New Zealand Seismological Report is 28!"S, I77!0 W,
with H=2l h. 39.1 m. The phases clearly recorded at Brisbane are:
Phase
Time (U.T.).
Period
Amplitude
h. m. s.
21-44--39
5 sec.
0.65mm.
iPN
45-21
3.2mm.
5 sec.
iPPN
50-07
iSSN
The point of reflection of PP is 28"S, l69"E. The amplitude ratio PPJP
is 4.9, which is large, even for continental reflection~at this distance. (6meas.=26").
3. The earthquake of September II, 1943. The epicentre given by the United
States Coast and Geodetic Survey, Washington, is l6i"S, l73"W, with H=l9 h.
34.0 m. and focal depth given as normaL That given by the New Zealand Seismological Report is I6i"S, 172-}"W, with H=l9 h. 34.0 m.
The relevant phases at Brisbaqe are :
Phase
Time (U. T.)
Period
Amplitude
h. m. s.
4 sec.
iPE (compression) 19--40-36
0.5mm.
4 sec.
iPPE (Dilatation) 41-41-51
1.0 mm.
The various determinations of the distance of the epicentre from Brisbane
are as follows : 6 P-H=33.2".
6 S-P=32.8".
6 meas.=33".
The point of reflection of PP is 23! "S, 171 t "E. The amplitude ratio PP jP
is 2.0, which is large·, even for continental.reflection at this distance.
The following data are extracted from the Riverview Bulletin for September,
1943:
Phase
Period
Time (U.T.)
Amplitude
h. m. s.
6 sec.
iPEZ (compression) 19-41-10
1.8 mm.
iPPEZ (dilatation)
42-30
8 sec.
2.2mm.
The point of reflection of PP is 26°S, 171 "E. The amplitude ratio PP JP
is 1.2, which is closer to continental than to Pacific values at the distance of the
I

epicentre.

·
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Data from Apia Seismograms
l. The earthquake of May 25, 1944.

The epicentre given by the United
"States Coast and Geodetic Survey, Washington, is 30'S, 152'E, with H=12 h.
58.1 m., and the foeal depth given as normal. The relevant phases read from the
Apia seismograms are:
Amplitude
Period
Time (U.T.)
Phase
h. m. s.
0.6mm.
13--05-20
iPNZ
2.1 mm.
6-56
iPPN
ll-10
iSN
The various determinations of the distance of the epicentre from Apia are
-as follows :
6 P-H=37.9'.
6 S-P=38.0'.
6 meas.=38°.
The point of reflection of PP is 8t'S, 169!'E. The amplitude ratio PP/P
is 3.5. This is large, even for continental reflection, but possibly the observation
might belong to the maximum of PP/P at 4,500 Km. (41'), and thus the nature
of the reflection at this point is not definitely established.
2. The earthquake of January 30th, 1939. The epicentre given by the New
Zealand Seismological Report is 7'S, 155'E. The U.S. Coast and Geodetic Survey,
Washington, gives a similar epicentre and H=2 h. 18 m. 26 s. Phases read from
the Apia seismograms are :
Phase
Time (U.T.)
h. m. s.
iPEZ
2-25--04
6 S-P
33.0'
iEZ
26-06
6 P-H
33.6'
iSE
30-19
6 meas.
33!'
There is no phase visible on the records at the predicted time of arrival of
PP (2 h. 26m. 21 s.) as computed from the epicentre, time. of origin and S-P interval.
The phase at 26 m. 06 s. precedes this time by an interval which is much greater
than the limits of instrumental error and consequently it is evidence that PP, if
present, is too small in amplitude to be read satisfactorily. The point of reflection
-of PP is ll'S, 17l!'E, and the data thus indicate the Pacific type of reflection
.at this point.
3. The earthquake of February 3rd, 1939. The epicentre given by the New
Zealand Seismological Report is ll 'S, 157'E ; phases read from the Apia seismograms
.are:
Time (U.T.)
Phase
h. m. s.
33.0'
6 S-P
5-32-15
iPE
32'
6 meas.
33-20
iPPE
37-30
iSN .
The amplitude ratio PP fP is 3 ·1 mm. = 2.6, which is consistent with con.
1.2 mm.
tinental reflection. The point of reflection of PP is 13'S, 172t'E.

ESS

IN THE SOUTH-WEST PACIFIC

13

Summary of Results

he United
H=12 h.

