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ABSTRACT

Ruellan, E., Huchon, P., Auzende, J.-M. and Gricia, E., 1994. Propagating rift and overlapping spreading center in the North
Fiji Basin. In: J.-M. Auzende and T. Urabe (Editors), North Fiji Basin: STARMER French-Japanese Program. Mar. Geol.,
116: 37-56.

The present day geometry of the North Fiji marginal basin, at the Pacific and Indo-Australian plate boundary, results from
a polyphased tectonic evolution. Since the beginning of the opening, spreading.occurred along several ridge axes that are
characterized by highly variable trends. From 15°S to 21°40'S, the present day trends of the axis are mainly N20°W, N20°E
and N-N5°E.
The structural analysis of multi-beam echo sounder and seismic data combined with submersible observations (18 dives in
this area) allow a precise study of relationships between the N-N5°E and N20°E axes near 18°30’S. Two main oceanic features
* occur in this area. The most striking one consists in a broad northward propagating rift of the N-N5°E spreading ridge. The
northern tip of the propagator is located at 18°10'S, on 173°30’E and is characterized by a northern V-shaped end and a slight
camber. The diving observations corroborate the present day magmatic and tectonic activities along the N~N5°E spreading
axis located between 18°10'S and 20°30'S and its northward propagation to the detriment of the N20°E axis which is less
active at its southern end. Moreover. the youngest axis trends, inside the N20°E axial domain, confirms this northward
propagation of the N-N5°E structural trends. The N-N5°E spreading axis shows very close similarities with those of an
intermediate to fast-spreading ridge, either in its morphology or in its spreading rate. On the other hand, the N20°E axis
displays a large tectonicaily active overlapping arm, that is counterposed to the northern end of the N-N5°E propagating
system, The transform zone between the two overlapping arms is characterized by typical oblique and curved structural
patterns in the sea floor. The whole tectonic system constitutes thus a typical large overlapping spreading center. The average
propagating rate is calculated at 5.7 cm/yr that is compatible with backward migration of the N20°E overlapping arm.
This study confirms the high instability of the North Fiji Basin spreading system through time and space, due to the regional

tectonic stress produced by the plate convergence and the double sphenochasmic opening of the basin.

Introduction

Spreading discontinuities, such as propagating
rifts and overlapping spreading centers (OSC)
occur in many places along divergent plate bound-
aries. Most of these transform features have been
described, at various scales, on the main spreading
oceanic ridges, with either low, intermediate or
fast spreading rates (Shih and Molnar, 1975; Hey,
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1977; Schilling et al.; 1982; Mac Donald and Fox,
1983; Mac Donald, 1989; Mac Donald et al., 1991;
Gente, 1987; Kleinrock and Hey, 1989).

These discontinuities are generally interpreted
as unsteady and transient phenomena related to
geometric rearrangements of the ridge axis segmen-
tation through space and time. Whether these
rearrangements are related to a change in the
spreading orientation or to propagation into an
older oceanic crust is partly controversial (Menard
and Atwater, 1968, 1969; Hey et al., 1988). The
oceanic propagators are considered to be the result

© 1994 — Elsevier Science B.V. All rights reserved.



38

of lengthening by the propagation of a spreading
axis into old or recently formed pre-existing litho-
sphere, that takes over plate separation from
another axis. Consequently, there is a transfer of
iithosphere from one plate to another (Kleinrock
and Hey, 1989).

The North Fiji Basin (NFB hereafter), in the
Southwest Pacific (Fig. 1), represents a new site
for the investigation of propagating rifts, OSC’s
and triple junctions since its recent tectonic evolu-
tion is characterized by many reorientations of the
spreading geometries in the last few million years
‘Auzende et al., 1988b; Lafoy, 1989; Ruellan et al.,
1990, 1992; De Alteriis et al., 1993).

The purpose of this paper is to describe and
analyse the detailed morphology and the tectonic
levelopment of the central N-N5°E and N20° to
N15°E segments (N20°E hereafter) of the North
Fiji Basin. ridge between 17°S and 21°S, that show
similarities with those of main ocean intermediate
-0 fast spreading ridges. The recent tectonic evolu-
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tion of this sector of the NFB ridge is characterized
by a northward propagation during the last 1.8
Ma, since anomaly 2 (1.67-1.87 Ma; Vine and
Matthews, 1963; 1.65-1.88 Ma; Harland et al.,
1990) which is the older magnetic anomaly
attached to the propagating system (see later).

Methods

Interpretations presented in this work are based
on a detailed analysis of geological and geophysical
data (Fig.2) collected within SEAPSO project
(1985-1986) and French—Japanese joint program
STARMER (1987-1991) The data set includes multi-
narrow-beam echo-sounding, seismic reflection
and magnetic surveys, and deep tow photographs
and video obtained during Seapso 85, Kaiyo 87,
88 and 89 and Yokosuka 90 and 91 cruises.
Eighteen dives have been conducted with the
manned submersibles Nautile and Shinkai and with
the Dolphin ROV on three sites along the N-S
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Fig. 2. The SeaPs0 and STARMER surveys in the NFB since 1985. The frames indicate the 60% to full multibeam coverage.

