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Abstract

Louat, R. and Pelletier, B., 1989. Seismotectonics and present-day relative plate motions in the New Hebrides—North
Fiji Basin region. Tectonophysics, 167: 41-55.

Relative motions between the Pacific plate (P), Indo-Australian plate (IA), New Hebrides (NH) arc microplate and
the North Fiji Basin (NF¥B) microplate are estimated using shallow seismicity, 276 focal mechanism solutions,
bathymetry, magnetism and the RM-2 plate model of Minster and Jordan (1978).

Within the NFB, we define the western NFB (WNFB), eastern NFB (ENFB) and southern NFB (SNFB)
microplates. A 8 cm/y spreading in a N72°E direction occurs along the N-S trending spreading ridge of NFB
(WNFB-ENFB boundary). Along the ENFB-IA boundary located at 176°E, a 3 cm/y extension in a N108°E
direction is proposed. The WNFB-P boundary which includes the Hazel Holme Extensional Zone (HHEZ), is complex
and a general N25 ° E extension (2 cm/y) is inferred. The Fiji fracture zone (FFZ) is composed of two segments: Along
the eastern zone (P-IA boundary) trending N80 °E, a left-lateral strike-slip motion occurs (9.6 cm/y) accommodated
by minor N109°E extension (pull-apart); while along the western zone (ENFB-P boundary) a N84°E trending
left-lateral strike-slip motion (7 cm/y) is inferred. The WNFB-SNFB boundary corresponds to a N70°E broad
fracture zone along which an E-W left-lateral strike-slip motion is proposed. The SNFB microplate moves rapidly
eastwards (10.5 ecm/y at 172°E) and is almost attached to the IA plate. Within the NFB, an improved model is
discussed which includes deformations within the IA and P plates and rotations with Euler poles close to the NFB.

Along the New Hebrides trench, the consumption rates are respectively 16, 15, 9 and 12 cm/y at 11°, 12.5°, 15.5°
and 20°S. The minimum rate occurs where the d’Entrecasteaux ridge collides with the New Hebrides arc. Rates of
extension at the rear of the NH arc are 7, 5.5 and 2 cm/y at 11°, 12.5° and 20°S respectively. Back-arc compression
occurs between 13°30’S and 17°S. The western end of the Hazel Holme extension zone coincides with the 13°30’S
boundary separating the NH back-arc compressive belt and the northern NH back-arc troughs. South of 21°-22°8 the
trend of the slip vector changes along the NH trench from N70°E to N20°W. This implies a N-S motion of
convergence along the E-W trending southern part of the NH trench (motion SNFB-IA of 1.5 cm/y at 172°E) and
the existence of a N70 °E trending left-lateral fracture zone crossing the southern part of the NFB. This fracture should
be considered as a major plate boundary.

Introduction (1977), who quantified the consumption and ex-
tension rates in a global model, most authors
focused their studies either on the NH subduction

zone or on the NFB.

In the southwest Pacific, converging motion
along a part of the Pacific (P) and Indo-Australian

Ce

(IA) plate boundary is accommodated by con-
sumption of the IA plate along the New Hebrides
(NH) and opening within the NH back-arc and
the North Fiji Basin (NFB). Except Dubois et al.
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Along the New Hebrides trench, Isacks et al.
(1981), Coudert et al. (1981) and Louat et al
(1988) estimated the direction of relative plate
convergence (N70°-76°E). A rate of consump-
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tion of 12 cm/y has been calculated near 20°S by
Dubois et al. (1977).

The NFB lying between the NH and Fiji Is-
lands is recognized as a seismically active, com-
plex and young (less than 10 M.y.) marginal basin
(Sykes et al., 1969; Chase, 1971; Falvey, 1978;
Halunen, 1979; Larue et al., 1982; Malahoff et al.,
1982; Eguchi, 1984; Auzende et al, 1986a, b,
1988a, b; Lafoy et al., 1987; Pelletier et al., 1988;
Hamburger and Isacks, 1988, in press; Kroenke et
al., in press). Several models have been proposed
concerning this present-day tectonics (Chase, 1971,
Eguchi, 1984; Hamburger and Isacks, 1988;
Auzende et al., 1988b; Pelletier and Louat, 1989).
Although there is agreement on the location of the
main active tectonic features within the NFB,
based on marine survey and seismicity, directions
of plate motions vary from model to model. For
example, along the N-S spreading center in the
central part of the NFB (NFBSC), Chase (1971)
proposed a N96°E opening trend while Eguchi
(1984) suggested an E-W or an NW-SE direction
of opening. Recently Hamburger and Isacks (1988,
in press) mapped the orientation of stressed within
the NFB using focal mechanism solutions. Follow-
ing these authors, it can be said that the lack of
normal faulting solutions and the ubiquitous pres-
ence of strike-slip faulting mechanisms with fault
planes oblique to the strike of the known topo-
graphic features do not demonstrate any simple
system of regular spreading centers responsible for
present-day extension, but indicate a diffuse and
shear-dominated system of deformation in the
NFB.

