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"If the kura could only speak II 

Sediments in Lake Taupo at 30 m depth near Kuratau. 

Pumice fragments and twigs lie partly buried in mud. 

Freshwater crayfish_ (<15 cm) are common. Photo - A Devcich) 
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ABSTRACT 

Lake Taupe, with an area of 616 krn2 , is the largest of several 

lakes of volcano-tectonic origin in the Central Volcanic Region, 

North Island, New Zealand. In the past the lake has been affected 

by catastrophic volcanic events, the last being·the Taupo Pumice 

eruptions of about 131 A.O. Since then the catchment has restabilised 

and sedimentation in the lake has diminished. 

A number of depositional environments in Lake Taupo are 

characterised on the basis of surficial sediment texture and deposit-

ional processes. These environments include: shelf (sands, gravels, 

sand-gravel mixtures); slope (silty sands, sandy silts); rise (sandy 

·silts, silts); basin (silts); sub-lacustrine talus slope and sub

lacustrine hill (gravel-sand-mud mixtures).

Close to existing or pre-existing river mouths, and on sub

lacustrine talus slopes, gravels typically include one or more types 

of catchment-derived rock fragments (andesite, rhyolite, ignirnbrite, 

greywacke) In other parts of the lake, gravels are almost entirely 

pumice fragments derived from pumice tephras and breccias within the 

catchment. Shelf and slope sands consist of rock fra·gments, 

volcanic glass, quartz and plagioclase feldspar. Slope and rise 

sediments may also contain sa�d-sized benthic and aufwuch diatom 

tests (e.g. Synedra sp. , Nitzschia sp. , SurireZZa sp.). Basinal 

sediments include a minor,very fine-fine sand fraction of andesitic 

Ngauruhoe Ash. Silt in basinal sediments comprises planktic 

diatom tests (Metosira sp. » CycloteUa sp. � Epithemia sp.) and 

terrigenous grains (volcanic glass, rock fragments, quartz, plagioclase 
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feldspar). Subordinate clay-sized.material is dominated by 

diatomaceous and authigenic silica, detrital illite and kaolinite, 

and montrnorillonite of probable hydrothermal origin. 

The distribution and provenance of sediment components in 

the lake indicate that terrigenous material is derived mainly from 

southern catchment regions (greywacke and andesite lithologies) and 

to a lesser extent from the northeastern catchment (rhyolitic volcanics). 

Gravels and sands are deposited in shallow water where they may be 

re-worked by coastal processes; suspended silts and clays are 

transported offshore by surface or inter-flow currents, and deposit-

ed in basinal regions of the lake. 

An extensive sub-botto� surface of sedimentary pumice, 

deposited in Lake Taupo during and soon after the Taupo Pumice 

eruptions, has been identified from sediment cores and seismic 

profiles of the lake bottom. Mud-layer thicknesses overlying this 

pumice surface indicate average basinal sedimentation rates of less 

than 30 mm/yr for central and northern lake regions, to more than 

140 mm/yr in southern 1ake regions. 

Areal distribution patterns of sediment texture and compos

ition, together with depositional rates, form the basi:s for a pro

posed model of sedimentation in Lake Taupo. 
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CHAPTER l 

INTRODUCTION 

1-. 1 LOCATION 

Lake Taupo is one of several lakes of volcano-tectonic origin 

in the Central Volcanic Region of the North Island of New Zealand. 

It occupies a natural land catchment of 286 ,515 ha. which ranges in 

altitude from 357 m to 2800 m above sea level. A further 67, 110 ha . 

of artificially diverted catchment, resulting from the Tongariro 

hydro-electricity scheme, increases the total catchment area to 

353, 625 ha. Lake Taupo is drained by the Waikato River (Fig. 1. 1) . 

1. 2 OBJECTIVES 

This study is concerned primarily with documenting the 

characteristics of the surficial sediments of Lake Taupo. 

aims are : 

Specific 

1. To establish the texture, composition and provenance of

bottom sediments.

2. To identify sedimented diatom species .

3 . To identify and establish the relative importance of agents

currently transporting sediment to , and within, the lake.

4. To determine average sedimentation rates in the lake and

explain any areal trends .

5. To propose a sedimentation model for Lake Taupo •



·-----------�-�--------·----·--------·-

Fig . 1 . 1 .
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Location of Lake Taupe catchment in the North Island of 

New Zealand. 
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It is hoped that the data resulting from this study will provide 

a base-line against which the effects of future catchment use may be 

measured . 

1 .  3 RELEVANC..'E OF LAKE SEDIMENT RE SEARCH 

A need exists for qualitative and quantitative information on 

lake sediments in New Zealand . Fresh water is one of the country ' s 

major natural resources and lakes are natural reservoirs for this 

resource. 

Lake Taupe , with an area of 616 km2 , is Australasia ' s  largest 

· 1ake and an important resource both for recreation (e. g .  trout fishing,

boating and tourism) and the supply of unspoiled water. Outflow waters

in the Waikato River are used for domestic, agricultural and industrial

purposes, including the generation of electricity at eight hydro-

electricity stations (1045 mW} . Thus management of this resource has

effects well beyond Lake Taupe itself .

Lake management requires planning and policies which take into 

account the various competing pressures for development of catchment 

lands. It is necessary to balance these requirements against the 

need to preserve the quality of the lake and its waters. Lake 

- management clearly requires fundamental data on the lake and in

particular its response to various uses a;,.1d changes within the catch-

ment . Ideally the whole lake system should be considered if valid

cause-and-effect relationshi.ps are to be established.

Sediments are an intimate part of the lake system . They 

influence especially the nutrient budget, and hence the ecology , 



trophic status and evolution rate of the lake, yet little detailed work 

on New Zealand lake sediments is available (Glasby , 1975; Chittenden et  ai.

1976; McColl, 1977) . Sediments provide a record of catchment 

evolution. Vertical changes in sediment character may indicate short

and/or long-term changes in climate ; catchment hydrology, vegetation 

and erosion ; lake plankton, trophic status , and hydrologic regime. 

Tectonic and volcanic events may also be recorded. Areal changes 

in the sediment character may indicate areal changes in the lakes 

hydrologic regime , and the proximity and relative importance of 

sediment sources. 

Knowledge of surficial sediment character provides a base-

line against which future\·.· sedimentary data may be compared . Such 

knowledge is particularly desirable for Lake Taupo which is still in 

almost pristine condition despite farming , forestry, residential and 

recreational pressures in the area·. It is inevitable that the demand 

on this resource will increase in the future (Fig .  1. 2) . 

Population 

Fig . 1 . 2  

80, 000 

60, 000 

40 , 000 

20, 000 

Re sident base + visitor peak 

�::::::::•_:Urban + · rural re sidual base

Taupo Borough resident base 

1945 1950 1955 1960 1965 1970 1975  1980 

Population trends in the Lake Taupo area (W.V .A , 1973)  
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CHAPTER 2 

PHYSICAL CHARACTERISTICS OF LAKE TAUPO CATCHMENT 

2.1 CLIMATE 

The geographic position, altitude and surrounding topography 

(Figs. 1.1 ,  2.6) of the Taupo catchment produces an ' interior ' rather 

than an ' oceanic ' climate, described as cool and superhumid, or micro-

thermal , by de Lisle and Kerr (1963) . Bounding ranges to the east 

and west help create a wind tunnel through which the prevailing winds 

flow (Fig. 2.1) . West and northwest winds flowing over the National 

Park volcanoes and ranges to the west are largely responsible for the 

high rainfalls in the southern catchment and a rainshadow effect to 

the northeast (Fig . 2 . 1) .  Rainfall , temperature and humidity data 

from two extreme stations , Taupo and Chateau Tongariro, illustrate 

the climatic diversity within the catchment (Figs. 2. 2 to 2.4 ) . 

Rainfall is fairly evenly distributed throughout the year, 

although a summer minimum occurs which periodically leads to drought 

conditions in low rainfall areas . Total annual rainfalls may vary 

by up to 50% from the yearly average.  High intensity rainfalls are 

especially characteristic in the southern catchment. 

The overall elevation of the catchment causes considerable 

surface cooling by night radiation, giving a fairly large diurnal 

temperature range. As a result the lower catchment area accumulates 

relatively dense air at the surface giving night and early morning 

calms , especially in autumn and winter (Fig . 2.5 ) . 
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Fig . 2 . 1. 
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Lake Taupe catchment mean annual rainfall distribution 
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1972 ; Maunder , 1974 ) and mean annual percent frequency 

of wind direction {after Garnier , 19 58 ) . 



7 

700 

. .
60  

GO 0

Rainfall 
(mm) 

Ch atea,u 
gan roTon 

40 0 

30 0 
, 

I ,  , 

, , 
' , 

. 
I I . , 200 

-
-

10 0 - - �  -. .  -
.. 

�--

--
- . .
-- · 

I 

. , , i '  
. . . . - -

j�_ · · - · 1 , ,  
4 - {L1Fl

·-

· -

Tau po 

J F M A M J 

Month 

A s 0 N 

( a )  Mean monthly max.ill!um, normal and minimwn rainfalls for 
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( b) Annual rainfall (m.m . ) Mean Mean 
Maximwn Normal 

�aupo (1941-1970) 1720 1199 

Chateau Tongariro 
(1949-1970) 3695 2914 

( c )  Average . number of days 
>1 mm rainfall

Taupo (1949-1970) 8 8 8 9 11 12 12 12 10 
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Fig. 2 . 2 .  Rainfall data from stations at Taupe an d  Chateau Tongariri 

(based on N . Z .  Meteorological Service , 1973 ) . 
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based on N . Z .  Meteorological Service (1973 ) .
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Average seasonal distribution of wind 

calms for Lake Taupo catchment (1938-1948) , 

based on Garnier (1958) . 

A small permanent snow field exists on Mt Ruapehu above 2500 rn 

and rarely descends to below 500 m. During spring and winter snow 

persists above 1500 m. The frequency and amount of snow varies 

considerably from winter to winter. 

2.2 TOPOGRAPHY 

The topography of Lake Taupo catchment is summarised in 

Fig. 2 .6. The depression occupied by Lake Taupo consists of two 

structural entities. The Western Bay area i s  thought to be a 

cauldera resulting from collapse following the eruptions of the 

Whakamaru Ignirnbrite (Briggs , 1976 )  dated at 3 30 , 000 yrs B.P. ( Kohn , 

1973 ) . The rest of the lake occupies part of a long , broad , fault-

bounded depression extending roughly northeast from Turangi to Reporoa. 
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The lake is contained in this trough by Mt Tauhara (1087 · m) ,  a dacite 

cone, and coalescing fans of Waitahanui Breccia and Haparangi Rhyolitic 

»'-!Inice (Fig. 2.7 ) .  This depression is flanked to the northeast by

the ignimbrites of the Kaingaroa Plateau , and to the southwest by

the Kaimanawa Ranges (1372 m ) . F'rom the Kaimanawas to Lake Taupo the

topography consists of undulating _ pumice breccia which has been deeply 

entrenched by streams (Fig. 2.8 ) . 

The western side of the depression is bordered by a prominent 

series of approximately shore-parallel fault scarps extending from 

Te Oineohu Point to the southern end of the lake. The Hipaua Ridge 

Fault continues inland south of the lake , where the effects of contin

uing hydrothermal activity have resulted in landslides in 1834,  1846 

and 1910. These landslides caused partial infilling of the southern 

end of the lake (Fig. 2.9) . 

Around Western Bay the shoreline is dominated by steep cliffs 

of Whakamaru Ignimbrite, often rising almost vertically out of deep 

water and reaching heights up to 300 m above lake level at Karangahape 

Cliffs. To the west of the lake the ignimbrite plateau slopes gently 

up towards the Hauhungaroa Range (914 m) which forms the western catch-

ment boundary. The ignimbrite sheets are dissected by pumiceous ash-

filled valleys (Fig. 2.10 ) .  To the southwest of the lake the rhyolitic 

domes of Rangitukua (729 m ) , Pukekaikiore and Kuharua (1130 m )  rise 

above the plateau. 

To the south of the lake , beyond a plain of pumice alluvium 

and the andesitic cones of Kakaramea (1300 m ) , Tihia (1166 m ) , and 



Fig . 2 .  7 .  

Fig . 2 .  8 .  

1 2  

Catchment topography to the northeast of Lake Taupo : 
Mt Tauhara (dacite 1087 m) , .surrounding fans of Wai tahanui 
Breccia/Haparangi Rhyolitic Pumice and the distant Ka.ingaroa 
ignimbrite plateau . 

Catchment topography to the east of central Stump Bay: 

Rolling lowlands of pumice breccia lie behind a plain 

of pumice alluvium . 

in the distance . 

The Kaimanawa Ranges can be seen 
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Fig. 2 . 9 .  Hydrothermal activity on Hipaua Ridge and along the edge
of Lake Taupe at Waihi village . 

Fig. 2.10. Cliffs of Whakamaru Ignirobrite along the northern side
of the Waihaha River valley, Western Bay, Lake Taupe. 
Similar cliffs surround much of Western Bay. 
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Fig. 2.11.  View from Whangamata Bay across Lake Taupe t.o the snow

capped volcanoes. of Tongariro National · l?ark. Beyond 

the Karangahape Cliffs (right foreground) lie the peaks 

of (right to left) Kuharua ( 1130 m ) , Kakaramea (1300 m) , 

Tihia (1166 m) and Pihanga (1514 m ) . 
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Pihanga (1514 m) , the landscape is dominated by _the andesitic cones 

of Mt Tongariro (1968 m) , Mt Ngauruhoe (2258 m) , and Mt Ruapehu (279 7 m) 

(Fig. 2. 11) . 

At the northern end of the lake northeast trending fault 

blocks project into the lake, the downthrown blocks forming a series 

of small bays separated by prominent peninsulas formed by the uplifted 

blocks . Movement occurred on some of these faults in 1922 resulting 

in shore subsidence of up to 3. 7 m (Ward, 1922) . 

