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Abstract 

Maillet, P., Monzier, M., Eissen, J.-Ph. and, Louat, R., 1989. Geodynamics of an arc-ridge junction: the case of the 
New Hebrides Arcflorth Fiji Basin. Tectonophysics, 165: 251-268. 

Detailed surveys (bathymetry, magnetism, seismicity and focal mechanism solutions) recorded on the junction 
between the southern New Hebrides Arc and the North Fiji Basin enlighten the geodynamic complexity of the area. 

The presently active c. N-S-oriented spreading structures of the North Fiji Basin are superimposed on ancient ones, 
which appeared during a N135 O E spreading episode active before 3 Ma. A recent southward extension of the New 
Hebrides Arc occurred c. 2 Ma ago. 

Structural and geophysical consequences of both events partly obscure the present arc-ridge junction. For example, 
back-arc troughs do not exist to the south of the former arc termination. N45 O E structural directions, present all over 
the studied area, are interpreted as older transform faults related to the N135OE spreading axis, which also left 
recognizable NW-SE magnetic anomalies. 

However, the New Hebrides Arcflorth Fiji Basin junction remains geodynamically unstable, due to the concom- 
itance of convergent, strike-slip and divergent movements. Their respective crustal expressions, i.e. arc volcanism, 
lateral displacements and seafloor spreading, are examined and considered in their regional environment. 

A provisional model of the arc-ridge junction that accounts for most of the parameters analysed above is presented. 

Introduction 

The New Hebrides Arc/North Fiji Basin 
arc-ridge junction is discussed in this paper, using 
new maps presenting the bathymetry, magnetism, 
seismicity and focal mechanisms of this area. As a 
background, some relevant features .of the New 
Hebrides Arc (NHA) and of the North Fiji Basin 
(NFB) are summarized below. 

* All in GIS (Groupement d'Intérêt Scientifique) "Océanolo- 
gie et Géodynamique", GS 410012. 

0040-1951/89/$03.50 O 1989 Elsevier Science Publishers B.V. 

The New Hebrides Arc 

The New Hebrides trench marks the subduc- 
tion of the India-Australia Plate under the NFB 
(Fig. l), with a convergence rate of 10 cm/yr and 
a subduction strike of N70"E (Dubois et al., 
1977). Seismological studies indicate a generally 
steep (c. 60 O ), northeastward-dipping, continuous 
subducting slab along the NHA (Coudert et al., 
1981; Isacks et al., 1981; Louat et al., 1982). South 
of 20 O S ,  the maximum length of the Benioff zone 
abruptly shortens from 300 to 200 km (Louat et 
al., 1988), its dip decreases, and two hinge zones 
may tear the downgoing plate between 22O and 
23 O S  (Monzier et al., 1984b). 

ORSTOM Fonds Documentaire 
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170°E 180' 170°W 
Fig. 1. Bathymetric sketchmap of the South West Pacific, after Brocher and Holmes (1985). Stippled areas correspond to 0-2 km 

depths. 

The NHA comprises three volcanic chains: a 
western belt (upper Oligocene to middle Miocene); 
an eastern belt (Mio-Pliocene); and a central chain 
running over c. 1500 km from Santa Cruz islands 
to Matthew and Hunter volcanoes. This 
Quaternary and still active volcanic chain is mainly 
made up of basalts and basaltic andesites (Carney 
et al., 1985). By contrast, the two southernmost 
active volcanoes, Matthew and Hunter, are made 
up of calc-alkaline orogenic andesites (Maillet et 
al., 1986a). 

Recent studies of the New Hebrides back-arc 
troughs (Jean-Charcot troughs in the north, 
Coriolis troughs in the south) have defined their 
location and structure (Récy et al., 1986), their 
volcanic history (Monjaret et al., 1987) and their 
relationships with the evolution of the NHA and 
the NFB (Charvis et al., in prep.). These back-arc 
troughs are absent south of Anatom island (Fig. 
1). Roughly at the same latitude, the central 
volcanic chain, bounded by the 2-km isobath, 
almost disappears between 21" S and Matthew 

island (Monzier et al., 1984a); and the width of 
the shallow interplate seismicity zone rapidly nar- 
rows south of Anatom island (Louat et al., 1988). 

The North Fiji Basin 

Located between the NHA and the Fiji plat- 
form, the NFB is limited to the north by the 
Vitiaz trench, and to the south by the Hunter 
fracture zone (Fig. 1). Recent studies give new 
insights on the tectonic configuration of this active 
marginal basin, the main characteristics of which 
have been summarized by Auzende et al. (1988a, 
b) for its central and southern parts, and by 
Brocher and Holmes (1985) for its northern part. 