'

I from the

BoM's Andestfe

Line
Limits of the SeJsml
!Jeff

@

Apia are

<tio PPJP
)Servation
he nature

the New
ic Survey,
read from

arrival of

1

interval.

:h greater
at PP, if
reflection
reflection

the New
•mograms

il'ith con-

®

Text Fig.

3~Points

of Reflection o£ PP in the South-West Pacific

It is evident that all the observations, with the possible exception of one
of the Apia observations near the maximum of PP JP at 4,500 Km. are consistent
with data for continental reflection. The points of reflection of PP have been
plotted on a map of the South-West Pacific, (Text fig. 3) on which are alsq
shown Born's Andesite line and the limits of the Seismic Belt taken from a recent
paper (Bryan, 1944). The points of reflection in the Southern New Hebrides are
evidence of continental structure in this area, which is in the active Seismic
Belt and is also interior to the Marshall line and Born's Andesite line. The
observations from Apia are of interest as they supply some data bearing on the
position of the margin of the Australasian continental mass in this area. The
points Of reflection are in a region beyond all known epicentres, as the active
seismic belt of the Melanesian islands trends to the south- east, following the New
Hebrides line and thus "apparently passes from a marginal to an interior
structure." (Gutenberg and Richter, 1941, p. 43). Both points plotted are
close to the margin of the Pacific basin, as indicated by Born's andesite line, and
the data suggest that the boundary passes between them. Further study of
seismograms recorded at Apia from earthquakes in the Solomons region should
supply much more data on the margin of the Pacific stable mass in this region.

Observations of the Velocities of Surface Waves.
Introduction.
Brisbane is favourably situated for recording earthquakes from the entire
length of the South-West Pacific Seismic belt, and records of such earthquakes, at
arc distances of 15° to 35°, predominate in the well-recorded seismograms Which
have accumulated since 1937. The methods used in the study of the surface waves
of these earthquakes have been already outlined above. Only earthquakes originating at normal focal depth were -qsed in the investigation as difficulties are iritrOduced
in the study of surface waves where the focal depth is greater than normal. However,
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the recording of large surface waves with clear periods is in itself a well known
criterion of normal focal depth. The epicentres of the earthquakes dealt with fall
into three groups: (1) in the Solomons region; (2) in the Samoa-Tonga region;
(3) in the Kermadecs region. Particular attention has been given to seismograms
recorded from the last-named region, because (a) many of the epicentres are almost
due east of Brisbane and the effect of polarisation leads to Rayleigh waves being
well recorded on the E-W component, and (b) the Kermadec Islands are situated
near the eastern margin of the seismic belt so that the travel paths pass through
almost the entire width of the sub-oceanic region considered, from east to west.
Finally, the investigation was based on seismograms in which the onset and periods
of LR were particularly clear, all doubtful cases being rejected.

Rayleigh Waves from the Solomons Region
(1) Epicentre given by New Zealand Seismological Report (Wellington) as
9'S, 157'E, Quality B ; H=l5 h. 44.6 m., August 13th, 1942. From Brisbane
seismograms 6S-P -20.20; H S-P = 15 h. 44 mm. 38 s. For the Rayleigh waves
the data are summarised as follows : Period
Velocity
Arrival Time
Travel Time
11
sec ..
3.19
Km.jsec.
15 h. 56 m. 27 s.
11 m. 49 s.
9
sec.
2.96
Km.fsec.
57 m. 22 s.
12 m:44 s.
The velocity for two different waves was calculated from the arc distance
given hy the.S-P interval, and the travel time for each wave, obtained by subtracting the time of origin from the arrival times.

Rayleigh Waves from the Samoa-Tonga Region
(l) Epicentre given by the U.S. Coast and Geodetic Survey, Washington,
as 16i'S, 173'W; H=l9 h. 34.0 m., September llth, 1943. Focal depth is given
as normaL For the same earthquake the New Zealand Seismological Report
(Wellington) gives the epicentre as l6!'S, 172i'W; H=l9 h. 34.0 m. For Brisbane.
6 P-H = 33.2' and 6 meas. = 33' (see above under observations of PP JP).
The data on Rayleigh waves are :
Arrival Time
Travel Time
19 h .. 50 m. 37 s.
16 m. 41 s.
50 m. 58 s.
17 m. 02 s.
51 m. 18 s.

Velocity
3.71 Km.jsec.
3.63 Km.fsec.