The present shape of Lake Taupe is a relatively recently developed 

one. Pumiceous tuffs overlying lake sediments in the Reporoa Valley, 

the north end of Lake Taupe, and the valley of the Hinemaiaia Stream 

all indicate the existence of a more extensive lake during the 

Pleistocene prior to volcanic activity in the Maroa and Taupe Volcanic 

Centres (100, 000-50, 000 yrs B.P.) . The lake has since been further 

modified by pumice air-fall and ash-flow deposits. Eruptions of the 

Oruanui Formation (Vucetich and Pullar, 1969)  about 20, 000 years ago 

resulted in a westward shift of the eastern shoreline and a rise in 

lake level to 55 m above its present level. 

subsided as outflow incised a new channel. 

The lake level gradually 

The lake was further reduced in size, principally along the 

eastern side , by the widespread and thick ash-fall and ash-flow pumice 

deposits of the 3000-3400 year old Waimahia Formation, and the Taupe 

Ash eruptions of 131 A.D. (Baumgart, 1954 ; Baumgart and Healy, 1956 ; 

Healy, 1964; Vucetich and Pullar , 1964) . The huge amounts of pumice 

both directly deposited and washed into the lake after the Taupo 
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eruptions blocked the outlet. The lake rose to about 34 m above 

its present level where it remained long enough to cut a well 

defined terrace that is vis ible around much of the present coastline 

(Fig. 2. 12a and b ) . Eventually overflow cut the present Waikato 

River outlet and the lake level subsided again. The amount of 

pumice being eroded and transported into the lake gradually decreased 

as water courses re-opened and vegetation became re-established in 

the catchment . 

Most recently, coastal processes have shaped the lake shore-

line, particularly on the eastern side of the lake. Formation of 

a classic birdfoot delta by the Tongariro River, and the flanking 

swamp areas to the south and east of the delta (Fig. 2. 13) illustrate 

the inability of coastal processes in these areas to cope with 

sediment influx. Further eastwards along the coast, at the 

Waimarino River mouth, more exposed conditions and a smaller sediment 

influx have resulted in beach accretion by ridge formation rather 

than by delta formation. These beach ridges, together with ridges 

in southwest Motuoapa Bay which were probably constructed of 

sediments deposited by pre-existing Tauranga-Taupo River courses, 

have formed a tombolo, the Motuoapa Headland (Fig. 2. 14). Beach-

ridge accretion has also occurred along the lake shoreline to the 

north of Te Kohaiakahu Point, probably from pumice eroded from cliffs 

to the south. 
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Ca) 

( b )  

Fig . 2.1 2. Old lake-level terraces around the shores of Lake Taupo . 
(a) Mine Bay. Remnants of a +55 m terrace (�20, 000 yr . B . P . }
remain above a wider +34 m terrace (�1800 yr . B. P . ) . Below 
the +34 m terrace there is evidence of minor still-stands 
during the last major drop L� lake level (Photo- N . Z. Lands
and Survey) . (b) East Coast of Lake Taupe to the north of 
Hatepe. A wide +34 m terrace, fans of alluvi� at valley 
mouths (centre). and cliff erosion (left)  are evidence of 
the erodible nature of the pumice breccia lithology (Photo
C.  Nelson) . 
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( b) 

Fig. 2. 13. Tongariro River delta-Waihi Bay region. (a) 1965. Sediment
laden water from the middle and main mouths of the Tongariro 
River appear to extend into the lake and submerge over the 
shelf edge (cf. Fig. 3.6 ) . Discoloured water ( ?  suspended
sediment, ?organic leachates) enter Waihi Bay from swampy 
regions to the south of the de lta. (b) 1976. Minor 
modifications to the delta since 1965 are evident , particularly
around the middle and main mouths . South of the delta , the 
Tokaanu tailrace (Tongariro hydro-electricity scheme ) discharges
into Waihi Bay . An aquatic weed-bed has developed in the 
vicinity of the boat jetty. (Photos - N . Z. Lands and Survey) .  



19 

C b ) 1965 
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Cc) 1976 

Fig. 2 . 14 . Stump Bay-Motuoapa region showing lake-shelf morphology,
coastal accretion of beach ridges, and Motuoapa tombola. 
(a) 1958. Recent catchment floods have deposited sediment
at the Waimarino and Waiotaka River mouths (centre, bottom
left) , and along the course followed by an over-bank flow 
from the Waimarino River (lower centre) . ' Notches ' along
the shelf-break may indicate past slumping of outer-shelf
sediments. 
(b) 1965. Some growth and re-shaping of the Waimarino ' 
' delta ' has occurred since 1958 . Swell-wave action and/or
longshore currents have modified the shelf-sediment topo
graphy and sealed the temporary flood-flow mouths of 1958 . 
Aquatic weed growth is evident in the sheltered waters of
Motuoapa Bay. 
(c)  1976. Sediment deposits around the Waimarino and 
Waiotaka River mouths appear sta.i:>le and support some 
vegetation . {Photos - N. Z.  Lands and Survey} . 
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2. 3 GEOLOGY

A geological map of Lake Taupe catchment is included in 

the map pocket of this thesis (Map 1) . 

Details of the origin and geological history of the Lake 

Taupe area are complex and not fully understood. Most development 

occurred in the middle to· Late Pleistocene , with modifications 

during the Holocene. The distribution and possible origin of 

Quaternary volcanic rocks have been described by Grindley (1960) , 

Healy (196 2 ,  1964) , Healy et al .  (1964 ) , Grindley and Mathews (1965 ) ,

Mathews (1967 ) and Ewart and Stipp (1968 ) .

The oldest rocks within the catchment are the Early Mesozoic 

greywackes of the Kaimanawa and Hauhungaroa Ranges • .  A schist core 

of possible Permian age is exposed in the Kaimanawas. 

Small areas of Tertiary marine sediments outcrop within 

the catchment including Middle-Late Miocene siltstones and sandstones 

in the southern Hauhungaroas, and Pliocene fossiliferous sandstones ,  

siltstones and limestones in the Moawhango Basin (borrowed catchment) . 

SUMMARY OF VOLCANIC HISTORY 

During the Early Quaternary, elevation of the Kaimanawa and 

Hauhungaroa Ranges and downfaulting of the area between these ranges 

occurred. r,aharic material in the Hauhungaroas and ignirnbrite in 

the Kaima�awas is evidence of volcanic activity prior to these 

movements. Dominantly acidic volcanism has continued through to 

the present day. Reworked material from the early eruptions of 
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ignimbrH:.e c..nd pumice breccia was deposited in a lacustrine environ-

ment in the Lake Taupo region and forms the Huka Group. Rhyolite 

occurs in lavas, domes , pumice breccias , large volumes of welded 

ign .imbrites and as airfall tephra. Andesitic lavas, lahars , and 

ash have dominated the southern part of the catchment since the Early 

Quaternary (Grindley, 1960 ; Grindley and Mathews, 1965; Mathews, 1967 ) .

Lake Taupo catchment includes the Taupo and Tongariro Volcanic 

Centres , two of the five volcanic centres of the Taupo Volcanic Zone 

(Fig . 2.16 ; Healy, 1962, 1964) . The Tongariro Volcanic Centre is 

andesiti c ;  the others are rhyolitic. The rhyolitic centres are 

marked by rhyolitic domes and are flanked to the east and west by 

extensive ignimbrite plateaux. A general volcanic succession for 

the rhyolitic centres has been outlined by Ewart and Stipp (1968) and 

includes chronologically : 

1 . Extensive ignimbrite deposits.

2. First phase of viscous rhyolite lava dome formation (e.g. North

Taupo region, Karangahape, Rangitukua) .

3. Pumice breccia deposits from localised glowing avalanche deposits.

4. Second phase of rhyolite dome s and flows, usually occurring within

the central parts of the volcanic centres (e.g. the domes around

the southern end of Lake Taupo.

5. Violent eruptions of rhyolitic tephra, which blanketed much of

the central and southern North Island.

The stratigraphy and chronology of Late Quaternary volcanic ashes

in the Central North Island are fully de scribed by Healy e t  al .  (1964) , 

and their distribution is presented in a series of isopach maps by 

Pullar and Birrell (1973) . 
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Although all the rhyolites of the Taupe Centre may be correlated 

mineralogically and are treated as one group , they tend to become more 

basic towards the southern end of Lake Taupe (lower quartz content , 

absence of biotite , higher overall hypersthene percentages , and augite · 

in some ; Ewart , 1968 ) . 

As a result of the loss of these vast quantities of magma , warping, 

faulting , collapse and subsidence has occurred , creating the depression 

now occupied by Lake Taupo. Wells drilled at the Wairakei geothennal 

field (Fig. 2 . 16) show alternating lake sediments and volcanic rocks to 

a depth of more than 2000 m ,  indicative of subsidence over a long period . 

Subsidence is still occurring (Ward , 1922) and the volcanoes of the 

Tongariro Volcanic Centre are still active. 

2.4 SOILS 

Catchment soils are almost entirely derived from volcanic materials 

(Fig.  2.17 ; Gibbs et  al .  1968 ) . The two main soil types are yellow-

brown pumice soils and central recent soils from volcanic ash (Fig. 2.18 ) . 

A small area of central yellow-brown earth and central yellow-brown 

loam occurs against the western catchment boundary , and a small area of 

recent soils from alluvium occurs at the southern end of Lake Taupo. 

The volcanic parent materials largely determine soil properties and so 

influence th� erosion rates and derived sediment properties. 

Yellow-brown pumice soils 

Yellow-brown pumice soils are the most extensive within the 

catchment and are partly or wholly formed on Taupo Ash. "- the soil-

forming deposits consist of silty ash over sandy a sh over gravelly sand 
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or gravel. Around Lake Taupo - the surface layer is a sand; -" (Gibbs 

et al . 1968, p.50) . They are coarse textured , friable, porous and 

weakly weathered, containing vesicular pumice fragments throughout the 

profile. The clay content (5-15%) is dominated by allophane together 

with some amorphous hydrous iron and aluminium oxides and silicates 

(Fieldes, 1968) . The allophane forms a stable mineral-organic complex 

with humic material which inhibits the decomposition of organic matter , 

particularly in the topsoil (Fieldes, 1955) . Yellow-brown pumice 

soils may be influenced by subordinate amounts of greywacke , Ngauruhoe 

Ash , and andesitic Mangatawai Ash (Fig. 2.17; Pullar e t  al .  197l) . 

Central Recent Soils from Volcanic Ash 

Within the catchment these soils are derived wholly or predominantly 

from andesitic ash erupted intermittently from Mt Ngauruhoe and Mt 

Ruapehu since the 131 A.O. Taupe Pumice eruptions. The soils are 

friable and have a high organic matter content in the subsoil due to 

gradual burial of topsoils by successive eruptions , 60 of which have 

occurred in the last 100 years. The clay fraction composition is 

similar to that of yellow-brown pumice soils. 

Recent Soils from Alluvium 

These soils are derived from undifferentiated alluvium eroded from 

inland catchment areas. They occur in drainage valley bottoms at the 

southern end of Lake Taupe, where they mark an area of Holocene sediment 

accumulation that has partly infilled the lake. Close to the lake 

shore these soils become more peaty, water-logged and swampy. 
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The soil classes for potential pastoral use and present 

catchn�nt land use are given in Figs. 2. 19 and 2. 20 respectively. 

2.5  VEGETATION 

A detailed description of the catchment vegetation is given by 

Toohill and Fletcher (1971) , and is summarised in Fig . 2. 2 0. 

Vegetation remains largely in a pre-European state over much of the 

catchment, as indigenous forests, National Park and scrublands. 

Four geographic areas are characterised on the basis of vegetation. 

1 . Taupo Lowlands

Most land development has occurred on the flats of the Taupo 

Lowlands, much of which is  now pasture grassland, particularly to the 

north and west of the lake , or exotic forest. Scrub cover (manuka, 

Draaophy ZZwn suhuZatwn, silver tussock, fern and tutu) remains on 

the steeper slopes of the lowlands, particularly to the east of the 

lake. Some podocarp regeneration is occurring amongst the scrub 

cover . On the less fertile, water-sorted gravelly pumice soils 

DraaophyZ Zwn suhuZatum and red tussock become dominant. A large 

area of swamp vegetation occurs around the Tongariro Delta. 

2 .  Kaimanawa Ranges 

In the northern Kaimanawas the forest is dominated by red and 

silver beech . Undergrowth is sparse due to deer browsing. Along 

the northwest margin and extending towards Lake Taupo beech is 

replaced by podocarp specie s (matai, rimu , miro , Hall ' s totara) . 

Below the timber line, fern dominates the ridges, and manuka the 

flatter ground. Above the timber line danthonia tussock lands occur 

with associated sub-alpine_ herbs and shrubs . 
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Extensive screes with sparse vegetation are characteristic of 

the Middle and Umuarikaru Ranges , although close associations of snow 

grass and scabweed occur in sheltered areas . In the Moawhango Basin 

tussock grasslands dominate with localised stands of mountain beech. 

3. Hauhungaroa Range

Above about 900 m altitude scattered Hall ' s  totara are emergent 

over dense kamahi and scrub hardwoods. Below this altitude to about 

500 m rirnu and matai are the main podocarps but miro , totara, kahikatea, 

tanekaha and toatoa also occur . Generally the podocarps are concen-

trated on the spurs and elevated areas while tree ferns and scrub 

hardwoods dominate the narrow deep gullies . 

been milled, leaving only hardwoods . 

4. Tongariro Mountains (National Park)

Many areas have, however, 

Below about 1200 m altitude the vegetation is dominated by 

DraaophyZ Zum Zongofolium var. filifolium (inaka) and red tussock;  in 

boggy areas, however, umbrella fern, wire rush and sedge tussock 

become dominant . With increasing altitude to about 15 30 m, inaka is 

replaced by DraaophyZZum recurvum, and pigmy pine, snow totara, 

mountain gaultheria and whip cord hebe occur . Beech forests occur 

on the southwest slopes of Ruapehu and along streams on the eastern 

slopes of Tongariro. 