In this paper, we reconsider the present-day
tectonics of the NFB and the directions of mo-
tions along the NH subduction zone and its back-
arc domains using the shallow-seismicity distribu-
tion and an updated compilation of focal mecha-
nism solutions.

Considering together the directions of motions
(deduced from focal mechanisms) along each plate
or microplate boundary (inferred from seismicity
and/or morphology), the spreading rate along
NFBSC (given by magnetic anomalies) and the
IA-P motion (given by the model RM-2 of Min-
ster and jordan, 1978), we propose a quantitative
plate tectonic model of the NH-NFB region.
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Data set

Figure 1 exhibits the distribution of epicenters
of shallow earthquakes (depth 0-70 km) located
by 20 or more world-wide seismological stations
and obtained from the international Seismological
Centre (ISC) catalog for the period 1964-1982
and from Preliminary Determination of Epi-

-centers (PDE) monthly bulletins for the period

1983-1984. Earthquakes with magnitudes large
enough to have a focal mechanism determination
have been added for the period 1984-1987.

Focal mechanism solutions used in this study
are issued from two data sets. The first data set
(CMTS) is constituted by 267 moment tensor
solutions for the 1977-1987 period. Events until
March 1984 are obtained with the centroid mo-
ment tensor method (Dziewonski and Woodhouse,
1983; Dziewonski et al., 1983a, b, c; 1984a, b, c;
1987a, b, c; 1988a, b; Giardini et al., 1985) and
events since April 1984 are solutions given by
PDE monthly bulletins. The second data set
(FMPS) is composed of nine first motion plane
solutions from earthquakes located in the NFB for
the period 1965-1976 (Sykes et al., 196,9; Johnson
and Molnar, 1972; Chinn and Isacks, 1983; Eguchi,
1984; Hamburger and Isacks, in press). Solutions
from earthquakes for the period 1965-1976 re-
lated to the NH subduction zone have not been
used because a large number of CMTS is available
on this area.

Distribution of shallow seismicity and earthquake
focal mechanisms

Three seismic domains are distinguished in the
NH-NFB region. From west to east they are (Fig.
1): a densely-populated seismic belt west of the
New Hebrides arc, a discontinuous but clearly-
marked seismic belt along the eastern edge of the
arc and a zone with diffuse seismic activity ex-
tending throughout the NFB.

Seismic belt west of the arc
This highly active seismic belt is related to the

subduction of the IA plate under the NH arc. It
strikes N160°E between the latitudes 21°S and
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Fig. 1. Spatial distribution of shallow earthquakes (depth < 70 km) in the New Hebrides—-North Fiji Basin region from 1964 to 1987,
selected from ISC catalog (1964-1982), PDE Bulletins (1983—November 1984) and centroid moment tensor solution files (December
1984-1987). Plotted earthquakes are recorded by 20 stations or more. Boundaries of plates or microplates are shown. The spreading
center in the central part of the North Fiji Basin (NFBSC) is represented by a double line. HHEZ—Hazel Holmes extensional zone
(including SPR—South Pandora ridge); FFZ—Fiji fractures zone; 176°EZ—176 ° E extensional zone; SNFBFZ—southern North
Fiji Basin fracture zone. Hachured zones indicate New Hebrides back-arc trough areas: NBAT—northern back-arc troughs; SBAT
—southern back-arc troughs. SCI—Santa Cruz islands; BI— Banks islands; Ma—Maewo island; Pe—Pentecost island; M—Mat-
thew island; H—Hunter island; K—Kandavu island. DR—d’Entrecasteaux ridge; CSL-—central seismic line; ESL—Eastern
Seismic Line. '

11°30’S, bends sharply westwards at the northern
end of the arc, and turns progressively towards the
east at its southern extremity. Trends of the nodal
plane poles chosen as the direction of the slip
vector of the interplate thrust-type focal mecha-
nism solutions along the New Hebrides trench, are
plotted on Fig. 2 and against the latitude of the
epicenters on Fig. 3. Trends of the converging
motion P-IA predicted by the RM-2 model of
Minster and Jordan (1978) along the NH trench
are also shown on Fig. 3. Two major areas can be
identified along the NH trench: north of 21°S,

slip vectors range N60—90°E in azimuth, while
south of 21°8, slip vectors turn progressively from
N60°E to N20°W in azimuth. The transition
between these domains is characterized by a clus-
ter of strike-slip solutions (Fig. 4). Between the
latitudes 15° and 17°S the d’Entrecasteaux ridge
collides with the arc. Here the trend of the slip
vectors is close to E-W (N86 ° E) and parallels the
direction of the motion IA-P predicted by the
RM-2 model. In the northern extremity of the
trench, the trends of slip vectors do not drastically
change in spite of the westwards bending of the



165°E 17[0'
L

Fig. 2. Spatial distribution of epicenters of events with inter-

plate thrust-type focal mechanism solutions (1977-1987) along

the New Hebrides trench (open circles) and along the back-arc

compressive belt (filled circles). Trends of the nodal plane

poles taken as the direction of the slip motion are shown.

Heavy line represents the New Hebrides trench axis.
DR —d’Entrecasteaux ridge.

trench. Indeed, from 14°S to 10°S the average
trend progressively changes from N72°E to
N65°E.