In the southern part of the NFB, underway 
magnetic surveys confirm the presence of an ac- 
tive N-S spreading center between 20"s and 
20"30'S, at 173"25'E, with a full spreading rate 
of 6 cm/yr between anomalies 2 and J, and 8 
cm/yr between anomalies J and 1 (Maillet et al., 
1986b; and see Fig. 2). Magnetic anomalies older 
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Fig. 2. Magnetic profiles across the North Fiji Basin spreading axis and interpreted magnetic lineations. C stands for anomaly 1 (Le. 
central anomaly). From Auzende et al. (1988a). 
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than anomaly 2 show NW-SE orientations, indi- 
cating a major change in the NFB spreading sys- 
tem at c. 2 Ma. South of 21"S, anomaly J is less 
distinct, but anomaly 1 (corresponding to the 
spreading axis) can be identified on a c. N-S-ori- 
ented ridge, located near 174"E between 21"s 
and 2lo30'S, i.e. c. 80 km to the east of the above 
N-S axial spreading center. The 173'25'E spread- 
ing ridge is probably propagating to the south, at 
the expense of the segment located near 174"E 
(Maillet et al., 1986b). 

North of 20 O S ,  three main structural areas can 
be defined: 

(a) Between 20"s and 18'"30'S, the NFB 
spreading center can be tracked along a roughly 
N-S direction at c. 173"25'E. Overlapping 
spreading centers have been recognized along this 
portion of the ridge. This axial domain is cut by 
N45 E transverse structures every c. 40 km, which 
sometimes offset the axis by several kilometers 
(Auzende et al., 1988a, b). These N45OE struct- 
ural directions correspond to shallow crustal 
remnants of movement linked to the 30" clock- 
wise rotation of the NHA during the past 6 Ma 
(Falvey, 1978; Malahoff et al., 1982a, b), i.e. they 
represent ancient transform faults linked to the 
former N135 O E spreading system, active during 
the rotation. Magnetic anomaly profiles confirm 
the presence of a central, c. N-S-oriented, 
anomaly, the width of which varies from 50 to 60 
km. In this area, the track of anomalies 1, J and 2 
give a full spreading rate varying from 6.8 cm/yr 
in the north to 8.2 cm/yr in the south (Fig. 2; 
Auzende et al., 1986a, 1988a, b). These figures are 
in good agreement with those proposed for the 
area south of 20"s (Maillet et al., 1986b). AI- 
though located by Auzende et al. (1988a, b), the 
presence of an anomaly 2' on the eastern limb of 
the NFB spreading system at 19"s (Fig. 2) re- 
mains questionable as far as the present authors 
are concerned. However, correlation of anomalies 
older than anomaly 2' in the central NFB show c. 
NW-SE directions (Auzende et al., 1988~). As 
noted before, this also has been observed in the 
southern NFB south of 20 O S  for anomalies older 
than anomaly 2 (Maillet et al., 1986b). Therefore, 
the age of the anomalies 2-2', i.e. 2-3 Ma, prob- 
ably corresponds to an abrupt change in the NFB 

spreading system, from N135 O E before 3 Ma, to 
roughly N- S thereafter. 

(b) Between 18O3O'S and 17"S, the NFB 
spreading ridge trends N15 "-20 O E. The limit be- 
tween these two areas may correspond to a propa- 
gating rift (Gente, 1987), the northern ridge 
(N15 E) being younger than the southern one 
(N-S), induced by a recent (< 1 Ma) local re- 
arrangement (Lafoy et al., 1987). 

(c) North of 17 O S ,  a triple junction, centered at 
174O E, 16 "40'S, corresponds to the mutualeinter- 
action of the above N15 "-20 O E ridge with another 
N160" active ridge and with the westemmost 
extension of the North Fiji fracture zone (Auzende 
et al., 1986b, 1988a, b; Kroenke et al., 1987; 
Lafoy et al., 1987). 

New data 

Bathymetry 

A new bathymetric map (Fig. 3c) is presented 
here which extends and partly completes a former 
one (Monzier et al., 1984a) limited at 173"E. 
Stippled areas on the track-lines figure (Fig. 3a) 
correspond to areas which have been surveyed 
using a multi-narrow-beam echosounder (Sea- 
beam) during the 1985 cruises of R/V "Jean 
Charcot" (the PROLIGO cruise and legs 1-3 of 
the SEAPSO cruise: Daniel et al., 1986; Récy et 
al., 1986; Auzende et al., 1986a). All other surveys 
have been carried out mainly using the R/V 
"Coriolis" (or the R/V "Vauban" in the vicinity 
of Matthew and Hunter volcanoes), using a 12-kHz 
wide-beam echosounder and a "TRANSIT" satel- 
lite positioning system. The toponyms of the 
studied area appear on Fig. 3b. 