Above about 1370 m plants become more scattered with increasing 

altitude. Native forest and scrub give way to tussock grassland 

which in turn passes into gravel fields and bare rock. 
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Further north, fern and broom cover extensive areas around 

L·ake Rotoaira, and forests of mixed podocarp emergent over hardwoods 

occur on the mountains Kuharua, Kakaramea and Pihanga. 

2. 6  HYDROLOGY 

There are more than 60 streams and rivers flowing into Lake 

Taupo although many of these are ephemeral (Fig. 2.21 and Appendix 1) . 

The high natural .absorbancy of pumice soils, combined with rainfall 

spread throughout the year , has resulted in fewer running water 

courses than would otherwise be expected (Burton, 1970) . 

There is little flow data for rivers entering Lake Taupo 

(R. · Pittams, 1978 ; pers. conun.) and accurate flow-rate and seasonal 

distributions are available for the Tongariro River only. White 

and Downes (1977) claim that seasonal flow characteristics of the 

Tongariro River are probably unique as it drains the highest rainfall 

area in the catchment. It is also affected by delayed snow-'-melt 

runoff. Observed maximum and minimum discharge figures for some of 

the larger riven;; are available (National Water and Soil Conservation 

Organisation, 1976 ; Table 2.la), but flow-rate frequency figures are 

not, thus average flow rates cannot be accurately calculated . 

of magnitude discharges for, each of the given rivers have been 

Order 

calculated using the arithmetic mean of each discharge range (Table 2.lb) . 

The river discharge figures are a product of a sub-catchment area 

(Fig . 2.21) and its specific discharge (Fig. 2 . 22) . Specific discharge 

figures reflect rainfall characteristics , catchment steepness, the 

nature of the regolith and vegetation. The highest specific-discharge 
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Fig. 2. 2l. Sub-catchments within Lake Taupo catchment . 

N. B. 1. See Appendix 1 for stream names and sub-catchment areas. 
2. Sub-catchments 13 and 17 drain into sub-catchment 12 and

then into Lake Taupe 
Runoff from sub-catchment 14 , 15  and 16 will be diverted into
Lake Taupo. as a result of the Tongariro Power Scheme. 
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Table 2 . 1 . (A) Ranges of observed river and stream discharges into 

Lake Taupo (based on National Water and Soil Conservation 

Organisation, 1976) , and (B)  approximate mean discharge 

percentages based on (A ) . 

A. 1. Mainly unmodified catchments B . 

River, stream Discharge ( 1/sec )  Mean discharge (% of  total) 
-

Waihaha 3000-11000 4 

Waimarino 800-5000 4 

Tokaanu 1000-2000 1 

Tailrace 
{Tokaanu) 31, 000-112, 000 4 3  

(controlled ) 

Tongariro 28, 000-60 , 000 27 

2 .  Catchments partly modified by forestry 

Hinemaiaia 5000-10, 000 5 

Tauranga-Taupo 4000-16, 000 6 

Waitahanui 6000-8000 4 

Mangamatu ± 2000 1 

Whanganui 700-2000 1 

3. Catchment mainly modified by agriculture

Kuratau 2800-10, 000 4 

Whareroa 900-2000

Otahetahe 40-100 - (0. 04 )

Omori 300-700 - (0. 3 )

N. B. (1 ) Mean discharge figures are means of the given discharge ranges, 

not necessarily real average flow rates. 

(2) The frequency distribution of various flows within each range

is not known.

(3 ) Mean discharge percentages have been calculated assuming 100%

from only the above inflows .

(4 ) The outflowing Waikato River has an average flow of about

129, 000 1/sec (White and Downes, 1977 ) .

I 
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figures occur at the southern end of the catchme_nt where the highest 

rainfalls , mountainous terrain and poor vegetation cover or bare 

rock occur. 

Tephra deposits, softer ignimbrites and coarse pumice breccias 

are both porous and permeable . Welded ignimbrites have little 

porosity but a high mass permeability due to numerous joints. The 

rhyolites and greywackes are less permeable and rivers flowing from 

the Kaimanawa Ranges are liable to violent flooding, particularly 

from short duration, high intensity storms. 

A comparison of the average runoff figures from stations at 

Chateau Tongariro and Taupe indicate broadly similar trends with 

time , although the autumn runoff at Chateau Tongariro begins to 

increase a month earlier than at Taupe, and a runoff peak occurs 

at Tongariro during October, probably as a result of melting snow 

(Fig. 2. 23) . The average annual runoff at Tongariro is about 

four times greater than that at Taupo. 
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// R unoff < no def i c i t > -- .. chateau 
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y
�r.�. ):--"='-----:. ra upo 

· · · ··· · · \ • • · · · · 
. . . . . . . .. D e f ic i t  
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Fig.  2 . 2 3 .  

M A M J J A S  

Month 

0 N 0 

Estimated average water balance for Taupe (1950-19 70 )  

and Chateau Tongariro (1940-1970 ;  based on New Zealand 

Meteorological Service (1973) . 
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Fig . 2 . 24 .  The Tongariro hydro-electricity scheme , showing the diversions
of borrowed-catchment runoff through Lake Rotoaira into Lake Taupo .
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The magnitude of groundwater movement towards Lake Taupo is 

unknown . Wh ite and Downes ( 19 7 7 ) have arbitrarily e stimated ground-

water flow dire ctly entering the lake as one percent of the total 

land drainage .  

Borrowed Catchment 

The 'l'ongariro hydro-electricity scheme to the south of Lake 

Taupo diverts the runoff from more than 2 500 sq. km of land into 

Lake Taupo , and will eventually increase the lake outflow by about 

2 7%. The development involves a serie s of intakes , tunnel s  and 

dams (Fig . 2 . 2 4 ) . The Western D1version has been in operation since 

19 72 ,  and diverts a mean flow of 20 cumecs from the Wanganui River 

catchment on the western flanks of the National Park volcanoes , into 

Lake Rotoaira . The Moawhango Diversion will  intercept a mean flow 

of 13.6 cumecs from the tributaries of the Rangitikei River which 

drain the southeastern side of Mt Ruapehu and the southwestern end 

of the Kaimanawa Ranges , and divert it into the Tongariro River. 

Further down the Tongariro River some flow is diverted into Lake 

Rotoaira at the Poutu Intake during peak discharge s. Water from 

Lake Rotoaira eventually discharges into Lake Taupo via the Tokaanu 

tunnel , power station and tailrace . The tailrace maximum and 

rninirnwn di scharge figures are given in Table 2. 1. 

2. 7 CATCHMENT EROSION

A map o f  Lake Taupo catchment erosion is inc luded in the 

map pocket of this thesi s (Map 2 ) . 
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Erosion of soil and cover deposits is . the first stage in 

sediment transport to Lake Taupo. The potential and actual erosion 

problems concen1ing both the lake and catchment have been primarily 

responsible for the proposed land-use and conservation measures 

adopted for catchment management under the Lake Taupo Catchment 

Control Scheme (W.V.A . ,  19 7 3 ) .

Immediately after deposition of the Taupo Ash ( 131  A.D.) 

widespread erosion of pumice occurred in the lower catchment areas 

and deep gullies were excavated that remain today as dry gullies 

(Healy , 1967 ) . Huge amounts of pumice were washed into Lake 

Taupo. Eventually the unchoking of drainage channels and the 

return of vegetation reduced erosion rates. In higher country the 

mantle of Taupo Ash was protected by forests that largely survived 

the eruption . 

Today erosion is  not a serious problem { Ma� 2, map pocket) 

but potential erosion risks are high, the critical factors being 

the type and extent of vegetation , slope steepness, and the intensity 

and duration of rainfall . These factors are reflected in the 

classification for potential pastoral use (Fig. 2 . 19 ) . On topo-

graphic highs, Taupo Ash tends to be finer textured and more compact, 

thereby preventing excessive runoff and erosion. Although in gullies 

and val ley bottoms pumice material is coarser (Healy, 1967 ) , it is 

also deeper ,  which gives soils a free drainage similar to that of 

uplands arid hi.llslopes (Vucet.ich , 19 6 0 ) .
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Low bulk density, poor partic.le cohesion , and the positive 

buoyancy of dry pumice particles make rhyolitic ash deposits susceptible 

to erosion by running water. Soil porosity reduction and the conseq-

uent increase in surface runoff result from conversion of scrub to 

pasture, stock trampling and camping, and track formation (Healy, 

1967 ; Selby, 1967, 1973) . Concentrated flow may initiate small 

scours 'which .rapidly increase in size by lateral and/or headward 

erosion. Healy (1967 )  found that the Taupe Lapilli member is 

particularly prone to erosion of this type . Gully depths rapidly 

increase until underlying, more compact ash deposits or ignimbrite 

are reached. Such ril� sheet and gully erosion is common in the 

Hauhungaroa and northwest Kaimanawa Ranges as a result of logging 

tracks in pumice Cw. V .A . , 1973) • Erosion of pumice becomes very 

severe when land development leads to the reactivation of dry gullies, 

and at present, gullies up to 12 m deep on some farms are causing 

serious concern. 

Along stream and lake edge s ,  native bush root structure is 

insufficiently fibrous to prevent serious slipping and erosion 'where 

runoff from adjacent farmland is extensbre (Burton, 1970; Selby, 1974) . 

Such slips have occurred in the Waimarino, Waiotaka an� Lower Tauranga

Taupo catchments where vegetation has been severely depleted (W . V .A . ,  

197J) . Bank erosion occurs in most places where streams are 

entrenched in ignimbrite gorge s. 
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Where hard rock is close to the surface the erosion risk is  low, 

unless the rock is brec·cia where terracette creep, sheet and rill 

erosion may occur. Steep breccia faces are also liable to slip 

erosion and this is occurring on lake-shore cliff faces to the north 

of Hatepe (Fig. 2. 2 5). 

Where ignimbrite is close to the surface, the. land is 

particularly stable because of the characteristic low, flat relief 

and the high mass permeability due to numerous joints (e. g. north-

western catchment ; Map 2, map pocket} . 

permeable . 

Rhyolite is generally less 

In the southern catchment Ngauruhoe Ash is liable to all types 

of erosion because of the higher altitude , heavy rainfall, wind 

exposure, frost action, and the existence of underlying, greasy, 

weathered Tongariro ash beds. 

Whangaehu River . 

Lahars have occurred recently in the 

At high altitudes and where cover deposits have been removed, 

bare shattered rock suffers physical weathering. Debris avalanches 

occur on greywacke and schist, and extensive rock-fragment pavements, 

which scree creep, occur on argillite (W .V .A . l973 ) ,  This type of 

material is being carried from the Kaimanawa Ranges to Lake Taupo by 

the larger streams and rivers. 

Recent erosional events affecting Lake Taupo that have been 

documented {W.V.A. , 1973) include : 

1. In 1971 a flash flood occurred in the Otakitaki catchment, which

drains 2, 550 ha . ,  most of which has been developed by the
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Lands Department. Extensive erosion damage occurred down-

stream in the scenic reserve area and a large debris deposit 

appeared in Lake Taupo offshore from the stream mouth. 

2 .  Development and drainage of the Ruku Development block , 

(930 ha. of mainly peat} , by the Lands Department led to down

stream flooding and erosion problems. 

3 . Inland road building activities has resulted in a large silt

load being deposited in Lake Taupo under the Waikino Falls.

A sandbank now occupies water which was originally 4. 5 m deep.

4 . Flooding of 400 ha . of farmland and much of the residential

area on the alluvial fan of the Tauranga-Taupo River occurred

during the major flood events of February 1958 and March 1964.

Proposed control works were designed to pass ·all flood water

directly to the lake.

5 . The Waimarino and Waiotaka Rivers have had similar flood

characteristics to the Tauranga-Taupo River.

Flood control works that prevent sediment deposition on the

natural flood plains must have inevitably increased the am01i1nt of 

sediment reaching Lake Taupo. 

Wind may also transport eroded material to Lake Taupe. 

Mathews (l972) has calculated that an average of at least 3. 8 tonnes 

of topsoil/ha. /year are removed from cultivated land in New Zealand 

by wind. This is probably not a net loss as redeposition must 

occur, but his calculation suggests a massive movement of nutrients 

as the highest levels of fertility normally occur in the top few 

centimetres of soil. Cultivated or exposed yellow-brown pumice 
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soils are undoubtedly more sus�eptible to wind movement than other 

soils which have a higher bulk density and greater particle cohe sion. 

Large areas of bare soil occur within the catchment at times as a 

result of drought, over-grazing, scrub removal , forest felling and 

fire . 

Undoubtedly much of the material eroded within the catchment 

is not transported directly to Lake Taupo but is deposited within 

catchment "sub-traps" ,  particularly in the southern part of the 

Basin where erosion is most severe . 

Fig. 2 .25 .  Erosion o f  pumice breccia cliffs to the north of 

Hatepe (right) .  Material slumps on to the beach ; 

then is removed by wave action and northward longshore 

currents.  
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CHAPTER 3 

MORPHOMETRY, HYDRODYNAMICS, AND 

AQUATIC FLORA OF LAKE TAUPO 

Morphometric data .for Lake Taupo are summarised in Table 3. 1 .

A bathymetric map of the lake is included in the map pocket of this 

thesis (Map . 3 ) , and three bathymetric cross-sections are given in 

Fig . 3. 2a , b and c .  

Terminology for lacustrine environments is based · on bottom 

gradients , depth , and relationship to the lake shore (Fig . 3 . 1 ) . 

