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RIASSUNTO. - L'attività sismica associata alla collisione della par te continen-
tale della placca Austra l iana con gli archi oceanici della Melanesia lungo la 
Papua N e w Guinea e con l 'arco di Banda, fornisce un ' insol i ta oppor tun i t à per 
s tudiare l 'eccitazione relativa delle onde sismiche di taglio Sn e Lg. Tali onde 
sono prodot te da terremoti localizzati lungo gli archi negli ult imi 200 km della 
Ter ra e registrate dalle stazioni austral iane WWSSN a Char ters Towers ( C T A ) e 
ad Alice Springs ( A S P ) . I tragitti per queste stazioni sono preva len temente 
cont inental i . I dati mos t rano ch ia ramente che, per eventi localizzati a p ro fond i t à 
crostali , la Lg è la fase p redominan te nelle registrazioni, ment re la Sn è assente 
0 molto debole. Per eventi più profondi di circa 50-70 km, la Sn d iventa nelle 
registrazioni la fase dominan te . Ques te osservazioni sono in un accordo qual i ta t ivo 
con la definizione delle onde Sn ed Lg, che sono i più impor tant i aspetti di onde 
superficiali , e le ampiezze dello spos tamento della particella sono massime ent ro 
la crosta per le Lg e massime ent ro lo s trato del mantel lo l i tosferico per le Sn. 
1 dati suggeriscono o che l 'onda guida crostale per le Lg è più efficiente di 
quella per le Sn, o che la Lg è più faci lmente eccitabile della Sn. Non si osserva 
nessuna chiara onda Lg per terremoti superficiali q u a n d o la lunghezza del 
segmento del tragit to che at t raversa la s t ru t tura oceanica è super iore a circa 
200 km. Inoltre, il vulcanismo Qua te rna r io di f fuso entro l 'area « stabile » di 
Papua N e w Guinea a sud della c intura mobile non sembra d is turbare l 'efficace 
trasmissione dell 'energia di taglio di alta f r equenza (1 Hz). I tragitti relativi ad 
eventi localizzati lungo gli archi delle Nuove Ebridi , di Salomone e della Nuova 
Britannia fino al l 'Austral ia , a t t raversano s t ru t ture oceaniche: da questi tragitti 
non si osserva nessuna onda Lg. La incapaci tà delle onde Sn di propagarsi lungo 
questi tragitti per eventi superficiali ed intermedi , può essere così spiegata: 1) Per 
le Nuove Ebridi l ' incapacità delle onde Sn di propagarsi per quei tragitti che 
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superano i 20° di distanza è legata all'età relativamente giovane (dal più basso al 
medio Eocene) della litosfera suboceanica del Mar di Corallo. Come proposto da 
CIIINN, ISACKS e BARANZAGI ( 1 9 7 8 ) , d e t t a l i t o s f e r a r e l a t i v a m e n t e s o t t i l e n o n è 
probabi lmente un 'onda guida efficiente per energia di taglio di 1 Hz ca.. 2) L'inca-
pacità delle onde Sn relative ad eventi localizzati lungo gli archi della par te 
settentrionale di Salomone e della Nuova Britannia di propagarsi , è probabi lmente 
dovuta ad at tenuazione anormale nel mantello superiore al di sotto del bacino di 
Woodlark e della Papua New Guinea sud-orientale. 3) L'incapacità delle onde 
Sn relative ad eventi più profondi di 150 km localizzati nella par te più occidentale 
della zona di immersione settentrionale di BeniofT dell 'arco della Nuova Britannia 
potrebbe essere dovuto o all ' isolamento strut turale del segmento discendente 
quasi verticale della placca in cui gli eventi avvengono, oppure alla complessità 
strut turale delle placche nella regione che interrompe l 'onda guida delle onde Sn 
nelle stazioni Australiane. Questa caratteristica strut turale potrebbe essere il ri-
sultato della collisione della placca Australiana con l 'arco della Nuova Britannia. 

SUMMARY. - Seismic activity associated with the collision of the continental 
part of the Australian plate with the oceanic Melanesian arcs along Papua New 
Guinea and the Banda arc provides an unusual opportunity to study the relative 
excitation of the seismic shear waves Sn and Lg. These waves are produced by 
ear thquakes located along the arcs in the upper 200 km of the earth and are 
recorded by the Australian WWSSN Stations at Charters Towers ( C T A ) and Alice 
Springs (ASP). The paths to these stations are predominantly continental . The data 
clearly show that for events located at crustal depths, Lg is the predominant phase 
on the records and Sn is either absent or very weak. For events deeper than about 
50-70 km, Sn becomes the predominant phase on the records. These observations 
arc in qualitative agreement with the explanations of Sn and Lg as higher 
modes of surface waves, for the particle displacement ampli tudes are maximum 
within the crust for Lg and maximum within the lid of the li thospheric mantle 
for Sn. The data suggest that either the crustal wave guide for Lg is more 
efficient than that for Sn, or that Lg is more easily excited than Sn. No clear 
Lg is observed f rom shallow ear thquakes when the length of the segment of the 
path crossing oceanic structure is greater than about 200 km. Also, widespread 
Quaternary volcanism within the « stable » area of central Papua New Guinea 
to the south of the mobile belt does not seem to affect the efficient transmission 
of high-frequency (1 Hz) shear energy. 

