g

COMMONWEALTH OF AUSTRALIA

DEPARTMENT OF NATIONAL DEVELOPMENT

-l - BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

OFtH FILE
LOAN COPY

RECORD No. 1963/38

SEISMIC WAVE VELOCITIES IN THE

NEW GUINEA/SOLOMON ISLAKFDS REGION

by

J.A, Brooks

The information contained in this report has been obtained by

the Department of National Development, as part of the policy

of the Commonwealth Government, to assist in the exploration

and development of mineral resources. It may not be published ‘
in any form or used in a company prospectus or statement without

the permission in writing of the Director, Bureau of Mineral ' 4
Resources, Geology and Geophysics.




P
s

RECORD No. 1963/38

SETSMIC WAVE VELOCITIES IN THE

NEW GUINEA/SOLOMON ISLAYDS REGION

by

J.A, Brooks

The information contained in this report has been obtained by
the Department of Nationa! Development, as part of the policy
of the Commonwealth Government, to assist in the exploration
and development of mineral resources. It may not be published
in any form or used in a company prospectus or statement without
the permission in writing of the Director, Bureau of Mineral
Resources, Geology and Geophysics.

&



CONTINTE -

Page
SUMMARY
1,  INTRODUCTION 1
2. OBSERVATIONAL DATA 1
3,  LfTERPRETATION 2
4, DISCUSSION 3
5. CONCLUBIONS 5
6. REFERENCES 6

TABLE 1, Velocity of P waves - variation with depth
(Draving No. G82-105)

ILLUSTRATTIONS
Plate 1.  South-west Pacific area (G82-138)
Plate 2, Distribution of carthqualc cpicentros (G82-108)

Plate 3. Graphs of surface arrival times/epicontral

distance for P waves (682-109)

Plate 4. P-wave velocity variation with depth (G82-106)

Plate 5., Velocity of S waves ' (682-107)
SUMMARY

o —————

Independent values of the vclocity of P waves have been
determined to a depth of 500 km below the New Guinca/Solomon Islands
region from an empirical study of the arrival times at the surface
from 185 carthquakes.

The existonce of a low-velocity channel with an axis at
a depth of 150 km, where P waves may be transmitted at a velocity of
7.6 km/scc, is inforrod.

The use of USCGS preliminary carthqueke epicentres, origin
times, and depths has confirmed that the reliability of thesc data have
increcascd since thoy werce detemincd by electronic computer,



1. INTRODUCTION

The vclocity distribution of both P and S waves,
particularly in the upper 500 km of the Barti's mantle, is a
fundemental seismolegical problem. Its solution has bcen
complicated by suggestions of the cxistence of a low~velocity
channel in the upper mentle (Gutenberg, 1948, 1953, and 1959b;
loter studies of surfaco-wave dispersion by many authors ).

In the upper part of the mantle, where earthqualkes occur, velocity
variztions with depth can be studied by dircet observation of P and
S weve arrival times,

Although the arca of the Pocific that contains the
arcuate structurce of New Guinea, Now Britain, 2nd the Solomon
Islands (Platc 1) is one of the most active seismic areas of the
world, there has been little opportunity owing to a shortoge of
local seismic stations, for o detziled study to be made of its
sciemicity and toctonic featurcs as revesled by seismological
records, The seismic stotions now operating in the arca (see
Plate 2) are Rebaul (cormenced in 1939), Charters Towers (1957),
Tort Moresby (1958), Honiara (196G), and Darwin (1961)., The
station density over the arca (35 degrees of longitude by 10 degrees
of latitude) is still inadequate ond offers only limited scope for
quantitotive examination by seismological methods of eny physical
characteristics of the arcas the scone is further limited by the
capabilitices of the instrumcents ot some of the above stotions,

Nevertheless, sufficient doto hove cccumulated from
reccordings of carthqualkes thot occurred in the arca between July
1960 and May 1961 (Plate 2) to allow investigntion of the veleeity/
depth relation for P woaves, This has been focilitated by the high
Trequency of earthquake occurrence, together with o very wide range
of focal depths cncountered in the area.

notv necessarily

Relative scismicity of differcnt sreos is
rthqualko mognitude

indicated by Plate 2y, os no account is token of cax
and the period of obscrvation is short,