Seismic belt east of the arc

Earthquakes are distributed along a discontinu-
ous belt from 21°S to 10°S (Fig. 1). In detail, the
back-arc area can be divided into three regions: a
northern region from 10°S to 13°30’S, a central
region between 13°30’S and 17°S and a southern
region between 17°S and 21°S.

In the northern back-arc region, the seismicity,
focal mechanisms and bathymetry allow the iden-
tification of three zones (Figs. 1 and 4):

(1) Numerous events cluster along a N120°E
trending zone near 11°S, 166°30'E. This group
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coincides with a depression which separates is-
lands belonging to the Santa Cruz archipelago.
Three focal mechanisms indicate normal and
strike-slip faulting. These solutions have a NE
trending T-axis.

(2) At 10°20’S, 165°E, a N-S extension is
indicated by a normal faulting and a strike-slip
faulting solution sharing a common T-axis orien-
tated N10 °E.

(3) A small group of events can be observed at
12°30’S, 167°30’E along a N170°E trending
zone. It is correlated with the Northern New
Hebrides back-arc troughs (NBAT) newly mapped
in detail by Récy et al. (1986) and Charvis and
Pelletier (in press). Two events with normal fault-
ing solutions are located just west of the troughs.
They display a N125°E T-axis. This NW-SE
direction disagrees with the NE—-SW extension
inferred by Seabeam data by (Charvis et Pelletier,
in press).

In the central back-arc region, numerous earth-
quakes are distributed along a N170°E belt, ex-
tending from 13°30’S to 17°S, which bounds
eastwards the NH central islands (Fig. 1). Twenty
one focal mechanisms from earthquakes evenly
distributed along this belt indicate thrust faulting.
The morphology of the eastern flank of the island
and the seismicity patterns suggest a west dipping
thrust zone. Slip vectors from these thrust mecha-
nisms range from N240°E to N280°E with a
N265°E average trend. The P-axis strike from
N110°E in the south to N60°E in the north
(Figs. 2 and 4). At each extremity of this compres-
sive belt, two events with strike-slip faulting solu-
tions exist. The P-axis for these solutions strikes
NE-SW in the north and ESE-WNW in the
south. This back-arc compression has been docu-
mented already east of the Maewo and Pentecost
islands and interpreted- as a consequence of the
d’Entrecasteaux ridge subduction (Collot et al.,
1985). In fact back-arc compression extends over a
distance of 400 km which is much larger than it
was previous thought. This compressive belt largely
overlaps northwards and southwards the portion
of the arc located in front of the d’Entrecasteaux
ridge (Fig. 4).

In the southern back-arc region, numerous
events cluster between 18°50’S and 21°S along a
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Fig. 3. Trends of slip vector from Fig. 2 plotted against latitudes of epicenters of events. Signification of open and filled circles same

as Fig. 2. A smoothing curve is shown. Heavy segments represent the average trend for each degree of latitude. The straight line is the

calculated slip vector azimuth of the relative motion between the Pacific and Indo-Australian plates along the trench using the RM-2

model of Minster and Jordan (1978). Geographical extension of some structures is shown; NFBSC—North Fiji Basin spreading
center; B4CB—back-arc compressive belt; DR—d’Entrecasteaux ridge.

N160°E trending zone which is located just west
of the southern New Hebrides back-arc through
(SBAT, Fig. 1). Along this belt, five normal fault-
ing mechanisms documented a NE-SW extension
(Fig. 4). Three of them are normal faulting solu-
tions sharing a common N37°E T-axis (35, 37
and 38°E). This direction of extension is in good
agreement with the N30°E extensional tectonics
deduced from Seabeam data by Récy et al. (1986).
In the southernmost end of the troughs, an earth-
quake with a strike-slip faulting solution showing
a N73°E T-axis exists. In order to be coherent
with the five previously-mentioned normal fault-
ing solutions, we propose to interpret this latter

‘solution as left-lateral strike-slip along a N27°E

trending fault in N37°E regional extension.
Seismic activity in the North Fiji Basin (NFB)

Discrete zones of shallow seismicity within the
NFB were first reported by Sykes et al. (1969).
More recently, Hamburger and Isacks (in press)
described in detailed the distribution of seismicity.
As noted by these authors, earthquakes con-
centrate within certain areas delineating linear
zones mainly associated with relatively shallow

water areas. We consider that these diffuse seismic
belts correspond to microplate boundaries. In this
section, we will describe the seismicity and focal
mechanisms along microplate boundaries using
largely the well-documented analysis proposed by
Hamburger and Isacks (in press).