The paths f rom events located along the New Hebrides, Solomon, and New 
Britain arcs to Australia traverse oceanic structure, and no Lg is observed f rom 
these paths. The inefficient propagation of Sn along these paths f rom both 
shallow and intermediate-depth events can be explained as follows: 1) For 
the New Hebrides case, the inefficiency of Sn propagation for paths exceeding 
about 20° distance is related to the relatively young age (Lower to Middle 
Eocene) of the suboceanic l i thosphere of the Coral Sea. As proposed by CHINN, 
ISACKS and BARAZANGI (1979), such relatively thin l i thosphere is probably not an 
efficient wave guide for shear energy of about 1 Hz 2). The inefficiency of Sn 
propagation from events located along the northern Solomon and the New Britain 
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arcs is probably due to anomalous a t tenuat ion in the uppermos t mant le benea th 
the Wood la rk basin and beneath southeas tern Papua N e w Guinea . 3) T h e 
inefficiency of Sn p ropagat ion f rom events deeper than about 150 k m located 
in the wes te rnmost par t of the norther ly-dipping Benioff zone of the N e w 
Britain arc could be due ei ther to s t ructural isolation of the nearly vert ical 
descending segment of the plate in which the events occur , or could be due to 
s t ructural complexity of the plates in the region which in ter rupts the w a v e 
guide for Sn to the Austral ian stat ions. This s t ructura l f ea tu re could be the 
result of the collision of the Aust ra l ian plate and the N e w Britain arc. 

INTRODUCTION. 

The Melanesian island arcs of New Hebrides, Solomon, New 
Britain, and Papua New Guinea, as well as the Banda arc, are amongst 
the seismically most active and complex plate boundaries on earth. The 
Australian plate descends beneath these arcs into the upper mantle, and 
the continental part of the Australian plae is in collision with the Papua 
New Guinea and Banda arcs. Among other things, this unusual 
situation provides an exceptional opportunitl to study the nature of 
propagation of high-frequency shear waves from sources at different 
depths and with varying amounts of oceanic and continental structures 
along the paths. 

This paper concerns the relative excitation and propagation of the 
seismic shear waves Lg and Sn produced by earthquakes located along 
the Melanesian and Banda arcs and recorded at the two World-Wide 
Standardized Seismograph Network ( W W S S N ) stations of Charters 
Towers ( C T A ) and Alice Springs (ASP) located in Australia (see Figs. 
1 and 2). Fortunately, these two stations are among the most sensitive 
stations of the world-wide network and have already produced large 
amounts of data on Lg and Sn that are available for examination. The 
distance from the sources to the stations varies from a minimum of 
about 12° to a maximum of about 25°. In particular, we examine two 
aspects of Lg and Sn. The first concerns the relative excitation of Lg 
and Sn as a function of the source depth. The propagation paths from 
Papua New Guinea-Banda sources to the CTA and ASP stations 
traverse the continental part of the Australian plate (the Arafura Sea 
is a very shallow sea with water depths that do not exceed about 200 m). 



Fig. 1 Map of the southwest Pacific showing the Melanesian and Banda arcs and northeastern Australia. Selective contours of 
water depths are shown in fathoms. The 1000 fa thoms ' contour approximately marks the boundary of the continental 
l i thosphere. Note that the Arafura Sea is a very shallow sea v/ith water depths that do not exceed about 100 fathoms. Symbols ' 
explanation is shown in the upper right hand corner of the figure, and see Fig. 5 for the depth distribution of the events 
used in this figure. This figure shows the results obtained at the Charters Towers ( C T A ) station in Australia. 



RELATIVE EXCITATION OF THE S E I S M I C SHEAR WAVES ETC. 387 

Fig. 2. Map showing some of the results ob ta ined at the Alice Springs {ASP) 
station in Aust ra l ia . Symbols are as in Figure 1. 

