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CHAPTER 5
AEOLIAN SANDS

5.0 Katikara Formation
(Neall 1975; redefined this study)

5.1 Introduction

This Formation was formally named by Neall (1975) after Katikara
Stream which originates in the Pouakai Range at 1377m altitude
and flows north-westwards to the coastline between Okato and
Oakura. Katikara Formation was first defined to "... encompass
all the redeposited tephras between the Oakura Tephra and the
Koru Tephra, ... and restricted to ring plain surfaces graded to

the Pouakai Range".

In this study, Katikara Formation is here redefined to include
all last-glacial (O18 stage 2) saltated andesitic material which
exhibits a percentage decrease of fresh 15-bar water between O
and 30%. This redefinition avoids confusion with medial material
of localised aeolian origin which exhibit a higher percentage

(>30%) decrease of fresh 15-bar water.

In the eastern and north-eastern sectors of the Egmont ring plain
localised wedge shaped deposits of massive to laminar bedded
andesitic sands are recognised and correlated to Katikara
Formation (Plate 4.06). In North Taranaki, Katikara Formation is
more widespread and forms prominent dunes and mounds which are
conspicuous upon the Eltham Surface and within deeply dissected
stream and river valleys between the Egmont ring plain and the
coastal plain (Plate 5.01).

5.2 Type Section
The holostratotype was designated by Neall (1975) as a 5m high

and 35m long exposure on a sharp corner to the south side of
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Saunders Road, between the junctions of Wiremu and Carrington
Road, at N118/510698. This section has since been removed by road
straightening. A lectostratotype is here defined as:

South-facing road cutting, Egmont Road 5.5km north of

junction with State Highway 3 (Q19/101329) (See Section 17
of Appendix 1; Plates 3.04 and 5.02).

5.3 Criteria

Katikara Formation comprises millimetre to centimetre, laminar to
weakly cross stratified, well to very well sorted alternating
beds of yellowish brown (10YR 5/6 - 5/8) friable, sandy loam and
heavy mineral-rich (ferromagnesian and titanomagnetite minerals)
loamy sand to sand (Plate 3.04). Moderately well sorted to well
sorted pebble lenses are discernible at some sites. In outcrop,
Katikara Formation is either massive or weakly developed, coarse

to very coarse blocky structured.

5.4 Age

Katikara Formation in north-eastern Taranaki, appears to have
been intermittently deposited between c.13 and 23kyr B.P. An
uppermost Kaihouri tephra, dated (NZ5411A) at 12,900 +/- 200
years B.P., immediately overlying a thin wedge of Katikara
Formation (Plate 4.06), provides an upper age limit. A probable
cessation in the deposition of Katikara Formation during late
last glacial time is supported by palynological evidence from the
same vicinity (see Chapter 11), which indicates widespread
expansion of podocarp - broadleaf forest on the Egmont ring plain
in response to rapid climatic amelioration. There is no evidence
in north-eastern and central Taranaki to suggest that localised
deposition of Katikara Formation continued into the post-glacial,
unlike higher areas of north-western Taranaki where deposits may

be as young as 7000 years (Neall 1975).

Until recently the age of Katikara Formation was considered

probably less than 20kyr B.P. (Neall 1975). However the



Plate 5.01: Andesitic sand dunes of Katikara Formation upon the
Eltham Laharic Planeze (left) and within an inter-fluve of a Mangaoraka
Stream tributary (right).

Plate 5.02:
Egmont Road
interbedded

Andesitic sand dune of Katikara Formation exposed on
at its lectostratotype (Section 17: Q019/101329). Note
Aokautere Ash.
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occurrence of the c¢.22.5kyr Aokautere Ash interbedded midway
within a Katikara dune on the Eltham Surface (Plate 3.04)
suggests that deposition of the formation commenced earlier than
previously thought. The absence of Katikara Formation and
erosional unconformities in the stratigraphic succession beneath
Tuikonga Tephra indicates that widespread erosion in the north-
eastern and central Taranaki landscape commenced c.23kyr B.P.
(e.g. Plates 2.32 and 4.08).

5.5 Correlation
Katikara Formation closely correlates to Mokai Sands found in the
Central North Island (Vucetich and Pullar 1969).

5.6 Origin

The occurrence of unconformities without associated fluvial
deposits in the stratigraphic succession above Tuikonga Tephra
suggests that Katikara Formation is largely derived from
pedospheric stripping of pre-existing hydrous, medial and lapiilili
materials under the influence of wind deflation. Katikara
Formation is also considered to be derived in part from wind
deflation of aerially exposed, water sorted volcaniclastic
deposits (Plate 5.03).

The conspicuous absence of inter-bedded tephras within most
Katikara dunes suggest that as the formation was being deposited,
any tephra erupted at the time was rapidly saltated and

redeposited as a Katikara Formation deposit.

Areas most susceptible to wind deflation appear to be those
associated with fluvial systems draining Egmont Volcano and
Pouakai Range. On the Pouakai ring plain, where Katikara
Formation is particularly prevalent, dendritic drainage channels
are wider and deeper than the radial channels on the Egmont ring

plain. On the Egmont ring plain where Katikara
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Plate 5.03: Water-sorted volcaniclastic sediment of Last glacial age
derived from underlying lahar deposit. Aerially exposed. these sediments
provide an additional source material for Katikara Formation.
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Formation is comparatively localised, the extent of surficial
fluvial dissection is limited by numerous, often thick, near

surface Egmont-source laharic units.

To facilitate wind deflation, colder, drier and possibly windier
climatic conditions would be neccessary compared with those
conditions which prevailed in post-glacial times. Thus, it is
suggested that pedospheric stripping and dune formation occurred
in the period from c¢.23 to 13kyr B.P. when there is ample
evidence for severe climate. Evidence for climate change of this

order is supported by changes in the TQC and QAR (see Chapter 6).

5.7 Reference Localities
The following two reference localities are designated for
Katikara Formation.

1. East-facing embankment at the Toetoe Well Site,

Mangaone Road extension, 1.8km north from the junction
with Mangaone Road (0Q019/246316).

2. West-facing embankment, Farm Quarry O.2km east of
Kaimata Road, 1.1km north from junction with Junction
Road (Q19,/218268) (Plate 4.06).
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CHAPTER 6
6.0 LABORATORY STUDIES
6.1.0 An Attempt to Confirm the Identification of

Selected Andesitic Tephra Marker Beds by Microprobe

Analysis of their Titanomagnetites.

6.1.1 Introduction

Fe - Ti oxide compositions determined in various ways, have
proved useful in tephra correlation studies in New Zealand and
overseas (e.g. Kohn 1970, 1973; Topping and Kohn 1973; Westgate
and Fulton 1975). Titanomagnetites were chosen as a particularly
suitable oxide mineral because (a) it is a common accessory
mineral in most volcanic rocks, (b) it can be easily extracted by
a magnet in a reasonably pure form, (c) it has a considerable
range in chemical composition and thermomagnetic properties
(Ewart 1967; Mormose et al.1968; Duncan and Taylor 1968) and (d)
it has been shown by Aomine and Wada (1962) and Ruxton (1968) to

be relatively stable during weathering.

In Taranaki, Kohn and Neall (1973) attempted to distinguish
twelve Taranaki tephras by titanomagnetite chemistry as measured
by emission spectrographic analysis. Results of analyses indicate
that the tephra fall into five groups based on similarity of
elemental abundances. No systematic differences in
titanomagnetite composition occurred with time from tephras above

the New Plymouth Ashes.

In this study Fe - Ti oxides were extracted from thirteen
selected andesitic marker beds and analysed by a JEOL-733
electron microprobe in an attempt to distinguish between
individual eruptives pertaining to Egmont Volcano and determine
whether there were any distinctive compositional differences with

time. The electron microprobe has limited capabilities for
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time. The electron microprobe has limited capabilities for
measuring elements other than major elements and certain
transition or heavy metals. Thus vanadium was not analysed, and
measurements of nickel are of little value, since they are almost
always below the accurate detection 1limits of the probe. The
major element chemistry and statistical analyses of
titanomagnetites are lodged in the Department of Soil Science and

available upon request.