The trench (more than 6 km deep) can be 
mapped up to 172 O 30 'S, and marks the boundary 
between the NFB and the South Fiji Basin at 
23 O S. The volcanic chain changes in morphology 
south of 2lo10'S, and almost disappears between 
the Gemini seamounts and the Matthew and 
Hunter ridge. N165 O E-oriented subvertical faults, 
with a dextral component, displace the global 
E-W trend of the Matthew-Hunter ridge between 
171"E and 172"30'E. This ridge is abruptly inter- 
rupted near 173"E, 22"10'S, and relayed, to the 



255 

east of 173" E, by a N70 O E ridge, which marks 
the onset of the active Hunter fracture zone 
(Monzier et al., 1984b). 

The bathymetric map of the southern part of 
the NFB reveals structural directions related to a 
spreading pattern (Fig. 3c). Isobaths in the area 
172"40'-174°E/20-210S emphasize the N-S 
spreading zone, centered along the 2800-m isobath 
at c. 173'25'E (Maillet et al., 1986b). The 3-km 
isobath in this area is fan-shaped, symmetrically 
widening to the north. This part of the spreading 
ridge is offset eastward by c. 80 km at 2Oo45'S 
through a c. N45 O E fracture zone. South of this 
fracture zone, the axial spreading ridge can be 
tracked along a N-S direction near 174"E, down 
to 2lo45'S, where it abruptly disappears. 

Two groups of oblique structures also appear 
on Fig. 3c. 

In the southeastern part of the map, between 
174-176 O E/21-22 O S, prominent directions are 
N70 O E. As noted by Monzier et al. (1984b), these 
directions correspond to the general direction of 
the Hunter fracture zone, which separates the c. 
4-5 km deep South Fiji Basin from the shallower 
(2-3 km deep) NFB. 

Ridges and troughs trending N40-50 O E are 
also frequent. These oblique directions have been 
found further north along the N-S spreading axis 
of the central NFB (Auzende et al., 1988a, b). 
They also affect the inner slope of the New 
Hebrides trench around 170 O E, 22 o S. Moreover, 
the N45 O E directions correspond to the direction 
of extension recognized in the northern New 
Hebrides back-arc troughs, the Jean-Charcot 
troughs (Charvis et al., in prep.), and are close to 
the direction of extension (N30 O E; Récy et al., 
1986) observed in the southern back-arc troughs, 
the Coriolis troughs. Thus, N45 O E oblique struc- 
tures observed in the southern NFB can be linked 
to the general N30-45 O E extension regime pro- 
posed by Charvis et al. (in prep.) for the whole 
NFB. They represent fossil transform faults of a 
former spreading system, active in the central 
NFB before 3 Ma. 

Magiletism 

The general pattern of positive (black) and 
negative (white) magnetic anomalies deduced from 

profiles recorded at sea is shown in Fig. 4. These 
data have essentially been obtained during 
ORSTOM cruises (EVA programme) and recently 
during the ORSTOM-IFREMER SEAPSO cruises 
(legs 1-3, 1985) of R/V "Jean-Charcot". Corre- 
lation of positive and negative anomalies, respec- 
tively, between profiles, leads to a general map of 
magnetic anomalies in the southern NFB and 
New Hebrides Arc, which adjoins, to the south 
and to the west, the maps published by Cherkis 
(1980) and Malahoff et al. (1982a), using aeromag- 
netic data. The analysis of this map leads to 
several observations. 

The southern New Hebrides trench is generally 
marked by a positive magnetic anomaly, which 
disappears around 172O25'EY 23"lO'S. This area 
also corresponds to the deepest zone (7575 m) of 
the southern New Hebrides trench (Fig. 3), and 
may mark the southeastern limit of the convergent 
movement linked to the subduction. 

The central positive anomaly of the NFB can 
be followed to 20 "50's along a c. N-S direction 
between 173"E and 174"E. It is fan-shaped, 
widening to the north, and can be correlated with 
the bathymetric contours of Fig. 3c. 

The N45"E fracture zone, which offsets the 
southern NFB ridge between 173OE and 174" 30'E 
near 20 "45 'S (Fig. 3c), is marked by a negative 
anomaly (Fig. 4). 

The positive anomaly centered at 174" 05'E 
between 20"50'S and 21'45's (Fig. 4) is the 
southernmost magnetic expression of the NFB 
spreading ridge, which is thus offset to the east by 
c. 80 km. This central magnetic anomaly, about 43 
km wide, probably represents anomaly 1 lasting 
0.7 Ma. This gives a full spreading rate of c. 6 
cm/yr. East of this central anomaly, a narrow, 
elongate positive anomaly is observed near 
174"30'E between 20"25'S and 21"lO'S. It is 
postulated that this anomaly represents anomaly 2 
(c. 2 Ma) of the same spreading axis, which is then 
located at c. 40 km of the central anomaly. This 
would correspond to a half-spreading rate of c. 2 
cm/yr during the past 2 Ma. 

Although these figures are hypothetical, they 
support the idea of a regressive rift south of 
20 "50'S, compared to the northern limb. 