The earthquakes along the Papua New Guinea collision boundary are 
distributed in about the upper 200 km of the earth along a diffuse but 
approximately vertical zone (see, for example, DENHAM, 1 9 6 9 ; JOHNSON 

et cil., 1 9 7 1 ; C U R T I S , 1 9 7 3 a). Earthquakes in the Banda arc define a 
well-determined Benioff zone that dips at about 50° towards the 
Southeast Asia plate (CARDWELL and ISACKS, 1 9 7 8 ) . This geometry 
of the spatial distribution of shallow and intermediate-depth earthquakes 
relative to the continental Australian plate provides a unique opportunity 
to study the excitation of Lg and Sn as a function of source depth. 
Although many studies are available in the literature that discuss 
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difierent properties and characteristics of Lg and Sn (e. g., I S A C K S and 
S T E P H E N S , 1 9 7 5 ; R U Z A I K I N et al., 1 9 7 7 ; CHINN et al., 1 9 7 9 , there 
is no study available concerning the relative excitation of these two 
phases as a function of source depth for a given region. 

The second contribution of this paper concerns the nature of Sn 
propagation across the oceanic regions that separate the New Hebrides, 
Solomon and New Britain ares from Australia. Propagation paths from 
sources located along these arcs traverse diverse tectonic environments 
on their way to Australia. Thus, while the Coral Sea is underlain by a 
relatively stable oceanic lithosphere of Early to Middle Eocene age 
( G A R D N E R , 1 9 7 0 ; B U R N S a n d A N D R E W S et al., 1 9 7 3 ; A N D R E W S a n d 

PACKHAM et al., 1 9 7 5 ) , the Woodlark basin is a very young oceanic 
basin with active sea floor spreading ( M I L S O M , 1 9 7 0 ; K A R I G , 1 9 7 2 ; 

LYENDYK et al., 1 9 7 3 ) . 

The seismic phase Lg is a wave train of about one to two minutes 
in duration, usually emergent, and the beginning of the wave train travels 
with a group velocity of about 3.5 to 3.6 km/sec, the average shear 
velocity in the continental crust ( P R E S S and F.WING, 1 9 5 2 ) . As recorded 
on short-period instruments, the Lg phase has a predominant period 
of about 1 to 1.5 sec. The phase does not propagate across oceanic basins 
and only a 100 to 200 km segment of the path in oceanic structure is 
sufficient to eliminate the Lg phase ( O L I V E R et al., 1 9 5 5 ; E W I N G et al., 
1 9 5 7 ) . Although the phase is larger on the transverse component it 
is usually well-recorded on the radial and vertical components. For 
continental paths, Lg is the largest and most striking seismic phase on 
the short-period records produced by shallow earthquakes located 
within the continental crust. 

O L I V E R a n d F.WING ( 1 9 5 7 , 1 9 5 8 a a n d 1 9 5 8 b ) a n d K-OVACH 

and A N D E R S O N ( 1 9 6 4 ) proposed that Lg (as well as Sn) represents 
higher modes of surface waves at short periods. Using normal mode 
theory they showed that a simple increase of velocity with depth in a 
continental crust forms an effective « wave guide » that is sufficient 
to explain the Lg phase without the need to assume crustal low-velocity 
channels, as had been previously proposed. Recently, K N O P O F F et al. 
(1973 and 1974) quantitatively demonstrated the validity of this interpre-
tation using realistic source mechanisms and a realistic continental 
structure. They showed that group velocities of higher modes of Love 
waves at short periods are associated with amplitudes large enough to 
form the dominant Lg arrivals, and that particle displacement amplitudes 
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of these higher modes are almost completely confined to the continental 
crust. 

The seismic phase Sn is a train of shear waves about one minute 
in duration with a predominant frequency of about 1 Hz as recorded on 
the three component, short-period instruments of the WWSSN, though 
Sn is typically largest on the transverse component. The phase 
propagates across oceanic and continental structures and is observed 
to a maximum distance of about 5 5 ° to 4 0 ° (e. g., W A L K E R , 1 9 7 7 ) . The 
beginning of the phase travels with a group velocity of about 4.5 to 
4 . 7 km/sec (e. g., H U E S T I S et al., 1 9 7 5 ) . The velocity and frequency 
content suggest that the phase travels in the uppermost part of 
the mantle above the attenuating low-velocity zone; that is, the phase 
travels in the mantle lid of lithospheric plates. This property made 
the phase quite useful in mapping discontinuities in the horizontal 
lithospheric plates on earth (e. g., MOLNAR and O L I V E R , 1 9 6 9 ; 

BARAZANGI and I SACKS, 1 9 7 1 ) as well as in mapping the extent of the 
descending lithospheric plates in the upper mantle (e. g., O L I V E R and 
I S A C K S , 1 9 6 7 ; U T S U , 1 9 7 1 ) . O L I V E R and E W I N G ( 1 9 5 8 b) and later 
B R U N E and D O R M A N ( 1 9 6 3 ) suggested that Sn can be explained in 
terms of higher modes cf surface waves at short periods in a manner 
similar to that proposed for the explanation of Lg. 