The Fiji fracture zone (FFZ)

A sub E-W seismic belt (Fig. 1) extends from
the north of Fiji platform (16°S, 180°E) to the
triple junction located at 16°40’S, 174°E in the
central part of the NFB (Lafoy et al.,, 1987). It
represents the western part of a major lineament
connected eastward to the northern closure of the
Tonga trench. This lineament is the active Indo-
Australian—Pacific plate boundary. In the area
studied, the FFZ is composed of two segments
(Fig. 1): the eastern one from 176°30’E to 180°E
trends N80°E and is shifted at 178°E where
numerous events cluster; the western segment ex-
tends from 176°30°E to 174°E and strikes
N85°E. East of 176°30’E, the seismicity is cor-
related with narrow and linear structures bound-
ing the north Fiji platform (cf. map from Auzende
et al., 1988a). Other tectonic features located 100
km north of the FFZ and trending around N75°E
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Fig. 4. Geographical compilation of focal mechanism solutions from shallow earthquakes (0—70 km) for the New Hebrides back-arc

domain and the North Fiji Basin. Epicenters are represented by dots or squares. T-axes or slip vectors are shown by a line. I = T-axis

associated with normal faulting solutions (CMTS); 2 = T-axis associated with strike-slip faulting solutions (CMTS); 3 = same as 2

for solutions from the period 1965-1976 (FMPS); 4 =slip vectors associated with back-arc thrust-type solutions (CMTS);

5 = epicenters of events with strike-slip faulting solutions associated with back-arc thrusting (CMTS). One focal sphere represents
one or several similar solutions. Depth contours in km. WTM—West Torres massif; DR—d’Entrecasteaux ridge.

also coincide with few scattered events. West of
176 °30’E, topographic expression of the FFZ is
much more complex, including elements with vari-
ous trends (Lafoy et al., 1987, Auzende et al,
1988a). Fifteen focal mechanisms, shown on Fig.
4, documented E-W trending left-lateral strike-slip
motion along the FFZ as noted by previous authors
(Sykes et al., 1969; Eguchi, 1984; Hamburger and
Isacks, in press). At the place where the eastern
segment is shifted (178°E), a cluster of
earthquakes and one normal faulting solution with
a N109°FE T-axis are present. This solution bears

on the existence of extension motion along the
FFZ. This area is interpreted as a pull-apart basin
along the left-lateral strike-slip FFZ. Morphologi-
cal (N-S structures) and petrological (fresh basalt)
evidences reported by Von Stackelberg (1985) also
support this interpretation.

Hazel Holme extensional zone (HHEZ)

The HHEZ is delineated by discontinuous belt
of seismicity extending from 14°S, 168°E to 15°8,
173°E. It crosscuts the northwestern part of the
NFB up to the NBAT (Fig. 1). As noted by
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Hamburger and Isacks (in press), this belt seems
to relay the FFZ and to represent a segment of the
active southern boundary of the Pacific plate. In
detail the seismic belt has a “recumbent Y” shape
and can be divided into three branches correlated
with rough topography. These branches define a
triple junction near 14°20°S, 170°30’E (Fig. 1):

(1) The northeastern branch trends N70°E and
corresponds to the South Pandora ridge interpre-
ted as a newly-created spreading center by
Kroenke et al. (in press).

(2) The southeastern branch trends N95-
100°E. It is associated with a N100°E morpho-
logical feature, and ends eastwards at 14°45’S,
173°E where Kroenke et al. (in press) proposed
the existence of a relic ridge triple junction. The
pattern of magnetic anomalies suggests that this
branch in a sub-E-W spreading axis (Pelletier et
al., 1988).

(3) The western branch trends N100-110°E
and is located in the middle part of a 100 km wide
active zone composed of horsts and grabens (Pel-
letier et al., 1988). This western branch ends just
at the transition between the compressive back-arc
belt and the NBAT.

Although morphology clearly indicates active
tectonics of extension, no event with normal fault-
ing solution exists along the HHEZ. Eight focal
mechanism solutions along this structure indicate
strike-slip faulting (Fig. 4). Six corresponding epi-
centers (including four from the November 1984
swarm) cluster along a NNE-SSW line near the
14°20’S, 170°30’E triple junction. All solutions
have a nodal plane orientated around N25°E
perpendicularly to the strike of the seismic belt.
Consequently we propose that these mechanisms
document NNE-SSW irending right-lateral
strike-slip faulting in a N25°E opening tectonic
context. A NE-SW direction of extension has also
been inferred from a morphological and tectonic
study of the NBAT and the western end of the
HHEZ (Charvis et Pelletier, in press).

The main NFB active spréading center (NFBSC)
In the central part of the NFB, a spreading
center has been identified between 16° and 21°S
(Chase, 1971; Malahoff et al., 1982; Maillet et al.,
1986; Auzende et al., 1986a, 1988a). The strike of
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the spreading axis is N-S between 21° and
18°10’S, N15°E between 18°10" and 16°40’S
then N160°E between 16°40’ and 16°S. The
N15°E and N160°E axial ridges converge at
16°40’S with the western end of the FFZ, defi-
ning a triple junction (Lafoy et al., 1987; Auzende
et al.,, 1988a). Along the well defined N-S seg-
ment, magnetic anomalies indicate a 6.8 to 8.2
cm/y full spreading rate for the last million years
(Maillet et al., 1986; Auzende et al., 1988a). No
continuous seismic belt correlates with the spread-
ing axis. However, few clusters of events exist
along it (Fig. 1). A major group of earthquakes
occurs at the southern end of the axis near 21°8S.
Here a southward propagating rift and a N70°E
transform fault have been inferred (Maillet et al.,
1989). At this place, six similar focal mechanisms
indicate strike-slip faulting solutions with a N65°E
T-axis (Fig. 4). As noted by Hamburger and Isacks
(in press), nodal planes are always orientated ob-
liquely to the strike of the NFBSC. Another group
of events appears near 19°40’S where a transverse
structure and a change of the spreading rate for
the last miliion years have been noted (Auzende et
al., 1988a). At 18°20’S, close to the rift axis,
Eguchi (1984) reports a strike-slip solution with a
N79°E T-axis (Fig. 4). Lastly a few events are
located at 16°20’S, 173°20’E, on the N160° E
trending northwestern branch of the triple junc-
tion (Fig. 1). Two focal mechanisms document
here (Fig. 4) normal faulting (N72°E T-axis) and
strike-slip faulting (NS0°E T-axis). We note that
the T-axis of the normal fault solution is per-
pendicular to the strike of the rift mapped by
Auzende et al. (1988a).