Approximately one third of the area of Lake Taupe is contained 

within the 120 m isobath at the northern end of th� lake . Within 

this area deeper parts occur in the Whangamata (145-150 m ) and 

Waitahanui (155-160 m) Basins (Fig . 3 . 2a} . More than half the 

remaining area occurs as level or gently sloping plains between 100 

and 120 m depth ( Map 3, map pocket} . Towards the eastern shore the 

bottom gradient progressively increases on the rise to about 15 ° near 

the foot of the slope (40-70 m} . An angle of about 20-25 ° is main

tained up the slope to the shelf-break at 5-10 m water depth after 

which the sbelf gradually shallows shorewards (Fig . 3 . 2b and c} . 

Towards the western and much of the northern shoreline, particularly 

where coastal cliffs plunge almost vertically into deep water, slope 

and shelf features are absent or poorly developed (Fig. 3 . 2b and c} . 

In the centre of the ·1ake a considerable area rises above the 

100 m isobath, with two topographic highs rising to within 60 m of 
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Table 3 . 1 Morphornetric Data for Lake Taupo (mainly after Jolly, 1959,
1968 ; White and Downes , 1977) • .  

Trophic status 
Thermal classification
Latitude 
Altitude 
Area 
Maximum length
Maximum width 
Maximum depth
Average depth
Volume 
Direction of major axis
Length of shoreline 
Length of shoreline as sand/gravel

beaches 
Length of shoreline as cliff/

deep water 
Surface water temperature
Bottom water temperature 
Lake level range (maximum 
controlled eater level - mean
low water level) 

Oligotrophic 
warm monomictic
38° 05 ' south 
369 m a .  s .l.
616 km2 

40 km 
27 km
164 . 6  m 
97 . o  m 
59. 1 X 10 6 m 3 

southwest-northeast
155 km 
87 km 

68 km 

21. 5-10.6°C
10 . 8-l0. 5 °c

1. 4 m 

Table 3. 2 Estimated average annual water budget for Lake Taupo
(White and Downes, 1977 ) 

Outputs 1 .  Waikato River (Q ) 4071.1 X 106 

2 .  Lake evaporation (E ) 472. 8 X 106 

Inputs 1 .  Rainfall on lake (R) 7 23 . 2 X 10 6 

2 .  Total land drainage 38 20. 7 X 106 

(Q '. ) J. 

where Qo 
= annual average discharge of Waikato River 

E = annual average evaporation loss from the lake 

R = annual average rainfall on the lake 

Qi 
= Q + E - R
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the surface (Fig. 3. 2a; Map 3 ,  map pocket} . To the east of this area 

the lake bed topography becomes very rugged. Motutaiko Island and 

Waitahanui Bank rise almost vertically for 140 m from the lake floor, 

and the Horomatangi Reefs (<5 m deep) enclose the deepest part of the 

lake (164. 6 m ;  Fig. 3. 2b) . 

Lake Taupo is not a very deep lake by New Zealand standards 

(e. g. Lake Hauro�o and Lake Manapouri in the South Island reach depths 

of 462 m and 444 m respectively) but it has a fairly uniform depth, 

with only small areas shallower than 90 m, and consequently contains 

a relatively large volume of water (Table 3. 1) .  

The average annual water budget for Lake Taupo is given in 

Table 3. 2, and the residence time of a water particle in Lake Taupe 

(i . e .  lake volume/average annual outflow + lake evaporation) has been 

calculated at 13  years (White and Downes, 1977) . 

3. 2 LAKE HYDRODYNAMICS 

Thermal structure 

Lake Taupe is thermally classified as warm monomictic , that 

is , it is thermally stratified in summer and not below 4°C in winter 

(Hutchinson, 1957 ) . When the lake is stratified a warm, almost 

homogeneous upper layer (epilimnion) is separated from relatively 

colder botto� water (hypolimnion) by a layer (metalimnion) showing 

a marked temperature gradient, the thermocline (Fig. 3. 3) .  With 

the onset of winter heat is lost from the surface waters until the 

epilimnion temperature reaches that of the hypolimnion (Fig. 3. 4) , 

thermal stratification break.s down , the lake becomes hornothermous 

and there is a general mixing of the waters by wind induced currents 
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and wave action , inducing overturn. Lake Taupe is thermally strati-

fied for about five months of the year, from December to April , with 

the epilimnion reaching about 50  m depth j ust before overturn (Fig. 3. 3b } . 

The thermal structure is influenced by a number of factors 

including local climate variability , the area, depth and shape of the 

lake, and its exposure to wind. The main mechanism by which the lake 

stratifies results from the unstready and non-linear interaction between 

wind-induced turbulence and the stable buoyancy gradients in the lake 

due to surface heating (Sundaram and Rehm, 1973} . Wind facilitates 

heat uptake by mixing the surface water� through swell and wave action , 

thus forcing down the thermocline ( Stout , 1973; Jolly and Irwin , 1975 } .  

Because of the exponential relationship between wind velocity and wave 

magnitude , periods of strong winds could be expected to have a greater 

effect than longer periods of more moderate winds. 

Lake Taupo water-level records show that surface seiches may 

produce 0. 2 m water-level changes within 20-30 minutes (R. Pittams, 

1978; pers. comm. } .

probably occur also. 

Internal seiches at the thermocline boundaries 

Internal seiches generally have greater amplitudes 

than surface seiches because of the smaller density difference between 

cold and warm water compared to that between air and water. They help 

to increase the depth of the thermocline by displacing hypoliminetic 

waters to the surface at the down-wind end of a lake , resulting in an 

increased heat uptake by the cooler water (Green , 1975; Sundaram and 

Rehm , 1973} . 

The existence of internal seiches in Lake Taupo would influence 

the dispersal of suspended sediments as the turbulence produced would 

help to maintain the suspension , while the rhythmic changes in current 
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direction , as the metalimnion waters were squeezed in alternate direct

ions, would lead to lateral transport. 

Wind effects are enhanced in Lake Taupo because it has a large 

surface area, it is in an exposed location, and it has its long axis 

parallel to the prevailing southwesterly winds (F'ig. 2 . 1) • The long 

fetch and deep mixing produce a relatively deep thermocline. Meteoro

logical data (A . J . Tomlinson , 1977 pers . comm.} indicate that the strong

est winds generally occur during spring and early summer when the lake 

is warming. 

Lake circulation and inflow currents 

No quantitative data on lake-circulation or inflow currents 

are available for Lake Taupo. However, the magnitude and direction 

of currents within a lake result from combinations of driving forces 

that are variable in time and space. Such currents include those 

that are wind, density, and thermally driven; inflow to outflow drift; 

geostrophic circulation (i . e . the faster response of shore zones to 

thermal forcing during spring and autumn ) ; and deflection of flow 

by the Coriolis force. Wind is overall the most important force. 

Wind drag on a lake surface creates several types of currents including 

cyclonic surface flow (Emery and Csandy, 1973;  Sundaram and Rehm, 197 3; 

Bennett, 1974} , upwelling, downwelling and lateral return flows (Bennett, 

19 74 ;  Lambert and Luthi, 1977; Lien and Hoopes, 1978 ) , seiches, and 

currents associated with wave activity (e . g. longshore drift) . 

The Waimarino, Tauranga-Taupo, Kuratau, Waihaha Rivers and 

Hinemaiaia Stream all have spits extending approximately northwards 

across their mouths , indicating a similar net direction of longshore 
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drift and wave action in these areas. A shelf lobe to the no�th of 

Hatepe also extends northwards, although its proximity to the Horomatangi 

Reefs and a large bench cut into ptunice breccia by higher lake levels 

suggest that it may not be entirely composed of unconsolidated sediment. 

Waiotaka River (Stump Bay) and Whanganui Stream (southern Western 

Bay) have southward pointing spits at their mouths, probably because 

they are sheltered from the effects of prevailing southwesterly winds 

and exposed to longshore drift induced by winds from other quarters. 

The directions of circulation currents in the deeper parts of 

Lake Taupo may be revealed by pattern of sediment deposition. 

Inflow currents are the intra-lake extensions of streams and 

rivers discharging into a lake . In Lake Taupo the largest inflows 

occur around the southern erid (Table 2.1) and the only outflow 

(Waikato River) is in the northeastern corner of the lake. The 

relative densities of stream and lake water, which determine the 

passage of inflowing water once it has entered the lake, are a 

function of water temperature and suspended matter content. Several 

variants of continuous density currents may occur (Fig. 3. 5;  Bates, 

1953; Bates and Freeman, 1953) , thus the type of inflow can be 

expected to have a strong influence on sediment transport and dispersal 

within a lake. 

Flood discharges continuing as turbidity underflows have been 

detected in Lake Meade, U. S.A .  (Grover and Howard, 193 8 } , Lakes Thun 

and Walensee , Switzerland (Lambert and Luthi, 1977 } ,  and have been 

artificially generated in Lake Superior, Canada/U.S.A. (Normark and 

Dickson, 1976) . 
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The exact hydrodynamics of i?1terflow and underflow and their 

effects on the surrounding lake waters are not fully understood. 

Recent work in switzerland by Lambert and Luthi (1977) suggests that 

natural underflows are highly turbulent with a maximum velocity near 

the upper interface. A layer of overlying water with a thickness 

approximately equal to that of the underflow is dragged along , with 

a reverse flow above it. When interflow occurs the maximum return 

velocity occurs below it in the denser part of the lake basin. 

When turbid flows disappear abruptly within a short distance 

of the shore , underflow or interflow is occurring. This type of 

situation was observed in Lake Taupo near the mouth of the Tongariro 

River during April 1978. Flow in the Tongariro River had increased 

as a result of heavy rain. The river water was noticeably discoloured 

and had a temperature of 11. 8°c. At the mouth the river flowed about 

40 m into the lake before disappearing abruptly beneath surface lake 

waters having a temperature of 17. 6 °c {Fig. 3. 6) . Calculated water 

densities based on temperature alone suggest that interflow in the 

region of the thermocli�e was probably occurring , as lake bottom-water 

temperatures remain at l0. 4-l0. 6 °c all year {Golly , 1959) . A layer 

of water containing suspended silt-sized material was observed at a 

depth of 25-30 m off the Kuratau delta in Lake Taupo by A.  Devcich 

(1978 , pers. comm. ) while scuba diving on a zoology research trip 

during March , 1978. The water temperature was 19. 7°c above the layer 

and 15. 1°c below it. The layer was very distinct and swirled as he 

descended through it. There are also hearsay reports of scuba divers 

in Lake Taupe who , believing they have reached the lake bed , become 

alarmed to find themselves only sinking through a layer of discoloured 

water. 
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Fig . 3 .6.  Turbid water flowing from the Tongariro River (blind mouth) 

during April , 1978 . At the shelf edge the turbid flow 

(11 . 8°c )  disappears below the warmer 17 .6°C surface waters 

of Lake Taupe . 
• . .  .,;;; . .
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If lake outflow and surface waters are clear at times of 

turbid inflow , it is reasonable to assume that a pool or layer of 

turbid water has formed at some depth in the lake from which particu

late matter will gradually settle and that the outflow is being fed 

only by the epilimnion. 

3.3 AQUAT C FLORA 

Macrophytes 

Rooted aquatic plants in Lake Taupe consist of a mixture of 

indigenous and introduced species. They grow in water depths down 

to about 10 m and are most abundant on less exposed shelf areas 

(e.g. Waihi , Stump , Motuoapa , Acacia and Whangarnata Bays ) . 

Native macrophyte species in Lake Taupo include My'f'iophyZZum,

Potamogeton, GZossostigma and characean algae. Introduced species 

include EZodEa canadensis, Lagarosiphon major, CeratophyZZu�,

RanuncuZus and Egeria (Chapman , 1970 ; Brown, 1975 ; Coffey , 1975 ; 

J. Clayton, 1977 , pers. corrun.).

GZossostig�a is often first to colonise the substrate in 

water depths of  0.5-2.0 m, and mounds of entrapped sediment begin 

to form (Fig. 3. 7). These mounds may develop as other species become 

established (e.g. MyriophyZZum, Potamogeton ) and reach heights of 0.5 m 

in Lake Taupo (Fig. 3.8). Wave action may subsequently cause mound 

migration or destruction (J. Clayton, 1977 , pers. corrun.) . Chapman 

e t  aZ .  (1971a, 1971b) have de scribed a similar evolutionary sequence 

in the Rotorua lakes. MyriophyZZum and Potamoge ton species grow to 

depths of several metres but do not form closed canopies (Fig. 3. 9). 
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Fig. 3 . 7. Initial colonisation of shelf sediments by C'lossostigma

submersum. (Depth, �l m; location, near Te Moenga; 

Photo - J. Clayton) . 

Fig . 3 .8 .  A 0. 3 m high mound of sediment entrapped by mainly 

MyriophyZ Zwn eZatinoides and Isoetes kirkii . (Depth, 

"-1 . 5  m; location , Kuratau shelf ; Photo - J .  Clayton) .
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Fig . 3 .  9. Potamogeton crispus growing on the lake bed ne ar waihi.  

( a )  

Note the rounded pumice gravel . (Depth , I\J2 m ;  

Photo - J. Clayton ) • 

Fig. 3 . 10 .  Den se ,  encroaching stands of Lagar'osiphon ma;jor (a )  on the 

Kuratau shelf and (b )  in Stump Bay , about 100 m off Waiotaka 

River mouth. (Depths , I\J3 m; Photos - J. Clayton ) . 

5 
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Fig . 3. lO( b )  

Fig . 3. 11. Elodea canadensis growing on slope sediments just 

below the Kuratau shelf-break . (Depth , �6 m; 

Photo - J .  Clayton) . 
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Mixed indigenous rnacrophyte communities may be replaced by 

introduced macrophytes, which typically form single species 

communities with closed canopies , particularly in the case of Elodea

canadensis and Lagarosiphon m:ijor (Brown et aZ . , 1973; Brown, 1975) . 