6.1.2 Results and Discussion

Based on electron microprobe analyses, the Fe - Ti oxides
comprise mostly titanomagnetite with rare magnetite and ilmenite.
Very few grains exhibit exsolution features, although inclusions
are relatively common. Core to rim traverses across individual
titanomagnetite grains indicate compositional homogeneity with
respect to all major elements. Thus discrete grain analyses may
be spatially independent and represent the whole mineral

composition.

Initially, General Linear Models procedure was used to determine
whether there were any significant differences between tephras,
as measured by titanomagnetite elemental composition. The
statistical model was in the form Y = X; where Y (dependent
variable) is the titanomagnetite element and X is the tephra. The
site from which the tephra was sampled was the replication for
each tephra. For each element significant differences existed
between tephras, but no logical grouping of tephras was observed

e.g. on the basis of age.

The number of tephras being examined made comparisons unwieldy so
another statistical procedure was used (Principal Component
Analysis). This procedure is a multivariate approach which
accounts for variability in data by giving a linear combination
of correlated variables (in this case - elements) that maximises

the ratio of between group variance to within group wvariance. For
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example - Principal Components will give a combination of
elements that will allow titanomagnetite measurements from one
tephra to cluster together and be readily distinguished from

another tephra.

Principal Component Analysis was made on three groups of tephra,
grouped on the basis of age. The first group of tephras (1 - 7)
needed three principal components to explain 80 percent
variability in titanomagnetite data, and six principal components
to explain 99 percent variability. The first principal component
(Prinl) explained 52 percent of variability in data. The plot of
Prinl and Prin2 (Figure 6.01) shows some grouping of tephra,
however there is sufficient overlap between each tephra group to
suggest that measurement of Prinl and Prin2 would not allow clear
distinction between some tephra (e.g. tephra 3 & 4, tephra 5 &
6).

Interpretation of Prinl and Prin2 is also difficult since Prinl
is a linear combination of four components (i.e. Al, Ti, Mg and
Fe/Mg ratio) and Prin2 of two components (i.e. Fe and sum of
total major elements). Results for Group 2 (tephras 8 and 9)
(Figure 6.01) and Group 3 (tephras 10 - 13) (Figure 6.01) have
similar difficulties -some grouping of tephra occurs when Prinl
and Prin2 are plotted, but interpretation of the two principal

components is difficult and of little practical use.

The elemental composition of titanomagnetites therefore does not
provide a ready means for confirming the identification of
different Egmont-sourced tephras. This finding is similar to that
of Lowe (1988) who was unable to distinguish between eight distal
Egmont-sourced tephras based on elemental composition of
titanomagnetites. Although elemental differences do occur and
each tephra has a restricted compositional range, no workable
pattern is observed and finding a combination of two or more

elements that will group tephras but be of practical use has
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proved difficult. It maybe that other less time consuming

measurements are of better use in distinguishing between tephras.

6.2.0 LABORATORY STUDIES CONDUCTED ON MEDIAL MATERIAL.

6.2.1 Introduction

Most of the early laboratory studies on the volcanic ash soils
(Andisols) of Taranaki have been concerned with the unusually
high allophane content of the soil and its associated physical
and chemical properties (Birrell 1951; Birrell and Fieldes 1952;
Saunders 1956, 1963; New Zealand Soil Bureau 1968). More
recently, studies have also used mineralogical and grain size
variations to determine the age and provenance of coverbeds that

post-date deposition of the Aokautere Ash (Stewart et al. 1977).

The thinning pattern and morphological characteristics of S- and
L-units indicate formation under differing climatic episodes of
the Late Quaternary. By using a variety of physical and chemical
techniques, this study attempts to identify characteristics that
can help to distinguish between S- and L-units and confirm the

climatostratigraphy inferred from the medial cover bed sequence.

Two well preserved and representative exposures were selected for
detailed studies. At both sites, stratigraphic control was
provided by andesitic and rhyolitic tephra marker beds. The first
site was at the Waitui drill-site, bordering the Egmont ring
plain on the Eltham Laharic Planeze (Section 19 of Appendix 1).
This site has since been recontoured and the exposure removed.
The site consisted of a c¢.5.5m high embankment in which the
stratigraphic relationships of S1 to uppermost L3 were clearly

displayed. At Waitui, samples were collected from beneath 0.20m
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depth below ground surface (above this level being disturbed by
ploughing), to the base of the section. Between 0.20m and 1.0m
depth samples were collected every 0.10m interval and below 1.0m

depth, samples were collected at every 0.05m interval.

The second site is a prominent road cut through a flat terrace
site adjacent to the Onaero River (Section 30 of Appendix 1).
Here a c¢.9.5m thick cover-bed sequence overlies andesitic sands
and the NT2 wave cut surface (Chappell 1975). The stratigraphic
relationships of S1 to L5 at this site, are clearly displayed.
Samples were collected at 0.10m intervals from beneath 0.20m

depth to the andesitic sands.

6.3.0 Particle Size Analyses

6.3.1 Introduction

In the Rotorua district, Benny (1982) demonstrated the usefulness
of grain size studies in providing an accurate means of
differentiating tephra from 'tephric loess'. In north and north-
east Taranaki, particle size analyses of the highly allophanic
material proved difficult because of allophane flocculating,
preventing complete particle dispersion. Dispersion treatments
such as using deflocculants, followed by mechanical agitation

proved ineffective.

Japanese studies on the dispersion of Andisols have been
summarised by Kobo (1964), and an extensive series of tests on
the dispersion of similar soils in the Antilles and Latin America
have been reported by Colmet-Daage et al. (1972). From these
results it appears that there is no single method which applies
to all Andisols, since different allophanes react differently to
various dispersion treatments. The most promising dispersion
method currently available involves the treatment at pH 10 (NH,OH
or NaOH) or pH 4 (HCl) after peroxidation and washing in water

(Wada and Harward 1974). Wada (1978) suggested that an alkaline
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medium be used for soils containing allophane with Si0O,/Al,0,
. ratio of 2 or higher, whereas an acidic medium is best for those
soils containing imogolite or allophane with a SiO,/Al1,0; ratio

lower than 2.

For the medial material being investigated in this study
considerable time was spent in order to identify the most
satisfactory dispersion treatment. Neither an acidic or alkaline
pretreatment proved effective, so an entirely new procedure was
implemented. This involved chemical dissolution of the short
range order clays and organic complexes (hereafter referred to as
SROCO), after which particle size analyses of the residue were
determined. This selective chemical dissolution could not only be
used for the determination of non-crystalline clay constituents
but also enables guantitative determination of the residual sand,
silt and crystalline clay constituents folliowing dissolution

treatment.

In this study, the acid-oxalate extraction method (Tamm 1932) has
been employed as a pre-treatment procedure. This particular
extraction method selectively dissolves short range order
materials that are composed of allophane or ferrihydrite
materials (Schwertmann 1964; Higashi and Ikeda 1974; Wada and
Wada, 1977). If conducted in the dark, dissolution of crystalline
oxides and layer silicates is regarded as very limited (Tamm
1932; Higashi and Ikeda 1974; Fey and Le Roux 1975, 1977; Wada
1977; Wada and Wada 1977).

6.3.2 Sample Preparation

The samples were air dried and gently disaggregated so as to pass
through a 2mm seive. Sub-samples of c.10 gram weight were weighed
to a thousandth of a gram, then added to 1 1litre of 0.2M acid
oxalate (pH 3.0 - 3.5) and shaken end on end in the dark at 20°C
overnight. The sub-sample was then centrifuged at 5000 rpm for

c.5 minutes. The clear supernatant is then carefully, but
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completely decanted off. A further 1 litre of 0.2M acid oxalate
is added to the sub-sample, which is shaken in the dark for a
further 24 hours. Following selective dissolution, the sub-sample
was then wet seived through a 30um mesh. The >30 micron fraction
was oven dried, sieved into respective size fractions and
weighed. The material passing through the 30 micron mesh was
retained and centrifuged at 2500 rpm. The clear supernatant
ligquid was decanted off, while the <30 micron fraction was
retained, oven dried and weighed. Grain size was then calculated
for the residuum on a short range order clay and organic

material-free (SROCO-free) basis.