The substance of this Record was presented at the Tenth
Pacific Science Congress, Honolulu 1961,

2. OBSIRVATIONAL DATA

The ohservotionel date uscd in this invoestigation are
cenveniently sumnarised in o serics of graphs showing travel time
as a function of distonce (Plate 3). These grephs were plotted
from P wave crrival times listed in preliminory stotion bulletins
together with pertinent date extrocted from USCGS 'Prelimincry
Determination of Epicentre' cords, which hod been compiled wiith an
IBM 650 computer since July 1960, Epicentral distancoes were
individually calculnted using dircction ccsinss, Cwing %2 the
high frequency of carthquoke occurrence, it hns been possible to
group 185 ehocks, having focsl depths from 13 to 515 Im, into 10
depth ronges. By using rosults from four stations, the cpicentral
distance range O to 25 degrees (over which the form of the curve,
arrival time agoinst distonce, must be sscertnined) has been cevered
for cach group of shocks.
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The graphs use a vertical scale of the form % ~ ks
to accentuate the change in slope of the travel-time curve on
each side of the point of inflection, and this allows a more
accurate interpretation to be made of the slope of the adopted
curve at this point, The value of Xk is chosen so that the
portion of the travel time curve in the vicinity of the point
of inflection, is nearly horizontal.,

For this investigation, data relating to all the
earthquakes, listed on the USCCS cards have been given equal
weights regardless of magnitude.

Some uncertainty is involved in assessing a curve of
best fit for each group of plotted points (travel—time curve )
but the uncertainty is reduced by the fact that the two shoulders
of each graph (e.g. the h=65 km graph) are in general more clearly
defined than the central section and thus give a guide to the
limits of slope of the critcal centre section (vhich contains the
point of inflection). To minimise errors in such interpretation,
cach group of points was plotted three times, using 2 slightly
different value of k in the y-axis scale in each case; to ensure
a variation in the relative positions of these sihoulders. The
resulting three velocity values agreed to within 0.1 km/sec for
most groups (Table 1),

3. THTERPRITAT TON

A method first suggested by Gutenberg (1953) has been
applied to deduce values of velocity at the nominal depths
representing each group of shocks., Its validity depends firstly
on the ray theory to explain the propagation of energy from earth-
quake foci, secondly on the fact that the wave velocity is a
function of focal depth, but remains comstant in the horizontal

lane at a given depth, and thirdly on the continuity of the travel-
& 9 J ¥

time curve observed at the surface over the range of epicentral
distances considercd, at least as far as its point of inflection.

Briefly, Gutenberg showed that under these conditions
the velocity (V,.) of P or S waves at dopth h is simply related
to the minimum $alue of the apparent velocity (Vmi ) observed at
the surfacec, '

Vh = Vmin °rh/ro where r, = distance from depth h to centre of
Darth
r, = Zarth radius (6378 Xm)

He determined a velocity/depth relation for both P and
S waves by examining the reported arrivel timcs of P and 5 waves
at a large number of stations for about 80 earthquekes of varying
focal depths.



In the current investigation, Gutenberg's mcthod has
been applied with slight modification to carthquakcs in the New
Guinea/Solomon Islands region to determine whether his gencral
results apply to such a restrictcd arca as this, From the mean
minimun apparent velocity estimated from the graphs for cach nominal
depth, the vclocity of the ray leaving the focus horizontally has
been calculated. The reduced rcsults for P waves are illustrated
by Platc 4 and those for S waves by Plate 5. S wave velocitices
are prescnted for the sake of completeness only and are considered
much lcss reliablc than the P wave velocities.

In Plates 4 end 5, a comparison is madc between the
velocity distribution inferrcd for the Hew Guinea/Solomon region and
distributions suggested by Bullen (1947) and Gutenberg (1953).

These plates also comparc Bullen's theoretically determined velocity
distribution with that obtaincd by treating the standard tables
(Jeffreys and Bullen, 1948) as a series of actual observations and
computing a velocity distribution using the graphical mcthod deséribed
above.

