

















WAVE ACTION AND MATERIAL REMOVAL

While structural, lithological and climatic (especially high intensity rainfall)
factors are important controls in mass-movement, the role of wave action must also
be investigated in coastal situations. All of the types of mass-movement outlined
previously deposit material on the inner edge of shore platforms. In most cases
this material, be it individual rocks from rock or boulder falls or large masses of
mud or earth from flows, comes within reach of normal high water level or storm’
waves, and is removed wholly or partly by wave erosion or carried away in suspen-
sion by currents.

Wave action is the major transportational agency of cliff talus after it has been
deposited by mass-movement on the shore platform. Although the shore platforms
along the Gisborne coast are exceptionally wide, they are covered by water of variable
depth at high tide. Waves cross the platforms and cut away material from their
inner edges either removing it completely from the platform or else redepositing it
elsewhere. As much of the bedrock is composed of soft mudstones and bentonites
this material is carried away in suspension and deposited offshore, whereas the
sandstones and marls break down to sand or boulders and provide material for
sandy bay-beaches or the transient beaches fronting some sea cliffs and resting on
shore platforms. While it has often been argued that wide platforms reduce the
effectiveness of wave attack on their inner slopes, there seems little doubt that
along the Gisborne coastline wave action is sufficient to transport large quantities
of material from these places. In fact in many cases the intensity of wave attack
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Figure 3. 'Wave ray diagrams for the Gisborne coast. For waves with a 12-second
period and coming from various directions.
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on the inner slopes of shore platforms on the headlands is greater than that in
adjacent bays. This is because of the wave refraction effect, whereby energy is
concentrated on the headlands, the areas where platforms are widest. Some measure
of the variation in wave attack and relative wave intensity along the Gisborne coast
was obtained by constructing wave refraction diagrams for waves of various periods
and directions. Figure 3 illustrates wave ray (orthogonal) patterns for waves with
a 12-second period emanating from the north-east, south and south-east, the main
deep-water swell directions. The correspondance in location of mass-movement
forms, shore platforms and areas of greatest wave convergence probably reflect a
strong genetic connection. This is especially noticeable at Wainui where there is
marked convergence of wave rays resulting from refraction of south and south-
easterly swell around Tuaheni Point and the Tuaheni Rocks offshore. Mass-
movement and shore platform extension in this particular area can be expected
to continue for a long period.

That wave action is important as a transporting agent of mass-movement
debris, and indirectly in the sculpture of shore platforms, appears certain. Sup-
porting evidence is indicated by the fact that the sea reaches the base of all the
mass-movement depositional forms at high tide; in some cases the toe position is
two - four feet below high water level. Thus there is potential for frequent re-
moval of material. That this potential is used is apparent from recurrent observa-
tions and measurements. Further, the rate of removal of mass-movement products
from basal slopes is rapid. Measurements of one earthflow, one slump and one
debris slide between January and August 1965 resulted in an average rate of toe
erosion equal to 5.5 feet/year. This amount however, could readily be removed
during short periods of storm seas.

BOULDERS ON PLATFORMS

While removal of large volumes of material takes place by wave action, only
exceptionally high waves can transport the larger products of mass-movement.
As noted previously the inner surface of some platforms is littered with boulders
while in others the boulder cover is nearly complete (Figure 4). In many instances
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Figure 4. Boulder-covered shore platform, south Sponge Bay, at low tide. Note
large complex slumps at left and centre of hill area, and fresh steep cliffs at right.
1t is evident that the slumps in this area also possess certain morphological character-
istics of flows. The boulders on the platforms represent remnants of extensions of
numerous past and present slumps and flows.
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it appears that these boulders have not been subjected to any other transportational
agent than mass-movement. They are essentially deposited in situ and are exposed
when the incompetent surrounding sediment is removed by wave action. These
boulders represent the former extensions of mass-movement forms, in a comparable
way to ground and terminal moraines which indicate former extensions of glaciers.
A possible manner in which to estimate the amount of material removed, and hence
erosion, is to compare length/depth ratios for the present slumps, with their estim-
ated original length as indicated by relic boulders.

Length/depth ratios as measures of toe erosion

It has previously been indicated that the average length/depth ratios for
mass-movement forms on the Gisborne coast are less than the average computed
from various sources. This probably results from the rapidity of toe erosion.
Unless measurement of the slide or flow length is made immediately following
movement the length dimension will be less than the initial length because of wave
trimming. However, where a boulder field is found resting on a platform in front
of the mass-movement landform and its perimeter grades back to the line of the
slide or flow, then it may be assumed that the boulder field represents the original
extent of the mass-movement feature. Thus, the original length may be estimated
by adding the length of the boulder field to the length of the present mass-movement
form. This has been done for slump forms along the Gisborne coast (Table 2).
The difference column in Table 2 indicates the measured length of the boulder
field in front of the slumps, and has been added to the present slump length to
give the estimated original length. It also represents the amount of toe erosion
following the major period of slumping. Using the estimated extrapolated length,
original length/depth ratios can be derived. The resulting ratios, given in the last
column in Table 2 are surprisingly close to the average slump ratios (5.5) obtained
from the literature.