The central anomaly is relayed to the south, at 
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22"s between 172"E and 174O30'E, by a series of 
N70"E-trending positive and negative anomalies 
which are probably related to the Hunter fracture 
zone. 

In addition to N-S anomalies related to the 
actual NFB spreading system, Fig. 4 shows c. 
N135 O E anomalies (for example near 173" E, 21" S 
and 175 O E, 20 O 30's) which correspond to N45 O E 

Fig. 3. Bathymetry of the southern New Hebrides island arc and southern North Fiji Basin. a. Tracklines figure. b. Toponyms of the 
studied area (bathymetry from Fig. 3c). Mu-Mare; Dr-Durand Reef; Wp-Walpole; LIR/RTL-Loyalty Islands Ridge; 
SFB/BSF-South Fiji Basin; An-Anatom; Gm-Gemini Seamounts; Eu-Eva Seamounts; LP-La Pérouse Seamount; 
Gb-Gilbert Seamount; Mt-Matthew Volcano; Vb-Vauban Seamount; Hr-Hunter Volcano; Cw-Conway; Cst-Constantine 

Bank; NFB/BNF-North Fiji Basin. 
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BATHYMETRIC MAP OF THE 
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COMPILED AND PREPARED BY 
M. MONZIER AND P.MAILLET 

DRAWN BY J.BUTSCHER 
MERCATOR PROJECTIDN.DEPTHS IN 

KILOMETRES (SOUND VELOCITY I N  
SEA WATER:1500m/s),CONTOUR 

INTERVAL 2DOm.TICK 
MARKS POINT DOWNHILL 

0RSTOM.NOUMEA.NEW CALEDONIA,l986 

Fig. 3c. Bathymetry of the southern New Hebrides island arc and southern North Fiji Basin. Depths in kilometres; contour interval 200 m; tickmarks point downhill. 
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Fig. 5. Shallow and intermediate seismicity recorded in the southem New Hebrides Arc and southern North Fiji Basin (ISC, 
1961-1984). Black dots-O < h < 79 km; white dots-80 < h < 170 km ( h  = hypocenter depth). Size of dots proportional to M, 

magnitude. Open triangles-seamounts. 

structural directions on Fig. 3c. These N135"E 
anomalies are interpreted as magnetic remnants of 
the ancient NFB spreading system, active before 3 
Ma. 

Seismicity 

Shallow seismicity 
By comparison with the rest of the NHA, the 

width of the shallow seismicity zone abruptly 
shortens south of 21"s (Louat et al., 1982, 1988; 
Monzier et al., 1984b), and almost vanishes at 
172"E, 23"s (Fig. 5). As noted before, this limit 
corresponds to the southeasternmost extension of 
the positive magnetic anomaly linked to the trench, 
which reaches 'its greatest depth in the whole 
southern arc there. 

Shallow epicenters from the southern NHA, 
recorded at the DZM seismological station, Mount 
Dzumac, New Caledonia, exhibit a P-wave con- 
taining a wide range of dominant frequencies (1-10 
Hz; Fig. 6, see inset). Plotted in Fig. 6 are the 

DZM-recorded epicenters which show the highest 
(dots) and lowest (circles) frequencies, deleting all 
intermediate data. Clearly, north, and south of 
2lo45'S, most epicenters give respectively low and 
high frequencies at the DZM station. 

Louat et al. (1988) have proposed a large-scale 
model linking seismicity and frequency content 
with the coupling between the converging plates. 
The area where the trench begins to bend east- 
wards (i.e. between 21"s and 22"s) also corre- 
sponds to the incipient collision of the Loyalty 
Islands Ridge with the southern New Hebrides 
Arc (Daniel et al., 1986; Fig. 3). There, the cou- 
pling between the two converging plates increases, 
and the width of the shallow seismicity zone nar- 
rows (Fig. 5). Such observations may be linked to 
the existence, in the uppermost part of the down- 
going (and along-strike-bent) slab of a great den- 
sity of normal faults, which increase the compres- 
sive stresses perpendicularly to the trench axis. 

On the southern NFB, all earthquakes recorded 
by the ISC (International Seismological Centre) 
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Fig. 6. Distribution of shallow seismicity (1975-1983; h < 80 km; 4.8 < Mb < 5.7) in the Southern New Hebrides Arc. All events are 
recorded at the DZM (Mount Dzumac) seismological station (New Caledonia), and are distinguished according to their low-frequency 

(open circles-LF) or high-frequency (black dots-HF) P-waves. 

between 1961 and 1984 are shallow-depth events 
(Fig. 5). Most of them are located between 
173-174"E7 2Oo40'-22"S, i.e. in the area where 
the two southernmost segments of the NFB 
spreading ridge are offset (Figs. 3c and 4), indicat- 
ing an active, though scattered, seismicity. 