For the Sn case, an increase of velocity with depth in the uppermost-
mantle forms an effective « wave guide » that can account for Sn in 
terms of normal mode theory. This explanation is in marked contrast to 
the proposal that the efficient propagation of Sn is due to low-velocity 
channels in the uppermost mantle (e. g., S H U R B E T , 1 9 6 2 and 1 9 6 4 ; 

S U T T O N and W A L K E R , 1 9 7 2 ) . Recently, S T E P H E N S and ISACKS ( 1 9 7 7 ) 

used theoretical studies based on a realistic earth structure to demonstrate 
quantitatively the validity of the explanation of Sn in terms of higher 
modes. They found that the particle displacement amplitudes of higher 
modes with group velocity near the Sn velocity are mostly restricted 
to depths above the low-velocity zone of the upper mantle and are 
largest within the mantle lid cf the Iithosphere. Moreover, an important 
conclusion of heir study is that at periods longer than about 1.5 seconds, 
higher modes with group velocity near that of Sn have considerable 
particle displacements in the low-velocity, low Q zone in the upper 
mantle and are, therefore, attenuated. This explains the observed 
predominanche of Sn frequencies of about 1 Hz and larger (ISACKS and 
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Fig. 3. Representative seismograms produced by shallow and intermediate depth 
earthquakes located along Papua New Guinea-Banda seismic zones and 
recorded at the CTA station in Australia. All records are produced by the 
horizontal components, short-period instruments. See Table I lor the para-
meters of the events that produced these records, and see Fig. 1 for the 
locations of the events. The records are arranged in increasing depths. 
The group velocities (in km/sec) and identification of Lg and Sn phases are 
shown on the records. Note that for the four shallow events only Lg phase 
is recorded. As the depth of events increases, the Sn phase is also recorded; 
and for events deeper than about 100 km the train of seismic energy that 
follows Sn continues for more than four minutes, well beyond the expected 
arrival time of the Lg phase. This could be explained by the conversion of 
Sn into Lg along the propagation path and the subsequent propagation of 
Lg within the crustal wave guide. Note that records 7 and 8 show only 
short-duration Sn phases since the propagation paths from these two events 
traverse oceanic structure. 



TABLE 1. Parameters (') of ear thquakes shown in Figures 3 and 6. 

Azimuth 0 

Ear thquake Origin Time La t i tude 0 Longi tude 0 , Depth Distance to CTA Component 
Number Date hi\: min.: sec. S E Km (A°) to CTAE of N at CTA 

1 Sept. 26, 1968 16: 25: 46 4.50 139.30 5 16.90 157 E — W 
2 June 9, 1969 06: 51: 15 3.26 142.91 17 17.04 169 E — W 
3 Nov. 3, 1965 07: 34: 10.9 4.70 134.00 33 19.40 143 E — W 
4 Nov. 10, 1969 15: 42: 35.1 5.57 142.06 44 15.00 165 E — W 
5 July 2. 1968 18: 40: 11.3 2.70 139.01 72 18.67 158 E — W 
6 Jan. 4, 1969, 22: : 36: : 47.9 6.80 129.79 106 20.73 131 E — W 
7 Jan. 7, 1969 01: 14: 15.6 6.20 146.44 111 13.80 181 E—W 
8 Sept. 3, 1967 01: 23: 19.7 7.78 147.12 135 12.27 184 E — W 
9 Apr. 20, 1967 00: 01: 26.1 5.57 129.71 174 21.61 133 E — W 
A July 29, 1969 06: 24: 22.7 14.84 167.30 128 20.73 252 N — S 
B Jan. 14, 1969 12: 35: 35 10.85 164.48 16 19.81 240 N — S 
C Aug. 22, 1969 15: 45: 05.9 7.59 155.92 82 15.56 216 E — W 
D Aug. 1969 01: 49: 32.9 5.26 154.06 116 16.58 207 E—W 
E Aug. 30, 1969 12: 51: 57.5 5.63 148.29 162 14.50 188 N — S 
F Sept. 1, 1967 03: 31: 10.9 5.56 147.18 184 14.47 183 N — S 
G Apr. 13, 

00 
0 01 17: 33: 11.2 5.43 146.92 226 14.58 182 N — S 

H Aug. 2, 1969 04: 30: 32 6.52 146.92 33 13.51 183 E — W 
I Aug. 15, 1969 03: 37: 52.9 3.45 144.39 22 16.64 174 N — S 
1 Oct. 24, 1968 02: 02: 25 3.43 143.42 25 16.78 171 E — W 

(') All parameters are those reported by the Bulletins of the Internat ional Seismological Centre (ISC). 
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O L I V E R , 1 9 6 4 ; S U T T O N a n d W A L K E R , 1 9 7 2 ; I S A C K S a n d S T E P H E N S , 1 9 7 5 ) . 