(station 14) and N20°E (stations 4 and 6) ridges
during Starmer 89, Kaiyo 89 and Yokosuka 91
cruises. '

Multi-narrow-beam survey

The extensive bathymetric data set was collected
using three different swath-mapping multi-narrow-
beam sonar systems, the Seabeam (16 beams)
(Renard et Allenou, 1979) on board the french
R/V Jean Charcot (1985), the Seabeam on board
the Japanese R/V Kaiyo (1987, 1988, 1989), and
the Furuno HS-10, a Japanese swath-mapping
multi-narrow-beam sonar (45 beams), on board
the Japanese R/V Yokosuka (1991).

The 50% to full coverage multi-narrow-beam
echo sounding extends on the whole ridge domain

for more than 800 km along strike and for about
100 km in width. It is probably one of the most
comprehensive swath-mapping of a ridge axis ever
done (Fig. 2). The navigation was based on Global
Positioning System (GPS) for about 60% of the
survey and accurate transit satellite fixes otherwise.
Therefore no navigation corrections were assumed
necessary. This was justified by the absence of any
significant discrepancies at track crossings.

In our study, the mesh size of the sampling grid,
used to build the bathymetric ‘Digital Elevation
Model (DEM) (Fig. 3) and the 3-D view (Fig. 4
of the central axis of the NFB, was chosen in
order to slightly under-sample the original data
rather than to over-sample them. Therefore the
difficult problem of interpolation in the case of
non-homogenous data was bypassed. The scale of
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the map produced is 0.002° per pixel, thus 1 pixel
represents about 222 meters. The last data also
provide parameters to trace the ray-path of the
sound at each measurement point and to compute
a refraction correction along the salt/temperature
water layers, using a 10 layer model.

The grid is filled by reading the data sequentially,
cruise after cruise in their chronological order.
When a node is encountered that already has a
data value the newer value is substituted because
it is assumed that navigation uncertainties and
measurement accuracy have been improved in the
~_more recent cruises. Such a procedure corresponds
roughly to a random under-sampling of an over-
sampled data set. A random selection preserves
high frequency variations, rather than averaging
the multiple data, which would cause an unsuitable
smoothing of the DEM, which in turn would cause
a significant restriction in the detection of fault
scarps. Certainly, the systematic choice of the most
recent data is only a rough approximation to a
random selection, but the major defect is to give
priority to the most recent cruise which as we have
said is likely to be the most accurately positioned.
Thus the chronological criterion, determining the
sampling order within a single cruise, results in
enough complex circumstances for the sampling to
be considered as random.

Seismic survey

At the same time, a comprehensive single chan-
nel seismic survey was carried out in the North
Fiji Basin during SEAPSO and STARMER projects
in order to improve the structural knowledge of
the oceanic bottom. Most of the profiles are single
channel analogous seismic reflection profiles
obtained with air guns.

Magnetic surveys

During most parts of the bathymetric survey,
the total magnetic field was measured using a
proton precession magnetometer towed 200 to 300
m behind the ship. After processing described
elsewhere (Huchon et al., 1994-this issue), the data
were used to draw magnetic anomaly profiles
projected along tracks (Fig. 6) in order to identify
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magnetic lineations and infer a tentative age for
the oceanic crust.

Deep-sea observations

Two methods were used to obtain the deep-sea
observations data set. First, ocean bottom photo-
graphs and video were obtained during the Kaiyo
87, 88 and 89 cruises using a deep-towed vehicle
which allowed observation of the ocean bottom in
real time by video, bottom photography, and
conductivity, salinity and temperature measure-
ments as well as water depth.

Second, twenty three dives, 3 with Nautile, 18
with Shinkai 6500 and 2 with Dolphin 3K ROV,
were conducted on the N-S (station 14) and on
the N20°E (station 6) spreading axes during
Starmer 11-89, Kaiyo 89 and Yokosuka 91 cruises.

Geodynamic setting

The North Fiji Basin (Southwest Pacific) is a
triangular shaped marginal basin that opened
recently along the Pacific and Indo-Australian
plate boundary (Fig.1). It is delimited by the
active New Hebrides island arc and subduction
zone to the west, the Fiji Islands platform.to the
east, the inactive Vitiaz subduction zone to the
north and the Matthew—Hunter ridge and the
Hunter fracture zone to the south.

The present day geometry of the North Fiji
Basin results from a multiphase tectonic evolution
since the beginning of the spreading in the Late
Miocene (~ 10 Ma). The oceanic opening of the
basin is generally considered to be linked with the
rotation of two tectonic elements: the clockwise
rotation of the New Hebrides volcanic arc system
and the counter-clockwise rotation of the Fiji
platform (Chase, 1971; Gill and Gorton, 1973).

