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Results

Abstract
As more coastal environments are being developed around the world, the scientific community needs to provide best practices in coastal management and associated risks, such as
storm related erosion and tsunamis. Along the east coast of the South Island, New Zealand,
ocean currents transport sediment from south to north. However, Banks Peninsula interrupts
the northerly drift of sediment along the Canterbury coast, resulting in a back-eddy that has
built South Brighton spit southward across the mouth of the Avon-Heathcote Estuary. Outflows from the estuary are continuously influenced by the coastal processes that are building
the spit. Ground penetrating radar (GPR) surveys were collected along the width of South
Brighton Spit at its most southerly extent. The processed GPR data provides a subsurface
image of the coastal sedimentary deposits that can be correlated to the layering of the spit.
Using radar stratigraphic analysis, the GPR transects show continuous to semi-continuous
horizontal and slightly dipping reflection patterns. The reflection patterns are interpreted as
1) sandy beach deposits from coastal wave action that pushes sand onto the shore, and 2)
aeolian sand dunes from offshore winds that blow the beach sand into dunes further inland.
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The GPR profile is a representative section of the GPR transects collected on South Brighton Spit. The continuous to
semi-continuous slightly dipping reflections are traced in red. The eastward dipping reflections are interpreted as prograding sandy beach faces that result from coastal wave action. Progradation occurs when sand is moved up and down the
shore of South Brighton Spit by beach drift.
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Along the eastern coast of New
Zealand’s South Island sediment
is eroded from the Southern Alps
and is then transported east to the
oceans by numerous rivers. Once
the sediment reaches the sea it is
carried northward by the ocean
currents and longshore drift. The
northward flow is interrupted near
the city of Christchurch by Banks
Peninsula, an ancient volcanic
island connected to the mainland.
Some of the northward flowing
sediment, along with a contribution
from the local braided rivers, is
trapped by a back-eddy that forms
in Pegasus Bay (Pacific Ocean).
The change in direction of the current circulates water and sediment
southward near the AvonHeathcote Estuary. The accumulated sediment is presently forming South Brighton spit which continues to build southward across
the mouth of the estuary. Over the
past several decades the relative
size and physical location of the
spit has fluctuated due to changing coastal and aeolian geomorphic processes. eolian geomorphic processes.
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Winds, ocean currents, sediment transport, wave action, and
beach drift, have all caused the size of the South Brighton Spit
to grow as well as to migrate in a southerly direction (left).
Waves lift the sediment into suspension while the current transports the sediment. Wave action lifts sediment from the near
shore area and also transports the sediment to the beach. This
constant supply of sediment and transport allows for the progradation and aggradation of the South Brighton Spit over time.

Continuous to semi-continuous horizontal to subhorizontal reflections (green) are also observed. These
reflections are interpreted as aggradation (vertical
buildup) of the coastal spit. The aggradation of the
coastal spit is due to a combination of wave action,
beach drift, and windblown processes. This portion of
the collected GPR transects intersect with the historical
delineation of the 1948-1950 South Brighton Spit. One
can observe that the beach has both prograded and aggraded to displace (fill in) the former inlet. As a result of
the actual geomorphic processes the growth of South
Brighton Spit after 1948-1950 (interpreted from the historical map) has resulted in numerous measurable
changes in this dynamic coastal landscape.
N

Sediment deposited onshore by wave action
and beach drift is transported further inland by
aeolian processes, such
as saltation and surface
creep, forming costal
sand dunes (left).
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Methods
3-Fiber Optic Cables
1-Transmitter
2-Receiver

The ground penetrating radar (GPR) method can be
used to investigate subsurface stratigraphy in many
geomorphic environments. GPR operates by transmitting electromagnetic (EM) pulses into the subsurface
and measuring the return time. When the transmitting
antennae (1) sends EM waves into the ground the
waves reflect from layers in the subsurface (e.g. coastal
sand dunes) and are recorded by the receiving antennae (2). The digital information then travels to the computer via fiber-optic cables (3).

On South Brighton Spit (Christchurch, New Zealand) four
GPR transects were collected to image coastal and aeolian
sedimentary deposits. A Sensors and Software pulseEKKO
100 GPR system using a 200 MHz antenna was pulled on a
sled at a constant rate across the Spit. Radar stratigraphic
analysis was used to interpret sedimentary structures from
the observed reflection patterns in the GPR profiles.

The continuous to semi-continuous eastward dipping reflections (blue) are interpreted
as layers within aeolian sand dunes formed from predominantly offshore easterly
winds that blow the beach sand further inland by saltation and surface creep. Typically
beach sand is blown up the windward side of a sand dune and then slumps down the
dune’s leeward side (slip face) where eventually the sand grains come to rest. At

South Brighton Spit the sand surface is often “wet” so when sand grains are transported they “stick” to the windward side of the sand dunes creating eastward dipping
layers. The observed reflection patterns show that as deposition is actively occurring
these coastal sand dunes are prograding oceanward (east).

Summary
1) Reflection patterns observed in the collected GPR transects of South Brighton Spit show internal stratigraphy
of aeolian and costal geomorphic features. The various patterns include:
a) continuous to semi-continuous eastward dipping reflections which are interpreted as layers within aeolian
sand dunes
b) continuous to semi-continuous slightly eastward dipping reflections record the progradation of beach
faces
c) continuous to semi-continuous horizontal to sub-horizontal reflections are interpreted as the aggradation
of the spit surface
2) The GPR data can be integrated with historical maps and other environmental factors such as wind and
ocean currents to show how geomorphic processes have created South Brighton Spit.
3) Results from this project aid in understanding the coastal geomorphic processes which can influence the
ways that our coastlines are managed both today and in the future.

The field seminar class (left)
takes an informative cruise
on Milford Sound after the
long and strenuous task of research data collection.
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