The explanation of Lg and Sn waves in terms of higher modes of 
surface waves predicts that excitation of these waves should be the; 
strongest when the source is located in the crust for the Lg phase and 
when the source is located in the mantle lid of the lithosphere for 
the Sn phase. 1 n this paper we present observations that support the 
above explanation. 

The locations and the origin times of the events used in this study 
are those reported in the Bulletins of the International Seismological 
Centre (ISC). The body-wave magnitude of the events used varies from 
about 4.5 to 6.0. For every event used we examined all three components 
of the short-period records and searched for the existence or absence 
of Lg and Sn phases. If the phases are recorded the group velocities 
of the first arrivals are determined, otherwise the expected time of 
arrivals using the determined Lg and Sn velocities are marked (see 
Fig. 3 and Table 1). We obtained Lg and Sn velocities that vary from 
3.5 to 3.6 and from 4.5 to 4.6 km/sec, respectively. For any given 
propagation path, we have examined enough data to establish unambi-
guously a clear pattern. Moreover, data from the ASP station are examined 
to document the validity and the pattern of observations as obtained 
from the extensive data of the CTA station. 

R E L A T I V E EXCITATION OF Lg AND Sn AS A FUNCTION OF SOURCE DEPTH. 

The most striking observation in this study is the predominance 
of the Lg phase on the short-period records of CTA and ASP, especially 
the transverse component, produced by events located in about the 
upper 40 km of earth, in comparison with other seismic phases (see 
Fig. 3). The observed Lg is often emergent and has a duration of about 
two minutes. For events deeper than about 40 km, a weak but clear Sn 
arrival is observed on the short-period records (see Fig. 3). Figure 4 clearly 
shows that the ratio of the maximum amplitudes of Lg and Sn phases 
as measured on the transverse component relative to the maximum P 
amplitudes as measured on the vertical component is on the average 
about three times larger for the Lg case in comparison to the Sn case. 
This suggests that either the Lg crustal wave guide is a more efficient 
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Fig. 4. This figure clearly shows that the ratio of the maximum ampli tudes of Lg 
and Sn phases as measured on the transverse component relative to the 
maximum P amplitudes as measured on the vertical components versus 
depth of events is on the average about three times larger for the Lg case 
in comparison to the Sn case. These observations suggest that either the Lg 
crustal wave guide is a more efficient one than the uppermost mantle wave 
guide of Sn, or that Lg is better excited than Sn. 

one than the uppermost mantle wave guide of Sn, or that Lg is more 
easily excited than Sn. Records produced by events deeper than about 
70 km show large Sn arrivals and the train of seismic energy that follows 
Sn continues for more than four minutes, well beyond the expected 
arrival time of the Lg phase (see Figs. 3 and 5). Thus no distinctly separated 
Lg and Sn phases are recorded from events deeper than about 70 km. 
The continuous recording of seismic waves after the Sn arrival could 
be explained by the conversion of Sn into Lg along the propagation 
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Fig. 5. Cross section showing the projec t ion of the dif lerent phys iographic fea tures 
used in this s tudy along an east-west az imuth versus the dep th of events 
associated wi th these fea tures . Symbols are as in Fig. 1. Events that p r o d u c e d 
the records of Figures 3 and 6 are indicated by let ters and number s . 

path and the subsequent propagation of Lg within the crustal wave 
guide (see ISACKS and STEPHENS, 1 9 7 5 ; CKINN et al., 1 9 7 9 ) . 