Intermediate-depth seismicity (80-350 km) 
There is a clear limit at 20 O S  in the along-strike 

arc distribution of intermediate-depth earthquakes 
(Louat et al., 1982). North of 20°S, 80-170 km 
deep and 170-350 km deep events have been 
recorded between 1961 and 1984. On the contrary, 
south of 20 O S ,  no deeper earthquake (170-350 
km) occurred during this period. This shortening 
of the Benioff zone presumably corresponds to a 
southward extension of the subduction since 2 Ma 
(Louat et al., 1982; Monzier et al., 1984b; Louat et 
al., 1988). 

According to Fig. 5, the intermediate seismicity 
seems to disappear near 171°40'E, 22" 20's. 
However, two intermediate epicenters are located 
near 173"10'E, 22O40'S. They should be related 
to the hinge fault zone tearing the downgoing slab 
in this area, as proposed by Monzier et al. (1984b). 

Focal mechanisms 
Plotted on Fig. 7 are the centroid moment 

tensor solutions (CMTS) of 46 earthquakes ( Mb > 
5.1) recorded in the area since 1977 (Dziewonski 
and Woodhouse, 1983; Dziewonski et al., 1983a, 
b; Dziewonski et al., 1983-1986; Giardini, 1984; 
Dziewonski et al., 1987). Parameters of these 
earthquakes are listed in Table 1. The location of 
foci is given by the ISC bulletins, except for the 
most recent events (nos. 39-46 in Table 1) de- 
termined by the PDE/NEIC (Preliminary De- 
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TABLE 1 

List of focal mechanism parameters for earthquakes shown in Fig. 7 

N o  D M Y LAT LONß H 
1 O1 O 8  77 -20.49 169.65 112 
2 O1 O5 79 -21.22 169.72 077 
3 O 8  03 80 -22.67 171.42 036 
4 22 07 80 -20.30 169.61 131 
5 24 10 80 -21.95 170.09 046 
6 25 10 80 -22.09 170.13 033 
7 25 10 80 -21.78 169.60 027 
8 17 02 81 -21.59 169.36 013 
9 19 02 81 -21.55 169.47 024 
10 22 02 81 -22.11 174.76 041 
11 24 02 81 -21.40 169.15 034 
12 20 06 81 -20.09 169.02 O58 
13 20 06 81 -21.38 169.44 042 
14 06 07 81 -22.29 171.64 114' 
15 29 07 81 -21.61 169.67 041 
16 23 O 8  81 -22.09 170.90 102 
17 06 O9 81 -21.50 169.61 036 
18 17 O9 81 -22.54 170.49 030 
19 21 O9 81 -22.33 170.49 040 
20 21 O9 81 -22.22 170.48 045 
21 16 li 81 -22.11 169.52 027 
22 24 11 81 -22.50 170.57 O18 
23 04 03 82 -22.42 173.69 053 
24 20 O5 82 -20.24 168.20 026 
25 18 06 82 -22.70 171.83 056 
26 17 07 82 -21.72 173.16 013 
27 22 O 8  82 -20.61 169.35 068 
28 O9 O9 82 -22.05 169.38 042 
29 15 O9 82 -21.43 169.19 038 
30 O5 10 82 -22.78 171.17 046 
31 06 10 82 -22.70 171.13 049 
32 17 04 83 -20.12 169.16 032 
33 05,07 83 -22.59 171.02 038 
34 07 07 83 -22.58 170.84 048 
35 04 O9 83 -20.96 169.81 103 
36 24 02 84 -21.28 169.99 100 
37 16 03 84 -20.53 169.87 043 
38 03 06 84 -22.64 171.88 028 
39 15 11 84 -22.02 170.95 105 
40 14 O1 85 -22.18 170.08 035 
41 O9 06 85 -21.56 170.40 149 
42 07 O 8  85 -20.62 169.73 102 
43 22 O8 85 -22.06 169.46 033 
44 28 O 8  85 -22.16 171.14 124 
45 15 O1 86 -21.28 170.10 150 
46 10 02 86 -21.59 170.40 101 

n Mb 
241 5.6 
541 6.2 
410 5.9 
435 6.1 
381 5.8 
371 5.7 
408 5.7 
325 5.4 
303 5.7 
318 5.9 
237 5.4 
293 5.5 
319 5.6 
510 6.3 
393 5.8 
251 6.0 
393 6.0 
362 5.7 
239 5.6 
287 5.9 
377 5.7 
392 5.7 
272 5.6 
389 5.8 
241 5.6 
325 5.5 
285 5.5 
225 5.5 
204 5.1 
171 5.4 
152 5.1 
367 5.4 
411 6.0 
298 5.5 
271 5.5 
222 5.5 
151 5.2 
197 5.3 