Lagarosiphon grows at depths of 2-6 m g-enerally, although it may 

occur at shallower depths in she ltered areas (Chapman et  al . , 1971). 

In Lake Taupe , it presently dominates the inner zones of Waihi Bay 

(Wilson and Turner, 1971) , Acacia Bay, and occurs around Kuratau and 

Stump Bay to Motuoapa (Figs. 3. 10a and b; J .  Clayton, 1977, pers. 

conun. ) .  Lagarosiphon major will eventually dominate all submerged 

communities and may completely displace native plant communities 

within its depth range (Coffey, 1975). It Decame a serious problem 

in the Rotorua lakes in 1958 (Chapman, 1975) . Elodea canadensis

grows mostly on a silty substrate and may form dense bed� especially 

at the lower depth limits of Lagarosiphon major , as is the case in 

Waihi Bay (Wilson and Turner, 1971) and Kuratau (Fig. 3. 11 J .  Clayton, 

197 7 ;  pers. com.�. ) .  Characean algae (Nite ZZa spp. ) may also form 

dense meadows at the lower limits of macrophyte growth (Coffey, 1970). 

Algal Flora 

Algae occur in three communities;  floating or freely suspended 

(phytoplankton), attached to, or moving on, a living substrate (aufwuchs) 

or the lake bottom (benthos; Cassie, 1974) . A list of common algal 

species in Lake Taupe is given by Hill_ (1975 ) . 

Phytoplankton in Lake· Taupe are characteristic of an oligotrophic 

environment, being relatively sparse (circa 50 cells/ml), having fewer 

than twelve common species and dominated by diatoms, particularly 
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Me losira sp. ' A ' {Jolly , 1959 ;  Hill, 1975 ; Table 3.3) . Diatoms are 

also the major constituents of aufwuchs and benthos {Cassie, 1974 ) . 

Diatom cells are encased in rigid , opaline, silica frustules 

and may be solitary , colonial, or filamentous in habit . Classification 

is based largely on distinctive frustule characteristics of which there 

are two general expressions of form giving two orders ; pennales one 

elongate (cigar- , boat- or wedged-shaped) and have bilateral synunetry, 

centrales have a circular outline (pillbox-shaped) with radiate orna-

mentations . After death the frustules usually sink to the lake bottom 

and are incorporated into the sediment. 

Bacillariophvceae Abundance 

CycZote Z Za s te ZZigera Cleve and Grun p 

CycZote Ua spp. p 

Me Zosira sp. ' A ' A 

Asterione ZZa formosa Hass. p 

Synedx>a aaus Kutz p 

Synedx>a ulna (Nitzsch.) Ehr. R 

Fragilaria sp. R 

A =  Abundant component of the phytoplankton. 

Species often dominant for some period. 

P = Species relatively common in both sedimented 

and net plankton, but species never dominates 

plankton. 

R = Species rarely seen in sedimented plankton but 

present in moderate numbers in net plankton. 

Table 3. 3. Diatom species observed in Lake Taupo 

by Jolly (1959) and Hill (1975) . 

Abundances were observed at the lake 

outflow {Waikato River) by Hill. 

MeZosira sp. ' A ' are least abundant at 

the outflow when the lake is stratified 

(Thomason , 1960 ; Hill, 1975) . 
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CHAPTER 4 

FIELD WORK AND PRELIMINARY INVESTIGATION 

4.1 OUTLINE OF FIELD WORK 

95 surficial bottom sediment samples and six cores were 

collected at Lake Taupo from the University of Waikato ' s  barge, 

or from a run-about supplied by H. Larsen , during February 1977. 

A further 22 surficial samples were collected from a launch supplied 

by Ecology Division, D. S.I. R . , Taupo in May 1977 . 

An echo-sounding survey was carried out from the N. Z . O. I. 

boat ' Taraiti ' in April 1978 with a Raytheon RTT-lOOO (A) Portable 

Survey System using 200 kHz and 7kHz frequency signals. 

4. 2 SAMPLING NETWORK

Ideally, the accurate determination of sediment facies 

boundaries requires a sampling network of sufficient density so as 

to minimise subj ective interpolation and to ' average out ' samples 

which for any reason are not representative of the area from which 

they were taken. Systematic sampling along a grid has greater 

accuracy than random sampling ( �cCamrnon, 1975 ) .  

At Lake Taupo a basic grid-system �pproach was modified by the 

need to obtain a greater sampling density in the southern part of the 

lake where the largest inflows occur , by the resources and time 

available for both field and laboratory studies, and by field 

conditions and practical logistic requirements. The closest site 

densities occur along transects across several shelf-slope and delta 

areas where sediment characteristics change most rapidly with bathyrnetry. 
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Core samples 

Sediment cores were obtained primarily for identification of 

any reflectors revealed by echograrns, and minor sedimentological 

events which could not be resolved by seismic methods. The main 

southwest-northeast profiling transect coincides with the core transect. 

The sediment sample sites and seismic profiling transects are 

shown in Map 3 (map pocket} . 

4 . 3 POSITION FIXING 

Steel superstructure on the barge prevent�d accurate compass 

use. Close--to-shore positions were fixed using adjacent landmarks, 

visual estimations of distance offshore, and bathymetry. 

Further offshore, positions were fixed by taking several pairs 

of sightings on landmarks. 

Each pair of sightings was made simultaneously in opposite 

directions along a 2 m ' sighting staff ' and plotted directly on to a 

chart. This method gave greater accuracy than the Sestrel hand-held 

compass bearings used for position fixing during the echo-sounding 

survey. 

The barge is equipped with a Marlin DIR60 recording depth 

sounder capable of registering depth to 110 m. This assisted exact 

posit.ion fixing on a bathymetric chart in areas of unique lake -bed 

topography. In deeper areas the calibrated winch wire was used to 

determine depth at the moment of sampling. 



4. 4 SAMPLING TECHNIQUES AND EQUIPMENT 

Surficial bottom sediments 

These samples were collected using a 5 00 cc capacity Marukawa 

sampler. Minimal disturbance of samples by this device permitted 

inspection of any vertical changes in sediment character inunediately 

after recovery . These were recorded and , in some cases, subsamples 

separated . Samples were stored in sealed plastic containers. 

Sediment penetration varied from about 2 cm in sandy sedime.nts 

to 20 cm in some deep water muds. Temperatures of several samples 

were recorded immeidately after recovery , and Eh/pH values were 

recorded at the end of the day. 

Core samples 

Sediment cores were obtained with an Alpine . model piston corer 

capable of penetrating 2 m of sediment. After recovery the 3 cm 

internal diameter P.V. C. core liners were removed from the corer 

barrel and immediately plugged at the lower end . Excess core liner 

was removed to within 2 cm of the sediment top , the top sealed and the 

cores stored in an upright position. At all core sites secchi disc 

readings and temperature profiles to 44 m depth were also recorded. 

River sediment samples 

One bed-load sample was collected from each of the rivers and 

major streams discharging into Lake Taupe . Low flow conditions in 

February , 1977 allowed sample collection at midstream, straight-reach 

sites within a few hundred metres of the lake. A suspended-load 

sample and water temperature measurements were obtained from the 

Tongariro River mouth during the falling stage of a flood in April, 1978. 
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4 .5  SEDIMENT FIELD CHARACTERISATION 

Shelf sediments are almost entirely sands and gravelly sands . 

Weed-free shelf areas display long, parallel bifurcating sand ripples 

which are sub-parallel or oblique to the shoreline. These increase 

in wavelength with depth across the shelf, ranging from a few centi

metres nearshore to tens of centimetres towards outer- shelf areas. 

The troughs frequently contain pumice sands and pebbles (Fig. 4 .1) 

where heavy weed beds occur (e . g. south of the Tongariro Delta , Stump 

Bay and Motuoapa Bay) entrapment of finer material occurs and the 

sands become muddy. A cobble lag occurs out to ' about 50 m offshore 

from the Oruatua headland (Fig. 4. 2) . 

With rapidly increasing depth beyond the shelf-break the 

sediments commonly grade into muds, which occasionally contain pumice 

clasts (Fig. 4.3) . 

With only a few exceptions (samples 67, 76, 7 7, 86 , 87, 115 }  

the deep-water muds showed no obvious vertical changes in texture , but 

all showed a colour change from olive-brown or khaki in depth to dark 

brown or reddish-brown in their top 0 . 5-1 . 0 cm (Fig . 4.4) . A subsample 

was separated from sample 27 as sample 28, and from sample 47 as sample 

48. All deep-water muds contained sparse sand grains that appeared

to be randomly dispersed, and a few small (<1 mm} horizontal laminae,

lenses, or specks of black,i.ron-sulphide pigmentation (Fig . 4 . 4) • The

sand:mud ratio increases considerably on isolated topographic highs

(e.g.  samples 5 6 ,  5 7, 76, 7 7, 120, 121 ) .
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Fig. 4. 1 .  Ripples (wavelength 10-15 cm) formed by swell action on 

weed-free shelf sediments to the north of Otutere Banks. 

Pumice grains have accumulated in the troughs. (Depth, 

"'1.5 m) . 

Fig. 4. 2. A cobble/gravel lag which extends to about 50 m offshore 

from Oruatua headland. This material was probably deposited 

by a pre-existing Tauranga-Taupc River mouth. (Depth, 

"'0.5 m) . 
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Fig. 4. 3 .  Slope/rise sediments at about 40  m depth near Kuratau. 

The muds contain occasional pumice clasts and wood 

fragments. Freshwater crayfish (Potamopyrgus sp. ) 

are common. {Photo - A. Devcich) . 

Fig. 4. 4 .  A typical basinal sediment sample (number 66) inunediately 

after recovery from the bottom of Lake Taupo. Note fine 

laminae of iron sulphide pigmentation at depth, and the 

surface layer of oxidised sediment . ( Scale-marking pen is 
12. 5  cm lon<_;J) .  
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Sample 67 irrunediately after recovery from the lake bed 

near Motutaiko Island. Note �0 . 5  cm thick sand layer 

at "\,6 cm sediment depth and a yellowish colour layer 

above it. Sand on the oxidised surface layer may have 

been emplaced during sample recovery. (An apparent sand 

layer below the .marking pen is in part of the sample 

tipped towards the camera} .  
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4. 6 UNUSUAL DEEP-WATER SAJ1PLES--�-
Sample 67 contained a 0-5 cm thick sand layer about 6 cm below

the surfa�e and a yellowish coloured layer about 3 cm below the surface
(Fig. 4 . 5 ) . 

Sample 76 had a l mm thick hard crust at the surface with
several pumice pebbles embedded in it (Fig. 4. 6) .  The underlying 2 cm
of edi.ment had a high sand content showing some bedding , and an
unu ually pale, buff coloured mud fraction.

Sample 115 contained a 1 cm thick layer of small, well rounded
pumice pebbles, and sand 5 cm below the surface (Fig. 4. 7) .

Sample 99 was almost entirely dark brown stained pumice and sand.

Sample 86 contained about 1 cm of dark brown sediment with a high
sand content and stiff consistency separated by a sharp contact from
the underlying paste-like mud, also with a high sand content. The
two layers were separated, the top layer becoming sample 87.

Close to cliffs of rhyolite and ignimbrite, where no shelves
occur, the sediments are very poorly sorted , Angular rock fragments
of all sizes frequently caused sampling problems.

Fresh water mussels (Hyride Z Za menziesi ) ,  mussel shells (Fig. 4. aa) ,
and small (<3 mm) water snails (Potamopyrgus sp.) occ:"urred in some
samples. Dead mussel shells were commonly decomposed on those parts
that were buried in the mud (Fig . 4 . 8b)  indicating instability of calcium
carbonate in the sediment. 



70 

( a )  
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Fig. 4. 6. Parts of the sinter crust which overlay sediment sample 76. 
(a} Undersides of crusts showed cleaved , blade-like extensions
in which sand grains are cemented , thus preserving the 
bedding structure of sub-surface sediment. Hydrothermal 
water may have coursed through the cleavages. (b) Pumice 
fragments cemented on to the upper surface of sinter crusts. 
The upright position of the pu.�ice fragment on the le f� 
indicates a lack of bottom currents during its deposition 
on to a soft-sediment surface. This suggests that subsequent
hydrothermal flow in the immediate vicinity was no more than 
a seepage. 
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Fig. 4 . 7 .  Sediment sample 115 immediately after recovery from 

the lake bed. Note the layer of redeposited pumice 

gravel and sand. 

(a ) ( b )  

1
· • 1 1 1 1 1 • · 1 · • 1 1 1 1 1 • · 1 · • 11 1 1 1 · ' 1 ' ' 1 1 1 1 1 ' ' 1 ' ' 1 1 1 1 1 ' ' 1 ' ' 1 1 1 1 1 ' ' 1 ' ' 1 1 1 1 1 ' ' 1 ' 1 1 1 1 1 1 ' ' 1 ' ' 1 1 1 1 1 ' ' 1 ' ' 1 1 1 1 1 ' ' 1

1 .. 10 20 30 40 so eo 10 10 oo 10 
, , , 1 1 1 , , , l , 1 1 i l l 1 1 1 l ,11 l l l 111 l , 1 1 l l l 1 1 , l , 1 1 l l l l 1 o l , 1 1 l l l 1 1 , l , 1 1 \ l l 1 1 , ! o 1 1 l l \ 1 1 , l , 1 1 1 i \ 1 1 , l , 1 1 \ l \ 1 1 o l

Fig.  4 . 8 .  Fre shwater mussel  shell s (a )  from live specimens and 

(b) from dead specimens.
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4. 7  SEDIMENT HYDROGEN ION CONTENTRATIONS (pH) AND REDOX POTENTIALS {Eh )

Sediment pH values range from 3.5-7. 1, and Eh values range from 

40-450 mV (Appendix 2 ;  Figs. 4 . 9a and b ) . The highest pH values

(6 . 5-7. 1)  occur around the southern end o.:f the lake , with lower values

occurring locaily. Over much of the rest of the lake, pH values are

commonly 5. 0-6. 0 with the higher values occurring on the eastern side

(Fig. 4. 9b) . An unusually low pH value ( 3. 5 )  occurs in the eastern

central part of the lake (sample 74} .