4. DISCUSSION

Only the data reprcsenting P wave arrivals will be
discussed becausc they are morc comprehensive and therefore can be
more reliably interpreted then thosc for S waves,

It appcars (Platc 4) that the region of low velocity in
the Now Guinea/Solomon rogion may be thicker and have a lower minimum
value of velocity (which is roached at = greater depth) than found
by CGutenberg, Also, it moy be noted that the rate of docreasc in
velocity is greatest for the depth range 75 to 150 km and oxcecds
the critical rate(-dV/dr = v/r) of 0.1 km/scc per 100-km depth,
which is sufficicnt to cause a ray entering such o region to be
rcfracted downwards (i;g, with o radius of curvaturc less then the
radius of that depth). A shedow zone could thus be produced at the
surface, ~nd conscquently, a discontinuous travel-time curve having
two branches (Bullen, 1947; Gutenberg, 1959a end %), It is therefore
probable that the inflection points (corresponding to Vmi ) on the
90, 115, and 135-km grephs lie in shadow zoncs and the vilues of Vmin
are in fact interpolated. Nevertheless the rcsulting V. values
should still be closc to the actual value of velocity ot the depth
concerncd (Gutenberg, 1959b, p.442). Certeinly it is difficult
to concede thet V., valucs would be much higher, as the outer sections
of the corrcsponding travel-time curves would then not fit the
ohserved datea.

Gutenberg's mecthod of analysis allows V. valucs at different
depths to be derived independently of each other. his is an advantage
over the classical theoretical method of determinaticn (Bullen, 1947
and 1956, P.99) which rcquires that the travel-time curve be continuous
over the range of epicentral distances ccvercd by the ray paths being
analysed, If not, assumptions thet mey seriously affect the resultant
veleeities obtained for various depths must be made.
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However, values of V, here obtained are subject to error,
which may be causeé by o number of factors, the most importaont beings

(a) errors of interpretation of the form of the
adopted travel-time curve, owing to the scatter
of plotted points,

(b) errors in the determination of Vmin at distances
wherce therc arc no first srriveals; owing to the
presence of & shadow zcne, These would be duc
to the condition —dV/dr ;.V/r in the low velceity
channel,

Quantitative cstimates of the acouracy of V, valucs cannot
be made at this stage other than the indications given by Table 1.
The valucs depend entirely on the graphicel interpretations in
Plate 3 end the minimum velocity inferred mey, in foct, be somewhat
higher. However, it would be difficult to reconcile with the
observed data a velocity distribution hoving no diminution with
depth. :

It is sugpestoed thet these data do, at least, imply
the coxistence of a low-velccity chonn:l such that the moximum
velocity gradient (-dV/dr) betwcen O and 150-km dopth is not very
much loss than v/r, if it doos not in fact exceed v/r. If

_dV/drf(v/r, srrors of type (b) 2bove would not be expected and
continuity of the travel-time curves (Plaote 3), leading to a more
relieble interpretetion of Vh’ could then be inferred.

Thereforc it is cemsidercd that the data summoriscd
in Plate 4 suggest the prescnce of o low-velocity channcl and a
different velocity distribution from those found by other investigators.
It is intercsting to speculcate that this difference may be ceused by
features or ccnditions peculiar to the New Guinoa/Solomon Islands
region,

A rathor novel meons of estimating the accuracy of the
USCGES epicentre determinations is provided by the graphs of Plate 3.
It is usuel to find considerable scattor in any such sct of
observations consisting of preliminary data, Estimntes have been
mede of the r.m.s. deviation of the plotted points vortically displaced
from the adopted travel-time curves (Plate 33 Teble 1), It is found
to be highest for the 25-km and 40-km groups of shocks and roughly
constent thereafter, with a small increase for the 115, 135, ond
175-km graphs., Throe causes of this scatter are suggested:

(a) errors in the calculated cpicentral distences,
which will be transferred to the groph by the k
factor in the vertical scale, Such errors would
produce 2 randem scatter,

(b) incorrcctly identificd P onsets, which in most
cascs would be late, not early, =nd which would
causc a scatter predominantly in a pesitive
vertical dircction,

(¢) definite initiel onsets which do not reprcsent
the arrivael of the direct wave, c.g. at 2 station
within the shadow zone for a particular shock,
would again cause a predominently positive vertical

o

scatter in the middle portion of the graph,



As the average differcnce between computed and observed
arrival times for shocks in all depth ranges is only about 5 sec,
it is suggested thet errors in cpicentral distonce moy thercfore
be the main cause, If so, the r.a.s, values indicate an equivalent

" mean error of betwcen 0,2 and 0,3 degrees for most depthss this

seems surprisingly small for preliminery epicentre determinations.,
Nevertheless, it is clear from the appcarance of the grophs that
it would have been extremely difficult to fit the curve to each
set of points had the scattcr been much greater than this value.

