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VOLCANIC CORE OF NIUE ISLAND, SOUTHWEST PACIFIC OCEAN
P.I. Hill
The results of a gravity and magnetic survey of Niue Island, a raised
atoll in the southwest Pacific Ocean, indicate that volcanic rocks
underlie the coral limestone capping at a depth of 300--400 m below
sea level. A roughly flat-topped, dome-shaped dense volcanic core, is
present beneath the southwest of the island. The core has a lateral
density contrast of 0.20 tlm 3 and a reverse magnetisation of

3.0 Nm, and is believed to be of basaltic composition. An early•
middle Miocene age is inferred for the volcanic pedestal. The
asymmetric location of the core within the island is thought to be
evidence for large-scale landslide activity , particularly on the west and
south flanks of the seamount.

Introduction
Niue Island is a raised coral atoll in the southwest Pacific
Ocean (Fig . I) . It is roughly circular, about 18 km across , and
rises steeply from an ocean depth of 4--5 km . It is the only
significant landmass for hundreds of kilometres , its nearest
neighbours being Samoa, 500 km to the north , and Tonga,
400 km to the west.
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ducted beneath the Australian plate at a rate of about 9 cmlyr.
The present-day tectonism of the area is well illustrated by the
seismicity (Fig. 2), virtually all the activity being associated
with the under-thrusting of the Pacific plate. Relative stability
of the Pacific crust away from the plate boundary is indicated
by the low incidence of earthquakes . Tensional fracturing of
the flexing lithosphere sub-parallel with the subduction zone
may account for the minor activity present within the outer
300 km of the Pacific plate . Insufficient seismic data are
available to allow any definite deductions to be made on recent
tectonic activity at Niue.
The geomorphology of Niue is shown in Figure 3. The raised
former Mutalau Lagoon at the centre of the island is about
35 m above sea level. The enclosing ancient atoll rim, the
Mutalau Reef, is about 25 m higher. Dubois & others (1975)
proposed that the Quaternary uplift of Niue has been due to the
upward bulge of the lithosphere before its subduction at the
Tonga Trench (Fig . 2) . Coralline limestone/dolomite is the
only rock exposed on the island (Schofield, 1959) and drilling
to depths up to 300 m at a number of locations (Fig . 3) has
revealed only limestone and dolomite, no volcanics . Fossil
dating of cores from depths to 220 m in exploration drillhole
DH4 indicate a middle to late Miocene age (G .C.H . Chap•
roniere in Jacobson & Hill, 1980a) .

Acquisition, reduction, and presentation of data
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Figure 1. Location of Niue Island,

In 1979, an investigation of Niue' s groundwater resources was
conducted by the Bureau of Mineral Resources on behalf of the
Australian Development Assistance Bureau (Jacobson & Hill ,
1980a,b). Geophysical input to the investigation took the form
of vertical electrical soundings (with current electrode separa•
tions to 3200 m) and detailed gravity and magnetic surveys of
the island (Hill , 1982).
Very little was known about the presumed volcanic substruc•
ture of Niue Island (Schofield, 1959). Basement rock is not
exposed on the island and, to date, only coralline limestone and
dolomite have been intersected during water-bore and mineral
exploration drilling . The gravity and magnetic surveys were
aimed at determining the depth and structure of the basement.

Tectonic setting and geology
Niue is located near the edge of the Pacific plate, which, at the
Tonga Trench about 270 km to the west, is being by sub-

Gravity and magnetic observations were generally made along
roads and tracks on the island, with stations spaced at about
300-m intervals . A 6.5 km magnetic traverse out to sea from
Alofi was also undertaken. Total survey coverage consisted of
547 gravity stations and 305 magnetic stations. With the
inclusion of results of magnetic work done in 1978 by Mr J.
Barrie (Avian Mining Pty Ltd), using a BMR magnetoq1eter,
the number of magnetic stations selected for analysis was
increased to 870. All were read with a proton precession
magnetometer; no diurnal corrections were made.
Except for the relatively steeply rising coastal fringe, most of
the island is of low relief with a shallow depression of a former
lagoon in the interior. Consequently, topographic corrections
for land relief are small. Elevation control for the gravity
stations is good (Hill, 1982): about 90 per cent of the stations
have heights accurate to 0 .5 m (corresponding to possible
Bouguer anomaly error of about 1~m1s2); the remainder
have an elevation accuracy within 2 m.
The Niue gravity network was tied to a base station established
by the New Zealand Department of Scientific and Industrial
Research in Alofi between 1959 and 1963 (Robertson, 1965) .
Observed station values were converted to modified Bouguer
anomalies by applying latitude (using the 1930 International
Gravity Formula), elevation, and terrain corrections (for above
sea-level topography). A density of 2.1 tlm 3 for the coralline
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Figure 2. Seismicity and bathymetry.