A major limitation of this technique is the large volume (21) of
acid-oxalate required to treat relatively small quantities cof
sample (c.10g). The gquantity of treated <30um sediment residue is
therefore too small (<3gm) for accurate pipette or sedigraph

grain size determinations to be undertaken.

6.3.3 Results

Textural Classes

Grain size data expressed as percentage of total sample (Air dry,
<2mm) is plotted on a modified U.S.D.A textural ternary diagram
(Figure 6.02). Grain size data of samples from Waitui and Onaero

are shown in Appendix 3.1 and 3.2, respectively.

i) Waitui

Most samples, with the exception of tephra units, plot within the
clay and clay loam textural fields. The most uniquely
distinguishing feature at Waitui is the high (16 - 35%) silt and
crystalline clay content in L1.1. Other units (S1, L1.2, S2, L2
and S3) contain notably less (11 - 27%) silt and crystalline
clay.



FIG. 6.02
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S1, S2 and S3 plot within a narrow field on the ternary diagram
and are distinguished by high (44 - 56%) SROCO and low

(25 - 34%) sand content. L1.2 and L2 are coarser grained than S-
units, with less (31 - 45%) SROCO and a greater (34 - 49%) sand

content.

ii) Onaero

All samples plot within the clay textural field. High silt and
crystalline clay content distinguishes L1.1 (24 - 30%) and lower
L3 (22 - 27%) from other units which contain notably less (16 -
24%) silt and crystalline clay.

Lower S1, L1.1 and lower L3 is characterised by low sand (18 -
25%) and high SROCO (49 - 58%) content, whereas other units
(upper S1, s2, L2, S3, upper L3, S4, L4, S5 and L5) contain
greater sand and less SROCO. With the exception of L1.1 and lower

L3, L-units cannot be differentiated from S-units.

6.4.0 Quartz Content

6.4.1 Introduction

Quartz is common in New Zealand soils formed from parent
materials ranging from volcanic ash to sediments (New Zealand
Soil Bureau 1968). Quartz in soils formed from basic and
intermediate volcanic ash has been shown to be of eolian origin
(Campbell 1971; Mokma et al. 1972; Stewart et al. 1977, 1986).
However in soils formed from rhyolites the quartz may also be a
primary constituent (Mokma et al. 1972). This study attempts to
determine if variations of quartz content with depth in the
dominantly andesitic cover-beds of north and north-east Taranaki

provide a record of Late Quaternary climate change.
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A previous investigation of a single representative Egmont loam
profile, found that variations in quartz content within the soil
profile reflected climatic change from glacial (post-Aokautere
Ash) to post-glacial conditions (Stewart et al. 1977). The amount
of quartz was shown to be greater in the lower 'tephric loess'
unit than the upper, andesitic tephra unit. Stewart et al. (1977)
postulated that this was due to the presence of a land bridge
extending from north-west Nelson to western Taranaki during the
last glacial (Lewis and Eade 1974). The subsequent rapid post-
glacial rise in sea level at c¢.11,000 years B.P. (Cullen 1967)
covered this source, resulting in a rapid decline in quartz

accumulation in the upper part of the Egmont soil.

6.4.2 Method of Quartz Determination

Methods available for quartz determinations in sediments fall
into two groups. Firstly, chemical methods which are usually
precise but time consuming, and secondly X-ray diffraction

methods which are usually more rapid but less precise.

The widely used method of Trostel and Wynne (1940) for free
silica involves a pyrosulphate fusion, dissolution of the fusion
by alkalis, leaving free silica for gravimetric estimation. The
method is precise, with a coefficient of variation of c.l per

cent.

Alternatives to the above method in the past were mainly X-ray
diffraction techniques. Till and Spears (1969) described a rapid
and precise method for quartz determination in sediments, with a
coefficient of variation of 1.9 per cent. Boehmite (y-alumina
monohydrate) was used as an internal standard and the 4.26A (I/I,

35) reflection of quartz was measured.

In this study, a standard quartz curve was prepared using the
method of Johnson and Beavers (1959). This method is similar to

that of Till and Spears (1969) but sodium fluoride (NaF) is used
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as an internal standard and the strongest quartz line at 3.34A
(I/1; 100) is used.

Quartzose sand of Kapuni Formation was HCl washed, then
mechanically ground in a Tema ring-grinder to c.15 microns. The
purity of the ground quartz sample was monitored by X-ray
diffraction. A MgO/CaCO; matrix was prepared with a calculated
mass adsorption coefficient ( CoK) similar to that for bulked
standard chemical analyses of Egmont sourced andesites (Neall et
al. 1986). Standard quartz mixtures were prepared by mixing
varying amounts of quartz (hereafter abbreviated to Qtz) with the
MgO/CaCO; matrix to make a total of 1 gram. A constant amoﬁnt of
0.25gm of NaF was then added as an internal standard to each Qtz

- MgO/CaCQ0, sample.

Acid-oxalate treated samples were ground by hand to a talc-like
consistency in a agate mortar. Great care was taken to ensure
reproducibility of grinding. The mixture was placed in a plastic
tube with a ball bearing, and homogenised by end on end shaking
for 1 hour. The standard samples were then packed into a hollow
aluminium sample holder and scanned in a Phillips 1840 X-ray

diffraction diffractometer unit under the following conditions:

CoK - Fe filtered radiation
S1it - 0.2mm, T.C - 1.0 seconds, Range - 2.10%s
40kV, 40mA.

A maximum chart speed of 100mm/°20 and a scan rate of 1.2/0
20/min. was employed to spread the peaks for accurate area
measurements. The magnitude of the 3.34A reflection of Qtz and
the 2.32A reflection of NaF in counts per second were then
obtained. The intensity of the background in counts was
determined for each 20 positions and subtracted from the total
average counts for the Qtz and NaF reflections. By dividing the
net counts per second for the 3.34A by the net counts per second

for 2.32A NaF reflection the Qtz/NaF ratio for each standard
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mixture was obtained. The average Qtz/NaF ratio of x
determinations for each mixture was plotted against the percent
quartz in the mixture and the regression line which best fits
these points was determined (Figure 6.03). A linear fit was found

to be satisfactory for these samples:

y = 0.0211 +0.028x
where x = quartz percentage
y = Qtz (3.34A)/Sodium Fluoride (2.32A) peak area

The quartz content of unknown samples (63-30um and <30um
fractions) was then determined by the same procedure, using the
working regression line. Table 6.01 shows the results of three
replicate determinations of each original sample. The coefficient

of wvariation obtained ranges between 2.5 and 11 per cent.

The total quartz content (TQC) of SROCO-free samples with depth
was determined using this XRD procedure and working regression
line. Quartz content of samples from Waitui and Onaero are shown

in Appendix 3.1 and 3.2, respectively.

6.4.3 Determination of Quartz Accumulation Rate

Once TQC was determined, the quartz accumulation rate (QAR) was
then calculated:

TQC/100 x 1 = gm Quartz/gm Soil

gm Qtz/gm Soil x Average Bulk Density (gm per cm®) x
Sedimentation Rate (cm per kyr) = QAR (gm/cm?/kyr).

In calculating QAR, the sedimentation rate of coverbed units down
a profile varies significantly in response to the periodicity and
magnitude of tephra-fall accretion from Egmont Volcano. Under
such conditions, a constant sedimentation rate cannot be assumed
as is done in deep sea or Antarctic ice cores. Sedimentation
rates for these cover-bed units were calculated using the deep

sea oxygen isotope timescale (Shackleton et al. 1983) and the
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chronology of two Central North Island silicic tephra inter-beds

(Aokautere Ash and Rotoehu Ash).