T 8x1. P axis NP i NP 2 
AZ PL AZ PL STK DP STK DP 
307 31 152 57 O05 18 227 77 
340 27 226 38 O18 41 281 83 
347 59 186 30 300 17 O89 75 
266 22 092 68 352 23 178 67 
021 65 225 23 333 23 127 69 
016 69 221 19 324 27 124.65 
036 67 230 23 330 23 136 68 
073 77 238 13 323 32 151 58 
270 51 173 06 297 52 052 62 
087 37 193 19 236 49 136 79 
045 76 234 13 327 32 142 58 
084 82 245 O 8  332 37 158 53 
106 12 211 52 232 45 348 66 
318 38 190 38 345 30 254 90 
057 69 228 21 312 24 140 66 
302 38 193 23 331 45 071 81 
050 45 214 44 225 O 8  132 90 
348 71 211 14 318 33 111 60 
024 54 204 36 295 O9 114 81 
332 71 207 11 315 36 104 58 
041 O1 213 89 132 44 311 46 
O09 65 206 24 309 22 111 69 
313 63 174 21 291 28 071 68 
075 11 223 77 173 34 339 56 
063 82 177 03 259 42 094 49 
139 28 230 03 278 69 181 73 
190 81 069 O5 167 41 332 50 
056 27 258 61 123 19 334 73 
108 75 263 14 344 32 178 59 
357 49 189 40 327 O 8  094 85 
337 54 197 29 329 24 O91 77 
161 45 289 31 327 29 223 82 
277 11 178 40 325 54 221 71 
006 82 197 07 289 38 106 52 
277 38 O90 52 033 O 8  184 83 
337 31 165 59 055 14 250.76 
252 03 162 O9 297 82 207 85 
O89 O1 179 19 222 76 316 77 

394 6.3 PDE 338 42 207 36 356 27 093 86 
061 5.1 PDE 012 71 217 17 319 29 121 62 
093 5.3 PDE 341 21 227 47 028 39 278 75 
042 5.4 PDE 331 44 106 36 137 25 037 86 
057 5.2 PDE 254 25 092 64 329 21 170 70 
060 5.3 PDE 305 52 071 24 118 32 002 75 
030 6.2 PDE 004 46 234 32 017 28 122 83 
171 5.8 PDE 307 49 037 O0 094 58 340 58 

*29 DP-P 

termination of Epicenters/National Earthquakes 
Information Center) bulletins. 

Shallow seismicity (O- 79 km) 

On the outer trench slope (nos. 21, 28 and 43) 
These events correspond to normal faults, 

parallel to the trench, cutting the downgoing plate 
crust. They occur especially near the collision zone 
between the Loyalty Islands Ridge and the NHA. 

On the inner trench slope 
Predominant thrust-faulting accounts for the 

plunging of the India-Australia Plate beneath the 

NHA, all along the trench curvature, between 
169OE and 172OE. 

However, between 20 O S  and 21° S ,  this type of 
mechanism is scarce (nos. 12-27), and corre- 
sponds to events distant from the trench. These 
earthquakes mark a detachment zone (Louat et al., 
1988), characterized by low-stress accumulation 
and low-frequency P-waves (cf. supra and Fig. 6) .  
By contrast, south of 21°S, such mechanisms are 
more frequent and correspond to events closer to 
the trench (coupled zone with high-stress accumu- 
lation and high-frequency P-arrivals; Louat et al., 
1988). 

The direction of relative convergence move- 
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Fig. 7. Simplified focal mechanism solutions (CMTS) for earthquakes recorded in the southern New Hebrides arc and North Fiji 
Basin since 1977. Black dots (ISC) and black squares (PDE)-shallow (0-79 km) events; white dots (ISC) and white squares (PDE) 

-intermediate (80-170 km) events; open triangles-seamounts. Parameters of earthquakes are listed in Table 1. 

ment given by these mechanisms always remains 
perpendicular to the trench, i.e. it varies from c. 
N65-70°E to true north from 20"s to 22"45'S. 
However, the convergence direction of the 
India-Australia/New Hebrides plates is c. N70 O E 
(Dubois et al., 1977; Isacks et al., 1981; Coudert 
et al., 1981). Consequently, in the southern arcuate 
portion of the New Hebrides subduction zone (i.e. 
south of 22"s)) the strike-slip component of the 
convergent movement has to be accommodated by 
left-lateral faults, which should trend N70 O E and 
affect the arc and back-arc areas (Fitch, 1972; 
Beck, 1983; Maillet et al., 1986a). 

Some shallow epicenters located on the upper 
part of the inner trench slope (nos. 2, 32, 33, 37 
and 38) have solutions corresponding not to thrust 
movements but to steep or even subvertical nor- 
mal faulting with a variable strike-slip component. 
Among them, two mechanisms (nos. 33 and 38) 
may be correlated to the numerous N165 O E dex- 
tral accidents which affect the Matthew-Hunter 
ridge (Fig. 3c). 