The 176 °E extensional zone (176 °EZ)

At 176°E a well-defined seismic belt trends
N15°E between 17°S and 20°S (Fig. 1). It is
associated with a rough topography composed of
grabens and ridges striking respectively N1S°E
and N30°E north and south of 18°40’S (map
from Auzende et al., 1988a). Along this zone, a
young NNE-SSW spreading center has been pos-
tulated (Chase, 1971; Brocher and Holmes, 1985).
More recently Auzende et al. (1986) interpreted
the complex morphology of the area in terms of a
tensional type deformation in a regional N45°E
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left-lateral strike-slip system. Along this zone
Hamburger and Isacks (in press) report one
strike-slip fault solution. However, new compu-
tation of parameters of this focal mechanism gives
a normal fault solution (Dziewonski et al., 1988a).
Three additional focal mechanisms exist along this
seismic belt (Fig. 4): one normal faulting solution
and two strike-slip fault solutions. T-axes of the
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normal faulting solutions (N108°E and N126 °E)
are perpendicular to the strike of the grabens. As
along the NFBSC, nodal planes of the sirike-slip
solutions are also orientated obliquely to the trend
of the known topographic features.

Central seismic lineament (CSL)
A N25°E trending seismic line exists west of
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Fig. 5. Proposed quantitative model for present-day relative motions in the New Hebrides—North Fiji Basin region. A. Map showing
the plate boundaries and the relative motions. P—Pacific plate; I4—Indo-Australian plate. WNFB, ENFB and SNFB represent
respectively the western, eastern and southern North Fiji Basin microplates; NNHA, CNHA and SNHA are respectively the
northern, central and southern segments of the New Hebrides arc microplate. Numbers and arrows| beside plate boundaries indicate
the rates and trends of the relative motions. Very thick divergent arrows show the motion along the main spreading center of the
North Fiji Basin. Line with filled barbs corresponds to Mew Hebrides trench. Line with open barbs marks the New Hebrides back-arc
compressive belt. DR—d’Entrecasteaux ridge; M and H—Matthew and Hunter islands. B. Vector diagram for motions in the North
Fiji Basin. Vectors show motions of plates relative to the IA plate. Same legend as in A. C. Vector diagrams for motions along the
New Hebrides arc at 11°8S, 13°S and 15°S. Same legend as in A. The symbol (P) in the vector diagram at 15°S means that motion
WNFB-P is assumed small enough to be ignored.
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NFBSC between 16 °20°S, 172°50 E and 18°10°S,
171°50’E (Fig. 1). The northern end of this line
reaches the cluster of events associated with the
northwestern branch of the triple junction. Two
similar mechanisms illustrate normal faulting. 7-
axes of the solutions trend N28°E and N21°E. It
is surprising to note that extensional stresses here
are parallel to the strike of the seismic line.

Eastern seismic lineament (ESL)

A NS50°E seismic line extends from 20°S,
177°E to the southern part of the Fiji platform
(Fig. 1). It passes within the NFB more than 100
km north of the major depression extending from
the eastern extremity of the NH trench to the
south of Kandavu island. One mechanism from
Johnson and Molnar (1972) exhibits strike-slip
motion, which is left-lateral if the N45°E nodal
plane is chosen (Fig. 4).

The southern NFB fracture zone (SNFBFZ)

A broad zone with diffuse seismicity showing
possible N70°E trending lineations, exists in the
southern NFB behind the arcuate termination of
the New Hebrides arc (Fig. 1). This zone connects
the NH arc with the southern extremity of the
NFBSC. In this area, N70 °E topographic features
predominate (Maillet et al., 1989). Three similar
focal mechanisms document strike-slip faulting
(Fig. 4). These solutions have sub-E-W and N-S
nodal planes and SE-NW T-axes. They indicate a
left-lateral strike-slip motion if the E-W nodal
planes are chosen as the fault. At 22°S within the
NH trench-arc domain, five focal mechanisms have
been obtained which are identical with the three
previously mentioned (Fig. 4). A similar solution
is also found just north of the Matthew Hunter
islands. All these data support the existence of a
diffuse N70°E fracture zone (SNFBFZ) acting as
a left-lateral transform fault and extending from
the south of the NH platform at 21-22°S to the
southern end of the spreading axis at 21°S. Such a
plate boundary is also needed to explain the rota-
tion of the thrust motion from N75°E to N10°W
along the southern NH trench. This rotation indi-
cates a segmentation of the arc. In Fig. 5 only one
plate boundary is drawn but the fracture zone
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appears complex and certainly includes several
active tectonic lineaments.