The grain size distribution of quartz in the acid-oxalate treated
samples exhibiting peak TQC values, were also determined. Grain
size fractions of the SROCO-free samples were separated by
decantation and centrifugation (Jackson 1956) and the quartz
content for each size fraction was quantitatively determined by

XRD.

6.4.4 Results

i) Waitui (Figures 6.04 and 6.05)

At Waitui, TQC and QAR values throughout S1 remain at trace
levels (<1% and <0.04gm cm? kyr, respectively). In L1.1, low
TQC's and QAR's values persist to 1.40m depth but below this
depth there is a significant increase at 1.80m depth to maximum
values of 7.34% and O.829m/cm2/kyr, respectively. From this
depth, TQC and QAR decrease to minimum values of 0.32% and
0.03gm/cm?/kyr at 2.00m depth coincident with Pae.a of Paetahi
Tephra being preserved between 1.90-2.00m depth. Below Paetahi
Tephra, TQC and QAR values increase to 5.38% and O.6Ogm/cm2/kyr
respectively at 2.10m depth, then rapidly decrease to 1.24% and
0.14gm/cm?/kyr at 2.35m depth. This minimum value is coincident
with an unnamed unit of Poto Tephra preeserved within the
stratigraphic sucession between 2.30-2.35m depth. Below Poto
Tephra, TQC and QAR fluctuate from 3.46% and O.39gm/cm2/kyr at
2.40m to 2.86% and O.34gm/cm2/kyr at 2.90m depth. Across the
L1.1/L1.2 boundary at 2.95m depth TQC and QAR values continue to
decrease to 1.37% and O.ngm/cmz/kyr at 3.10m depth. TQC and QAR
values of L1.2 between 3.10m and 4.05m depth are consistently low
(<1% and <0.09gm/cm?’/kyr). From 4.05m to 5.40m depth, TQC and QAR
values of S2, L2 and S3 are at trace levels (<1% and

<0.03gm/cm?/kyr).



FIG. 6.03 Quartz Standard Regression Line
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TABLE 6.01: REPLICATE QUARTZ DETERMINATIONS ON AN UNKNOWN
USING THE XRD METHOD.

Quartz
(%)
19.95
20.22 Standard error = 0.50 per cent
19.24 Coefficient of variation = 2.5 per cent
Mean 19.80

3.45

2.87 Standard error = 0.36 per cent

3.53 Coefficient of variation = 10.97 per cent
Mean 3.28



FIG. 6.04 Total Quartz Content Waitui Section 19
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FIG. 6.05 Quartz Accumulation Rate Waitui Section 19
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ii) Onaero (Figures 6.04 and 6.05)

At Onaero, two major peaks in TQC and QAR values are recognised
between 0.70 - 2.00m depth and 5.20 - 5.80m depth, respectively.
The first peak coincides with deposition of lower S1 and L1.1
with a maximum TQC of 8.06% and a QAR of O.74gm/cm2/kyr at 1.30m
depth. This maximum value closely coincides with unit Pae.a of
Paetahi Tephra in the stratigraphic sucession between 1.30 -
1.40m depth. TQC and QAR values are trace in the interval between
2.00m - 2.40m depth, which coincides with the deposition of
Tuikonga Tephra and L1.2.

The second peak coincides with deposition of lower L3 with a
maximum TQC of 4.29% and a QAR of 0.23gm/cm?/kyr at 5.50m depth.
TQC and QAR values in S2, L2, upper L3, S4, L4, S5 and L5 remain
low to trace levels (<1% and <lgm/cm’/kyr respectively). A slight
increase in TQC and QAR values was recorded between 4.00 - 4.40m

depth and coincides with the deposition of S3.

Quartz Grain size Distribution

The grain size distribution of the quartz is consistent with both
loessial and tropospheric dust origin. Quartz is largely
restricted to <125 um in size and mostly occurs in the <63um
fraction (Figure 6.06). The size distribution of the L1.1 TQC
maximas from Onaero and Waitui are near identical with a broad
mode (75% of total quartz) between 63 and 10 microns. The highest
percentage of total quartz (c.28%) occurs in the 20 - 10um
fraction, with 20 to 25% of total quartz occurring in the <10um
fractions. The grain size distribution of the L3 quartz maxima is
similar to that of L1.1.



FIG. 6.06 Quartz Grain Size Distribution
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6.5.0 15-Bar Water Retention

6.5.1 Introduction

The high water retentivity of previously undried medial material
and the large irreversible change in water retentivity on air-
drying are important characteristics of Andisols. The large
specific surface area of allophane and its high proportion of
micropores (50 - 80% <10um diameter) are the properties which
determine its ability to retain large amounts of water even at
high suctions. At a suction of 15-bars, which is equivalent to
the permanent wilting point of a soil, Andisols may have

gravimetric water contents of over 100% (Maeda et al. 1977).

Differences in the 15-bar water retention of both field moist and
air dry samples were determined as a measure of the previous
drying history of a deposit. Data from field moist and air dried

samples taken from Waitui and Onaero are shown in Appendix 3.3.

6.5.2 Sample Preparation

Water retention at 15-bars was determined on a ceramic plate
extractor. Air dried and field moist samples were held in plastic
rings approximately 40mm in diameter and 10mm high, and were
wetted to saturation on the ceramic plates using a fine mist
spray. Complete saturation was effected after 24 hours in an air
tight container. The plates were then placed in the apparatus and
a pressure of 15-bars was applied. The pressure was maintained
for 7 days, after which time it was considered that equilibrium
had been reached, and then the water contents were determined

gravimetrically on an oven dry (105°C) basis.

6.5.3 Results

i) Waitui

A total of six samples of similar textured medial materials were
obtained from within S1 and L1.1. The field moist samples in S1

and L1.1 is similar and presumably indicates a similar content of
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allophane. However, the percentage decrease of fresh 15-bar water
(hereafter referred to as d-15 bar) of samples from L1.1 is
notably lower (45 - 53%) than those samples obtained from S1 (64
- 68%). This difference in d-15 bar values appears to indicate
some degree of irreversible drying during allophane formation in

L1.1.

ii) Onaero

Following preliminary investigation of 15-bar water content of
selected samples from S1 and L1l.1 at Waitui, a more detailed
investigation was conducted on the 15-bar water content of the
upper c.2.6m of the Onaero Profile. The d-15 bar of samples in
L1.1 was found to be notably lower {49 - 33%) than for S1 (56 -
64%). These difference in values appear tc relate to coarser

texture with some degree previocus drying in the former case.

In L1.1 a sharp increase in d-15 bar to 65% occurs between 1.3m
and 1.4m depth, and is coincident with the deposition of unit
Pae.a of Paetahi Tephra. This sudden increase of d-15 bar relates
to a lower sand and higher SROCO content compared to that of the
enclosing sediment. Lower d-15 bar values of between 33 and 40%
in L1.1 between 1.7m and 1.4m depth, relates to an increase in
silt and sand content and is coincident with the occurrence of

dispersed silicic glass of Aokautere Ash.

Unit L1.2 which is notably coarser grained than L1.1 has lower d-
15 bar (9 - 33%). These lower d-15 bar values appear to

relate to the large increase in sand content (c.<15%) and
corresponding decrease in SROCO. A sharp increase in d-15 bar
values occur in S2 at 2.40m depth and occurs in spite of similar
textural values to upper L1l.1. This suggests that this increase

is attributed to in situ allophane formation without drying.
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6.6.0 A1l/Si Ratio of Allophane

6.6.1 Introduction

Andesitic glass, with an intrinsically greater Al1/Si ratio than
rhyolitic glass, weathers much more rapidly and with marked loss
of SiO, and mobile cations (Neall 1977; Kirkman and McHardy
1980). Kirkman and McHardy (1980) and Kirkman (198la) concluded
that the structure and chemical composition of allophane, and
hence its behavior and persistence, are governed chiefly by the
chemical composition and bonding characteristics of the parent

glass.

A weathering sequence for andesitic glass suggests that under
humid temperate conditions, allophane and possibly imogolite are
stable for periods in excess of 100kyr B.P (Kirkman 1978, 1980b,
1981, 198la; Kirkman and McHardy 1980; Parfitt et al. 1982).