Sediment Eh values are always positive, and over most of the 

lake exceed 100 mV, the potential below which measurable oxygen disappears 

(Mortimer, 1942) . Eh values less than 100 mV occur locally around the 

southern end of the lake, particularly off the northern and western 

sides of the Tongariro delta (Fig. 4. 9a} . 

The surface ' colour layer • (0.5-1. 0 cm thick) was removed from 

samples 27 (as sample 28) and 47 (as sample 48} and the pH-Eh values 

of each sub-sample determined separately. In both cases the top 

layer showed slightly lower pH values and much higher Eh values than 

the underlying sediment. 

A plot of Eh aga:inst pH (Fig. 4 . 10c) shows two intersecting 

Eh-pH trends: 

(a} pH values increase as Eh values increase from about 100-400 mV. 

This trend is possibly depth related. 

(b} pH values increase as Eh values decrease from about 200-50  mV. 

This trend is  caused largely by a grouping of low Eh-high pH 

values at the southern end of the lake, with pH having the 

stronger influence. 
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Fig . 4 . 9 .  

(a ) Surficial sediment

Eh values

(b ) Surficial sediment

pH values ·
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Both Eh and pH values are detennined largely by reactions such 

as the oxidation of iron or the microbial degradation of organic matter 

in the sediment (Blatt et al .  1972 ; McColl, 197 7 ) ; however ,  geothermal 

influences (acid-sulphate - chloride waters )  may also decrease lake 

sediment pH values (e . g . Lake Rotowhero sediments have a pH range of 

3. 8-5 . 3; McColl, 1977 ) . Sediment redox potentials are controlled

mainly by the supply of gaseous oxygen in relation to the amount of

material being oxidised. In Lake Taupo the minimum dissolved oxygen

in bottom water is 78%  (Stout, 1975 ) so oxidation of sedimentary

particles occurs at the sediment-water interface. As sediments are

incorporated into the top 0. 5 -2. 0 cm thick layer they are largely

cut off from the overlying water having pH7 . 0-7. 6 (Stout, 1975 ) .

Aerobic bacterial degradation of sedimentary organic matter reduces

the oxygen content of the interstitial water, resulting in an increase

in the partial pressure of dissolved carbon dioxide , the production of

organic acids and sulphate, and a consequent decrease in pH relative

to the super-adjacent water (Zobell, 1942; Emery and Rittenberg, 1952;

Fairbridge, 1967 ) . Further burial of the sediments leads to replace-

ment of aerobic bacteria by anaerobic bacteria as the dissolved oxygen

content and redox potential decrease . In this environment pH values

may rise slightly as a result of microbial reduction proce sses (e. g.

conversion of sulphates to sulphides ) .

A range of sediment Eh and pH values occur at all depths in 

Lake Taupe. A weak trend occurs in both ; pH values decrease and 

Eh values increase with increasing depth (Fig . 4 . 10a and b ) . Higher 

Eh values in deeper parts of the lake suggest low rates of bacterial 

activity and therefore low organic matter inputs . Conversely, 
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lower pH values suggest higher rates of bacterial activity in central 

lake areas relative to shallower areas. At the southern end of the 

lake the opposite relationship between Eh and pH exists with high pH 

values and low Eh values occurring. These conflicts suggest factors 

other than bacterial activity are involved in the Eh-pH relationship, 

or the possibility of instrumental error or drift during Eh-pH 

determinations. Certainly remeasurement of some samples in the field 

showed that Eh and pH values could not be accurately reproduced, and 

McColl (197 7 ;  pp515-516 ) has mentioned doubts about the value of 

redox potential data for making accurate comparisons between sediments 

from different lakes . More detailed work on the relationships between 

causal factors and Eh-pH values in the sediment is required before the 

given Eh-pH values and their spatial variations can be confirmed. 

4 . 8  LAKE WATER TEMPERATURE AND CLARITY 

Water temperatures were measured at some core sites at 2 m 

intervals from 0-44 m depth using a reversing thermometer. Temper-

ature profiles and secchi disc readings at core sites 3, 4, 5 and 6 

are given in Fig. 4.11 together with a temperature profile observed 

in 195 6 by Jolly (1959 ) .  Water temperatures at a given depth vary 

by up to 3° between sites. The depth at which rapid temperature 

decrease begins varies by up to 6 m (16-22 m }  from site to site, 

suggesting the possibility of internal seiche action, and occurs 

about 10 m shallower than observed in March-April, 195 6 by Jolly (1959). 

Water depths at which the secchi disc disappeared (av. 13.6 m) 

are less than the maximum of 18 m observed by Jolly (1958) . Readings 

were taken on the shaded side of the craft under calm-small wave lake 

conditions . The subjectivity in determining water clarity by this 
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method has been discussed by Jolly (1968) and Irwin (1974) . Lake-

water clarity is determined by phytoplankton density , dead organic 

material, particulate inorganic matter, and dissolved matter such as 

humic material leached from the catchment. Although. observed water 

clarity in Lake Taupo was less than that observed by Jolly the values 

are still high and typical of an oligotrophic lake , indicating a very 

low content of both particulate and dissolved matter in the epilimnion. 

4.9 PRELIMINARY INVESTIGATION 

Twelve dry bulk samples (9 , 25, 45, 53 , 65, 66, 75, 78 , 84 , 93 , 

94 , 96) were subjected to a fluoride field test for allophane (Fieldes 

and Perrot, 1966) . The test was negative for all sair�les suggesting 

that any allophane content was less than 5-10%. Organic-free samples 

{H202} in distilled water required very little dispersion (less than

about 50 ml of 5% Calgon per litre of sediment/water mixture), further 

suggesting little , if any , allophane . The bulk of sediment in each 

sample settled to the bottom of the container within a few minutes of 

mixing, indicating a high proportion of coarser than clay (0.004 mm) 

material. After removal of larger than silt . (0.0625 mm) material by 

wet-sieving through a 4.0¢ screen , samples were centrifuged into silt 

fractions and a clay fraction. The bulk of each sample proved to be 

silt with a mode below coarse :silt (5.0¢, 0.031 mm) . Further centri-

fugation of the twelve clay samples indicated_ that all contained only 

negligible amounts of fine clay (<0.2µm) . Fluoride tests on the 

twelve air-dried clay fractions were again negative , suggesting an 

absence of allophane. 

This preliminary investigation determined the subsequent 

techniques and experimental approach used for sample analysis. A 

flow chart summarising laboratory procedures is given in Fig. 4.12. 
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Fig .  4. 12. Flow chart for laboratory procedures used on Lake Taupo 

sediment samples. 

+ . 1 
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+
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dry , weigh determination
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1 t·-;::: 
S. E. M. microprobe 
(selected samples)

fine silt 

I . R . A .  (selected samples) 

I 
-Fluoride test (selected
samples) 

. !  
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X . R . D . A .  of o.o. G. S. 

Abbreviations 

X . R. D . A .  X-ray diffraction analysis

S . E . M .A .  Scanning-electron microscope analys is 

I. R. A .  Infra-red analysis

D.T.A. Differential thermal analysis

D. O. G. S. ' Drop on glass slide ' oriented sediment mounts
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4 . 10 SEDIMENT COLOUR AND WATER CONTENT 

The pulpy consistency of deep-water sediments helped prevent 

drainage losses during sample recovery . Sediment samples were stored 

in watertight containers . Growth of sma+l black iron sulphide patches 

occurred between the field and laboratory , and chironamid larvae were 

observed in most samples • .  

to subsarnpling. 

Samples were thoroughly homogenised prior 

Sediment water content was determined from the weight difference 

between wet and dried (24 hours at 55 °C) subsamples. Sediment water 

content increases with lake depth towards a constant value of about 

80% in basinal regions (Fig . 4. 13) . The trend is probably a result 

of the increasingly finer texture of sediments towar�s basinal regions, 

where the constant values reflect texturally similar sediments. 

Wetted deep-water sediment colours were determined using a 

Munsell soil colour chart (1954) . Sediments in central northern 

parts of the lake have the lightest average colour (2 .57 5/3 ; yellowish 

grey) . Patches around the southern end of the lake, particularly off 

the Tongariro, Waiotaka, Waimarino and Tauranga-Taupo river mouths , 

have the darkest average colour (2 . 5 7  3/2-3/3;  brownish black-dark 

olive brown ; Fig. 4. 14) . Sediment mineralogy, organic matter content, 

and the prodJcts of microbial processes largely determine sediment 

colour. McColl (1977)  found that surface sediment colour in eight 

Rotorua lakes darkened through the oligotrophic-mesotrophic-eutrophic 

lake sequence . The different colours also correlated with surface 

sediment redox potentials, which , in turn, inversely correlated with 

organic matter concentrations in the sediments. In Lake Taupe , darker 

sediments off the Tongariro Delta and in the southwestern corner of 
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Waihi Bay (Fig . 4.13) correlate with lower Eh values (<100 mV ; 

Fig. 4 . 9a) , and the lighter sediments in central northern regions 

of the lake correlate with higher Eh values (150-200 mV ) .  This 

suggests that bacterial activity , and thus organic matter content, 

exert a significant control on sediment colour (c. f. McColl , 1977) . 



Fig . 4. 14 . 
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CHAPTER 5 

TEXTURAL ANALYSIS 

5 . 1  METHOD 

Mud and sand were separated by wet-sieving samples through a 4¢ 

(0 .0625 mm) screen following digestion of organic matter with 20% H2o2 •

Grain size distributions of the coarser than 4¢ fractions were 

obtained using �¢ interval sieves on a Rotap sieve shaker. Non-

pumiceous material was sieved for 15 minutes ; samples containing 

considerable amounts of pumice were sieved for shorter periods to 

minimise abrasion effects. The small amounts of sand (commonly only 

a few grams) in the basinal silt deposits were either hand sieved or 

considered as very fine sand. 

Particle size distribution data for the mud fractions were 

obtained using a hydrophotometer model 7313 (Jordan et  aZ .  1971) . 

Diluted mud aliquots were homogenised (end over end) and allowed to 

stand for 10 seconds be!ore initial transmission readings were made. 

Consecutive �cp interval readings were taken for silt (4¢-8¢) and a 

single reading for clay (8¢-14¢) . 

A computer programme (Kamp, 197 8 )  was used to combine all 

particle size distribution data and to produce a textural character-

ization of each sample. This information is sununarised in Appendix 3 

and includes weight percentages of gravel, sand, silt and clay ; sand/ 

mud and silt/clay ratios; the number of modes present and their cp 

values; verbal classifications of Folk and Ward (1957) statistics 

(mean ,  median, sorting, skewness, kurtosis) ; and textural terms 

(Folk et aZ.  1970 ) .  
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5. 2  TEXTURAL CHARACTER

Triangular textural plots of sediment texture show groupings 

that relate to lake bed topography (Fig. 5 . la and b) . The relation-

ship is emphasised by plots of sediment texture against lake bed depth 

(Fig. 5. 2a and b) and can be sumnarised as follows : 

(a) Shelf sediments include sands, gravels and sand-gravel mixtures.

(b) Slope sediments are generally sandy silts and silty sands , but

may include some gravel.

(c) Sub-lacustrine talus slope sediments are gravel , sand and sub

ordinate mud mixtures.

(d) Rise sediment textures intergrade between those of slope and

basinal sediments. These sandy silts and silts rarely contain

small amounts of gravel.

(e) Basin.al sediments are entirely silts.

(f) Sub-lacustrin� hilltop sediment textures are variable ranging

from sandy silts to muddy sandy gravels, but the mud content

is usually doMinant.

Rise and basinal sediments containing redeposited material

from shallower water are generally ' slightly gravelly muddy sands ' 

to ' slightly gravel ly muds ' , although higher gravel contents 

occasionally occur. 

Gravel-sized material at all sites except on sub-lacustrine 

talus slopes and near river mouths is almost entirely pumice. 

The distribution of sediment textural types in Lake Taupo is 

summarised in Fig. 5. 3. 
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'l'able 5 .  1. Shelf sediment textures 

Sample Depth Mode 
number (m) ¢ value Sortinq Skewness Kurtosis

13  1 o . o ,  3 � 0 ps ns lk 

15 1 l . 5  , -2 .  5 ps scs vlk 

16 2 2 . 0 mws ns lk 

2 0  4 3 . 0 ms cs lk 

30 2 0 . 5 mws ns lk 

32  3 2 . 0 ms cs rnk 

39 3 2 . 0 ms cs lk 

40 4 4 . 0 vws cs rnk 

49 2 2 . 0 ms ns mk 

50 2 0 . 5 ms scs rnk 

51 3 2 . 0 ps scs rnk 

58 4 2 . 0 mws ns rnk 

59 4 polymodal ps - -
64 2 2 . 0 mws ns rnk 

73 2 0 . 0 , -2 . s ps cs rnk 

91 4 1 . 0 VWS ns rnk 

94 4 0 . 5  mws cs 1k 

95 4 3 . 0 mws ns rnk 

112 3 2 . 0 ,  1 . 0  ms cs pk 

N . B . See Appendix 3 for expansion of textural abbreviations. 

Textural
term 

gs 

gs 

s 

(g ) s 

gs 

(g ) s 

(g ) s 

s 

s 

gs 

gs 

s 

gs 

(g) s 

gs 

(g) s 

(g}  s 

(g}  s 

(g} s 
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5 . 3  SHELF SEDIMENTS

Shelf sediments occur along most of the eastern side of the 

lake , and on the western side between Poukura Pa and Pukawa. They 

are commonly unimodal, moderately to very well sorted sands and 

gravelly sands (Table 5. 1) . Poor sorting occurs near some river 

mouths and in sheltered areas {e. g. Waihaha River (73) , Hinernaiaia 

Stream ( 51) , Whareroa Stream (112) and Stump Bay (13, 15) . All 

shelf samples are near-symmetrical to strongly coarse-skewed. In 

depths of 1-5 m the mode is commonly in the 2¢-3¢ grain size range. 