Table 2. Present and Original Lengths and Length/Depth Ratios for Slumps.

Present length  Original length Difference Present Original
Location (ft) (ft) (ft) L/D ratio L/D ratio
Pah Hill 510 810 300 34 5.4
Rifle Range 410 514 104 4.5 57
Sponge Bay 1 450 600 150 4.1 54
Sponge Bay 2 250 330 80 4.1 535
Wainui 1 387 437 50 4.8 5.4
Wainui 2 453 553 100 4.5 5.5
Wainui 3 816 1066 250 4.1 53
Wainui 4 272 322 50 4.5 5.3
Wainui 5 171 271 100 3.5 5.5
Makarori 1 378 438 60 4.7 5.4
Makarori 2 331 431 100 4.2 5.5
Tatapouri 156 276 120 3.1 55

RELATIVE IMPORTANCE OF MASS-MOVEMENT TYPES IN
CLIFF RETREAT"

The volume of material involved in each type of mass-movement at each site
along the Gisborne coast has been given in Table 1. It is evident that slumping
constitutes the most important mass-movement process in terms of amount of
material involved, with flows being ranked second in importance. While debris
slides are only third in volume, our observations suggest that these movements are
more frequent than either slumping or flowage. Similarly, rock and soil falls are
very frequent although they are ranked last in the amount of material involved.
Products of soil falls and debris slides, that is the finer materials, are removed more
rapidly than the larger rock fragments.
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DISCUSSION

The data described in this paper indicates that mass-movement on slopes
behind shore platforms involves large volumes of material. The shore platforms
on the Gisborne coast have been attributed by Gill (1950) to various agencies,
notably powerful sea action and rapid subaerial weathering of the weak “papa”
bedrock. Little mention has been made of the role of mass-movement as a process
involved in their formation. However, our data reveals that mass-movement is
an important agent in bringing large, upper sections of the coastal slopes within
the reach of wave action, for transportation, leading to the retreat of cliff sections
in areas where shore platforms are currently being widened. The sequence of
events resulting in shore platform extension can be outlined. Direct wave attack
is confined to the base of unprotected coastal slopes and helps cause collapse of
sections of the slope. The material from soil and rock falls is quickly .removed
by the sea leaving the slopes to bear the brunt of wave action at the base. Over-
steepening may continue until the slope angle becomes too great for the shear-
strength of the slope materials and failure occurs by slumping, debris slides
or flowage. The sea then attacks these depositional forms on the inner edge
of the shore platform undercutting sections to cause further rock and soil falls.
Erosion is much more rapid because the deposited materials are fragmented
and fines can be carried away in suspension. Slope stability is again upset and
mass-movement recurs. Retreat of coastal cliffs results, leaving a platform
covered with boulder and debris remnants of the mass-movement forms. Much
of this debris is ultimately swept from the platform.

While shore platform extension is continuing in areas of wave convergence
by constantly rejuvenating mass-movement, in other areas this process has practic-
ally ceased and the inner edge of shore platforms are covered by thick deposits
of beach materials, precluding platform extension. In such cases these stranded
slopes are still being modified by surface movements such as debris slides and
soil creep, but not at the same rate or magnitude as those slopes still being actively
attacked by the sea. Thus at certain places, e.g. Kaiti Beach and Southern Tata-
pouri, the platforms appear to have reached their maximum width under present
energy conditions and major planation has ceased. Secondary erosion, by biological,
chemical and other mechamical agents is, however, still continuing.

SUMMARY

1. In modified form the Bartrum (1916) hypothesis is applicable to the de-
velopment of tidal shore platforms along the Gisborne coastline, i.e. current
shore platform extension results primarily from the destruction of cliff-faces
by mass-movement and removal of the resulting waste by wave action.

2. The coincidence of areas of wave convergence, mass-movement and active
shore platform extension suggests a genetic connection between these processes
and response elements.

3. CIiff retreat and shore platform extension is carried out by various types of
mass-movements including rock and soil falls, landslides, and flows. The
volume of material involved in mass-movements along the Gisborne coast is
greatest for slumps, then flows, debris slides and finally soil and rock falls.

4. The products of mass-movements are removed by wave action but extensive
boulder fields on some shore platforms indicates that removal is not complete.
In such cases these boulders remain as evidence of the former extension of
mass-movement forms.

5. Comparison of present length/depth ratios and original length/depth ratios
indicates the extent of toe erosion.

6. Not all of the shore platforms along the Gisborne coast are being widened.
Where active mass-movement is not occurring shore platform widening has
ceased.
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