
EVERY DAY, waves and currents shift
thousands of tonnes of sand back and
forth along the west coast of the North
Island. This sand, either eroded from the
land or swept from the seabed, has been
sorted and transported during the past
6000 years or so since the sea reached
its present level to form the coastal
landforms that we see today.

The size and shape of individual grains
of sand provide important clues about the
physical changes that transform these
particles and the way they are dispersed
along the coast. A current NIWA research
project is using state-of-the-art
technology to determine large-scale
patterns of sand dispersal on the North
Island's west coast.

Sands on the west coast
The 750-km of shoreline between Taranaki and
Cape Reinga on the west coast of New Zealand's
North Island is well known for its black-sand
beaches and rugged, varied coastal landforms. In
some places there are long straight beaches like
Ninety Mile Beach in the north. Elsewhere, small
pocket beaches like Piha are tucked between
headlands. Large banks of sand accumulate as
deltas at the mouths of harbours.

The sands vary in colour from black in the south
to lighter colours farther north. Black sand – or
ironsand – comes mostly from Mount Taranaki,
which is an andesitic (explosive) volcanic centre.
Its black colour is due to small grains of
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Rapid and detailed analysis of
sand particles using image
analysis and laser technology is
providing new insights into our
knowledge of sand dispersal
along the black sand beaches of
the North Island's west coast.

titanomagnetite which is a magnetic iron ore.
Lighter-coloured sand comes from sources such
as the Waikato River. This sand derives from the
rhyolitic (lava producing) Taupo volcanic centre
and is rich in lighter-coloured minerals such as
quartz and feldspar. It also contains some black
mineral grains such as hornblende and augite.
Different mineral types each have their own
characteristic hardness, density and crystal
structure, and abrade at different rates.

Physical abrasion of sand particles alters their size
and shape characteristics as they are dispersed
along the shore. In general, particles become
smaller and more rounded during transport.
Quartz, for instance, is very hard and the grains

Map of North Island
west coast showing
locations where cores
of sand were taken
from the beaches, and
analysed for shape
characteristics.
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A black-sand dune-beach system at Whatipu Beach at the
north head of Manukau Harbour. View looking north
towards the pocket beaches of Karekare, Piha and Te Henga.



left top: Thin-section micro-photo of sand particles
from a Taranaki beach, composed of rock fragments
and individual crystals. Note the black octahedral
titanomagnetite crystals in the large rock fragment
which is typical of the grains close to their Mt
Taranaki source (photo centre).

left below:  Thin-section micro-photo of sand
particles collected at Mokau. Farther away from the
Mt Taranaki source the soft titanomagnetite particles
are rounded while the harder augite particles (olive-
green) retain their original elongate crystal shape.
(photos: Jason Laurent, University of Waikato)

stay angular even after travelling long distances.
Magnetite is soft and the grains get smaller and
rounded after travelling short distances. By
measuring differences in particle size and shape
of different minerals and mapping these, we can
learn more about the processes of sand dispersal
and storage along the coast.

The problem measuring differences in particle size
and shape is that sand particles are so tiny. To
measure the size and shape characteristics of large
numbers of individual sand particles by hand
would be a daunting task. This is where the new
image analysis and laser technology of the Galai
comes to our aid.

Galai instrument system
The Galai is a sophisticated instrument system that
uses laser-based measurements to determine
particle size and image analysis to determine
particle shape.

Particle size (diameter) is taken as proportional
to the time for individual particles to transmit
a narrow beam of laser light. The laser system
counts large numbers of particles, as many as

1 mill ion in 10 minutes. The system can
distinguish measurements of single particles from
several particles clumped together. Particle size
distribution can be resolved into as many as 600
size classes and over a broad size range (0.5–
3600 µm).

Shape analysis is carried out by measuring large
numbers of particles in many different orientations
to build up a picture of the three-dimensional
variability in particle shape. The system includes
a high-resolution digital video camera,
microscopic lenses and powerful software. The
software can be customised, for example, to ignore
smaller silt particles. Once processed, each particle
can be described using a wide range of parameters,
such as diameter, perimeter, surface area, aspect
ratio (relative lengths of sides), sphericity and
shape factor (particle surface smoothness). These
statistics are used to distinguish various types of
particles from each other.

Beach sand census
We used the Galai to analyse 150 sand samples
collected from beaches on the coast between the
Patea River mouth and Cape Reinga.

If you dig a hole in a west coast beach you'll often
see layers of dark and light sand. The layers are
made by wave action sorting sand particles
according to size and density, so that the heavier
ironsand separates from lighter quartz particles.
So, to get a composite picture of the sand
composition on each beach, we collected short
cores of sand that intersect these different layers.
All the samples were collected from the mid-tide
level on the beaches where the sand is moved daily
by the wind and sea.

Some samples had to be sorted by hand, to confirm
our idea that sand particles of different minerals
really do have distinctive size and shape
characteristics. To do this, sand samples collected
at eight sites between Waitara (Taranaki) and
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Galai instrument system for
particle size and shape
analysis.

Aspect ratio and shape factor characteristics of
common beach-forming minerals found on the west
coast. Key: quartz (Qz), feldspar (Fr), augite (Ae),
hornblende (He) and titanomagnetite (Tm). Note
how the "aspect ratio" clearly separates the rod-
shaped crystals of hornblende from the spherical
grains of magnetite, while the “shape factor”
separates angular crystals of quartz from rounded
magnetite.

Bayleys Beach (near Dargaville) were split into
their main mineral components before being
analysed using the Galai. This calibration
comprised preparing 100% pure mineral splits of
particles using magnetic separation and finally a
laborious hand-picking of some 1000–5000 grains
of each mineral under a microscope.

Promising results from Galai
analyses
Initial results from Galai analyses of west coast
sands show clear distinctions in the size and shape
characteristics of different mineral sands from
different parts of the west coast. For example, the
ironsand particles in the sands from Bayleys Beach
are characteristically much smaller (less than
200 µm diameter) than quartz (200–400 µm). Also,
the ironsand particles are more spherical
than quartz.

Using various shape factors it is possible to identify
and measure the differences in shape of different
mineral types. Hornblende particles, for example,
are elongated in shape compared to magnetite
particles, which are spherical. Feldspar and augite
particles are intermediate in shape between
ironsand and hornblende, but can be distinguished
by their size.

The results confirm that the Galai instrument
system can rapidly measure differences in the
particle size and shape characteristics of different
minerals that make up the west coast sand
beaches. In other words, we now have a relatively
easy way of measuring the size and shape
signature of individual sand particles and of
counting very large numbers of very small
particles. This gives us robust statistics on the
sand properties of different beach types. The size
and shape signatures reflect both mineral type and
rock source, and their history of abrasion and

dispersal along the coast. We can use the Galai
to track the changes in the shape of ironsand
particles from their octrahedral form, which they
have close to their Mount Taranaki source, to their
distinctive spherical shape farther north as they
are abraded during transport.

The Galai has already been used to map the
distribution of different sand sizes along the west
coast. Now that we have successfully developed a
methodology to measure and calibrate particle
shape, we will map the way different types of
minerals abrade as they are dispersed along the
black sand beaches of the west coast. ■
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