A weathering scheme emphasising leaching (rainfall) and Si
concentration more than time has been proposed in clay mineral
transformations of andesitic tephra (<20Kyr B.P.) in Taranaki
(Parfitt et al. 1983). The range of Al/Si ratios for the
allophanes may therefore, reflect the effects of environmental

conditions (ie. climate), rather than time.

6.6.2 Sample Preparation

The Al/Si ratio of allophane is determined using acid-oxalate
extractable Al (Al,) and Si (Si,), and pyrophosphate extractable
Al (Alp) which gives an estimation of Al in Al-humus complexes.
Two samples of equivalent age and similar texture were collected
from lower S1 at Waitui (0.90 - 1.00m depth) and at Onaero (0.60m
- 0.70m depth). Similarly two samples of equivalent age were also
collected from L1.1 at Waitui (2.70 - 2.80m depth) and at Onaero
(1.70 - 1.80m depth). Al, Si and Fe extraction was conducted on
these two samples (air dry; <2mm) by K.M.Giddens of New Zealand
Soil Bureau in June 1987. The methods outlined by Parfitt and
Henmi (1982) and Farmer et al. (1983) were used. The Al/Si ratio
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for a sample is obtained from (Alo-Alp)/Sio. Chemical data of

samples taken from Waitui and Onaero are shown in Appendix 3.4.

6.6.3 Results

The Al/Si ratio of the samples obtained from S1 at Waitui and
Onaero are similar (2.02 and 2.03 respectively). The Al/Si ratios
of the samples from L1.1 at the two sites also agree (1.53 and
1.66 respectively) but they are lower than those from S1. If the
Al/Si ratio of allophane relates to mean annual rainfall as
suggested by Parfitt et al. (1983), these results indicate that
allophane formation in L1.1 at Onaero and Waitui, probably
occurred during an interval which received lower mean annual
rainfall than the interval of allophane formation in S1. This
interpretation is supported by independent palynological data
presented in this study (see Chapter 10). Further detailed
research is required to test whether or not Al/Si ratios of

allophane can be effectively used as a paleoclimatic indicator.

6.7 Discussion

Particle size analyses of the cover-beds at Waitui and Onaero
reveal that L1.1 and lower L3 contain significantly higher silt
than all other S- and L-units. The silt content of L1l.1 at Onaero
and Waitui is similar but slightly higher than the silt content

of lower L3 at Onaero.

Grain-size variation is greatest at Waitui closer to Egmont
Volcano. Here, the texture of S1, S2 and S3 is similar and can be
clearly differentiated from L1.2 and L2 which contain lower SROCO

and higher sand.

However at Onaero, there is less distinctive grain size
variation, with the texture of S-units resembling that of L1.2,

L2, upper L3, L4 and L5. L-units at Onaero are finer grained than
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equivalent units at Waitui but S-units remain of similar fine

texture.

The high silt in L1.1 and lower L3 is found to closely correspond
with high TQC and QAR values. Values of quartz are higher within
L1.1 and lower L3 than all other medial units with values for

L1.1 significantly higher than lower L3.

The grain size distribution of quartz from the two investigated
sites is similar and probably indicates derivation from a similar
source area. The most 1likely quartzose source area is the exposed
continental shelf of the southern North Island. Quartz of
Australian provenance may also be represented by the finer grain
fractions (<30um). This possibility cannot be discounted since
concentrations of fine grained, aeolian quartz have been mapped
in last glacial maximum sediments in the Tasman Sea (Thiede
1979), and historic dust storm events when clay and quartz from
Australia were deposited over large areas of New Zealand
following jet stream transport (Marshall 1903; Marshall and
Kidson 1929; Healy 1970).

The influx of silt and crystalline clay with a significant quartz
component to the coverbed sequence records two major peaks in L1
and L3, which are correlated to o8 stages 2 and 4 (see Chapter
4).

In L1 at both sites, the initial increase in TQC and QAR wvalues
occurs at c.23.4kyr following the deposition of Tuikonga Tephra.
TQC and QAR values gradually increase to a small broad peak at
c.22.5kyr which is coincident with the deposition of the
Aocokautere Ash. TQC and QAR values dramatically increase from
c.22.5 kyr to a maximum at c.20kyr which closely coincides with
the deposition of Pae.a of Paetahi Tephra. At Waitui, TQC and QAR
values rapidly decline from c.20kyr to consistently low values at

c.13kyr B.P. TQC and QAR values in the interval between c.13kyr
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and the present day, remains at low to trace values. However for
S1 at Onaero, the apparently higher TQC and QAR values at its
base can be explained by its downward development into L1 below.
In contrast, the airfall accretionary rate at Waitui is
considerably higher, so that S1 accuumulated faster than any

downward development into L1.

The TQC and QAR maximum in L3 at Onaero, is considered to be
indirectly dated between 60 and 78kyrs B.P. based on the
occurrence of the c.50kyr Rotoehu Ash (Kennedy 1987) within S3

and extrapolated accumulation rates.

The trends in quartz content in Taranaki Andisols over the last
c.130kyr B.P show strong similarity to recently reported trends
of Al and Na aerosol concentrations within an Antarctic ice core
(De Angelis et gl. 1987). Excellent correlation exists between
the quartz and Al accumulation rate maxima in 0*® stage 2.
However an offset of 5 - 8kyr occurs between the L3 QAR maxima
and the late Stage 4 Al accumulation rate maximum in the ice
core. The reason for this offset may be due to a) regional
differences in climatic response, or b) eruptive activity and
higher sedimentation rates of tephric material between the

Rotoehu Ash and the L3 QAR maxima.

The TQC and QAR results support the argument for o8 stages 2 and
4 being the only two cold episodes in which full glacial
conditions occurred in the Taranaki Region since c.130kyr B.P.
Results obtained in this study indicate that 15-bar water
contents and Al/Si ratios are useful in distinguishing between S-
and L-units, and thus provide evidence of past environmental
depositional conditions. Consistent differences in the 15-bar
water contents of S1 and L1.1 at Waitui and Onaero, suggest that
allophane formed during the L1.1 depositional interwval was
subjected to some irreversible drying. In contrast the 15-bar

water contents suggest that allophane formed during the S1 and S2
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depositional intervals were not subjected to the same drying

conditions.

If the Parfitt et al. (1983) theory is accepted then the low
Al/Si ratios of selected samples from L1.1 suggest allophane
formation occurred during an interval of lower mean annual
rainfall than the present. In contrast, the higher Al1/Si ratios
of selected samples from S1 suggest allophane formation occurred
during an interval of higher mean annual rainfall than that

persisting during the accumulation of L1l.1.

The 15-bar water contents and Al/Si ratios are consistent with
evidence for drier climatic conditions during the accumulation cf
L1 than the intervals in which S1 and S2 accumulated. It is
suggested these two methods have considerable potential in
differentiating between L-and S-units that lack uniqgque
distinguishing grain size and mineralogical properties. Al/Si
ratios could prove an extremely useful parameter in the Wanganui
district where, at present, there is difficulty in distinguishing
between andesitic tephra inter-beds in loess and paleosols

separating loess accumulation episodes.
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CHAPTER 7

7.0 LAHAR STRATIGRAPHY

7.1 Introduction

The word 'Lahar' is Indonesian for "volcanic breccia transported
by water" (Van Bemmelen 1949, p.191). Subsequent definitions have
expanded the term to include torrential waterflows
(Schieferdecker 1959), hyperconcentrated streamflows (Fisher and
Schmincke 1984), or an origin on the flank of a volcano (Crandell
1971).

