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3. MORPHOTECTONICS OF THE LAU BASIN SEAFLOOR—IMPLICATIONS FOR THE OPENING
HISTORY OF BACKARC BASINS!

L. M. Parson,? J. W. Hawkins,? and P. M. Hunter?

ABSTRACT

A new bathymetric chart has been compiled from conventional wide-beam echo-sounder profiles and recently acquired
swath bathymetric data for the Lau Basin between 18°30" to 21°S and 175°30" and 178°W. Long-range sidescan sonar
data has been interpreted for the same area, and together the two data sets provide powerful imagery revealing the
morphological and textural setting for the Ocean Drilling Program Sites 834 through 839. Our interpretation of these data
suggests that the Lau Basin may be subdivided into two principal morphotectonic domains on the basis of significantly
different topography and structure. The recognition of a fundamental contrast in the crustal character between the earliest
formed basin and the most recently formed (1 Ma) seafloor has far-reaching implications for understanding the early
geological evolution of all marginal basins, particularly those in backarc settings.

Major bathymetric compilations of the Lau Basin have been
made by a number of workers, including Hawkins (1974) and
Chase (1985); modifications to these base maps have been incor-
porated into other published reviews of the morphology and
geology of the region, the most notable among them being
Kroenke (1984). The principal source of data used in the prepa-
ration of these charts has been single-track, echo-sounder profiles
acquired by survey vessels. The seafloor topography between
these lines of primary data has then been interpolated using the
subjective skill and judgment of the compiler. Most recently,
cruises by French, German, and American survey vessels fitted
with multibeam bathymetric swath mapping (SeaBeam) systems
have accelerated the capacity to produce more detailed and accu-
rate bathymetric charts, and these latter data are in various stages
of publication. The SEAPSO program (Foucher and Shipboard
Party, 1986) covered the southern portion of the backarc axis on
and near the Valu Fa Ridge, between 20° and 23°S. These data
were followed by published results from the Sonne 35 and 48
cruises (von Stackleberg, 1990), who in addition surveyed some
of the central Lau Basin. Scripps Institution of Oceanography
PAPATUA expedition Leg 04 (Hawkins, 1988) and Leg 05 (Craig
and Pareda, 1987) surveyed extensively throughout the area, and
ROUNDABOUT expeditions Legs 14 and 15 (Hawkins, 1989)
provided additional coverage between 15° and 19°S. Almost all
of these data have been acquired since the last major bathymetric
revision, and we present here the first major compilation of
bathymetry to include all of these new data.

As well as including all of the data recorded using swath
multibeam bathymetric techniques, we have included the most
recent soundings acquired by conventional echo-sounding meth-
ods. These include data accessed by means of the National Geo-
physical Data Center (NGDC), Boulder, CO. The chart presented
as Figure 1 (back-pocket foldout) forms a small subset of a
regional compilation of the bathymetry of the Lau Basin made at
a scale 1:375000, which is in the final stages of preparation
(Parson et al., unpubl. data). Unlike all previous bathymetric
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compilations for this area, one of the ways in which we have been
able to increase the objectivity of interpolation between depth
measurements is to use acoustic images provided by the GLORIA
long-range sidescan sonar system (Somers et al., 1978; Fig. 2,
back-pocket foldout). Sidescan sonar records provide a series of
acoustical images of the seafloor, the back-scatter intensity of
which varies according to the reflectivity of the seafloor. This
level of seafloor reflectivity depends on a number of factors,
including (1) variations in the incidence (or grazing angle) of the
sonar beam, (2) the physical properties of the seafloor, and (3) the
roughness of the surface. The sonographs can be interpreted to
provide additional qualitative information indicating trend and
form of topography, the location and to some extent the scale of
major topographic variations (e.g., fault scarps, seamounts).
Some restrictions on the full integration of data sets may occur.
Severe topographic variations may cause some acoustic shadow-
ing, and a narrow null zone (around 2-3 km in width) of poor or
negligible insonification exists beneath the GLORIA vehicle. We
have combined these two principal data sets for the Lau Basin
between latitudes 18°30’ and 21°S and longitudes 175°30 and
178°W. Using these, we have been able to assess the morphotec-
tonic setting for the Ocean Drilling Program (ODP) Leg 135
backarc sites.

