























ments for 1963 are not available and it is difficult to discern possible differences
in the families of mass movements resulting from the two storms.

Twenty-nine mass movements, representing most of the large movements
caused by the May 1971 storm were investigated by the writer and Mr G. J.
Smith during mid-May. Measurements taken for each scar included: length,
breadth, the approximate geometric shape, median and maximum depth, azimuth,
slope of the shear plane, the general slope between undisturbed ground immedi-
ately above and below the slip-scar, the ground slope immediately above the slip-
head, and distances from the ridge crest and valley bottom. Details of the soil
profile exposed in the slip-head and the geology on the slip-scar were also recorded.

Two of the mass movements are slumps (Figure 6), the remaining 27 falling
broadly within Sharpe’s (1938, p. 74) definition of debris slides (exemplified by
Figure 7). These are shallow (mean depth 0.6m, range in depth 0.4 to 0.9m),
up to 27m in length, and 27m in breadth, and have a mean depth/length ratio
(Skempton, 1953) of five per cent. Selby (1967) and Crozier (1968) have reported
very similar mass movements and the measurements quoted above are probably
typical of the shallow ‘slips’ common to many parts of New Zealand.

Figure 8 Debris slide in a valley-head location. There is very little colluvial toe
and the eroded material, moving as a mudflow, was deposited along the valley floor,
much of it being carried right out of the study area.

(A) tension cracks around the head of the slide.

(B) an old debris shde scar, part of which was re-excavated in the May 1971
movement.
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Seven of the movements have azimuth readings in the southern two quadrants.
This is a significantly smaller number (x> = 8.01, significant at the 95% level
with 3 degrees of freedom) than would be expected if slide and slump direction
was randomly distributed; this again illustrates the importance of aspect to mass
movement generation.

Six movements (including the two slumps) .occupy ‘valley-head’ locations
where convergence of surface and sub-surface flow occurs and where soils are
deeper. The four slides (Figure 8) are more elongate than most others and have
deeper curving shear planes. They could almost be classified as debris avalanches
(Sharpe, 1938).

Previously stable material on slopes hitherto unaffected by mass movements
was involved in 26 out of the 29 cases. Eighteen movements, were, however,
associated with older debris slides (e.g. Figure 8), and represented an upslope
migration of the process, and an increase in the importance of the rectilinear mid-
slope component at the expense of the summit convexity. Parallel retreat of that
portion of the slope which suffered a net loss of material is indicated by the fact
that on 16 of the debris slides shear plane slope differed from the former ground
slope by less than two degrees.

Two of the debris slides occurred on slopes that had acted as transport or
accretionary slopes during one or more earlier mass movements, and one was
located on the face of a former scar dating from 1938, illustrating that movement
may recur on a given site.
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Figure 9 A composite profile of ash and loess beds over siltstone bedrock based
on observations by the writer and Mr G. J. Smith near ridge summits in the southern
part of the study area. Characteristic shear plane positions for debris slides appear
to 6be related mainly to low permeability of underlying beds. Dates from Vucetich.
1968.
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On some of the longest northerly facing slopes up to three debris slides exist
on the same profile, each being reactivated when the depth of soil formation and
amount of colluvium from higher up the slope is sufficient to cause shear failure
during a storm. Three of the largest slides in the 1971 family (an example is
shown in Figure 7) occurred on a valley-side profile that showed no sign of mass
movement in photographs dated 1943. The period of any mass movement cycle
of recurrence at Tangoio therefore varies considerably from slope to slope, the
minimum value perhaps being about 30 years under current conditions.

The location of shear planes in the stratigraphic profile was found to be un-
expectedly uniform, with failure in 21 of the debris slides occurring in a layer
of soft silt immediately below the soil A and B horizons and the layer of Waimihia
ash (Figure 9). In another four slides a.shear plane was located in a layer of
course pumiceous sand (tentatively interpreted as Oruanui Tephra; C. G. Vucetich,
pers. comm.) immediately above bedrock. While recognisable bedrock is exposed
on the shear planes of 24 debris slides, in no case is it exposed in the slip head of
a debris slide. Movement thus appeared to be confined within the loess and ash
layers, the depth of this material decreasing down the face of the slides until
bedrock is exposed.

Slope Evolution

Rapid movement of material down valley-side slopes at Tangoio is effected by
only one process in addition to the forms of mass movement already discussed.
This is piping (reviewed by Visser, 1969), known locally as tunnel gullying.
Piping has not been studied in detail at Tangoio but appears to be a process com-
plementary to debris sliding with pipes being located in the same soft silt layer as
the average shear plane. Pipes are common in the alluvium covering many valley
floors and in footslope colluvium. Higher up valley-sides, pipes, by acting as
efficient subsurface drainage channels, protect some slopes from mass move-
ment. In terms of slope area influenced and total mass of material eroded, pipes
are, however, of minor importance and evolution of valley-side slips is largely
controlled by mass movements, particularly debris sliding.