These movements imply a complex evolution of
the basin’s accretionary system, with multiple
severe reorientations in the geometry of the spread-
ing axis during the last 10 Ma. Since the beginning
of the opening, spreading occurred along several
ridge axes that are characterized by highly variable
trends: N40°-30°W, N, N20°E, N20°W, N60°W
(7) and N80°-90°W (?). The N40°-30°W trend of
the spreading axis which was active during the first



42

stage of opening can be deduced from magnetic
data and to a lesser extent from bathymetric data.
In the last 3.5 Ma, a roughly N--S trending spread-
ing ridge system has developed in the central and
southern parts of the basin, superimposed on older
N30°W lineations (Auzende et al., 1988b). The
present day active spreading system, from 14°30'S
to 21°40'S (Fig. 1), consists of four differently
oriented radix segments; two of them are beleived
to converge with the left lateral North Fiji fracture
zone to constitute the 16°50'S triple junction
(Lafoy et al., 1987, 1990; Auzende et al., 1990).
From 14°30'S to the triple junction area, a 250 km
long N20°W trending spreading axis has developed
since about 1 Ma (Gracia, 1991). Between the
criple junction and 18°30'S, the 175 km long N20°E
spreading axis has also developed since about 1
Ma. The N to N5°E trending spreading ridge,
rom 18210'S to 20°30'S with an approximate
ength of 280 km (Auzende et al., 1988a,b), is at
east 3 Ma old. South of 20°30'S, the southernmost
N-S spreading system is offset by about 80 km to
he east from the previous N-S ridge through a
vide N45°E to N60°E pseudofault (Maillet et al.,
{986; Ruellan et al., 1989); its length is about
50-200 km.

(ectonics of the central part of the North Fiji Basin

A 3-D view of the detailed bathymetry of the
preading ridge domain south of triple junction is
resented in Fig. 4. The map (Fig. 3) results from

compilation of the whole set of data obtained
uring SEAPSO and STARMER projects (Fig. 2).
tructural analysis of multi-narrow-beam echo
ounder and seismic data combined with submers-
>le observations allow a detailed study of relation-
nips between the N-N5°E and N20°E axes near
8°30’S, where a spectacular propagating rift
ccurs. The tectonic lineaments chart resulting
‘om this study is shown in Fig. 5.

Five domains each defined by a set of parallel
neations have been identified in the study area
~igs. 5 and 9); two of these, which are related to
1e currently active North Fiji Basin spreading
Xis, are:

— a N20°E domain to the north contains linea-
ons parallel to the present N20°E axis;
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— a N to N5°E domain to the south (which
comprises the propagating rift) contains lineations
parallel to N-NS5°E axis, inside the V-shaped
region on either side of the axis;

The other three, which are older, are:

— a N30°W domain east of the V-shaped region;

— a N-S domain northeast of the propagating
rift;

— and a N30°E very complex domain with
concave eastward structural trends west of the
N20°E domain.

The magnetic anomaly pattern (Fig. 6) partly
reflects this complexity. The axial anomaly is well
defined in the N-S to N5°E domain. It shows an
increase in amplitude toward the tip of the propa-
gating rift, which is the typical signature of the
FeTi enriched basalts formed in this context (Miller
and Hey, 1986). South of 19°S, anomalies J and 2
can be identified (Fig. 6). It leads to a full spreading
rate of about 7 cm/yr, a value which is slightly
lower than the one measured at 20°S (7.6 cm/yr,
Huchon et al., 1994-this issue). Note that a rate of
5.6 cm/yr was measured by Auzende et al. (1990)
at 18°30'S, but it is located inside the propagating
rift and thus does not represent the total spreading
rate at this latitude. Between 19°S and 18°S, the
identification of magnetic anomalies becomes less
reliable, although clear lineations appears on the
map. Further north, in the N20°E domain, the
axial anomaly appears to be flanked by anomaly
J, giving a full spreading rate of about 5.9 cm/yr
at 17°30'S for the last one million years (Huchon
et al., 1994-this issue). This spreading rate is sig-
nificantly lower that the rate measured at 19°20'S,
showing an overall northward decrease in spread-
ing rate approaching the 16°50'S triple junction.

The active North Fiji Basin spreading axis

The N20°E ridge axis domain

The N20°E segment of the NFB spreading axis
extends, for at least 175 km, from 16°50’S, where
a large oceanic build-up occurs in the triple junc-
tion area, to the intersection with the N-S axis
near 18°30'S (Figs. 3 and 4). It is underlined by
structural lineations trending N15°E to N25°E.
This pattern is concentrated in a 75 km wide belt
that is superimposed on older external structural
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trends which are either N30°W, N-S or N35°E
(Figs. 3 and 5).

The present day active N20°E spreading axis is
divided into three second order segments.

North of 17°51'S, the axial morphology is repre-

sented by a NIS5S°E double ridge, about 10 km

. wide, which rises some 200-300 m above abyssal

plain and is splitted by an elongated graben, 2 to
5 km wide. This axial topography deepens south-
ward (Fig. 8) and can be easily identified from
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athymetry (Fig.3) up to about 17°51'S. The
orthern part of the segment shows two large,
600m deep symmetrical grabens on each side of
1e 40 km long, 15 km wide axial ridge, with an
xternal slightly curved shape. The location of the
resent axis with respect to the grabens is slightly
ccentric. This topography is quite anomalous
/hen compared with Pacific ridges; for Lafoy et al.
1990), it suggests a magmatic phase alternated
/ith tectonism.