The above observations are in agreement with the quantitative 
explanations of Lg and Sn in terms of normal mode theory. Since the 
particle displacement amplitudes of the higher modes of surface waves 
that make up the Lg phase are largely restricted to the crust (KNOPOFF 
et al., 1 9 7 3 ) , and since the continental crust beneath the Australian 
shelf is about 3 5 km thick (JACOBSON and SHOR, 1 9 7 7 ) , then Lg will 
be excited most efficiently by sources located within the crust, as we 
have observed. The particle displacement amplitudes of the higher 
modes of surface waves that make up the Sn phase are largely restricted 
to the uppermost mantle (STEPHENS and ISACKS, 1 9 7 7 ) , and therefore, 
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Sn is excited very efficiently by sources in the uppermost mantle and 
hence deeper than about 40 km, as has been observed. The explanation 
of Sn in terms of normal mode theory can also account for the observed 
large Sn arrivals propagating across oceanic lithospheres from shallow 
events located within oceanic structures. The oceanic crust is much 
thinner than the continental crust and hence the sources are much 
closer to the Sn wave guide in the uppermost mantle. The occurrence 
of earthquakes to depths of about 150 km and deeper along the Papua 
New Guinea-Banda collision zone suggests structural continuity of the 
horizontal continental plate with the oceanic descending plate in the 
upper mantle as defined by the mantle events. Sn waves generated by 
mantle events will encounter the much thicker continental crust near 
the surface and will be converted to Lg in a manner similar to that 
proposed originally by I SACKS and S T E P H E N S ( 1 9 7 5 ) for Sn to Lg. 
conversion along continental margins. This mechanism can explain the 
observed continuous arrival of seismic energy between Sn and the 
expected Lg arrival produced by mantle events (see Fig. 3). 

The Lg phase does not propagate across oceanic basins, and only 
a 100 to 200 km segment of the path in oceanic structure is sufficient 
to eliminate the phase ( O L I V E R et al., 1 9 5 5 ; E W I N G et al., 1 9 5 7 ) . In 
this study we find similar observations where the Lg phase is eliminated 
by propagation in only about 200 km of oceanic structure (as defined 
by water depths greater than about 2 km) that exists between eastern 
Papua New Guinea and northeastern Australia (see Figs. 1 and 3). 
Moreover, the sudden disappearance of the Lg phase as found in this 
study (see, for example, records / and / in Fig. 6) suggests that there 
must be a critical distance for Lg propagation in the oceanic structure 
beyond which Lg is eliminated. This observation must be explained by 
any quantitative study of the lack of Lg transmission across oceanic 
structures. 

It is worth noting here that Lg and Sn phases are efficiently tras-
mitted across central Papua New Guinea where numerous (more than 
sixteen) stratovolcanoes of Quaternary age are scattered through a 
region of about 200 km in width and about 400 km in length (see Fig. 1). 
Basaltic rocks are dominant in eleven volcanoes, and andesitic-type 
rocks are dominant in the rest of the volcanoes ( M A C K E N Z I E , 1 9 7 6 ) . The 
tectonic significance of these volcanoes is not understood since they 
are underlain by relatively stable old continental crust and the initiation 
of volcanism in early Pliocene is much more recent than the last episode 
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are indicated on the records . Inefficient Sn p ropaga t ion f r o m events A and B 
is related to the relatively young age of the suboccanic l i thosphere of the 
Coral Sea. Inefficient Sn p ropaga t ion f r o m events C,D, and E is due to 
a n o m a l o u s a t t enua t ion in the u p p e r m o s t man t l e benea th the W o o d l a r k 
basin and benea th sou theas te rn P a p u a N e w G u i n e a . Inefficient Sn p ropa-
gation f rom the in te rmedia te dep th events F and G is d u e e i ther to s t ruc tura l 
isolation of the pla te in wh ich the events occur , or to s t ruc tura l complexi ty 
of the plates near the collision zone tha t in t e r rup t s the Sn wave guide . Th i s 
is in cont ras t to the efficient Sn p ropaga t ion f rom the in termedia te d e p t h 
events located just sou th of the vertical zone (see records 7 and 8 in Fig. 3, 
and sec also Fig. 7 b) . Sn phase is not efficiently exicited by sha l low crusta l 
events ( records H, I and / ) , and Lg is not recorded f r o m events H a n d / 
s ince the propaga t ion pa ths t raverse an oceanic s t ruc ture . H o w e v e r , w h e n 
the length of the segment of the pa th crossing oceanic s t ruc tu re is less than 
abou t 200 km Lg is well recorded (record / ) . 
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of collision in early Miocene between the northern margin of Papua 
New Guinea and the New Britain arc (e. g., M A C K E N Z I E , 1 9 7 6 ; 

JOHNSON, 1 9 7 6 ) . The transmission of high-frequency shear waves across 
this region suggests that there is no wide-spread zone of partially melted 
material in the crust or the uppermost mantle beneath the volcanoes 
to attenuate these waves. 

I N E F F I C I E N T PROPAGATION OF Sn FROM N E W H E B R I D E S , SOLOMON AND 

NEW BRITAIN ARCS TO A U S T R A L I A . 

Inefficient Propagation of Sn and the Age of the Lithosphere. 

Abundant data clearly show that Sn is not transmitted across the 
Coral Sea to the CTA station from shallow and intermediate depth 
events located along the New Hebrides and the southern part of the 
Solomon arcs (see Figs. 1 and 6, and Table 1). 