Base from Bathymetry of the South Pacific. Charts 12 (1974) and 13 (1973). Scripps Institution of Oceanography. Computer plot of epicentres provided by
A.S. Murray (BMR) .

limestone, indicated by laboratory measurements on core
samples, was adopted for the reductions .
The data were further processed to remove the effect of the
island pedestal's submarine relief, so that any anomalous
internal density distributions would be highlighted. To do this
it was necessary to assume a density model for the pedestal
below sea level. Strange & others (1965), working in the
Hawaiian Ridge region, assumed increasing density with
depth, and a similar approach was taken in the case of Niue
(Table 1). The density increase is mainly attributed to compac•
tion by the overlying material and the reduced vesicle space of
volcanics deposited at depth.
Bathymetric contours (Brodie, 1966) corresponding to the
depths in Table 1 were approximated by a set of polygons.
Sub-routines from the Fortran program of Spies (1975), based
on the method of Talwani & Ewing (1960), were used to
calculate the gravity effect of the island pedestal (to 4000 m
depth) at each gravity station.
The final gravity and magnetic results were plotted as contour
maps (Figs 4, 5, 6) using a computer program developed by
Murray (1977) - a grid spacing of 0.2 minutes (about 360 m)
was chosen.

Main features of the gravity and magnetic fields
A broad gravity high is located in the southern part of the
island. The anomalies, corrected for the island pedestal, range

from about -180j..lmls 2 in the north to
south.

+ 130j..lmls 2

in the

Table 1. Increase of volcanic pedestal density with depth.
Deplh (m)

o

250
500
750 & 1000
1500 & 2000
2500
3000
3500 & 4000

Density contrasl
(relative 10 sea water' . 11m')
l.~
I.~
I.~

I.~

I.W
I.M
I.W
I .~

• sea water = 1.03 tim'.

The magnetic field is depressed at the centre of the island, and
there is a relatively steep rise in the total field towards the
south, from about 41 180 nT in the central west to about
41 940 nT at the southern coast.
Both the gravity and magnetic fields exhibit steeper gradients in
the south of the island around Avatele, indicating a shallower
source depth there .
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Figure 5. Residual Bouguer anomalies after correction for the
island pedestal.
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Figure 3. Geomorphology and drill hole locations.
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Figure 4. Modified Bouguer anomalies.

Figure 6. Total magnetic intensity.
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Analysis of results
The geophysical results suggest a dense, reversely magnetised
volcanic core centred in the southwest of the island, and the
configuration and geophysical parameters of this have been
modelled as follows . A SSW-NNE section through the centre
of the island was selected for analysis (section AB in Fig. 7).
For both the magnetic and gravity cases the core was modelled
as a two-dimensional body of polygonal cross-section (Talwani
& others, 1959; Heirtzler & others, 1962). Optimisation of the
fit between observed and calculated profiles was assisted by a
computer inversion routine applied to the geometric model
parameters (Le. coordinates of the polygon vertices). Trial and
error forward modelling was used to evaluate the other
parameters.
The regional geomagnetic field at Niue (1979) has the follow•
ing components: total field (F), 41 700 nT; declination (D),
13.4°E; inclination (I), -37.5° (Charts of the Earth's magnetic
field . Epoch 1975.0; published by Defence Mapping Agency,
Hydrographic Centre, Washington).
For the modelling it was assumed that, in the horizontal plane,
the core's magnetisation vector was aligned with, but opposite
in direction to, the Earth's geomagnetic field . That this is a
valid assumption, as an approximation at least, is evidenced in
Figures 5 & 6 by the N-S (geomagnetic) trends of local
magnetic highs, magnetic lows, and gravity highs associated
with particular subsurface sources.
The cross-section of Figure 7 shows the interpreted sub•
structure of Niue Island. The model represented provided the

best fit to the observed data: standard deviations of the
calculated values from those observed were magnetics, 14 nT,
and gravity, 13J.lmls 2 •
Interpreted geophysical parameters of the volcanic core are: (1)
lateral density contrast 0.20 tlm 3 - density increases with
depth from 2.6 tlm 3 for the upper core to 3.0 tlm 3 at a depth
of 4 Ian; (ii) reverse magnetisation of magnitude 3.0 AIm;
and (iii) inclination of magnetisation vector is 137.5°
(cf. geomagnetic field inclination of -37 .so).
The volcanic core is centred in the southwest of the island in
the vicinity of Avatele and lies at a depth of 300-400 m below
sea level. The top of the core is fairly flat, but irregular in
outline. There appear to be three lobes extending to the
northeast, southeast, and northwest (inset, Fig . 7). The size of
the area underlain by relatively shallow core rock is about
20 lan 2 . The core lithology is thought to consist of basic (to
?ultrabasic) intrusives and pillow lavas.

Discussion
The volcanic core is roughly flat-topped at about 350 m below
sea level, and it is inferred that the original volcano was
truncated to this level by wave-base and sub-aerial erosion .
Later subsidence would have led to the growth of coral reefs
and deposition of reefal sediments on and adjacent to the
volcanic platform. With continued subsidence, as the litho•
sphere cooled, the coralline limestone capping would have
grown upwards eventually to produce the Mutalau Reef and
lagoon, now exposed by Quaternary uplift.