The term 'lahar' is used here to refer to " .. an event
comprising a rapid flowing mixture (other than normal stream-
flow) of rock debris and water from a volcano .. ". The term
"lahar" has often been conveniently used to encompass both
volcanic debris flows and volcanic mudflows, as well as for their
resultant deposits. This usage has tended to avoid terminology
problems and subjective distinctions based on depositional
texture. However in Taranaki, two categories of lahar deposits
are recognised on the lower flanks of Egmont Volcano and can be
clearly differentiated on the basis of depositional texture: 1)
rare deposits in which mud (the total of silt- and clay-size
sediment) is a significant part of the deposit and dominates in
the inter-clast matrix (mudflows) and 2) common deposits that
contain negligible medial material and clay in the inter-clast

matrix (debris flows).

Mudflow deposits on the lower flanks of Egmont Volcano, are
readily distinguishable from debris flow deposits on the basis of
substantially higher proportions of medial material and clay
within the inter-clast matrix and to a lesser extent - lithologic
heterogeneity of clasts. Mudflow deposits are typically
unstratified and exhibit very poor sorting (Plate 7.01). Clasts
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are dispersed randomly in the matrix range from rounded to
angular. The basal contact is occasionally erosional with clasts
of underlying tephric and medial material incorporated within the
deposit during flowage (Plate 7.01). Mudflow deposits are
texturally similar to those deposits mapped as marginal facies of
a debris avalanche but fragmental rock clasts and an associated
hummocky surface are apparently absent. Weakly consolidated
clasts in mudflow deposits exhibit features indicative of plastic

deformation and progressive disaggregation during flowage.

Debris flow deposits are poorly sorted, and comprise angular to
sub-rounded clasts either clast- or matrix- supported with silty
sand of similar composition (Plate 7.02). The top surface of
debris flow are near planar often with a boulder strewn upper
surface. Debris flows generally lack vertical grain size
variations and are usually poorly stratified, except for an
occasional, texturally distinct, thin, basal sub-layer (Plate
7.03). Some debris flow deposits may exhibit crude reverse-to-
normal grading or reverse grading throughout the thickness of the
depositional unit. The basal contact of debris flows confined to
channel areas is usually erosional with underlying deposits
incorporated during flowage (Plates 7.04 and 7.05). However the
basal contact of debris flow deposits on marginal inter-fluve
areas is seldom erosional. In these areas vertical tree moulds

are often observed (Plate 7.06) but wood is rarely preserved.

Debris flows demonstrate proximal-to-distal transformations to
"hyperconcentrated" flows - a transport mode intermediate between
debris flow and normal stream—flow, and characterised by
suspensions in the volume concentration range of 20-60% (40-80%

by weight) (Beverage and Culbertson, 1964).
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Plate 7.01: Mudflow deposit of Kahui Formation exposed near Norfolk Plate 7.02: Debris flow deposits of Warea Formation separated by
Road on State Highway 3 (019/164214). Note the poor sorting. lack of fluvial deposits at Bell Block Quarry on Manutahi Road (Q019/106376).

stratification and rip-up clasts of medial material. Note the textural variation but similar lithological composition.



Plate 7.03: Textural distinct, thin. basal sub-layer of Ngatoro Plate 7.04: Erosion and incorporation of fluvial deposits by
Formation exposed at Q20/171208 in effluent pond near Section 12. Note overlying debris flow deposits of Warea Formation in the Waiongana
flame dewatering structure and Inglewood Tephra below sub-layer. Stream catchment at Bell Block Quarry. on Manutahi Road (Q19/106376).
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Plate 7.06: Tree Mould in marginal area of Ngatoro Formation. Note
underlying Inglewood Tephra.

Plate 7.05: Erosion of hyperconcentrated flow deposit by overlying
debris flow deposit of Warea Formation in the Manganui River catchment
at Everett Road Quarry (Q019/205299).
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Hyperconcentrated flow deposits, well documented at Mt. St.
Helens (e.g. Pierson and Scott 1985), are best distinguished from
the debris flow deposits from which they evolved by their massive
or crudely stratified appearance with sometimes an inversely
graded sub-unit in the basal part of each depositional unit
(Plate 7.07). The most definitive characteristic of
hyperconcentrated flow deposits is their elongate clasts
developing an a-axis parallel-to-flow orientation in well sorted
deposits. This improvement in sorting is reflected by the lack of
dispersed clasts and grain supported matrix which is usually
granular, non-cohesive and with greater void space. The upper

surface of hyperconcentrated flow deposits is usually planar.

Deposits that represent a transitional flow regime between debris
flow and hyperconcentrated flow are also recognised. These
deposits in a vertical sequence are often characterised by a
stratified very fine to coarse sand unit overlain by an
unstratified gravelly sand unit, which upwardly grades to a
faintly stratified coarse sand (Plate 7.08). These units were
presumably deposited sequentially by a single flood wave that was
in the process of transforming from debris flow to
hyperconcentrated flow. The vertical contact between the two
deposit types in each flow unit is transitional and downstream

the debris flow unit thin progressively.

The most striking feature of debris/hyperconcentrated flow
deposits in Taranaki, is their similarity in 1lithology, texture
and fabric. This leads to probiems in mapping and correlating
separate flow events because they lack individual diagnostic

properties (Plate 7.09) and are currently mapped collectively.
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7.2 Te Popo debris flows

(new informal formation)

Te Popo debris flows are named after Te Popo Stream that flows
eastwards from Egmont Volcano, crossing State Highway 3 just
north of Midhurst. On the upper eastern flanks of Egmont Volcano,
Te Popo debris flows comprises at least two units that are

separated by up to 0.15m of humic, ashy or medial material.

Upper and Lower Contacts

The upper contact of the uppermost Te Popo debris flow unit is
separated from Mg.d of Manganui tephra above, by up to 0.10m of
ashy or medial material (Section 3 of Appendix 1 and Figure 2.05;
Plate 7.10). Mg.c of Manganui tephra interstratifies the
ashy/medial material intervening between the two debris flow
units. The lowermost Te Popo debris flow unit is directly

underlain by Mg.b of Manganui tephra.

Age

Te Popo debris flows are considered to closely correspond in age
to Manganui tephra, since both formations are closely associated
in the stratigraphic succession. On this basis both debris flow
units are considered to have an age between c.2.9kyr and c.3.1lkyr

B.P.

Type Section

An informal type section is here designated in a deep drain
parallel to a farm track, 0.54km north of Denbigh Road and 6.1lkm
west of the junction with State Highway 3 at 020/129112. (Section
3 of Appendix 1 and Figure 2.05). Here Te Popo debris flow

deposits are exposed as follows:



0.04m
Mg.d

0.09m

1.82m

sub-layer

0.02m

0.07m

0.37m

sub-layer
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Maketawa tephra
Distinct and wavy boundary --------—-————-—---

Yellowish-brown (10YR 5/4), friable, weakly
developed, medium nut structured medial
material. Distinct and wavy boundary.

Many, moderately sorted, grey (10YR 5/1 -
3/1), coarse ash and fine lapilli dispersed
in yellowish brown (10YR 5/4) ashy material.
Indistinct and wavy boundary.

Yellowish-brown (10YR 5/4), friable, weakly
developed fine granular structured ashy
material with common dirpersed grey fine
lapilli throughout. Distinct and wavy
boundary.

1.80m of very poorly sorted, unstratified,
light greyish brown to grey (10YR 6/2 to 5/1)
angular to sub-rounded gravels dispersed in a
very firm matrix of pebbly sand. Sharp and
wavy boundary to

0.02m of moderately well sorted, brown (1l0YR
5/3) fine sand. Sharp and wavy boundary.
(upper Te Popo debris flow)

Very dark brown (10YR 2/2), firm, massive
structured humic material. Sharp and wavy
boundary.

Dark brown (10YR 4/3 - 3/3), firm, massive
structured humic material with discontinuous
pockets of moderately well sorted, dark brown
and red coated, grey, fine to medium lapilli
of unit Mg.c. Clear and wavy boundary.