The distance from these events to the CTA station varies f rom 
about 1 8 ° to 2 5 ° . M O L N A R and O L I V E R ( 1 9 6 9 ) were the first to report 
this « anomalous » inefficient Sn propagation in the Coral Sea; the 
observations do not fit the global pattern of Sn propagation, as mapped 
by M O L N A R and O L I V E R , in which the lithospheric regions in front 
of island arcs transmit Sn very efficiently, as in the western Pacific 
regions in front of the Tonga-Kermadec arc ( O L I V E R and I S A C K S , 1 9 6 7 ; 

BARAZANGI et al., 1 9 7 2 ) and in front of the Bonin-Mariana arc 
( S U T T O N a n d W A L K E R , 1 9 7 2 ; W A L K E R , 1 9 7 7 ) . BARAZANGI et a l , ( 1 9 7 4 ) 

showed that Sn propagates very efficiently along a 400 km wide region 
just to the west of the New Hebrides trench. As the Coral Sea region 
is for the most part of Early to Middle Eocene in age and has no 
obvious recently active tectonic structures that may be associated with 
anomalous attenuation in the uppermost mantle, the observations of 
inefficient transmission of Sn remained unexplained. However, two 
recent studies by S T E P H E N S and I S A C K S ( 1 9 7 7 ) and C H I N N et al., 1 9 7 9 , 

produced results that may help to explain the above observations. 
C H I N N et al., observed that Sn propagates efficiently only to a maximum 
distance of about 15° along the eastern part of the Nazca plate. The 
Eocene age (about 50 to 60 m. y) of this segment of the Nazca plate 
is comparable to that of the Coral Sea. This contrasts with efficient Sn 
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propagation for distances beyond 50° in the western Pacific (WALKER, 
1977) which has a Mesozoic age ( > 1 3 0 m . y.). Thus, there seems 
to be a relationship between the maximum distance along which Sn 
propagates efficiently and the age, and hence the thickness, of the 
oceanic plates. 

S T E P H E N S and ISACKS ( 1 9 7 7 ) quantitatively explained Sn in terms 
of higher modes of surface waves. An important conclusion of their 
study is that for the oceanic structure they used, which has a 60 km 
thick lithosphere on top of a low velocity-low Q zone, higher modes 
with group velocity near Sn velocity and with periods longer than 
about 1.5 seconds have a considerable particle displacement in the 
low Q zone and are therefore subject to severe attenuation. This explains 
the predominance of high frequency waves (1 Hz and higher) associated 
witli Sn, though in our study Sn waves have a predominant frequency 
of only about 1 Hz since the response of the short-period WWSSN 
instruments is peaked around 1 Hz. This conclusion of S T E P H E N S and 
ISACKS may qualitatively explain the observed inefficient transmission 
of Sn across the Coral Sea. The thickness of a lithospheric plate with 
the age of the Coral Sea may be less by about a factor of 1.5 than the 
older western Pacific plate ( Y O S H I I el al., 1 9 7 6 ; S C H U B E R T et al., 1 9 7 6 ; 

T U R C O T T E and O X B U R G H , 1 9 7 8 ) . Thus, for the thinner lithospheres of 
the Coral Sea and the Nazca plate, the 1 Hz component of higher modes 
of surface waves that make up Sn may have a substantial particle 
displacement in the low Q zone and are therefore attenuated if Sn 
propagates beyond a critical distance. If this explanation is correct 
then it predicts that for a given lithosphere the higher frequency 
components of Sn will travel farther and more efficiently than the lower 
frequency components. The results of W A L K E R ( 1 9 7 7 ) regarding Sn 
propagation in the Ontong fava plateau are in agreement with this 
prediction. 

It must be mentioned here, however, that recent data on heat 
flow and magnetic anomalies in the eastern part of the Coral Sea (e. g., 
L A R U E et al., 1977) suggest the existence of a fossil spreading center 
in the region of an Oligocene age (about 30 m. y.). If anomalous upper-
most mantle material still exists beneath this fossil feature, then it is 
possible to explain some of the inefficient Sn observations as due to 
propagation across this anomalous material. 
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Inefficient Propagation of Sn Across the Woodlark Basin and Southeastern 
Papua New Guinea. 