5. 4 SLOPE, RISE AND BASINAL SEDIMENTS

The shelf-break occurs in water depths of 5-10 m beyond which 

slope angles may reach 30° and depth incr�ases rapidly. With increas-

ing depth the mud content increases rapidly, and particle sizes are 

conunonly polymodal and the sediments poorly sorted. Where gravel 

occurs sorting deteriorates further as a result of additional modes. 

Silty sands occur to depths of abour 45 m and sandy silts to depths 

of 100 m or more {Fig. 5. 2b) . Beyond approximately 50  rn depth the 

slope angle progressively decreases down the rise to flat basinal 

regions. Sediments become silts containing only a few percent sand 

and commonly up to 25 wt. % of clay-sized material. 

persist across basinal regions. 

5 . 5  MIXED SEDIMENTS 

These silts 

Deviation from the general pattern for deep-water sediments 

occurs in a number of situations : 

1 . Proximity of deep water to steep cliffed areas can produce very

poorly sorted mixtures involving all sizes of material {e. g.

samples 5, 7, 22, 80 , 81) .



Waihi 

9 1  

0•9 '(

�85 �
A1o 41  

LEGEND 

wt. % gravel at sample site (to nearest integer i f  

>10% , to first decimal place if <10% ) .

Gravel-free sample site s
/ 

,,..-•"" Isobath (m) 
... -.... 
.. !'/ Swampland 

Fig. 5.4. We ight percent gravel ( >2 . 0  mm) in organ ic-free sediment .  
Gravel contents occur mainly in she lf sediments ( east 
coast ) but are also found on slope s ,  sub--lacustrine 
hilltops , arid as r·edepOsited material in basinal sediments • 

. Except for sub-lacustrine talus slopes near cliffs 
(e.g. We st Coast ) , shelf areas near pre sent and pre-existing 
river mouth s { e . g .  Oruatua ) , and Horomatangi Ree f ,  the 
gravel content in the sediment is almost entirely pumice . 



92 

2. Redeposition of sediments can produce poorly sorted mixtures

of mud, sand and/or gravels (e.g. samples 67, 70 , 86, 92, 105 ,

106, 110 , 115) .

3 . Sediments on sub-lacustrine hilltops generally have a higher

sand-gravel content than the surrounding deeper areas (e.g.

samples 56, 5 7, 85, 88, 120, 121) .

4. An unusually high content of gravel (78.7%) occurs at 43  m

depth in Tapaueharuru Bay, where the lake bottom is gradually

shallowing towards the outflowing Waikato Riyer . Together

with 20.6% of sand this accounts for 99.3% of the sediment.

5.6 GRAVEL AND SAND TRENDS 

The wt.% of gravel and sand in samples is shown on bathymetric 

maps (Figs. 5.4 and 5 . 5  respectively) . Gravel-sized material is 

generally confined to nearshore areas and sub-lacustrine hilltops. 

Sand content decreases with depth down to about 100 m and then remains 

fairly constant across basinal areas. Small random variations in 

basinal sand content from site to site may relate to microtopography 

or sediment penetration depth during sampling. 

occurs as a discrete 3 . 5-4 . 0� mode. 

5.7 SILT AND CLAY TRENDS 

This sand invariably 

Maps of wt.% silt and wt. % clay in samples (Figs. 5 . 6  and 5.7) 

both display broad areal trends. Two areas in the southwestern part 

or the lake have about twice the clay content of those areas at the 

northern end. An unusually high clay content occurs in the centre 

of the lake (sample 76) . Silt shows a reciprocal pattern, as 

expected , as wt.% mud is approxima.tely constant over deep areas. 
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Because of the reciprocal relationship , a map of the ratio of clay/silt 

produces a clearer pattern which also remains useful at shallow depths 

as it is independent of sand content (Fig. 5.8 } .  The patterns are 

likely to be a product of lake and inflow hydrodynamics, sediment source 

areas and sediment composition , so a discussion of pattern significance 

is postponed until these factors have been established. 

5. 8  SILT MODES 

Two persistent modes occur in the silt fraction of samples, 

one at 5.5-6.0¢ and the other at 7. 0-7.5¢. They display a reciprocal 

relationship , with the 7. 0-7 .5¢  mode becoming increasingly abundant 

towards central lake areas . An example of this trend is shown by the 

change in relative heights of frequency curve peaks along a transect 

(Fig. 5.9 ), 

The two modes partly overlap, and the coarse end of the 5.5-6. 0¢ 

mode often overlaps with the ubiquitous 4 . 0¢ sand mode. The fine end 

of the 7.0-7. 5¢ mode appears truncated at the lower frequency-curve 

limit (8¢ }  suggesting that this population continues into the coarse 

clay fraction. For these reasons the weight-percent of each population 

cannot be accurately determined. 

The base width of both modes is approximately the same so the 

peak heights may be used semi-quantitatively. Values for the ratio 

5. 5-6.0¢ mode height: 7.0-7 . 5¢ mode height show a well defined pattern 

that is independent of both sand and clay contents (Fig. 5. 10} . The 

relative abundance of these two modes is largely responsible for the 

mean grain size trends in basinal sediments (Fig. 5 . 11) . In the 

central and central western parts ·of the lake where silts are almost 
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entirely in the 7 . 0-7 . 5¢ mode the sediment �s commonly very well sorted ,
near-syrrmetric, mesokurtic silt . As  the 5. 5-6.0</) mode increase s away
from this  area , the mean grain size increases ,  sorting deteriorates,
and the sediment become s more coarsely skewed. The significance of
these trends depends on sediment composition of the two silt mode s and
is discussed in Chapter 7. 
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CHAPTER 6 

SEDIMENT COMPOSITION

The analysis techniques used to de.termine sediment composition 

are discussed under each sub-heading in this chapter. The significance 

and interpretation of the following experimental results are presented 

and discussed in Chapter 7. 

6. 1 ORGANIC MATTER

Method 

Sediment organic matter contents were determined from the 

weight loss following ignition of · oven-dried (105°C/8 hours) sediment 

sub-samples in a muffle furnace for two hours at 500°c .  To determine 

whether or not part of the weight loss on ignition. was due to dehydrat

ion of clay material (e.g. allophane) , four samples _Nos. 26 , 46 , 74 and 

90 ) were subjected to differential thermal analysis . 

dehydration peaks occurred. 

No endothermic 

Results 

Distribution of surficial sediment organic matter content is 

shown in Fig. 6. 1. No significant trends in wt. % organic matter are 

apparent across basinal regions of the lake. Most deep-water muds 

have an organic matter content close to the overall mean value of 

7.4 wt. % ,  although contents of 8% or more occur in the deeper parts 

of Stump Bay, Waihi Bay, and around the Waihaha River mouth. Values 

lower than this mean correspond to samples with increased sand/gravel 

content. Shelf sediments are generally free of organic matter 

except where weed beds occur, as at Stump Bay and Motuoapa Bay. 
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Sources of organic matter in the sediments are discussed in Chapter 7. 

6 . 2  X-RAY DIFFRACTION (X.R.D. ) OF BULK SEDIMENT 

Method 

Bulk X . R. D. was used qualitatively to determine the gross 

mineralogy, and semi-quantitatively for quartz, plagioclase feldspar 

and crystalline clay mineral content using a .modification of the 

method of Nelson and Cochrane (1970) . 

Samples were scanned on a Phillips X-ray Spectrometer using 

Cu Ka radiation with 1° divergence and 1 mm scatter slits, a scanning 

0 speed of 2 28 per minute, a chart speed of 20 rom per minute, a time 

constant of four seconds and a rate meter setting of 400 counts per 

second. 

Initial scans indicated relatively small amounts of plagioclase 

feldspar and quartz in a large amount of X. R. D. amorphous material. 

Quartz concentrations were too low in silt samples for semi-quantitative 

use of the 4.25ft peak, so the 3. 34ft quartz peak was used. No plagio-

clase feldspar peak occurs in the same region, and the quantitative 

accuracy of the 3. 34ft quartz peak is enhanced by the greater slope 

angle of the intensity-concentration curve. 

Radiation generated at 30 kV and 13 . mA  gave the most useful 

3. 34ft peak height range for this work.

Standard Intensity-Concentration Curves

A series of quartz standards were prepared using crushed 

quartz (<30 µm) and pumice mixed in weight percent ratios from O to 

45% quartz at approximately 5 %  intervals. Pumice was used to 
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simulate the amorphous silica in the sediments . No magnetite was 

added (cf� Nelson and Cochrane , 1970 ) .  The resulting ' l ine of  best 

fit ' curve showed a maximum error of 14% and passed through the 

ordinate intersection (Appendix 4 ) .

An intensity-concentration curve for plagioclase feldspar was 

modified from that given by Nel son and Cochrane (1970, p : 158 ) by 

applying the linear relationship between their quartz (4.26R ) and 

feldspar (3. 2oi) intensity-concentration curve s to the quartz (4 . 26i ) 

intensity-concentration curve obtained above (Appendix 4 ) . Quartz 

and acid plagioclase feldspar have similar X-ray mass absorption 

coe fficients under Cu Ka radiation(e. g. albite, 34 ; quartz, 35; 

Carroll, 19 70 ) , and Nelson and Cochrane used Oligoclase standards 

claiming (p . 153 ) " • • •  othe r. plagioclase varieties would e xhibit small 

differences in peak height intensities".  

Sample Preparation 

Dried sample s (8 hour at 55 °c )  were crushed in a ring mill 

to less than 30 µm and packed into sample holders using the ' back

filling ' method. The se unoriented mounts were scanned from 3° to 

40 °28. Samples we re selected at random to reduce the possibility 

of  instrwnental drift creating artificial areal concentration patterns 

in the semi-quantitative results . A quartz-in .;.ar<'tldite standard was 

scanned prior to e ach sample as a check on possible instrumental drift . 

Results 

Quartz and plagioclase feldspar were the only minerals 

identified in bulk sample s. 
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In sandy sediments the felds12ar basal spacings and relative 

r,eflection intensities (e . g. Fig . 6. 2 ) , correspond to high tempera-

ture albite. In deep-water muds, the feldspar content is too low 

to give sufficient peak resolution for positive identification of 

the dominant plagioclase composition. Semi-quantitative use of 

the 3 . 2oi plagioclase X. R. D. peak assumes that only one plagioclase 

composition is present, although more than one may be present, 

giving superimposition of the main peaks. 

Plagioclase and quartz contents as weight percentages (wt. %) 

of organic-free sediment are given in Appendix 5, and areal trends 

within the lake in Figs. 6. 3 and 6 . 4  respectively. The highest 

concentrations of both quartz and plagioclase in deep-water sedi

ments, occur around the southern end of the lake, and generally 

decrease in abundance towards the northeast, reaching approximately 

constant concentrations in central and northern parts of the lake. 

The pattern of decreasing plagioclase content generally extends 

further northwards than that of quartz, and the feldspar : quartz 

ratio generally decreases towards the northern regions of the 

lake (Fig. 6. 5) , but perhaps the most significant difference between 

the two patterns is the local increase in plagioclase content alone 

on several sub-lacustrine topographic highs {e. g .  sample site nos. 76, 

120) and in deep-water sediments containing redeposited material

(e. g .  sample site nos. 67, 105, 106, 115) . The significance of

quartz and plagioclase content trends is discussed in Qi.apter 7.
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A typical X-ray diffractogram of sand-rich sediment showing 

basal spa cings and reflection intensitie s for quartz and 

plagioclase feldspar {?high-temperature albite ) . 
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6.3 X . R . D .  OF ORIENTED MOUNTS 

Method 

Organic-free, less than · 4¢ (63 µm) sized material was 

fractionated into coarse silt (4-5¢, 63-31 µm) , and medium silt 

(5-6¢ , 31-16 µm) , according sedimentation times for particles of 

specific gravity (S.G.)  2. 65 (Tanner and Jackson , 1947) , ·and fine

very-fine silt and clay by centrifugation (after Murley , 1965) 

assuming a particle S . G. of 2 . 3. Each fraction was decanted twice 

to minimise the content of material smaller than the given size 

range. Oriented drop-on-glass-slide (D.O.G.S.) mounts of all 

samples were prepared for each size fraction using thick slurries 

to minimise differential settling · effects . These were dried at 

room temperature and scanned on the Phillips X-ray Spectrometer 

using the bulk XRD analysis instrument settings. 