Relative plate motions

Constraints on the plate tectonic model

According to the aforementioned data there
exist the following constraints:
(1) The plate and microplate boundaries are

inferred from the distribution of shallow seismic- -

ity (Figs. 1 and 4). In addition to the Pacific (P)
and Indo-Australian (IA) plates, several mi-
croplates are postulated in the NFB (Fig. 5): the
western NFB plate (WNFB), the eastern NFB
plate (ENFB) and the southern NFB plate (SNFB).
The New Hebrides arc is divided into three seg-
ments: the northern (NNHA), the central (CNHA)
and the southern (SNHA) segments.

(2) The relative motion P-IA is given by the
RM-2 model of Minster and Jordan (1978) assum-
ing no intervening microplate motions.

(3) The direction of convergence along the NH
trench is given by thrust-type solutions (Figs. 2
and 3).

(4) The 8 cm/y full spreading rate in a N72°E
direction along the NFBSC is inferred from the
pattern of magnetic anomalies proposed by
Auzende et al. (1988a). The N72°E direction is
deduced from five lines of evidence: (a) the
strike-slip faulting mechanism with a N79°E T~
axis near 18°30’S; (b) the cluster of six strike-slip
faulting mechanisms with N65°E T-axis near 21°S
at the southern tip of the spreading center; (c) the
N80 °E trending line linking the southern tips of
the magnetic anomaly J present in both sides of
the cpreading center at 20°30’S (from figs. 4 and
8 of Maillet et al., 1989); (d) the set of transform
faults orientated N70 °E in the southwestern NFB;
(e) the normal faulting mechanism with a N72°E
T-axis just north of the triple junction.”

(5) The N108°E direction of extension along
the northern part of the 176°EZ is given by
morphology and focal mechanisms.

(6) The N25°E direction of extension along the
complex plate boundary in the northwestern part
of'the NFB (including HHEZ) is inferred from
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morphology and focal mechanisms (see discussion
before).

(7) The directions of extension in the NH back-
arc domain are N37°E at 19°-20°S (SBAT),
N45°E at 12°-~13°S (NBAT) and N37°E at 10°
-11°S. At 12°-13°S, two normal faulting solu-
tions located just west of the troughs indicate a
N125°E extension which is in disagreement with
both the NE-SW extensional tectonics inferred
from morphological study (Charvis et Pelletier, in
press) and the azimuths of the slip vectors along
the trench which are closer to the northern than
those predicted by the RM-2 model (a back-arc
extension in the trend given by those two mecha-
nisms would imply a trend of the slip vector along
the trench closer to the south). Thus these two
solutions will not be considered in the model and
we. will adopt a N45°E extension in this area. At
the northern extremity of the NH arc near the
Santa Cruz islands (10°-11°S), normal and
strike-slip faulting solutions have their 7-axis per-
pendicular to the trench and orientated N65°E in
the south and N10°E in the north (Fig. 4). The
average direction of the T-axes (N37°E) is per-
pendicular to the N125°E trending back-arc
seismic belt. Therefore a N37°E direction of ex-
tension in the back-arc area near 11°S has been
used. ‘

Results

Relative motions within the NFB

The constraints enable the construction of only
one vector diagram. The plate motions are calcu-
lated relative to plate IA and are shown in Fig. 5
and Table 1. The motion P-JA is calculated at
17°S, 176°E using the RM-2 model of Minster
and Jordan (1978). The proposed model is strongly
reinforced by two observations: the direction of
the left-lateral strike-slip motion ENFB-P
(N264°E) is the same as the trend of the western
seismic segment of the FFZ (N85°E); the con-
sumption rate estimated here along the NH trench
at 19-21°8 (motion SNHA-IA: 12 cm/Yy), is the
same as the subduction rate calculated by Dubois
et al. (1977) from an associated lithospheric bulge
of the IA plate. Within the NFB, we note that the
largest relative motion is due to the main N-S
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TABLE 1

Relative motions in the North Fiji Basin

Plate Velocity Azimuth
or microplate (cm/y) (°B)
P-IA 9.6 271
ENFB-IA 3.0 288
ENFB-P 7.0 264
WNFB-ENFB 8.0 252
WNFB—P ) 20 205
SNHA-WNFB 2.0 217
SNHA-IA 12.0 255
SNFB-WNFB 10.5 90
SNFB-1A 1.5 180