Between 17°51'S and 18°10'S, the location of the
xis becomes more difficult to identify since bottom
zatures are being disturbed at the junction with

the N-S segment of the spreading axis and by
many small off ridge volcanoes. The spreading
center jumps en echelon twice westward becoming
an elongated and narrow ridge, trending N15°E
and rising up to 2600 m depth, at the southern end.

Four submersible dives using the Shinkai 6500
have explored the southern tip of the N20°E
segment of the NFB spreading axis (Fig. 7), along
a nearly E-W cross section located between
18°03'S and 18°07'S and between 173°24'E and
173°34'E. The depth ranges from 3000 to 2600 m.

In this area, the spreading ridge is not so clearly
identified as in the northern part of the N20°E
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axis. The large scale structural pattern is domi-
nated by a succession of parallel horsts and gra-
bens. During the Kaiyo 87 cruise, a very high
manganese anomaly was detected at station 6.
Here, the N20°E trending ridge to the north clearly
overlaps with N-N5°E ridge to the south. The
manganese anomaly seems to coincide with the
location of the axis of the former one. Station 6
therefore presents an excellent opportunity to
explore the relationships between tectonism,
hydrothermalism and petrology on overlapping
ridges close to the junction between the two spread-
ing axes.

From diving observations at station 6, the sea
bottom 1s strongly covered by rather thick sedi-
ments (10 cm to few meters), except on the western
ridge (dive 85). Eastward, from the bathymetry,
the bottom is not much disturbed by tectonic
activity like fissuring, faulting, and mechanical
brecciation. But, the detailed morphology observed
during the dives 73, 74 and 75 is more complex
and rather different from the one given by the
multi-narrow-beam bathymetric map. The tectonic
features observed during dives consist mainly of
N to N10°E open faults, 1-5 m wide and 10-15
m deep. Westward, the cross section made during
the dive 85 shows three main areas from west to
zast. (1) The first structural area is located at the
-op of the main western ridge. The sedimentary
sover thickens rapidly over the western slope. The
10rthwestern side of the ridge crest becomes a
steep west-facing fault cliff, about 30 m high,
sonsisting of basalt pillow lavas and lava flows of
lifferent ages and crosscut by many more or less
ypened N20°E fractures. (2) The second structural
irea is a very steep east-facing, N20°E trending
ault escarpment, which is delineated by three main
rertical fault scarps, steep antithetic faults steps,
ind very narrow and elongated horsts and grabens,
vithout any sedimentary cover. These observations
ndicate tectonic seems to be very active in this
-rea. We found many large fresh screes at the foot
f the scarps as the result of this tectonic activity.
‘he main scree lies at the foot of the main cliff
.nd covers about half of it. (3) At the foot of the
ault scarp, the third area displays a rather smooth
opography, according to the bathymetric survey.
n fact, the sea floor is made of a succession of
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eastward tilted half horsts and grabens. bounded
by five 10 to 30 m high fault cliffs, mainly west-
facing. The whole area is covered by rather flat
lying unconsolidated sediment. The basalt pillow
lavas crop out mainly along the crests of the tilted
blocks and along the fault cliffs, which trend
mainly N20°E.

As described before in the whole diving area at
station 6, the oceanic basement generally crops
out along 5 to 15 m high, N10° to N20°E trending
scarps resulting from normal faulting and block
tilting, and on small scattered seamounts.
Basement consists of unbroken basalt pillow lavas
commonly with finger-like spines prograding about
10 cm from the surface of pillows, of tubular and
round pillow lavas, of massive lava flows (above
pillows) and of scree. We noticed that the bottom
water was sometimes turbid, especially along the
high east facing fault cliff of the western ridge,
suggesting hydrothermal activity. But no temper-
ature anomaly or any other sign of hydrothermal
activity was detected anywhere.

The fact that the central and eastern area are
covered by rather thick recent soft sediments
clearly indicates that the area did not undergo
recent magmatic activity and underscores a discon-
tinuity in the spreading processes between the
N20°E and N-N5°E active spreading ridges.. The
entire area of station 6 displays features character-
izing a predominance of tectonic activity over the
magmatic one. The structural analysis of the new
multi-narrow-beam  echo-sounder data  set
(Ruellan et al., 1992) combined with the new in
situ submersible observations at station 6 allow us
to interpret the curved western ridge (dive 85),
which is located in the axial part of the N20°E
trending area, as the active tectonic northern arm
of a large overlapping system between the N20°E
and N-S spreading axis. Several N5°E wide open
faults occur in the central and eastern area, how-
ever, that could be interpreted as the initial stage
of the northward propagation of the N-S spread-
ing axis. The whole set of observations therefore
indicates a very low volcanic accretion in this area.

South of latitude 18°10'S, the overlap with the
N-NS5°E southern pattern is very apparent (Figs.
3 and 4). The southern end of the N20°E spreading
domain displays the characteristics of a typical
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large and evolutionary overlapping feature. West
of the V-shape region, between 18°30’S and 18°00’'S

""" a 60 km long curved ridge rises about 300 m above

-

the abyssal plain. Its concave eastward shape
clearly resembiles that of an Overlapping Spreading
Center (OSC) volcanic tip (Fig. 5). Three other
older OSC ridges, although less prominent, can be

. identified southwestward (Figs. 3 and 5); the west-

ernmost (and oldest) OSC relict is partially incor-
porated in a large volcanic complex at 19°S.