At depths less than 50 km the seccond assumption, viz.
that there are no significant horizontal variations of velocity, would
be violated if the complex tectonics of the arca extend well into
thig depth range. Morcover, any shocks in the 25-km group having
cpicentres above the Mohorovicic Discontinuity will lie in a region
where wave velocities are dower and possibly have a wide range.
These conditions weuld leced to additicnal scatter.

Below 50-km acpth he scatter is roughly the same in
ach graph, but a small increase occurs for shocks between 100 and

200—km depth, It can be seen on Platce 4 that the differcnce between
any of the previously published voloc1ty/depth curves and the curve
determined in this investigation is greatcst for this depth range,
ilany carthquakes uscd for this study werc small and the corresponding
opicentre data werc consequently aveilable only from the closest
stations. The increased scatter noted may be due to errors in
distance calculated from epicentres using standard travel-time
data, if these are incorrect in this region.

5. CONCLUSIONS

Ividence has been presented to support the contention
that there is a layer of low velocity for seismic waves under the
New Gulnea/Solomon Islands region, The minimum velocity recached may
be as low as T.6 km/sec at a depth of about 150 km, he decrease in
velocity found is much more pronounced than hitherto reported and
uvgests that shadow zones for the arrival of direct P waves cxist
in the area.

he successful use of USCGS preliminary epicentre data
is demonstrated, and the average error in epicentral positions,
determined for carthqualus in the New Gulnba/Solomon Islands region
since July 1960 by computer methods, appcars to be about 4 degree.
This is a favourable comment on the accuracy of such data,

Improvement in the quality of this kind of data will be
possible in duc course through morc selective use of the results of
carthquakes, and by distinguishing between different ray paths in
terms of rogional geology. This was not possible in the present
preliminary investigationg the number of cvents available was too
limited to permit more than a general analysis.
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NEW GUINEA/SOLOMON ISLANDS REGION TABLE |
VELOCITY OF P WAVES — VARIATION WITH DEPTH

DEPTH | NOMINAL

- - Tz NUMBER _RMS_DEVIATION
RANGE DEPTH V min. V min. V min. .M.EAN _rr_h_ Vh OF Time Distance
(k m) (k m) k=140 | k=14-2]| k=144 | vmin 0 (km/sec) | 0BS. | (Seconds)|(Degrees) |

(km/sec) | (km/sec)| (km/sec) | (km/sec)

0-3| % | 797 | 794 | 792 | 795 |98 | 793 | 6T 65 | 05

32-49 40 | 80l 7-94 7-96 7-97 | 0-994 792 59 5-4 0-4

50-79 69 194 94 800 | 796 | 0-990 788 13 30 0-2

80-10l 90 94 90 | 796 | 793 | 0986 7-82 74 33 | 02

102-125 | HS 7 7 73 16 0-982 73 69 3-4 0-2

126-190 | 135 7-83 7-83 719 782 | 0979 7-66 48 3-4 0-2

151-199 | 175 194 8-00 7-88 794 | 0-973 773 45 | 38 0-3

T30 ,
200-250| 225 | oo 855 | 0-965 | 825 | 28 | 20 | 0
‘ k=110 x
350-4i0 | 380 98) |0-94 | ©2) | 13
(9-8)
450-520] 480 | (10-2) 102) | 092 | ©4) | 17