. Contemporary mass movements represent an episode of valley side erosion
which is rapidly changing hillside form from relatively smooth convexo-concavity,
still evident in the northern portion of the study area, to rectilinearity. Ridges
affected by mass movements are transitional in form with the summit convexity de-
veloped on ash and loess remnants being reduced in area by each new debris slide

(o} (b) ()

Figure 10 Slope change at Tangoio: (a) postulated convexo-concave equilibrium

form under forest; (b) present transitional form with a narrowing of summit con-

vexity, an increase in the length of the mid-slope rectilinear component and stream

aggradation; (c¢) future equilibrium form under grass with straight sided ridges.

gtream aggradation may cease as supply of easily eroded ash and loess from summits
ecreases.

The rate of this evolution will depend on slope length and azimuth and the presence
or not of limestone outcrops. The result will be an increase in diversity of valley-
side profile form.
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(Figure 10). This episode of erosion and rapid change of morphometry has suc-
ceeded a phase of deposition and slope stability which may have lasted from 20,000
B.P. to at least 1900 B.P. (the dates respectively of the Oruanui and Taupo ash
showers) and possibly until destruction of the forest several hundred years ago. This
phase must have been to some extent discontinuous as Oruanui ash has only been
identified at five sites; a dark red, deeply weathered and fine-grained ash of unknown
age is preserved in small pockets in the northern half of the study area and occa-
sional small gullies cut in loess and filled with Waimihia ash have been revealed
on debris slides. At least near ridge summits, however, deposition was dominant
with net accretions of up to three metres of loess. The present olive grey to yellow
colour of the loess with incipient ilmenitic mottling and slight increase in proportion
of clay with depth denotes weathering during and since deposition. Source areas
must have existed during the last stadial on the exposed floor of much of Hawke
Bay to the east, the braided channels of the Ngaruroro and other major rivers to
the south, and ash deposits and greywacke bedrock exposed above the lowered
tree line on the western mountain ranges.

Some idea of the vigour of the present phase of hillside erosion can be gained
by calculations of the weight of material involved in mass movements during
particular events. The volume of material removed in each of the 29 mass move-
ments representing the May 1971 storm was calculated (median depth multiplied
by surface area) to be 8,283m®. Dry density was determined from 47 samples
of soil down to 0.9m to have a mean value of 1.16dgm/cc.* Total weight of
material was therefore 9,650 tonnes. The 29 measured movements included an
estimated two-thirds of the total of material moved during the storm. This, then,
was calculated to be 14,475 tonnes for the 162 hectares of study area, or 8,936
tonnes/km? of horizontally projected area. Assuming the return period of a storm
with the same erosional effect as the May 1971 storm to be five years, this repre-
sents a vertical denudation rate of 1.5mm/yr. An event of much longer return
period is represented by the Anzac storm of 1938. Using a polar planimeter on
photographs dated 1943 in which mass movement scars were still visible the
writer calculated that 17 per cent of the Tangoio study area had suffered a net
loss of material during that storm. Assuming a mean shear plane depth of 0.6m,
a mean ground slope of 29°10’ (Figure 4) and a dry density of 1.164gm/cc, this
leads to a weight of 220,000 tonnes, or 15 times the weight of material involved
in mass movement during the May 1971 storm. Assuming a return period of
50 years for the 1938 event, storms of this magnitude reduce the landscape vertic-
ally at a rate of 2.3mm/yr. The denudation rates for storms of different return
period are independent; the total rate is therefore the sum of that for storms of
each magnitude and represents extremely rapid erosion (Schumm, 1963). Not
all the material is, however, removed from the area during each storm and much
accumulates as colluvial footslopes or in valley bottoms (Figure 10). All valleys
of the second or higher order are flat-floored in cross section. The writer calculated,
for example, on the basis of sample augering, that one valley contained an aver-
age depth of 3.7m of alluvium. Fluvial erosion cannot, therefore, keep pace with
hillside erosion and streams are aggrading.

Wellman (1967) mapped the Tangoio area as being in a zone experiencing
0-2mm/yr tectonic uplift during the last 10,000 years. Assuming the present rate
of uplift to be lmm/yr and the rate of hillside erosion to be between 5 and 10mm/yr,
streams would need only to remove from the area between 10 and 20% of the
colluvial detritus for a gross equilibrium between rates of uplift and denudation
to be established.

* This 'low density is due to the high proportion of vesicular pumice in upper layers of the soil
profile (Figure 9).
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The initiation of rapid hillside erosion was probably connected with the vege-
tational change from forest to scrub and it may have been enhanced by the further
change to grass. While grass continues to be the main vegetation, mass movement
and the change in slope form to a new equilibrium of razor-backed, straight-sided
ridges is likely to continue (Figure 10). Tree planting is probably necessary to
reduce significantly the rate of mass movement; either a return to forest or the
‘space planting’ of trees. Trials with poplars at present being conducted to Tangoio
could lead to optimum tree densities for given species on particular slope classes
to control mass movement and give a maximum economic return from both pasture
and timber production.
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