The N to N5°E domain

The N-NS5°E spreading axis extends for 280 km,
from 18°10'S to 20°30'S. It is divided in two second
order segments, defined by a slight change of the
overall tectonic fabric of the area, including the
present day axis trend, which changes from N-S
in the southern part to N5°E in the northern part.
This change takes place at 19°50'S.

North of 19°50'S, the tectonic fabric of the
spreading axis parallels the N5°E structural trends,
that consist of a succession of N5°E elongated
horsts and grabens. The axial morphology is typi-
cal of an intermediate to fast spreading ridge
system with a central dome, 5 to 8 km across,
which is slightly elevated with respect to the NFB
seafloor (200-300 m); locally an axial graben, a
few tens to a few hundred meters wide, and a few
tens of meters deep, can be observed. At its
northern end, the axial N5°E domain bends pro-
gressively westward and deepens by about 300 m,
near the intersection with the N20°E axis (Figs. 3
and 4). A small scale left lateral OSC occurs near
19°18'S, that is the single transform feature
observed along this part of the axis. Along strike
bathymetry (Fig. 8) shows a very smooth axial
profile except for an axial rise of about 100-200

m, some 50 km long, and centered at 19°30'S
approximately at the middle of the segment. -

The most striking feature of the area is the
presence of a broad inverse V-shaped region
defined by the tectonic fabric at the northern end
of the N-NS5°E spreading ridge, which is charac-
teritic a large northward propagating rift (Ruellan
et al.,, 1992; De Alteriis et al.,, 1993). Moreover,
the youngest structural trends, inside the N20°E
axial domain, suggest a northward propagation of
the N—-NS5°E axial trends beyond the northern tip
of propagator. The northern tip of this zone
separates two very different bathymetric, magnetic
and tectonic patterns. A structural asymmetry can
be observed inside the V-shaped region. The area
west of the N5°E axis displays oblique and slightly
curved morpho-tectonic lineations, whereas we can
observe partially fitted in westward bending struc-
tures on the eastern side of the ridge.

Diving sites, located near 18°50’'S (station 14)
and at 19°S, in the middle of the wide flat dome
that forms the spreading axial region, shows that
the spreading axis is characterized by a narrow
and V-shaped graben, 20 to 30 m deep and 40 to
50 m wide. It is bounded by two active normal
fault scarps. Inside the graben are found drained
lava lakes containing many remaining many pillars
and large collapsed panels. Away from the axis we
observe sheet flows and lobate lavas. Outside of
the graben lies a succession of large areas covered
with intact pillow lavas (without any fracturing),
sheet flows and brecciated lavas. Hydrothermal
biological communities are located primarily inside
the axial graben, especially on the hollow lobate
lava blisters, that are characterized by active vents
inside fractures and spectacular dead chimneys
(Auzende et al., 1992; Ondréas et al., 1993; Gracia



48

et al.,, 1994-this issue). The hollow lobate lava
blisters are unstable and collapse, inducing the
dying of the biological communities.

Unlike the N20°E spreading domain, many large
volcanic seamounts are associated with the
N-N5°E spreading domain. They are mainly
located off axis and tend to conceal the tectonic
lineations. The sizes of the volcanoes are highly
variable, ranging from a basal diameter of 4-5 km
to more than 20 km and a height from 200 to even
more than 1300 m (above the basin floor). Some
of these volcanoes exhibit calderas (up to 1-2 km
in diameter) indicating collapse of magmatic cham-
bers (Batiza and Vanko, 1983). Most of these
volcanoes, especially the larger ones, are built off-
axis and distributed along eight alignments. No
symmetry can be observed in the location of these
seamounts or chains of seamounts with respect to
the present day spreading axis. Four parallel and
slightly curved chains, three very large and one
small one, are located west of the ridge axis making
an angle of 70° with the trend of the ridge. Four
other chains, are located east of the axis, without
any symmetry with the western ones and are
aligned almost perpendicular to the ridge axis.

The older domains

The N30°W domain is located just east and
northeast of the propagator V-shaped area, and
east of the N 20°E domain. The topography is
quite smooth compared with the axial domains
previously described. This structural domain con-
sists mainly of horsts and grabens trending N30°W,
widely covered by sediments.

The N30°E very complex domain lies in the upper
left corner of the structural map, west of N20°E
axial domain. Two kinds of striking structural
features coexist. The larger ones are N30°E linea-
ments defining two long horsts. The second one
are complex curved structures located between the
two N30°E trending horsts.

A small local N-S domain appears in the north-
east corner of the structural map, east of the N
20°E domain and northeast of the propagating
rift. The oceanic bottom is slightly elevated com-
pared to the N20°E axial area. Both the oceanic

structures and the magnetic anomalies are trend-
ing N-S.
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Discussion

As previously described, the overall tectonic
fabric of the axial domain strongly differs on both
axis at the junction of the N-N5°E and N20°E
segments, between 18° and 19° S (Figs. 3 and 5).
Two main oceanic features are combined in this
area: the large propagator at the northern end of
the N-N5°E spreading ridge, and the large over-
lapping spreading center (OSC) at the southern
end of the N20°E spreading domain.