As in previous studies of mid-oceanic ridges using GLORIA
(e.g., Searle, 1986), broad areas of high back scatter (light tones
in the figures) are interpreted as neovolcanic zones with little or
no sediment cover (e.g., <5 m). Sediment-free (presumably youth-
ful and actively spreading) ridges are imaged as strongly back-
scattering bands of variable width, whereas seamounts appear as
more localized strongly back-scattering areas that occasionally
throw acoustic shadows. Fault scarps appear as sharply defined,
highly reflective linear features normally orthogonal to the
spreading direction. Areas of relatively thick sediment cover
show the least back scatter and appear darkest on the images.
These qualitative interpretations of back-scatter strengths are
supported by dredge and core samples collected during part of the
Charles Darwin Cruise CD33 (Parson et al., 1989).

The GLORIA data are dominated by a number of broad zones
of high back scatter, which have previously been identified as
lines of recent seafloor generation at spreading ridge axes (Parson
et al., 1990). These zones correspond to the segments of the
backarc axis termed the Eastern, Intermediate, and Central Lau
Spreading Centers. In addition to this semicontinuous line of
crustal generation, there is a zone of further high back scattering
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120 km to the west of the main GLORIA survey area, informally
referred to as the Western Lau Spreading Center (WLSC). It is
speculated that this area represents an area of off-axis volcanism,
perhaps along strike from an additional zone of off-axis tectonic
and volcanic activity recorded around 18°30°S and 177°0'W.
Elsewhere on the GLORIA records, there is a varied pattern of
backscattering strengths, including areas dominated by extensive
north-south linear targets, which we interpret here as fault scarps
flanking upstanding basement blocks. A number of subequant,
strongly back-scattering targets are interpreted as seamounts.

In constructing our new bathymetric chart, we have attempted
to make appropriate allowances for the validity of the data, in-
cluding possible inaccuracies in the ship positioning for early
records collected before the use of transit satellite navigation. The
new bathymetry is contoured at 100-m intervals, and we have used
form lines derived from the GLORIA data to constrain our inter-
polation between bathymetric sounding tracks. We are able to
make some first-order assessments of the mesoscale morphology
of the basin. We have also used this interpretation to support
models of tectonic control to the basin structure and formation.

At the 100-500 m scale, the topography throughout much of
the basin is unlike that of typical spreading fabrics, as recognized
using multibeam bathymetric data sets for slowly spreading ridges
(see, e.g., Purdy et al., 1990), In the southeastern portion of the
study area, the Eastern Lau Spreading Center follows an azimuth
of 022° between 19°20°S, 176°W and 21°S, 176°10"W. The axial
bathymetry varies about an average of 2600 m, but outside of the
axial zone shoals to the west for an average of between 2500 and
2200 m water depth. Locally, irregularly shaped platformal areas
up to 10 km across shoal to around 2000 m. Generally, however,
aridge-parallel grain is defined by closely spaced 100-200 m high
ridges. This fabric is identified westward to at least 176°40'W.
Although a faulted scarp fabric is clearly imaged on both
GLORIA and SeaBeam data, in detail the structure is clearly
characterized by along-strike discontinuities where individual
scarps persist for up to a few tens of kilometers, but rarely more.
Collectively, the trend is between 020° and 025°.

To the north of 19°20°S, the deformation associated with the
southerly advance of the Central Lau spreading center propagat-
ing rift tip and the concommittant deformation within the Instan-
taneous Transform Zone (ITZ) has severely disrupted this fabric
(Parson et al., 1990). Superimposed on the shear fabrics associ-
ated with the ITZ are a series of discrete deep basins, up to 3500-m
maximum depth, which appear to form as transient extensional
relay rifts between the propagating (CLSC) and annihilated
(ELSC) ridge tips.

This regular-spreading fabric associated with the ELSC is
observed to extend westward as far as 176°40"W, beyond which
point the regional fabric of closely spaced scarps is absent. Be-
tween this longitude and the western margin of the basin floor (at
around 178°W), the topography is dominated by a number of
steep-sided, elevated linear plateau and ridges up to 30 km wide
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and 60 km long, which separate narrow basins and troughs of
similar dimensions.

The structure and morphology of the western half of the Lau
Basin thus resemble a broad area of distributed strain, which has
resulted in the formation of a horst and graben dominated topog-
raphy. In contrast, the eastern half of the Lau Basin is character-
ized by a more typical seafloor fabric carrying a semicontinuous
pattern of faults of lower amplitude and higher length-to-throw
ratios. Estimates of the amount of extension will be made and will
form the basis of a quantified assessment of Lau Basin tectonics
(Hawkins, Parson, et al., unpubl. data).
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