Geological and geophysical data show that the Woodlark basin 
is a recently active marginal basin which is extensional in origin (MILSOM, 
1 9 7 0 ; KARIG, 1 9 7 2 ; LUYENDYK et al., 1 9 7 5 ) . This tectonic environement 
is usually associated with a zone of anomalous high attenuation, or low 
Q in the uppermost mantle beneath the basin (see, for example, 
BARAZANGI and I S A C K S , 1 9 7 1 , for a detailed study of the Lau basin 
behind the Tonga island arc). Thus, the observed inefficient transmission 
of Sn across the basin (see Fig. 1) suggests the presence of an anomalously 
low Q zone beneath the Woodlark basin. 

A major feature of the geology and structure of southeastern Papua 
New Guinea (the Papuan peninsula) is the ultramafic belt, an ophiolite 
suite of rocks considered to result from the collision of continental crust 
with an active island arc during the late Eocene (e. g.. D A V I E S and 
S M I T H , 1 9 7 1 ; K A R I G , 1 9 7 2 ; M I L S O N , 1 9 7 3 ) . Extensive volcanism started in 
the late Miocene on the Papuan peninsula and off-shore islands 
(JOHNSON et al., 1 9 7 3 ) and is still active to the present time (see Fig. 1 ) . 

The tectonic significance of this recent episode of volcanism is not 
understood, ft could, however, be related to the extensional tectonics 
predominant in the adjacent Woodlark basin, and therefore, an 
anomalous low Q zone in the uppermost mantle may exist beneath the 
peninsula that may be responsible for the observed inefficient propagation 
of Sn. 

Inefficient Propagation of Sn From Mantle Earthquakes Located Along 
the Collision Zone Between the Australian Plate and New Britain Arc. 

The geology and structure of northern Papua New Guinea are 
influenced to a large extent by the collision, starting in the Miocene, of 
the continental part of the Australian plate with the Melanesian arc 
systems (e. g., D E W E Y and B IRD, 1 9 7 0 ; C O L E M A N , 1 9 7 1 ; K A R I G , 1 9 7 2 ; 

C U R T I S , 1 9 7 3 b; JOHNSON, 1 9 7 6 ) . The effects of the collision process 
has currently reached the northeastern part of Papua New Guinea 
along the western edge of the New Britain arc (see Fig. 1). Although 
the northerly dipping Beniolf zone beneath the New Britain arc is 
well-defined, the structure of the region along the collision zone is 
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very complex and many tectonic models are proposed to describe the 
deep structure of the region (see, for example, JOHNSON and M O L N A R , 1972; 
JOHNSON, 1976). A major controversy concerns the existence, beneath 
the region, of a well-defined descending lithospheric plate which is 
continuous with a horizontal lithosphere, and what is the polarity of 
such a descending plate. 

The spatial distribution of earthquakes beneach the region (see 
Fig. 7) does not delineate a well-defined Benioff zone in about the 
upper 150 km of earth; the data can be interpreted to suggest either 
a southwesterly or a north-easterly dipping Benioff zone (e. g., 
D E N H A M , 1 9 6 9 ; JOHNSON et al., 1 9 7 1 ; C U R T I S , 1 9 7 3 a). However, a 
striking feature of the spatial distribution of earthquakes is the near 
vertical cluster of events between depths of about 150 and 250 km. 
These events appear to be isolated from the diffuse pattern of hypocenters 
to the south and also appear to be separated from the well-defined 
northerly dipping Benioff zone beneath the New Britain arc to the 
east (see Fig. 7 from JOHNSON et al., 1 9 7 1 ) . 

In this study we observed that Sn waves are transmitted very 
efficiently to Australia from subcrustal events located in the diffuse 
pattern of hypocenters beneath northeast Papua New Guinea (see 
Figs. 3 and 5). However, no Sn is observed from the events located in 
the nearly vertical cluster of events. These observations may indicate 
that the plate segment as defined by the vertical cluster of events is 
structurally isolated in the upper mantle from any horizontal lithosphere 
on the surface. Thus, Sn waves from these events would have to travel 
high-frequency shear waves and hence interrupts the Sn wave guide to 
a short distance through the low Q asthenosphere which attenuates the 
the Australian stations. It is possible that the isolated segment of slab 
was part of the northerly dipping slab that exists beneath the New 
Britain arc but is now detached from it as a result of the collision of 
the continental Australian plate and the New Britain arc. 

An alternative explanation for the inefficient propagation of Sn f rom 
the mantle events located in the nearly vertical cluster of events could 
be due to deep structural complexity of the plates along the collision 
zone. This structural complexity may prohibit the channelling of S/2-type 
waves into the horizontal lithosphere and hence interrupts the wave 
guide for Sn to the Australian stations. 
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(except record J); and finally n u m b e r 6 is represen ted by records 7 and 8 
of Fig. 3. Note the near vertical c luster of events be tween dep ths of abou t 150 
and 250 km in section B. These events a p p e a r to be isolated f r o m the 
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