At the rear of the Matthew-Hunter ridge 
Mechanism no. 14 (Fig. 7, Table 1) deserves a 

special comment. According to the ISC, it corre- 
sponds to an intermediate earthquake ( H  = 114 
km). However, considering its pP-P = 29 km, it is 
more probably a shallow event, and actually the 
most powerful one recorded in the area between 
1961 and 1984 (M,, = 6.3, M, >, 7). We interpret it 
as a subvertical N74OE accident, with a senestral 
strike-slip component. Another mechanism, not 
reported on Fig. 7, relative to a recent shallow 
event located at the same spot (April 16, 1987; 
lat. = 22.28O S ,  long. = 71.82OE, H = 33 km, Mb 
=5.6), also gives a solution close to the one of 
event no. 14, i.e. a subvertical N72"E accident 
with a senestral strike-slip component. 

To the east of 173OE 
Only three mechanisms have been determined 

since 1977 (nos. 26, 23 and 10; Table 1). Mecha- 
nism no. 26 (strike-slip) does not clearly correlate 
with the bathymetric structures of Fig. 3c. Mecha- 
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nism no. 23 corresponds to a N-S compression 
movement affecting the Hunter fracture zone near 
174"E. Mechanism no. 10 may result from a 
N56 O E senestral strike-slip. 

Thus, the Hunter fracture zone, near 174- 
175 O E, is characterized by a low-level shallow 
seismicity, reflecting a submeridian compression 
component, linked to senestral strike-slip move- 
ments which parallel the easternmost extensions 
of the trench. 

Intermediate seismicity 

There is a large range of mechanisms in the 
intermediate seismicity, considering the solutions 
of Table 1. However, these mechanisms confirm 
that numerous and various faults shear the arcuate 
downgoing slab, as a consequence of its subduc- 
tion into a mantle, the characteristics of which are 
probably influenced by the proximity of the NFB 
spreading system. 

Mechanisms nos. 16 and 39 (Fig. 7; Table 1) 
support the hypothesis of a slab sheared by hinge 
faults roughly oriented N70°E, as proposed by 
Monzier et al. (1984b). 

Discussion and conclusion 

The synthesis of published data with the new 
ones discussed in this paper suggests the following 
geodynamic reconstruction of the New Hebrides 
Arc/North Fiji Basin junction during the past 3 
Ma. 

Ancient magnetic anomalies (i.e. 2' and older) 
recorded in the central and southem NFB show a 
N135 o E orientation, indicating that a N135 o E 
spreading system was active before 3 Ma. Auzende 
et al. (1988~) propose that a N150 O E spreading 
ridge was present in the NFB between 8 and 3 
Ma. Moreover, some N135 O E magnetic lineations 
(possibly anomalies 4A and 5) recognized in the 
northwestern NFB, near 171" E, 14" S (Pelletier et 
al., 1988) may be linked to the same spreading 
system, which would have thus affected the whole 
NFB. 

While this former NFB spreading system was 
active, i.e. before 3 Ma, the southern arcuate 
termination of the New Hebrides subduction zone 

lay near Anatom island. Although no actual mor- 
phological feature can be associated with this 
former trench limit (Louat et al., 1988), the disap- 
pearance of the Coriolis back-arc troughs south of 
Anatom island, together with conspicuous N45 O E 
structural lineaments controlling their southern 
termination near 170 O 20 ' E, 20 O 20'S, support the 
hypothesis of a former N45"E transform zone in 
this area. 

The coeval activity of the New Hebrides sub- 
duction zone with the former N135"E NFB 
spreading .system led to an unstable geodynamic 
state, because of differing convergence and diver- 
gence rates. Structural consequences of the mutual 
interactions of both phenomena appear in the 
whole area. Most of them trend N45"E (Fig. 3c). 
For example, it has already been noted that south 
of Anatom island N45 O E en-échelon fault zones 
seem to act as a structural control of the southern 
termination of the Coriolis back-arc troughs. Such 
oblique structures also affect the inner wall of the 
New Hebrides trench near 17QoE, 22"s. On the 
southern NFB, these N45 O E directions underline 
the 3000 m isobath, around 172" E, 21° S (Fig. 3c). 
They are interpreted as fossil transform faults 
related to the former N135 O E spreading ridge, 
like the N45 O E directions recognized between 
175-176 O E, 20-21"s. Moreover, similar struct- 
ural directions correspond to the direction of the 
active fracture zone separating the two limbs of 
the actual NFB spreading ridge between 173 O E, 
21"30'S and 175"E, 20"s. 

Around 2 Ma, a major change occurred in the 
morphology of the subduction zone near 21" S, 
through a southward extension of the subduction 
(Louat et al., 1988). This propagation may explain 
the marked difference in the maximum depth of 
the Benioff zone between the region north of 
Anatom (300 km) and the south of this island (200 
km). It may also partly account for the lack of a 
well defined volcanic chain between Anatom is- 
land and Matthew volcano (Fig. 3c). 