G82-105

TO ACCOMPANY RECORD No.1963/38



PLATE

95° 110°E _140°E o 150°F . I60°E | 170°E IB0°E 190°E
0° % ‘ t 0°
E\\\L{ | 2 ' <. 1
< <
D \ X o {
N . biL .
L
: 3‘9& . N ;)
S| SRR
° x - 10°
10°8 R . = o S
B “% o
9
g l . ”
o - P
o . a3
Lo
\3' D$ o
, Ne 2.
;23 («:-J;p e
. el
° %' P 'l 2
& . ] )
20°S S ﬁ * Koy 20°s
3//\_/J sg% <,
©
\ .
|
|
. i v
| . :
30°8 S \ ! . ‘ ‘ , . 3005
) ——
T * /
)
f./—«m/ j l A
/ (,.//"
L]
> f
0 " \/\‘A ;
g |
s 1 2 & °
B O : 40°s
2 40°s ) A
S g |
—
4
“zJ -
z SOUTHWEST PACIFIC AREA | b
P ! 2
g A
T ‘ ®  SEISMOLOGICAL STATION
gl
¢ _ e
,: ; )~ i
é' . MERCATOR PROJECTION EGUATOR i i | 1 !
I ). I A T ' : 3 ‘ ‘
g T } ] i 1 U oo j'2°o°o : . i ﬁ ‘\ ; 1
| | !
g Ay B 2 | |
§ = —/Statute | Miles § 45;%0 i k ‘
U [¢] 200 400 600 1000 i }
i ]
z ; |
2 Geophysical Branct, Buresw of Mineral Resources, Geology end Genphysies. ’ ‘ o i ' 5005
b7}
G82-138

TO ACCOMPANY RECORD No.i1963/38



PLATE 2

;
165°

160°
\Y%
|
]
f/ 5O __
e /
4
4
Wy, 1
o ‘
Q
\ | \V/
& ;
\V4 o | >
PORT MORESBY HONIARA (|960) x
(1958) !
00 e e e - S - = - D¢ -
RSN
! Wv
| | V oy %
| \%v/
I\ o v
t -
DARWIN (1961) NEW GUINEA /SOLOMON ISLANDS REGION
DISTRIBUTION OF EARTHQUAKE EPICENTRES
(as extracted from U.S.C.G.S. preliminary data cards)
JULY 1960 - MAY 1961
L AV
NOMINAL DEPTH DISTRIBUTION IN DEPTH . TOTALS SYMBOL
@ :\m\k km ) 150 —
. 0 . _SURFACE
25 A | 25
' 40 V7 i 20 V.
B e //// / | 40
90 _ 100km 28
| "y —- g /A ‘ 27
R . 7 | 15 |
WESTERN . NORTHERN , I ___// | . v
AUSTRALIA TERRITORY ~ QUEENSLAND _ . 200kn
1 v | 225 8
‘ 7.
;_.200 . e T____ T ' i i ‘ i - . e e e 200
' | ~ : | ~ CHARTERS TOWERS 7 ; v
1300 1350 | 140° 1450 (1957) 1500 80— Y 1650
S — — — - e S S e R . | _ 1. S | = B
MERCATOR PROJECTION Z
EQUATOR 480 — - oo 4 | 4
/ / | 1 | | \ - 7
O R Ty ANNS———— A N S 500 km
20°S--——‘---—-—-7L // // /T \\ O \\ \i‘-“' === % 1 )
WS ey 100 200 300 400 500 600 700  MILES
00 600 700 MILES ‘ PORT MORESBY (I958) SEISMOLOGICAL STATION (YEAR ESTABLISHED)