The propagating rift of 18°10'S

The existence of propagating systems, occurring
at divergent plate boundaries when the transform
offset migrates has been widely demonstrated on
the ocean floor (Shih and Molnar, 1975; Hey,
1977; Hey and Vogt, 1977; Hey et al., 1980; Gente,
1987). Nevertheless systematic observations are
lacking. Only the 95.5°W Galapagos ridge area
has been studied in detail, based on the analysis
of Sea-Beam, GLORIA, Deep-Tow, seismology,
magnetometry and gravity data (Hey and Vogt,
1977; Hey et al., 1980, 1986; Milholland and
Duennebier, 1982; Searle and Hey, 1983; Phipps
Morgan and Parmentier, 1985, 1987; Cooper et al.,
1987; Kleinrock and Hey, 1989).

From the study of of the Galapagos propagator,
Hey et al. (1980) first proposed a continuous
propagation model with no overlap between the
two axis, assuming that the spreading rate at the
propagator tip is instantaneously at full speed, as
the failing rift dies. On the basis of the observations
of deformations of the lithosphere on Sea-Beam
data and deep-tow survey also, Hey et al. (1986)
later modified this model to incorporate a broad
transform zone between overlapping propagating
and failing rift axes. In that model, this broad
shearing zone produces typically curved features
at the tip of the propagator (Kleinrock and Hey,
1989).

In the North Fiji Basin, the observations of sea
floor topography at the intersection between the
N-NS5°E and N20°E axes as described above,
confirm the hypothesis of an active northward
propagating system, between 18°S and 19°S
(Ruellan et al., 1990, 1992; De Alteriis et al., 1993).
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The propagation system produces a northward
migration of the transform offset between the
N-N5°E and N20°E axes. The active tip of the
propagator is presently located at
18°10'S—-173°33'E (Figs. 9 and 10).

Generally, most of the interpretations of oblique

|
173°00'E

1 T

o

R

49

or bending lineations associated with propagating
rift refer either to the pseudofaults (Hey and Vogt,
1977; Hey et al., 1980, 1986) which offset different
magnetic paiterns. or to the smaller scale pseu-
dofaults inferred from detailed bathymetric, as in
the case of the 95.5°W Galapagos propagator tip

Fig. 9. The tectonic domains. DR=dying rift; FR=failed rift; JPF=inner pseudo-fault; N20 S4=N20°E spreading axis; NS S4=
N-S spreading axis; OPF=outer pseudo-fault; 0SC= overlapping spreading center; PR= propagating rift; TDR=active tip of the
dying rift; TL= transferred lithosphere; TPR=tip of the propagating rift; 7Z=transform zone. Stars indicate the diving sites and
off-axis volcanoes appear in black.
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~ . - . s
"y, Spreading axis o Propagating rift ... Structural T =~ Main high

“~wna, Boundary pseudo-fault trend ~ — Main low

Fig. 10. Tectonic pattern matched with the digital elevation model (DEM) of the propagating rift (Ifo—Khoros—Istar processing).
DR=dying rift; FR="Tailed rift; JPF=inner pseudo-fault; N20 S4=N20°E spreading axis; NS S4=N-S spreading axis; OPF=

outer pseudo-fault; OSC = overlapping spreading center: PR=propagating rift; TDR=active tip of the dying rift; TL = transferred
lithosphere; TPR=tip of the propagating rift; TZ=transform zone.

(Kleinrock and Hey, 1989). It is important to note whereas, in the case of NFB propagator, slightly
that the morphologic lineations are generally quite oblique and curved patterns in the tectonic fabric
parallel inside the V-shaped domain bordered by appear in the western and eastern part of the
the pseudofaults in the Galapagos propagator tip, V-shaped region respectively. Moreover, the gene-
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ral shape of the whole propagator tip, inside of
the V-shaped domain, is also slightly curved (Figs.
9 and 10).

This asymmetric tectonic fabric can be easily
explained by a progressive migration in a constant
NS5°E direction of the curved overlapping segment
of the N-N5°E ridge through time. The asymmet-
ric oblique lineations are generated by tectonic
deformation inside the broad shear zone lying
between the N-NS5°E axis and its counter part on
the N20°E spreading ridge, i.e. inside the north-
ward migrating overlapping area. This migration
will leave behind oblique and curved structures as
~ relict traces of older stages of the overlapping
segment.

The propagating rift system is delimited by two
external lines which represent respectively the inner
and the outer pseudofaults of the propagation
" (Fig.9). These lines are defined by the northern
end of roughly N to N5°E parallel tectonic pattern
in the abyssal hill fabric and by a succession of
deep rhombic grabens. Subsequent changes in ori-
entations of the pseudofaults lines, which are
rather symmetric on each side of the axis, suggest
that different phases either of propagation or/and
spreading, characterized by different velocities has
developed inside the V-shaped area. This analysis
is also confirmed by the more or less elongated
shape of the associated rhombic grabens.