0.32m of very poorly sorted, faint reverse

to normal graded, 1light greyish brown to grey
(10YR 6/2 to 5/1) angular to sub-rounded
gravels abundantly dispersed in a very firm,
sub-ordinate matrix of pebbly sand. Abrupt
and wavy boundary to

0.05m of moderately sorted coarse to very
coarse grey sand. Sharp and wavy boundary.
(lower Te Popo debris flow)
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0.07m Profuse, moderately well sorted, red (2.5YR
Mg.b 4/6 - 4/8), dark grey (1l0YR 4/1), fine to
medium lapilli. Sharp and wavy boundary.

0.31m 0.13m thick layer of dark brown (7.5YR 4/4)
humic material with small tree stumps in
growth position. Indistinct and wavy
transition to 0.12m thick layer of dark brown
(7.5YR 3/4) carbonaceous, slightly gravelly
clayey material. Sharp and wavy transition to
0.06m layer of very dark grey (5YR 3/1) humic
material with protruding tree stumps.

3.07m —--=--——————- Distinct and wavy boundary ---------------

I1.b of Inglewood Tephra

Distribution

On the eastern flanks of Egmont Volcano, Te Popo debris flows
occur as a broad lobe between Patea River in the south and
Mangamawhete Stream in the north. In the vicinity of the National
Park boundary, the units appear to have overtopped the channels
and laterally spread onto the extensive planar inter-fluve
surfaces. In the vicinity of Te Popo Stream, either side of
Denbigh Road, debris mounds of Ngaere Formation protrude from
beneath the debris flow units. Both units of Te Popo debris flows
together with the closely underlying Ngatoro Formation often
occur distributed within the inter-mound areas. Further south,
the elevated hummocky terrain of Ngaere Formation, has formed a
topographic obstruction for Te Popo debris flow deposits. In this
terrain, both debris flow units were principally confined within
the channels of Waingongoro River and Mangatoki Stream. The
debris flow units, further east, become confined within Piakau,
Te Popo, Waipuku and Mangamawhete Stream channels as well as the

Manganui and Patea Rivers.



Plate 7.07: Hyperconcentrated flow deposit of Warea Formation at Bell
Block Quarry. on Manutahi Road (Q19/106376). Note crude stratification
of well sorted deposit and elongate clasts with a-axis parallel to flow
orientation.

Eiie

Plate 7.08: Unnnamed lahar deposit exposed at 020/167202 (Section 10)
on Bains Farm. This deposit represents the transitional flow phase
between debris flow and hyperconcentrated flow.
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Plate 7.09: Debris flow and hyperconcentrated flow deposits of Warea
Formation at Bell Block Quarry. on Manutahi Road (Q19/106376). These
deposits are mapped collectively since they generally lack individual
and readily identifiable diagnostic properties.

Plate 7.10: Te Popo debris flow deposit (upper unit) at 020/129112
(Section 3) between Denbigh and York Roads. Position of Maketawa tephra
(black arrow) and Mg.d of Manganui tephra (white arrow) is indicatead.
Note unnamed debris flow deposit truncating Maketawa tephra.
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7.3 Ngatoro Formation
(after Neall 1979)

This Formation was formally named by Neall (1979) after Ngatoro
Stream that drains the north-east flanks of Egmont Volcano. The
type locality is the area within 0.4km to the north and east of
Bedford Road and south of Norfolk Road junction (Q20/138187). On
the lower eastern flanks of Egmont Volcano, Ngatoro Formation
comprises a single debris flow unit (Plate 7.11) which downstream
sequentially transforms to a hyperconcentrated flow unit (Plate

7.12) and then a normal stream flow unit (Plate 7.13).

Upper and Lower Contact

The upper contact of Ngatoro Formation is separated from Manganui
tephra above, by <0.20m of medial or hydrous material. The lower
contact is separated from Il.b of Inglewood Tephra below, by
<0.10m of medial or hydrous material (Plates 7.06 and 7.11).

Age

A radiocarbon date (NZ3353A) from wood beneath the Ngatoro
Formation, at Q19/156210, gave a maximum age of 3,610 +/- 80
years B.P. (Neall 1979). Another radiocarbon date (Wk-1031A) of
3,690 +/- 80 years B.P. from peat immediately beneath Inglewood
Tephra confirms the maximum age for the closely overlying Ngatoro
Formation. On the basis of the above radiometric dates, Ngatoro
Formation is here considered to have an age of between c¢.3.5 and

c.3.6kyr B.P.

Reference Locality

In addition to the two reference sections already designated by
Neall (1979), a new reference section is chosen in this study.
This section occurs at a prominent west-facing road cut on State

Highway 3 at Tariki Railway overpass, opposite the junction with
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Johns Road at Q20/167202. (Section 10 of Appendix 1 and Figure

2.05). Here the following section is exposed:

c.1.45m
Ngatoro Formation

sub-layer

0.07m

Distribution

Manganui tephra
Indistinct and wavy boundary --~———-~=w—-=-

Brownish yellow (10YR 6/6), firmly friable,
weakly developed, fine to medium blocky
structured medial material. Distinct and wavy
boundary.

Moderately to poorly sorted, massive (upper
portion) to stratified (lower portion),
inversely graded sub-units of l1light greyish
brown to greyish brown (10YR 6/2 to 5/2)
angular to sub-rounded gravels supported in a
very firm matrix of pebbly sand of similar
lithology. Common pumice layers oOcCcCur near
base of unit which exhibits planar, as well
as low angle X-stratification. Sharp and
irregular boundary to

<0.20m of firm, well sorted fine sand with
flame dewatering structures evident. Sharp
and irregular boundary.

Brownish yellow (10YR 6/6), firmly friable,
massive structured medial material.

Distinct and wavy boundary ---------—-=——---

Il.b of Inglewood Tephra

Ngatoro Formation can be subdivided into a c.lkm wide, north-east

(ntl) lobe and a c.3km wide, eastern (nt2) lobe. The eastern lobe

in the vicinity of Egmont National Park, occurs between the

Maketawa Stream in the north and Mangatengehu Stream in the

south. Between Mangamawhete Stream and the mapped southern

boundary, the nt2 lobe is buried beneath Te Popo debris flow

units. Ngatoro Formation is 1likely to be distributed further

south beneath Te Popo debis flow units. Further mapping in this

vicinity is required.
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The north-east lobe (ntl) is preserved on the inter-fluve
surfaces between the channels of tributaries to the Ngatoro
Stream. At c.15.2km north-east of the present Egmont summit, ntl
becomes channelised into the Ngatoro and the Ngatoro-iti Stream
channels. At this point, the two channelised deposits of ntl are
separated by a <0.4km wide inter-fluve surface of Kahui
Formation. The channelised deposits of ntl combine a further
c.5.4km north-east and enter the Manganui River at c.26.1lkm

north-east of the present Egmont summit.

The eastern lobe (nt2) at c.14.6km from the Egmont summit, forms
two small sub-lobes separated by an 0.7km wide inter-fluve
surface of Kahui Formation. The northern sub-lobe is distributed
on the inter-fluve surfaces between Maketawa Stream and a
tributary of Waitepuku Stream, and becomes principally confined
within these stream channels at c.16.6km north-east of the Egmont
summit. The south sub-lobe is extensively distributed in the area
between Waitepuku and Mangatengehu Streams and continues to be
distributed on the inter-fluve surfaces between the two streams
north-east of the State Highway 3. However an elevated area of
Tertiary siltstone located c.2km east of State Highway 3, near
the end of Rugby Road, appears to have caused the flow to
bifurcate. A portion of the southern sub-lobe followed the
Mangamawhete and Mangatengehu Streams before entering the
Manganui River catchment c.3.8km further eastward, whereas the
other portion followed tributaries of Waitepuku Stream before

entering Manganui River, further north.

At the Manganui River and Ngatbro Stream junction, where ntl and
nt2 lobes merge, Ngatoro Formation can be mapped c.17km further
north towards the coast within the confines of the Manganui River
valley. Over this distance, Ngatoro Formation appears to
progressively transform from a hyperconcentrated flow deposit to

a normal stream flow deposit.
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7.4 Unnamed lahar deposit

A single debris flow unit has been recognised within the confines
of Waipuku Stream and its tributaries, north-east of State
Highway 3 in the vicinity of Tariki (Plate 7.08). The
distribution of this unit south-west of State Highway 3 is

presently unknown.