The IA plate is assumed fixed and the motion P-IA is given at
17°8, 176°E by the RM-2 model of Minster and Jordan
(1978). The motion SNFB-IA is given at 23°S, 172°E. -

spreading center. Other extensional zones
(176 °EZ, SBAT, HHEZ), along which relative
motions are smaller, must be considered as sec-
ond-order plate boundaries. The motion of the
SNFB microplate is poorly constrained in com-
parison with other microplates. The value given in
Table 1 is calculated at 172°E where the direction
of the motion SNFB-IA is N-S. Between 21°S,
169°30'E and 23°S, 172°E the motion SNFB-IA
varies progressively from 12 cm/y in an azimuth
N255°E to 1.5 cm/y in an azimuth N180°E. The
SNFB microplate is rapidly moving eastwards rel-
atively to WNFB microplate and is almost at-
tached to the IA plate. This explains that the
eastern branch of boundary SNFB-IA is unde-
fined by seismicity. Consequently the main plate
boundary in the southern NFB region is not the
southern part of the NH trench (SNFB-IA
boundary) but a fracture zome located at
21°-22°S, north of the Matthew Hunter islands
(WNFB-SNFB boundary). This boundary, termed
the SNFBFZ, acts as a left-lateral transform fault
accompanied with SE-NW extensional motion.

Relative motions along the New Hebrides trench

and back arc

The results are reported in Fig. 5 and Table 2.
North of the 21°-22°S boundary, the consump-
tion rate varies along the NH trench from 12
cm/y in the southern part (18-21°S) to 15-16
cm/y in the northern part (11-13°S). The rate is




—

LR

*a

SEISMOTECTONICS-PLATE MOTIONS IN NEW HEBRIDES-N. FIJI BASIN

TABLE 2

Relative motions along the New Hebrides arc

Plate or Velocity  Azimuth  Latitude along
microplate (cm/y) (°E) the arc
°s)

NNHA-IA 16.0 245

NNHA-P 7.0 217 11
P-1A 10.6 265

NNHA-IA 15.0 252

NNHA-P 5.5 225 13
P-IA 10.3 265

CNHA-IA 9.0 266

CNHA-WNFB 1.0 86 15
P-IA 10.0 266

SNHA-IA 12.0 255

SNHA-WNFB 2.0 217 20

The IA plate is assumed fixed and the motion P-IA is given by
the RM-2 model of Minster and Jordan (1978).

minimum (9 cm/y) in front of the d’En-
trecasteaux ridge where back-arc thrusting occurs
(13°30-16°30’S). In this latter area, the average
trend on the slip vector along both the trench and
the back-arc compressive belt is the one predicted
by the RM-2 model (N86 °E, Fig. 3). This implies
that the direction of resulting motion in the NFB
at this latitude has to be close to N86°E. Such a
direction of extension is unrealistic along the
WNEB--P boundary because this would imply a
right-lateral strike-slip motion along the HHEZ
which is inconsistent with focal mechanisms.
Topographic structures along WNFB-P also ex-
clude a N86°E compression. Consequently we
must conclude that, along the WNFB-P boundary,
the N25°E extensional motion compatible with
both tectonic features and focal mechanisms (2
cm/y in the model) vanishes towards the New
Hebrides arc. In this scheme, the WNFB-P Euler
pole is close to the HHEZ-arc junction, and the
WNPFB plate south of the western end of HHEZ is
almost attached to the Pacific plate. Thus the
consumption rate in front of the d’Entrecasteaux
ridge may be deduced directly from the RM-2
model of Minster and Jordan (1978) which gives
10 cm/y. However this rate is lower because we
have to consider some motion along the back-arc
thrusting zone. As there are no data to quantify
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this motion, we have arbitrarily assigned 1 cm/Yy.
This hypothesis gives in turn a consumption rate
of 9 cm/y in front of the d’Entrecasteaux ridge
(Fig. 5 and Table 2).

In the northern part of the NH arc, the calcu-
lated motion of extension within back-arc troughs
is surprisingly high (5.5 cm/y at 13°S and 7 cm/y
at 11°S). These values arise from the difference of
20° in azimuth between observed slip vectors
along the trench and the ones predicted by the
RM-2 model. Although the directions of extension
in these troughs are not precisely constrained,
seismicity, T-axes of focal mechanisms (with the
exclusion of the two solutions previously men-
tioned) and bathymetry suggest that these direc-
tions are in a range NO°-70°E and turn from
ENE to NNE going towards the north (Fig. 4).
N-S and N70°E directions would imply respec-
tively a 4 cm/y and an infinite rate of extension.
At 13°S, the N45°E direction of back-arc exten-
sion (see before for justification) induces a 5.5
cm/y rate of extension. At 11°S the average trend
of T-axes from all focal mechanism solutions is
N37°E which results in a 7 cm/y rate of exten-
sion. These large rates of extension can be ex-
plained by additional stretching across northwest-
ern part of the NFB, which creates seismically
quiet horst and graben structures. Indeed, such an

“aseismic but tectonically active trough has been

found inside the NFB just north of the HHEZ
(Tikopia trough with fault scarps of 1500 m—Pel-
letier et al., 1988). The fast consumption rate in
the northern extremity of the NH trench is com-
patible with the westwards curvature of the trench
axis. The oceanic domain north of the West Torres
massif (Fig. 4) is quickly vanishing in order to
align the New Hebrides and the Solomon trenches.