In addition, the presence of c. N-S-oriented 
magnetic anomalies (namely 2, J and l), in the 
central and southern NFB, clearly marks a new 
spreading stage following the NW-SE system. Its 
beginning can be reasonably dated at c. 2 Ma (i.e. 
slightly before the age of anomaly 2). It has been 
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shown that two limbs of this spreading system 
coexist south of 20"s. As indicated above, it is 
considered that the N174" 05'E limb is regressing, 
whereas the N173O 25'E limb is propagating to the 
south, as suggested by the fan shape of its bathy- 
metric (Fig. 3c) and'magnetic (Fig. 4) contours. 
This may indicate that the first stage of the N-S 
spreading system took place near the N174O E 
meridian, at least south of 20 O S. 

The proposed present-state configuration of the 
area studied appears on Fig. 8, which synthesizes 
the main data presented above. 

The actual NFB spreading system, c. N-S-ori- 
ented, succeeds to a former one, oriented N135- 
150 O E, which left the numerous N45 O E structural 
directions recognized on Fig. 3c. These directions 
correspond to ancient transform faults linked to 
this former spreading system, which can be tracked 
by the presence of N135 O E magnetic anomalies 

(Fig. 4), perpendicular to these ancient transform 
faults. This recent (c. 2 Ma) rearrangement of the 
NFB manifests one of its main characteristics, i.e. 
its geodynamic unstability, still effective in its 
southern part, as indicated by the geometry of the 
spreading zones between 20"s and 21O45'S. The 
N173" 25'E limb is propagating southward, while 
the N174" 05'E limb is dying. 

A roughly N45 O E-oriented fracture zone sep- 
arates these two spreading segments, correspond- 
ing to an evolutionary transform zone (ET2 on 
Fig. 8). However, the presently active transform 
fault between these two spreading limbs trends 
N70"E, as a consequence of the general N70"E 
direction of the relative movement between the 
major plates in the area. Similarly oriented N70 O E 
oblique spreading is supposed to affect the south- 
ern NFB submeridian ridges, at least south of 
20 O s. 

168 172 17s 176'E 

Fig. 8. Proposed geodynamic configuration of the southern junction between the New Hebrides Arc and the North Fiji Basin. 
Bathymetry in km. Stippled areas correspond to 0-2 km deep ridges. Toponyms: LIR-Loyalty Islands Ridge; Li-Lifou; 
Mu-Mare; Wp-Walpole; NLB-North Loyalty Basin; NH-New Hebrides island arc; An-Anatom, CT-Coriolis back-arc 
troughs; Mt-Matthew volcano; Hr-Hunter volcano; Cw-Conway; NFB-North Fiji Basin; SFB-South Fiji Basin; TF-old 
transform faults on the South Fiji Basin; Sm-seamount. Geodynamic keys: large black arrows show the general N70 O E movement 
of the Australia-India Plate relative to the New Hebrides. The convergence vector in three different trench locations is deduced 
according to its two normal components. Stars point out the collision zone between LIR and NH. The active plate boundary is 
marked by a heavy line, on NFB, and by a heavy line with tick marks along the New Hebrides trench. Identified magnetic anomalies 
are shown along the southern NFB spreading zones (hatched area). PAB-pull-apart basin; PR-propagating rift; DR-dying rift; 

ETZ-evolutionary transform zone. See text for discussion. 
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The junction between spreading and conver- 
gent movements is realized between 22”s and 
23 O S  by the functioning of two transitional struc- 
tures outlined on Fig. 8. 

Near 173”E, 22”10‘S, the presence of a small 
segment in expansion is postulated. As noted be- 
fore, there is a conspicuous break in the mor- 
phology of the Matthew-Hunter ridge in this area 
(Fig. 3c). Though apparently seismically inactive 
(Fig. 5), this NFB southernmost expanding area 
may mark the onset of a nascent northward-prop- 
agating rift. In the near future, this could coalesce 
with the N173” 25’E southward-propagating rift, 
after the disappearance of the present N174” 05’E 
dying rift. 

It has already been noted that, between 171”E 
and 173” E, the Matthew-Hunter ridge is affected 
by numerous N165 O E dextral strike-slip faults. 
These movements may have induced the forma- 
tion of a pull-apart basin (Rodgers, 1980) between 
Hunter volcano and the easternmost termination 
of the trench, as proposed on Fig. 8. 

However, the existence of this pull-apart basin, 
as well as of the small expanding area near 173 O E, 
22” S, remains to be ascertained by detailed bathy- 
metric mapping and geophysical surveys. 

Finally, it is probable that the incipient colli- 
sion of the Loyalty Islands Ridge with the NHA 
will significantly change the above proposed geo- 
dynamic sketch in the future. 
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