The overlapping spreading center

The curved OSC ridge located at 18°30’S, in the
N20°E domain, lies opposite the propagating rift
segment (Fig. 9), that is also slightly curved and
dip northward. The overlap with the N-N5°E
spreading axis is 40 km long and the offset is
15 km. The offset is quite small and this tectonic
pattern differs considerably from Galapagos ridge
example. Moreover, from diving observations, the
OSC ridge pertaining to the N20°E segment is
clearly a magmatic rather than an amagmatic
ridge, recording now a dominant tectonic activity.
These evidences and the difference of trend of the
two axis confer a quite original OSC configuration
of the N-N5°E-N20°E spreading axes junction,
and contrasts with the observation of Macdonald
(1989) that propagating rifts are magmatically
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starved and severely tectonized, whereas the failing
rifts are magmatically robust with little tectonic
deformation. In the case of NFB central spreading
ridge, the N-NS5°E propagating rift is magmati-
cally very active whereas the failing rift is strongly
tectonized but magmatically starved.

In this configuration, the three southeastern
curved highs of Fig. 9 may be interpreted as older
abandoned Overlapping Spreading Centers tips
belonging to the N20°E axis. Therefore, these relict
tectonic features testify that the N20°E segment
was longer in the past. It probably extended at
least up to 19°S, to the southern end of the western
most oldest ridge.

The transform zone and the transferred lithosphere

As defined by Hey et al. (1986), the transform
zone consists of a broad area of active tectonic
deformation located between the present day active
arms of the overlapping spreading centers. In the
case of the 18°10’S ridge junction (Figs. 9 and 10),
almost all of the area between the inner pseudofault
and the active N20°E curved arm displays positive
reliefs with oblique N70°E to N85°E structural
trends. Similar relief with oblique structural trends
lies to the southeast, between the relict curved
arms and the inner pseudofault, that could be
interpreted as fossil transform zones which now
pertain to the transferred lithosphere. These
deformed zones were transferred from the East
NFB plate to the West NFB as each spreading
axis jump occurred. Thus, all the space between
the older overlapping failed rifts and the present
active one constitutes a domain of transferrec
lithosphere.

Tectonic model for the propagation of the N-S
spreading axis since 1.8 Ma

The main questions arising from this kind of
tectonic feature, that combines a prominent propa-
gating rift with a wide overlapping spreading center
concern its beginning and its stability through time
and space.

A semi-quantitative model of the recent evolu-
tion (1.8 Ma to the present) of the N-NS5°E and
N20°E segments of the NFB ridge between 17°S



2

and 20°S is shown in Fig. 11. The N-N5°E axis,
setween 18°10'S and 20°30°S, represents the propa-
zating segment of the ridge. It lengthens northward
senerating a V-shaped propagator and parallel
ineations in the abyssal hills fabric. At stage I,
|.8 Ma (anomaly 2), the opening of the NS segment
at 19°30’S has just started whereas the N20°E one
records only extensional tectonic features, such as
open faults and fractures. At this stage, an offset
seems to occur between the two segments but
sverlap probably does not occur. Note that at this
sime the N20°E segment was more N-S trending
‘han now. At stage 2, spreading along the N20°E
ixis starts between magnetic anomalies 2 and J,
vhile the N-NS°E axis continues or at least begins
ts northward propagation, penetrating the older
N30°W trending tectonic domain. This propaga-
ion therefore induces the overlap of the two
segments, and causes the first offset of the spread-
ng axis to appear. At stage 3 (0.7 Ma), the offset
setween the two overlapping ridges becomes too
arge and unstable, and the western arm jumps
sackward to the northeast, from its initial position
.0 a new position closer to the northern tip of the
sropagator. To the north, the second offset of the
N20°E spreading axis occurs, and the N-S ridge
10w propagates into an area created by the N20°E
;preading axis itself. From stage 3 to the present,
he western arm jumps backward to the northeast
wice again, following the continuous propagation
>f the N-S segment.

In view of the general V shape of the propagator
ind considering that the spreading rate of the N-S
.preading axis is 6.9 cm/yr at 19°20'S and 6.6 cm/yr
it 18°30'S (Huchon et al., 1994-this issue), we
:alculate the amount of lengthening and the veloc-
ty of propagation of the N-NS5°E axis (Figs. 11
ind 12). Since 1.8 Ma (magnetic anomaly 2), the
N-NS5°E axis has lengthened by about 103 km,
rom 19°04'S to its present day tip located at
8°09'S. From this lengthening, we deduce an
wverage velocity of propagation of about 5.7 cm/yr,
ince 1.8 Ma. In this scenario, the local changes
f the shape of the outer and inner-pseudofaults
f the propagator, that are slightly asymmetric,
nust be considered as the result of variation of
he propagation velocity, inside the V-shaped area.
Assuming that the spreading rate remains rather
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homogeneous since 1.8 Ma, between 5.1 cm/yr
(from anomaly 2 to anomaly J) and 7.6 cm/yr
(from anomaly J to present) any widening of the
V shape would indicate a slowing down while any
narrowing of the V shape would underline an
acceleration, in which case the calculated propaga-
tion velocity would have to range from 4.5 to
18 cm/yr. Looking at the propagator shape, we
observe a recent pronouriced acceleration of the
propagation.