Period
21 sec.
20 sec.

Rayleigh Waves from the Kermadecs Region
(1) Epicentre given by the New Zealand Seismological Report (Wellington)
as 32i;'S, 177'W; H=02 h. 10m. 13 s., July 11th, 1943. Depth normal.
From Brisbane seismograms 6 P-H=25.7'; 6 meas. = 26', (ePN at 2 h.
15 m. 42 s.).
The data from Rayleigh waves are:
Arrival Time
Travel Time
13 m. 41 sec.
2 h. 23 m. 54 s.

Velocity
· 3.49 Km. jsec.

Period
17 sec.

IN THE SOUTH-WEST PACIFIC

{llQWTI

th fall

15

(2) Epicentre given by the New Zealand Seismological Report (Wellington) as
36"S, 177"W, H=23 h. 18.1 m., September 22, 1943. Instrumental magnitude=6t.
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From Brisbane seismograms /:, S-P = 26.5", /:, meas. = 26" ; HS-P =
23 h. 18 m. 01 s.
The data on Rayleigh waves are:
Travel Time
23 h. 31 m. 07 s.
13m. 06 s.
31m. 31 s.
13m. 30 s.
Arrival Time

Velocity
3.76 Km.jsec.
3.64 Km.jsec.

Period
24 sec.
22 sec.

(3) Epicentre given by Riverview Bulletin as 30"S, 178"W, with depth normal
and H = 22 h. 03 m. 43 s., September 27th, 1943.
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From Brisbane seismograms /:, S-P = 25.4" and HS-P = 22 h. 03 m. 45 s.
The E-W component record of the Rayleigh waves shows dispersion (decrease
in period with increasing travel time) especially well, and in the following list the
arrival times and periods are given for the first two minutes of the trace, although
the velocity was determined only for the first onset of the group :
Period
Arrival Time
Travel Time
Velocity
23 sec.
22 h. 16m. 16 s.
12m. 31 s.
3.77 Km.jsec.
23 sec.
16m. 39 s.
12m. 54 s.
22 sec.
17 m. 02 s.
13 m. 17 s.
19 sec.
17 m. 24 s.
13 m. 39 s.
17 sec.
17m.43s.
13m.58s.

(4) Epicentre given by the U.S. Coast and Geodetic Survey, Washington, as
l78"W; H = 21 h. 39.1 m., September 16, 1941. For the same earthquake
the New Zealand Seismological Report (Wellington) gives the epicentre as 28t"S,
177t"W; H = 21 h. 39.1 m.
28~"S,

From Brisbane seismograms 6, P-H = 25.9"; /:, meas. = 26".
on Rayleigh waves are :
Velocity
Arrival Time
Travel Time
12m. 55 s.
3. 73 Km.jsec.
21 h: 52 m. 03 s.
3.62 Km. fsec.
13m. 17 s.
52 m. 25 s.
3.53 Km.jsec.
52 m. 45 s.
13m. 37 s.
3.45 Km.jsec.
53 m. 04 s.
13m. 56 s.

The data
Period
22 sec.
20 sec.
19 sec.
17 sec.

Summary of Results
The above values for velocities and periods of Rayleigh waves are plotted in
Text fig. 4, which is based on a graph of velocity as a function of period for various
regions given by. Gutenberg and Richter (1936, p. 92, fig. 2). It is evident that
the velocities from east to west across the sub-oceanic area studied (see Text fig. 3)
are comparable with those for the crustal layers beneath the Atlantic Ocean.
Regarding the thickness of the crust under the Atlantic and Indian Oceans,
Gutenberg has stated (1936, p. 1609) : " The sialic crust under the continents has
in general a thickness of 40 to 50 kilometres. It decreases towards the oceans
and probably has about half that thickness in the bottom of the Atlantic and Indian
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Text Fig. 4--Velocities of Rayleigh waves in the South-West Pacific