VOLCANIC CORE OF NIUE IS, SW PACIFIC
The material around the core is believed to consist of pyro•
clastic deposits, and volcanic and coral reef talus, but there is
no significant expression of this in the magnetic contours (Fig .
6). Several explanations can be advanced to account for this.
The material may contain or consist of (i) inherently non•
magnetic or weakly magnetic rock types (i.e. low magnetic
susceptibility) such as carbonates and acid to ?intermediate
tuffs; (ii) weakly reverse-magnetised volcanics, the magnetic
effect of which is counteracted by opposing induced magnet•
isation; (iii) clastic deposits of low to ?moderate susceptibility
(e.g. volcanic talus, pyroclastics) . Although the clasts may
have been derived from parent rock possessing an appreciable
remanent magnetisation, any residual effects of this magnet•
isation at the surface would be nullified by the post-transport
chaotic re-orientation of the individual clasts.
The interpreted depth of the volcanic core is consistent with the
drilling results, as no volcanics have been intersected so far .
Furthermore , vertical electrical soundings (Jacobson & Hill,
I 980a) gave no indication of dense volcanic core rock
shallower than about 400 m. Relatively large electrode separa•
tions were used (out to 292-400 m for the Wenner arrays
and AB/2 = 1100-1600 m for the Schlumberger arrays).
However, the effective depth of investigation is reduced on
Niue, owing to the very low resistivity (about 2 ohm-m) of a
salt-water saturated layer beneath the freshwater aquifer. The
apparent resistivity values show. no increase at large current
electrode spacings , as would be expected if dense volcanic
rocks existed at shallow depth. No deep electrical sounding
data are available for the area in the southwest of the island,
where gravity and magnetic results indicate relatively shallow
core rock (Fig. 7).
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Comparison with other magnetic and gravity
studies in the SW Pacific region
Gravity and magnetic surveys of a number of the Cook Islands
east of Niue (Robertson 1967a, b; Woodward & others, 1970;
Lumb & others, 1973) have indicated that, for most of the
islands studied, the observed data are compatible with a
structural model consisting of an uncompensated island plat•
form of density 2.35 tlm 3 , containing a core of density
2 .87 tlm 3 and radius equal to the radius of the island at sea
level. Although a model with a more complex density distribu•
tion and structural configuration is proposed for Niue, the
parameters are basically similar to those of the Cook Islands
model.
Bipolar magnetic anomalies were recorded in the Cook group
for islands that are isolated and resting on a flat ocean floor
(Rarotonga, Manihiki, and Mangaia); complex patterns are
associated with those located on ocean-floor rises. Attempts to
model the observed data by assuming homogenous internal
magnetisation of the islands proved to be generally unsatis•
factory . Reasonable fits were obtained for the islands with
bipolar anomalies, and for these, values of 2.0-5.0 Nm
were calculated for the internal magnetisation . The interpreted
value for the volcanic core of Niue is 3.0 Nm.

Conclusions
The coralline capping of Niue Island is underlain by middle•
lower Miocene volcanics at a depth of 300-400 m below sea
level. The volcanics include a dense basaltic core , located
beneath the southwest of the island, with a lateral density
contrast of 0.20 tlm 3 and reverse magnetisation of 3.0 Am.

The fact that the volcanic core is not located in the centre of the
Acknowledgements
island suggests that large sections of the volcano's flanks were
I thank the Directors and staff of the Niue Public Works
removed by landslides , particularly in the southwest, where the
Department and Department of Justice, Lands and Survey for
bathymetry indicates steep submarine slopes adjacent to his
their cooperation and willing assistance, particularly in relation
coast. This theory is reinforced by the embayed nature of the
southern and western coastlines of the island . Schofield (1959) , to the extensive gravity station levelling surveys. I am also
grateful to Mr J. Barrie of Avian Mining Pty Ltd for making his
commented similarly, though he believed that the volcanic
1978 magnetic data available .
centre lay in the central west of the island.

Age of the Niue volcano
The fact that the core's magnetisation and the present geo•
magnetic field are closely aligned, though opposite in polarity,
suggests that the volcanic foundation of Niue is of Late Tertiary
age.
The best estimate of the inclination of the magnetisation of the
core gave a value 5° steeper than that of the geomagnetic field
alignment. This difference may be explained, at least partly, by
the northerly drift of Niue on the Pacific plate. In the region of
Niue the absolute motion of the Pacific plate is approximately
10 crnlyr in the direction 300° (A .S.P.G ., 1981). If it is
assumed that the plate motion has remained essentially
unaltered, an apparent 5° steepening of the magnetisation
vector would imply emplacement of Niue's core at about
11 Ma.
A number of other atolls and guyots have been studied, and
their average sinking rates estimated at 1000-1600 rnI50 Ma
(Wood & Hay, 1970; Menard, 1964). The geophysical data
indicate that the coralline capping on Niue is about 400 m
thick, and hence an age of 12.5-20 Ma is inferred for the
volcano. BMR palaeontological age determinations gave a
middle-late Miocene age for drill-core samples from a depth of
about 200 m. Therefore, the volcanic pedestal of Niue is
probably early-middle Miocene .
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