£
I

G82-108

TO ACCOMPANY RECORD No.1963/38



001 -13 D

PLATE 3

+30 ° . 430 -
[ h=25km
|
* . ean Vi 3km /sec ) h=2725km
20 | RMS 65 20 Lu V=8-55km /sec .
' f oo N o Mean V,=8-25km /sec
. . DEVIATION 0-5° 2
oq 4 L A I . b
C? \ ® — .
T 40 - \\. L] . -2 t10 - *
- LN e o |
T . Tt g
= |
) . =
K2 . — |
0 + + | S 0 b— — % f 1
LéJ ° 5 . 10 o 25 5 10 15 25
— DISTANCE (degrees) DISTANCE (degrees)
|
-10 + -10 L
-20 L +50 -
. v
7-94 -
I——— 8-05} km /sec h=115km \ h=380km
+30 — +20 - =7 140 - ®
20 Mean Vp = 7-50km./sec . 40‘ \\ . Vh = (9-2)km /sec
RMS 3-8sec. Q \
. . h=40km " - \
\ ! DEVIATION 0-3 - \ . . .
+20 =\ . . Mean Vh=7-92km /sec +10 T +30 - N - e ——— -
\ . S ~ T RN
\ . RMS 5:4sec £ . N
‘ \ o B ' Wi \\
\ . DEVIATION 0-4 o = .
410 - \ T 0| . 20 N\
< \, ° ) e © N i : \
N * P _o* . - »
o * . L] — | d
3 : .. 3 : A
L . . S | |
—_ ! R o ® g
§ 0 - ——— — et 4 = o L % e - slol : Vo ced - ——t
S 5 10 15 25 = 5 10 25 0 5 10 5 20 25
@ | DISTANCE (degrees) o® = . DISTANCE (degrees) DISTANCE (degrees)
T -IO'r -20 7.\;2 .
%: 783 } km /sec ’
7:94 7
-9
-20 [ -30 - +50 - — 10-10 } km /sec
h =135km | = 10-29
R T A — - A /W_F/'/vwww-mw" i A 'M'e‘uznf"‘""V*I‘:']!“‘W“W@@“R‘M’“W@W"?“‘“ il HE M I N
| h=480 km
r RMS 3-4sec R
h=65km S A Vh =(9-4)km /sec
. . | DEVIATION 0-2 @ -\
Mean Vj =7-88km /sec I A
° . — N e
<2 e v LI
+20,r RMS 3-1sec o R =< © 430 ~_ .
< S T— e — .
o ! (3] 3 . — —
| DEVIATION | 0 -2 - ) . = ‘\\
_ h=: . . = : ° \
4O - . . .. V=7-94km /sec § o L — 120 i .\.
* = | . \\
[ .. ® ® w ‘ [
o * * 3507 .. s .o ¢ l—g— l .\
; .. . o__‘._‘o.__,_j__~: ' .
$ oL 1 . ‘.... et &\il;:\' 1 -20 e i + - +10 L, R e e - f— —
. 5° 0, 25 5 10 ? 25 0 5 10 15 20 25
@ DISTANCE (degrees) DISTANCE (degrees) DISTANCE (degrees)
S
2 b 50 L V=7-94km /sec
L
§ [ ]
-
20 F +20 .,
h=175km
Mean Vp=7-73km /sec
30 L +10 RMS 3-8sec
h=90km 5
. . DEVIATION 0-3
Mean Vp, =7-82km /sec . .
. « v . EARTHQUAKES IN NEW GUINEA /SOLOMON ISLANDS
20 r . o 0+ ° ——— e —
' RMS 33 sec S .- e JULY 1960 - MAY 196
DEVIATION | 0-2° s . |
.« . = . GRAPHS OF SURFACE ARRIVAL TIMES FOR P WAVES
a0 1§ . 210 - EPICENTRAL DISTANCE
% e tte e e " ' DEPTHS OF FOCUS TO 500 KM
54 I T -
T 0 R 20 |— S — ; -
- 5 * 10 5 10 25
g DISTANCE (degrees) DISTANCE (degrees) .
W -0k 30 -
= .
—
-20 + -40 -
682-109
TO ACCOMPANY RECORD No.1963/38

_30 L



{km /sec )

Vh

PLATE 4

! T T
NEW GUINEA / SOLOMON ISLANDS REGION
10-0 .
P-WAVE VELOCITY VARIATION WITH DEPTH
96
92
8:8 1
: | |
i i BULLEN  (1947)
| - -<—-— FROM JEFFREYS 8 BULLEN TABLES USING
80—+ - -k GUTENBERG GRAPHICAL METHOD —
RERTE - GUTENBERG  (1953)
B C e — — — — — ——  NEW INTERPRETATION FOR NEW GUINEA/ o
SOLOMONS IS. REGION
76 L S~ S - fiv*" ‘ : T
! - L [
° ' | o | | t f ‘ _ ' o
‘ ! [ ‘ ’ | | v . ’
7.2 r L ‘n i L 1{ i il ; I i - ‘ ! i
0 100 200 1300 A 400 500 - 600
DEPTH BELS)W.SURFACE, h (km) 682-106

TO ACCOMPANY RECORD No.1963/38



TIME (seconds) t-25-2 4°

TIME (seconds)T—IQ-_B 4°

+30

+20

+10

o

2
o

-20

-30

+70

+60

+50

+40

+30

i

DEPTH BELOW| SURFACE , h ,(km)