In contrast, the failing N20°E axis, between
18°10'S and the 16°50'S triple junction, shortens
and probably reorients itself as occurs both the
northward propagation of the N--N5°E arm and
the evolution of the 16°50'S triple junction.
Assuming that the original intersection of the two
axes was close to the southern end of the oldest
western OSC relict ridge (Fig. 11), a northeastward
migration of the OSC must have occurred since
about 1-1.8 Ma. Since anomaly J chron, the
N20°E arm of the overlapping jumps northeast-
ward three times, with an average velocity of
5.8 cm/yr, which is very close to the propagation
velocity of the N—NS5°E axis ridge.

A tentative model of kinematic evolution and
predicted magnetic anomaly pattern is shown in
Fig. 12. A constant spreading rate was used for
each axis, as well as for the propagation rate. This
model displays a theoretical ridge configuration
that is compatible with the one observed (Fig. 11).
The main difference lies in the fact that the theoreti-
cal magnetic anomaly model (Fig. 12) shows no
overlap between the two spreading ridges. The
explanation for this difference between the theoreti-
cal model and the observed magnetic and tectonic
patterns is that the overlapping part of the N20°E
arm is a transient feature which accommodates its
original position for a period of time after the
northward propagation of the N-N5°E segment
occurs. From that model, we can define a particular
trend which is the “failed rift line” (FRL) (Fig. 12),
and which has been described previously by Hey
et al. (1980,' 1986) as the ““failing rift” (FR). In the
case of the NFB propagator, this line is not located
at the tip of each identified overlapping arms (either
the present one or the failed rift ones). It is located
at the maximum curvature of each overlapping
ridge. Thus, this failed rift line should be considered
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142 2A 3 3A 4

0 2 4 6 Ma 8
Magnetic scale

PR: Propagating rift

DR: Dying rift

NSSA: N-Sspreading
axis

N20 SA: N251°E spreading
axis

FRL:  Failed rifis line

IPF: Inner pseudo fault

OPF:  Outer pseudo fault

TPR:  Tip of the propagating
rift

TTDR: Theorical tip of the
dying rift

“ig. 12. Model of kinematic evolution and predicted magnetic anomaly pattern. A different orientation of the propagating and
ailing axis has been introduced. An angle of 15° has been considered between the N~NS5°E axis and the N20°E axis. Note that

"RL and IPF are converging toward the propagator tip.

is the vector of the step by step northeast migration
»f successive overlapping arms pertaining to the
N20°E ridge through time, responding each time
y a jump of the axis to the increasing tectonic
:onstrains produced by the northward propagation
f the N-NS5°E arm. Finally, noting that the
8°10’'S NFB ridge junction is characterized by a
lifference of 15° between axial trends and by an
wter overlap of the N20°E dooming rift, we can
bserve a slight convergence of the failed rift line
FRL) with the inner pseudofault (IPF) and the
orthern propagator tip (TPR) in the model
Fig. 12). This convergence could mean that the
:codynamic evolution is progressively leading to a
nore simple spreading ridge configuration between
he 16°50'S triple junction and the southern end of
he N-N5°E axis, which might eventually result in
single N5°E to N10°E ridge axis.

Conclusions

One of the most striking features of the North
Fiji marginal basin is the propagating rift with
overlapping spreading centers of 18°10'S. These
kind of tectonic features were previously illustrated
mainly on the Galapagos ridge and East Pacific
Rise, respectively. The data presented above indi-
cate that the spreading ridge system in the central
part of the North Fiji Basin has evolved many
times resulting in a complex ridge configuration
composed of several segments that differ in length,
orientation, segmentation, morphology, spreading
rates, and magmatism and tectonic activity. The
present intersection of the N20°E and N-NS°E
axis is characterized by a transient feature related
to the ongoing evolution of the ridge configuration.
The NFB spreading system between 16°50'S and
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21°S presently consists of two ridge segments with
different lengths (280 km vs. 140 km) and orienta-
tions (N—-NS5°E vs. N20°E). The intersection of the
two segments is characterized by a relatively large
offset and overlap of the two axes. The present
day magmatic and tectonicaly active N-NS5°E
spreading axis is located between 18°10’'S and
20°30'S and is propagating northward to the detri-
ment of the N20°E axis which is less active at its
southern end. In the last 1.8 Ma, at least, the
N-NS5°E segment, slightly longer, has propagated
northward with an average velocity of 5.7 cm/yr,
. whereas the N20°E one shortens itself at the same
speed. The NFB propagator shows some similari-
ties with the 95.5°W Galapagos propagator but
also some major differences. The two NFB spread-
ing axes have different orientations that may gener-
ate asymmetric structures near the transform zone.
The sizes of overlap and offset between the two
NFB axes, which are about 45 km and 20-25 km,
respectively, differ considerably from those of
95.5°W Galapagos propagator (i.e. zero to a few
kilometers for the overlap and 35-40 km for the
offset respectively; Kleinrock and Hey, 1989). The
NFB spreading system appears to be highly unsta-
ble, and rapidly evoluting resulting in considerable
deformation of the ridge axis.
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