The upper contact of this unit is clear and irregular, and
separated from W.a of Tariki Tephra above, by c¢.<0.30m of medial
material. The lower contact is sharp and wavy, and is separated
from Waipuku tephra below, by up to 0.15m of medial material
(Plate 2.11). This debris flow unit, is therefore estimated to

have an age range of between c.4.6kyr and c.5.2Kkyr B.P.

A reference section for this debris flow unit is designated at a
farm cutting within a stream valley, c.0.15km south-east of a
milking shed on Bains Property, Tariki Road at Q20/192194.
(Section 12 of Appendix 1 and Figure 2.09). Here the debris flow

unit is transitional to a hyperconcentrated flow unit.
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7.5 Kahui Formation

(after Neall 1979; redefinition this study)

The formation was formally named Kahui Debris Flows by Neall
(1979) after Kahui Hill (P20/972119) and comprises at least eight
debris flow units deposited in West Taranaki between c.7kyr and
c.12.5kyr B.P. Similar aged debris flow units were also
recognised along the Waiwakaiho River in north-east Taranaki. The
type section was designated in the northern bank of the
Waiweranui Stream at P20/912194, 1.45km due north of the eastern
end of Newall Road. As Kahui Debris Flows have proved a useful
lithostratigraphic unit in both west and north-east Taranaki they

are here defined as Kahui Formation.

In describing the lithology of this formation, Neall (1979;
pg.20) remarks that "smaller debris flow units were deposited as
fine sands across the landscape, in a similar manner to floods
observed in historic times". This comment intimates that some
debris flow units of the Kahui Formation underwent progressive

proximal-to-distal transformation to normal stream flow units.

On the north-eastern lower flanks of Egmont Volcano, a succession
of at least three debris flow units and one mudflow unit are
recognised. The debris flow units are mapped collectively, since

poor exposure and lack of diverse lithology, precludes indiwvidual

mapping.

Upper and Lower Contact

On the lower north-eastern flanks of Egmont Volcano, the upper
contact of the uppermost debris flow unit is separated from
Waipuku Tephra above, by c.<0.25m of medial material. The
lowermost unit is separated from Konini Tephra below, by c.<0.60m

of medial material. The debris flow units of Kahui Formation are
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frequently interstratified by constituent units of Kaponga Tephra

(e.g. Sections 8 and 12 of Figure 2.12; Plate 2.11).

Age

Kahui Formation in north-eastern Taranaki is closely associated
in the stratigraphic succession with Kaponga Tephra. On this
basis the Formation is here considered to have an age range

between c¢.6.0kyr and c.10kyr B.P.

Distribution

Kahui Formation is extensively distributed on the inter-fluve
surfaces of Warea Formation correlatives between State Highway 3
and the National Park boundary. In the vicinity of Inglewood,
Kahui Formation has partially inundated the inter-mound areas of
Okawa Formation and is frequently buried by units of Ngatoro
Formation. In the vicinity of Waipuku Stream, Kahui Formation is

buried by an unnamed debris flow unit.

North and north-east of State Highway 3, debris flow units of
Kahui Formation generally become channelised within the confines
of major stream tributaries. Exposures within most of these
valleys are generally limited, due to subsequent widespread
burial by the flow unit of Ngatoro Formation deposited down the
same channels. However, within and adjacent to the present course
of the Waiongana Stream channel, the uppermost debris flow unit
of Kahui Formation is the youngest laharic deposit in the
catchment and can be mapped to the coast. This uppermost unit
appears to have progressively transformed from debris flow to

normal stream flow.

The mudflow unit of Kahui Formation (Figure 7.01), forms the
uppermost lahar deposit on the inter-fluve surfaces between the
Maketawa and Waitepuku tributaries, between Durham and Johns

Road. In this vicinity, the unit is without a hummocky surface
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topography and has inundated small debris mounds tentatively
correlated to the Okawa Formation. From State Highway 3, the unit

can only be traced a further c.3km north-east along Norfolk Road

before it is concealed beneath Ngatoro Formation.

Reference Localities

In north-east Taranaki eight reference localities are designated

for units of Kahui Formation.

Farm cutting in contoured stream valley, right of
farm race, c¢.0.15km south-east of milking shed,
Bains Property, Tariki Road at Q20/192194.
(Section 12 of Appendix 1 and Figure 2.11).

Prominent drain, south side of Durham Road,
c.1.85km south-west of the junction of Durham Road
and State Highway 3 at Q019/144226. (Section 8 of
Appendix 1 and Figure 2.11).

Driveway cutting immediately adjacent to Ngatoro
Stream on Burgsteden's property, near Reservoir on
Dudley Road (Q19/119226).

Drain running diagonally across paddock into
Ngatoro-iti Stream (Q19/155249).

Silage Pit adjacent Ngatoro Stream, Nichols
Property, Bristol Road (Q19/187277).

Drain adjacent boundary of Everett Reserve in
paddock at the junction of Bristol and Everett
Roads, (Q19,/208298).

Cutting alongside paddock, near Ngatoro Stream,
0.4km north of Junction Road, (Q19/183272).

Prominent west facing road cut on State Highway 3,
c.0.2km south-east from Norfolk School at
019/164214.
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Plate 7.11: Debris flow deposit of Ngatoro Formation with protruding
Dacrydium cupressinum (rimu) stumps in position of growth at York Road

Quarry (Q20/119119). Spade (1m length) rests on stump in centre of
plate. Arrow indicates position of I1.b of Inglewood Tephra in peat
below debris flow deposit.
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7.6 Warea Formation Correlatives
(after Neall, 1979)

On the eastern and north-eastern lower flanks of Egmont Volcano,
a closely spaced succession of at least five debris and
hyperconcentrated flow units are recognised. These units, appear
to have a similar age range to the Warea Formation but differ in
depositional texture and lack associated mounds with fragmental
rock clasts. The lack of readily identifiable, diverse lithologic
character of individual units and the absence of interbedded
tephra markers between the units, precludes sub-division of the
succession and downstream mapping and correlation of individual
events (Plate 7.09). On this basis, it therefore seems
appropriate to collectively term these units as Wr correlatives

(after Neall 1979).

Upper and Lower Contacts

The uppermost Wr correlative is separated from the S1 above, by
c.<0.20m of L1.1 medial material and uppermost Kaihouri tephra
(Section 10 of Appendix 1 and Figure 2.16; Plate 2.20). Near
source the basal contact of the lowermost unit is rarely exposed.
However, distally this lowermost contact is occasionally
separated from RAokautere Ash below, by L1.1 of variable
thickness. Wr correlatives intercalate with L1.1 or andesitic

sands of the Katikara Formation (Plate 7.14).

Reference Localities
Five reference sections are designated for units of Wr

correlatives in north and north-east Taranaki.

1. Everett Road Quarry, 7km north-east of Inglewood
Borough at junction of Everett and Bristol Roads,
(Q19/205299).
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2. Road cutting on Konini Road, Inglewood Borough at
Q019/136276.

3. Bell Block Quarry, Manutahi Road at Q19/106376.

4. Quarry, O0.l1lkm north of State Highway 3 and 0.8km
west of junction of State Highway 3 and 3A
(Q19/125418).

5. Silage pit on Howes Property, O.l1lkm north of saw

mill situated at the Waiongana Stream bridge,

State Highway 3 (Q19/141423).

Distribution

Deposits of Wr correlatives are extensively distributed on the

north and north-east lower flanks of Egmont Volcano but are often

buried beneath a thick (c.>3.0m) succession of
ashy and lapilli deposits. On the lower flanks
extensive areas where Wr correlatives form the

deposit. Here they comprise debris flow units.

laharic, medial,
there are only two
uppermost laharic

In the vicinity of

Inglewood, these debris flows units have partially surmounted

small aeolian-modified debris mounds of Okawa Formation (e.g. at

019/136275 on Konini Road).

Extending to the north of Inglewood, Wr correlatives can be
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