TO ACCOMPANY RECORD No.1963/38

5% S-WAVE SURFACE ARRIVAL TIME /DISTANCE PLOTS (INTERPRETATION DOUBTFUL; Vy, VALUES VERY UNCERTAIN) PLATE 5
— I —’ +30 r—
h=30km h=65km h=90km h=125km h=200 km
Vh=4-35km /sec o Vh=4:35km /sec Vi =425 km /sec Vh=4:20 km /sec Vh=4-35km /sec
R - —\ . 120 T
o ° o ° i
o o ° \ \
° o o \ o \
oo \ ° o \ \
\ o [ o o ° o Vo \ o ° ° \
\ o — o \ ° o — \ o — \\ ° \\ °o o ) +10 — \\o \\ °
o\ é\\ o N ° Qi‘ \\ N \\ \ \\ °\ A 3 \\ N \\ o AN
\\ °\ o \o\ o . o 00— — N \ \\ ____ - o \\ \\o /,,_o\\ \ N \\ .
o ——_———— [+ o o 00~ — - 0w | ! ~
\\O \o\ ————————— e K N\ i = oo_o'-”—— \o \\ \Q o\\ o\\*" o ° R O\o\ \\ c’o\ \oo_go//// i\ \\ N J | \\ ° \\\O\_ N
‘'« ° \ \ \0\4 oo o\ \\ \ \\ o o //,/’ \8\-, \ \o oo ° %o ° \ \ + ‘ . e ~ o\
e } —= A } e i t B Mo m— = of— N\ o 'r | ===y A f S o =2 + NN A ;
5 ° 0 15 o\ \\0 \eo e 5 ° 10 AN ~_5 10 S~ Y 20 N5 ° 0 8 o\ 20 S 5 0 5\ %\ 20
! -] S —— [} Y ) < ~
DISTANCE (degrees) Vo 3 o\ \\ . "\o ‘\ \ o a2 DISTANCE (degrees) \ °\\ \
\ \ ° \ \ o o i ° \ \ w \\ \
\ o \ . . , \ o ° v = \
[o] \ O\ \ \ \ (o] : \ \
) \ L \ - o o \ _ \ -10 -} \ o
° \ ° \ \ \ o\ o \
° \ \ e Vo
<) \ \ \ \
\ \ \ \ v
° \° \
\ \ A\ \° o !
\ : o \ \ - \ -20 - \
\ \ 3 \ ) o\ ©
\ \
(0) _— (b) \ (c) (d) . (e) \
O\ [+] o f o]
\ L L 230 L
\ . 30 )
o )
\
\
\
. 58
h=480km
Vh=5-00km /sec 58 NEW GUINEA /SOLOMON ISLANDS REGION %I
56 4
. 0 . S-WAVE VELOCITY VARIATION WITH DEPTH /f
\\{ ° ° : o
———0 | v
\\ //’/ \\ / 4
\‘~——-o°""’/ ° \\ /
o ] \ 54 j s
\ | 7
° \ | /
\ { '
\ N
\ .
1 ) | 1\0 | 52 3
5 10 5 20\ 25 B /'/
DISTANCE (degrees) \ _ | ;
o b [ J 1
3 i Vi
£ , Y
0 2 50 L A L x !
(f) > &
i R I -
| s abd
—_— ..d_.\!... = l / ///
48 dr r ] e /" =t T
\*\\ k/c/ 4l (9)
i 0 ‘ ' !
NEW GUINEA / SOLOMON ISLANDS REGION 46 - / A o , 1 R B
/ ’r”
VELOCITY OF S-WAVES L PULLEN 1947 .
/’ o . FROM JEFFREYS 8 BULLEN TABLES USING
te | o Pt I GUTENBERG GRAPHICAL ME THOD
4-4 =< - — 2= - l U—
— el IR e Pz I T GUTENBERG (1953)
x><\ X - . X -~
~. I _ NEW INTERPRETATION FOR NG /SOLOMON IS.
X P REGION (APPROXIMATE)
\ A
‘\\_‘___/,/ |
- 42 . X s T 1 X 682-'07
100 200 300 400 500 ! 600



	Front Cover
	Title Page
	Table of Contents
	Summary
	Introduction
	Observational Data
	Interpretation
	Discussion
	Conclusions
	References
	Table 1
	List of Illustrations
	Plate 1
	Plate 2
	Plate 3
	Plate 4
	Plate 5