Discussion of the model

A significant change of one of the parameters
of the model (direction or velocity) drastically
perturbs the relative motions which in turn would
result in a disagreement with the data. Relative
motions along the second-order boundaries
(SBAT, 176 °EZ and HHEZ) are directly depen-
dent on the relative motion WNFB—ENFB along
the main spreading center. In our model, the
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selected N72°E direction of spreading is the best
value considering the entire set of morphological
and seismological data over the area. The N72°E
direction is also the best value of minimize the
relative velocities along the second order
boundaries. The spreading direction cannot be
reasonably outside the range N65°-80°E. When
the value comes close N65 °E, the relative velocity
increases along the 176 °EZ (4 cm/y), and HHEZ
(2.5 cm/y), and diminishes in the SBAT (1.5
cm/y). If the direction passes beyond N65°E,
then compression should occur in SBAT and the
velocity of the extensional motion would be re-
spectively 5 cm/y and 3 cm/y along the 176 °EZ
and the HHEZ. In contrast, when the spreading
direction comes close to N80°E, the relative
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velocity increases along the SBAT (3 cm/y) and
diminishes along the 176 °EZ (2.5 cm/y) and the
HHEZ (> 1 cm/y). If the direction is E-W, then
compression should occur along the HHEZ and
the rate of extension would be 2 cm/y along the
176 °EZ and reach 5 cm/y in the SBAT.
Although the proposed model is coherent and
accounts for most of the data, it can bg improved
if rotation and intraplate deformation are consid-
ered (Fig. 6). Within the NFB, relative plate mo-
tions described by close Euler poles fit with the
data even better. Indeed, the observations favor
rapid variations of velocity along some of the
plate boundaries. Magnetic anomalies for example
indicate that, along the N-S main spreading
center, the full spreading rate is larger in the south
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Fig. 6. Map showing plate and microplate boundaries and direction of motions in the study area, considering deformation within P
and IA plates and relative motions between the North Fiji Basin microplates described by rotations with close Euler poles.
Abbreviations and symbols are same as in Fig. 5. Arrows have no quantitative meanings. In this scheme, the northern North Fiji
Basin plate (NNFB) is introduced. Discontinuous lines indicate seismically active zones along which stretching and/or shearing are
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than in the north (Auzende et al., 1988a). In the
same way, the disappearance of seismicity at 20°S
along the 176°EZ and the lack of a seismically-
defined plate boundary in the south of the ENFB
plate suggest that the motion of extension along
the 176°EZ vanishes southwards. As noted be-
fore, the observed trend of the slip vector in front
of the d’Entrecasteaux ridge and along the back-arc
compressive belt implies that the rate of motion
WNFB--P along the HHEZ decreases westwards.
In conclusion, there is some evidence for rotations
associated with close Buler poles, but the rotation
parameters are difficult to quantify.

Intraplate deformation also plays a significant
role within the NFB area. Indeed, some zones
with seismic activity small enough to have been
ignored in the global model, exist especially within
the IA and P plates north and south of the FFZ
(Fig. 1). Moreover, the important relative motions
at the second order plate boundaries (176°EZ,
HHEZ, SBAT and NBAT) can be largely reduced
if we consider small left-lateral strike-slip motion
within the P and IA plates along these diffuse
seismic zones (Fig. 6). However, the deformation
motion within the A and P plates cannot exceed
2 cm/y because a decrease of the left-lateral
strike-slip motion from 9.6 (RM-2 model) to 7.6
cm/y along the FFZ east of 176°E would imply
no extension in SBAT, a small extensional rate
(0.8 cm/y) along 176°EZ and a 2 cm/y exten-
sional motion along HHEZ. The existence of a
northern North Fiji Basin plate (NNFB, Fig. 6)
bounded in the north by a left-lateral strike-slip
fault provides a better explanation for the opening

- tectonics trend (N70°E) inferred by focal mecha-

nisms and morphology along the N160 °E branch
of the 16°40’S—174°E triple junction. Presence of
the NNFB plate also requires extension and
right-lateral strike-slip motion along respectively
the northeast (South Pandora ridge) and the
southeast branches of the 14°20’S, 170°30’E tri-
ple junction. Opening tectonics along the South
Pandora ridge have been proposed already by
Kroenke et al. (in press). In any case, the direction
of the resultant motion WNFB-P has to be close
to N25°E (constraint in the western part of
HHEZ). Because the NNFB-P motion is difficult
to assess, we have not considered the existence of
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the NNFB in the quantitative model (Fig. 5), and
a N25° E motion has been postulated along all the
WNFB-P boundary.

Concluding remarks

The application of plate tectonics, even in an
area as complex as the NFB evolving between the
large P and IA plates, gives a coherent present-day
model which successfully accounts for most of the
marine as well as seismological data. The pro-
posed model summarized in Figs. 5 and 6 and in
Tables 1 and 2, although different, is not so far
from the model proposed by Chase as soon as
1971. We must also emphasize that a ten years
window of focal mechanism solutions computed
with the centroid moment tensor method provides
a coherent set of parameters which are in accor-
dance with the morphotectonic structures.
Seismotectonics using CMTS data is clearly a
valuable and testable technique to accurately assess
the directions of relative motions even in a com-
plex area.
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