Oceans." The data thus suggest a comparable thickness (of the order of 25 km.),
for the crustal layers in the South-West Pacific above the Mohorovicic discontinuity.
This is a considerably lower value than that for the normal contiuental crust, which
has a thickness of the order of 40 Km. It is in agreement with results from the
study of near earthquakes in New Zealand. Gutenberg has summarised the results
on structure in New Zealand and regarding the available data has stated (1943,
p. 488) : "They leave no doubt that the depth of the Mohorovicic layer in New
Zealand is smaller than in any other continental region for which we have .data."'
The total thickness of the crustal layers in New Zealand is close to 30 Km.
The data on surface waves recorded at Brisbane from the Solomons region~
although iucomplete, suggest a thickness beneath the travel path comparable with
the-normal continental thickness. Taken in conjunction with the data summarised
in the preceding paragraph, this evidence suggests thinning of the continental layers.
from west to east towards the margin of the Pacific Basin. The accumulation of
data on surface waves from epicentres in the Solomons is rendered dift1cult by the
large magnitude of many of the shocks. In such cases amplitudes of surface waves
are so large as to cause tangling of the trace and to render accurate measurement
of periods difficult.
Rayleigh waves recorded at Brisbane also furnish some indirect evidence
on the location of the margin of Pacific basin in the Samoa-Tonga region. The
velocities of Rayleigh waves of the same period are the same, within the limits
of instrumental error, from an epicentre in that region as from· epicentres in the
Kermadecs. As there is little doubt that the Pacific margin is located just to the
east of. Kermadecs, it is evident that the distance traversed through Pacific structure
from the epicentre in the Tonga salient must be small in comparison with the total
arc distance to Brisbane. This is in agreement with evidence from near earthquakes 5° we?t of Samoa recorded at Apia. The Apia records sometimes show
well marked P and S phases suggestive of P*, Pg, etc., which indicate that the
continental layers are present for at least part of the distance between the epicentres
of such earthquakes and Apia.
·
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A study has been made of evidence bearing on crustal thickness in Australia
and the adjacent South-West Pacific, the materials used being mainly seismograms
recorded at Brisbane. For the Australian continent the evidence from surface
waves indicates a crustal thickness of the order of 40 Km. down to the Mohorovicic
discontinuity. For the adjacent sub-oceanic area to the east a continental structure
is indicated by observations of an amplitude ratio PP JP and this is supported by
data on surface waves which, in addition, indicate a total crustal thickness of the
order of 25 Km., comparable with that of the crustal layers under the Atlantic
and Indian Oceans. The appreciable difference in thickness between these two
areas is apparent in Comparing velocities and periods of Rayleigh waves from the
Finke River earthquakes with epicentres almost due west of Brisbane with those
of Rayleigh waves from epicentres in the Kermadecs, almost due east of Brisbane.
A complete explanation of the origin of this difference in thickness must await
more detailed work on the region involved, but it is evidence that_ a gradual
thinning of the continental material towards the Pacific margin would be in
accordance with the principles of Gutenberg's "Fliesstheorie" (Gutenberg, 1936).
A sheet of sialic material spreading over the earth's surface would tend to become
thinner towards its margins by processes of flowage and spreading while the interior
portions which would give rise to the continental nuclei or " shields " would be
expected to have a greater thickness.
Some data on the boundary between the Australasian continental mass and
the Pacific basin are also put forward. To the north-east of the New Hebrides
there are few well located epicentres, so that the boundary of the active belt is not
sharply demarcated, and the andesite line provides the mos_t accurate representation
of the Pacific margin in this region at present. General support to the validity of
the andesite line has been given by preliminary study of PP reflections recorded
at Apia from earthquake epicentres in the Solomons region, and further study of
such earthquakes from the Apia records should provide data of value in locating
the true margin of the Pacific basin to the north-east of the New Hebrides. To
the east, evidence indicates that the boundary extends to within at least 5° of Apia.
It then turns towards the south between Samoa and the northern Tonga Islands
and follows the well defined Tonga-Kermadec line to the north island of New·
Zealand.

In addition to the data on crustal thickness, the opportunity has been taken
to summarise instrumental data on Australian earthquakes, and the low order of
seismicity of the continent has become apparent. On account of this, and because
of the small number of stations, a long period must elapse before detailed knowledge of crustal structure in Australia can be brought to a stage equivalent to that
for other continental areas. The areas in the South-West Pacific where study of
near earthquakes would produce valuable results are (I) the New Guinea-New
Britain region, and (2) the Samoa-Tonga region. For the latter area the records
at Apia and Suva should supply important evidence on the location of the true
Pacific margin when data have accumulated. There can now be little doubt, from
all the lines of evidence that Australia, New Zealand, Fiji, New Caledonia and the
other island groups within the andesite line form parts of one homogenetic structure
and the inference is that they were co-extensive in the past.
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