:Results 

Silt fraction 

Feldspar and quartz occur in all silt fractions , with the 

feldspar: quartz ratio decreasing in the medium to very fine silts 

(31-2 µm; Table 6.1 ) . Generally the feldspar and quartz contents 

in the silt fractions of a given ·sample are of the same order of 

magnitude as their respective contents in the c6rr� sponding bulk 

sample, assuming the feldspar and quartz intensity concentration 

curves used for bulk sample detennination apply equally well to the 

oriented silt-fraction mounts. However, this assumption is tenuous 

for several reasons. The coarse silt (31-63 µm) grain size exceeds 

that of the crushed standards and bulk samples (<31 µ ) , orientation 
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SILT 

2-16µ 16- 31µ
F F -

!No . Q F Q 0 F 0 

34 4 7 J.. 8  4 7 1 . 8  

36 4 7 1.8  4 7 1. 8

12 2 6 3 . 0 2 3 1 . 5

68 1 0 - 0 0 -
53  3 6 2 . 0 2 6 2 . 0

55 2 3 1 . 5  3 6 2 . 0

84 1 0 - 0 0 -
97 0 0 - 1 1 1 . 0

101 1 1 1 . 0  1 3 3. 0

11.04 2 3 1 . 5 4 7 1 . 8  

[1.09 [l. 1 1 . 0  0 1 -
115 2 4 2 . 0 1 1 1 . 0

Q 

3 

2 

2 

0 

1 

4 

0 

0 

0 

2 

1 

1 

31 ··6 3µ Bulk sample

F 

7 

8 

17 

0 

6 

13 

0 

3 

14 

11  

3 

6 

F F 
Q Q F Q 

2 . 3 4 10 2 . 5

4 . 0 4 8 2 . 0

8 . 5 4 14 3 . 5
- 0 1 -

6 . 0  2 6 3 . 0

3 . 3  2 4 2 . 0
- 1 4 4 . 0 

- 0 0 -
- 0 0 -

5 . 5 2 3 1 . 5 

3 . 0 2 · 4 2 . 0

6. 0 1 6 6. 0

Table 6 . 1. Variation of quartz 

and feldspar (wt. %) through silt 

fractions (selected representative 

samples) . 
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of gi-a.ins increases as grain size decreases, ·and fractionation may 

have altered any rnaskinr; effects of amorphous material. In the 

fine-very fine silt fraction (2-16 µm) the 001 peaks of plagioclase 

and quartz may be enhanced by illite peaks (114 reflection at 3.soi, 

006 and 024 reflections at '\,3 .  35�, respectively) . Trace amounts of 

illite ( 10ft) :md kaolinite (7ft } occur in the 2-16 µ fraction in 

most sai"!lples towards the southern end of the lake ( see section 6. 4) • 

Clay fraction 

X-rays.

The bulk of clay fractions in all samples is amorphous to 

Small amounts of crystalline clay minerals, including 

illite , kaolinite and montmorillonite, conunonly occur but in amounts 

that are collectively insufficient to make quantitative use of the 

4. 46ft peak (Nelson and Cochrane, 1970) . Identification of the 

crystalline clay minerals is based on diagonistic basal spacings, 

relative reflection intensities, and changes in these with glycol 

and heat treatments (Table 6. 2; Carroll, 1970) . Effects of these 

procedures on a typical clay fraction are shown in Fig. 6 . 6. 

Sample 99 (Tapaueharuru Bay) is the only sample containing no 

illite and detectable amounts of montmorillonite, so shift of the 

17. oi glycolated montmorillonite peak to !Oft on heating to 300°C is

clear (Fig. 6 . 7) .

The relative peak heights of kaolinite , illite and montmorill-

onite are given for all sample s in Appendix 6. Neither absolute 

quantities of each of these clay minerals, nor their relative 

abundance \•dth respect to one another, can be calculated from the 

reflections obtained, however, maps of the reflection intensities 
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Table 6 . 2. Identification of crystalline clay minerals (oriented 

mounts} using X-ray diffraction (after Carroll , 1970 ) .

. Clay Basal d (OOl } Glycolation effect Heating effect 
mineral spacing ( 8  hrs. , room temperature) (1 hour) 

Kaolinite 7ft No change At 550-600°C

becomes amorphous 

to X-rays. 

Illite 10ft No change May become more 

intense 

Montmorillonite 15Jl Expands to 17ft At 300 °C shifts 
(Ca/Mg + 2H

20 )  to 10ft. 

Vermiculite 14jl No change Dehydrates in 

steps 

Feldspar 3 . 2.ft No change No change 
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(peak height) of a given basal spacing for each crystalline clay 

mineral show strong areal trends. These are given for kaolinite 

(7$. peak) in Fig. 6.8, for illite (10.R peak )  in Fig. 6. 9, and for 

montmorillonite (15il peak) in Fig . 6 . 10 .  The areal trends of both 

kaolinite and illite concentrations in the clay fraction are broadly 

similar , decreasing northeastwards from their highe st values at the 

southern end of the lake. Such a trend is less apparent for mont-

rnorillonite, which shows high concentrations in the clay fraction 

from central and northeastern lake positions (Fig. 6. 10 ) . Montmor-

illonite abundances in the clay fraction multiplied by total clay 

abundance in the sediment shows that the highest montmorillonite 

concentrations in the sediment occur in the southwestern corner of 

Waihi Bay and on a central lake topographic high (Fig. 6. 11) . 

Further discussion and interpretation of the areal trends 

of crystalline clay mineral abundance are presented in Chapter 7. 

6. 4 DIFFERENTIAL THERMAL ANALYSIS (D.T �A. ) 

Method 

Dry bulk (55°c)  and clay (<2 µ111) samples (9, 25 , 46, 54 , 74,

89 , 93} were subjected to differential thermal analysis using Stone

D.T. A .  equipment. 

of 10°c per minute.

Samples were heated in air to 1000 °c at a rate

Prior to analysis , samples were stored for 96 hours with 

MgN03 . 6H20 to equilibrate moisture content (r . h . 55 % at l8°C)  for 

reproducibility of low temperature peaks, and mixed with calcined 

Al2o3 in a ratio of l : 3  by weight .
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Results 

The bulk samples have generally similar thermographs, showing 

only organic matter combustion peaks at 260°C and 330°c (Fig. 6. 12a). 

In the clay samples (treated with hydrogen peroxide) these 

peaks are smaller or non-existent . Small endotherms occur at 

approximately 460°C and 590 °C (broad) and/or . a  small exothermic peak 

500°C in all clay thermographs (Fig. 6 . 12b). Montmorillonite has a 

main endotherm at about 600 °c, a smaller endotherm at 700 °c and an 

endotherm-exotherm inversion at about 900°c (Mackenzie and Caillere, 

1975 ) . The latter two may be present in Fig. 6. 12b but are incon

clusive. Kaolinite also has an endotherm at about 600°c but the 

characteristic sharp exotherm at about 980°c is absent, suggesting 

that any kaolinite contribution to the 590 °C endotherm is negligible. 

The thermal characteristics of illite and allophane (Mackenzie and 

Caillere, 1975) do not occur. Mackenzie and Caillere (1975) 

suggest that the diluting effects of non-clay minerals result in 

only very small clay-mineral peaks when non-clay minerals account 

for 80% or more of a sample. 

6. 5 INFRA-RED ABSORPTION (I. R.A. )

I. R.A. analyses of clay fractions (<2 µrn) were carried out

on samples 3, 27, 57, 86, 89, 103 and 116, using a slight modific

ation of the method described by Fieldes et  al .  (1972) . 

Sample Preparation 

1 mg of air-dried (55 °c) , H2o2 treated, clay sample was

added to 500 mg of pure dry (8 hours at 105 °C) potassium bromide 

(kBr) and thoroughly mixed by grinding. 10 mm diameter discs were 
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prepared by vacuum pressing at 8000 -kg/sq cm for 10 minutes. Very 

e·ven packing of the mixture into the pressing die was necessary to 

avoid opaque areas in the pressed disc. 

Prepared discs were scanned relative to a pure kBr disc, from 

4000 to 400 cm- 1 with a Shimadzu Recording Infra-red Spectrophotometer 

IR27G. 

Results 

Clav fractions and silt fractions 

Qualitatively, all clay samples showed similar patterns. . .. The 

intensity of the absorption peaks at 3450 cm- 1 (-0H bond stretching 

(e. ·g. Si-OH, Al-OH) and absorbed water) , 1630 cm- 1 (-OH bond bending) , 

and 1070 cm- 1 (Si-0 bond stretching) co-vary by a few percent from 

sample to sample (Fig. 6. 13) . Absorption peaks at, or close to 

these wavelengths are common to a number of minerals, particularly 

unweathered rhyolitic pumice, micaceous minerals, silica gel, allophane, 

illite, montmorillonite and vermiculite (Fig. 6.14; Fieldes et al .

1972 ; Kirkman, 1976) . 

Diatom frustules are composed of hyd�ous silica (opal) or 

polymerised silicic acid (Lewin, 1962) and so contain both Si-0 and 

-OH bonds. The organic-free medium silt fraction (16-31  µm) of

sample 113 is, from X.R. D. and S.E. M. evidence, almost entirely

composed of diatom frustules and has a lower particle size limit

considerably larger than clay (<2 µm) . KBr discs of both this

material and the course silt fraction (31-63 µm) were scanned.

Both fractions produced spectra that are qualitatively similar to

the clay fractions, with the medium silt (16-31 µm) giving larger
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Venniculite 

Kaolinite 

Metahalloysite 

Halloysite 

4000 3�;00 3000 2000 1 200 1000 SC::> GOO 400 cm·1 

Fig. 6 . 14 .  

��--L.,_.i__..,___.,____.____,,___,,__...__��,_�l �, __,_J 

Characteristic I . R . A .  spectra of selected rocks 

and mineral s  (Fieldes et a Z .  19 72) 



12 7 

-OH and Si-0 absorption peaks than either the clay or coarse silt

fraction (Fig. 6. 15a, b, and c ) . The coarse silt fraction, from

X.R . D .  and S. E. M. evidence, has a much lower diatomaceous silica

content than the medium silt fraction indicating that the larger -OH

and Si-0 absorption peaks of the medium silt fraction are probably

due to diatomaceous silica. Farmer and Palmieri (1975 ) claim that

substitution of Si-0-Al links for Si-0-Si links decreases the

intensity and frequency of Si-0 stretch absorbance maxima, so relat

ively sharper, more intense Si-0 absorption peaks are expected from

diatomaceous silica than from volcanic glass or clay minerals. This

combined evidence suggests that the -OH and Si-0 peaks in the clay

fractions are due mainly to diatomaceous opal. The clay spectra

undoubtedly include small contributions from other clay-sized

materials which are masked by the dominant biogenic silica. Although

this prevents exact quantitative use of the absorption peaks, semi-

quantitative inferences may be made. 

conforms to the Beer-Lambert law:

Incident infra-red radiation

log (Io/I) = Ecd = A 

where I is baseline intensity, I is peak intensity, E is the extincto 

ion coefficient, d is the disc thickness, c is the concentration and 

A is absorbance. Thus absorbance is a linear function of concen-

tration. If it is assumed that Si-0 absorbance from non-diatornaceous 

material in the clay samples and medium silt sample 113 is small and 

approximately equal, that the disc thickness are equal and that there 

are no variations due to grinding (e. g. Fieldes et aZ . U972) claim 

that quartz absorption peaks are a function of grain size, then 

relative Si-0 peak heights of the clay samples and medium silt sample 



\ 

12 8 

C: 
0 :. 
f;'; 

� 

.., .... "'" 
i 

• . • • • . •  ?. • • • • • . • • • • • ·- . , · • · • · • · •. I . . . . . . .  · .  . · · · · I . · · ' 1 ' 1 ' lla) I · ' · · · . . . , 1 I 
I ! 

w .... "' 
l 
I

�1 I
�; I
"" I ! � I:�, 

i 
I 

� !  �: i 
; l 
J I' "'
l i
r-..1 il:,I I
ii I 

i i
� I
J i,..._ [ I 

I (I) 

:: 20.. "'
� � -"' a: 

'°"° 3600 JlCO 2.100 241N 2000 190� mo 1700 1600 mo 1400 1300 1203 I 1003 9CO soo m 6CO 503 400 (,m · • ,  

Fig. 6. 15 (a) . 

(b )  

(c ) 

Sample 113 coarse silt (31-63 µm) .

silt dominant. 

Sample 113 medium silt (16-31 µm) . 

diatomaceous silica. 

IRG-2 

Non-diatomaceous 

Almost entirely 

Sample 114 clay (<2 µm) .

dominant. 

Diatomaceous silica probably 
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Infra-red absorption spectra of a typical basinal sand 

fraction (sample 54 ) and coarse silt fraction (sample 113 ) 



130 

113 indicate relative amounts of diatomaceous silica. On this basis , 

diatomaceous siiica forms approximately 50-60%  of the clay samples. 

Other absorption, peaks, or shoulders include those at 

2900 cm� 1 and 2300 cm- 1 which may be due to residual organic matter 

(Farmer and Palmieri, 1975), a slight absorption at 800 cm- 1 which 

may be due to volcanic glass {Kirkman, 1976), and a shoulder at 

915 cm- 1 , possibly due to phyllosilicates (Kirkman, 1976). 

Deep-water Sand Fractions 

I. R.A. spectra of deep-water sand fractions away from shelf

and cliff areas were scanned to establish whether they were rhyolitic 

or ande si tic. This proved unsuccessful because of the close similar-

ities of the published spectra of rhyolitic pumice and andesitic ash 

(Fig. 6.14) and the possibility that both types of material are 

present. 'l'he I.R.A. spectra of the sand fractions (e.g. Fig. 6.15) 

are similar to each other and also to the coarse silt fractions 

(compare Figs. 6.16 a and b). These spectra both suggest a high 

proportion of volcanic glass (Kirkman, 1976). 

Thus I.R.A. suggests that the sand and coarse silt fractions 

of deep-water sediments are dominated by rhyolitic and/or andesitic 

volcanic glass, the medium-very fine silt fraction is dominated by 

diatomaceous silica, and the clay fraction is commonly 50-60% diatom

aceous silica. 

6.6 SCANNING ELECTRON MICROSCOPY 

Method 

Silt and clay samples were scanned with a JEOL JSM-35 scanning 

electron microscope {S.E.M . )  to identify sample components on the 

basis of particle morphology. Qualitative elemental compositions 
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for selected particles were determined using an S.E.M. X-ray energy 

dispersive microprobe coupled with an Ortec multichannel analyser 

(M . C . A . ) . 

Silt sample preparation 

Organic-free silt samples were settled or centrifuged {see 

X . R.D. sample preparation) to obtain either (a) a coarse-medium silt

fraction (6 3-16 µm) and a fine-very fine silt fraction (16-2 µm) ,

or (b) a coarse silt fraction (6 3-31 µm) ,  a medium silt fraction

(31-16 µm) , and a fine-very fine silt fraction (16�2 µm) . These

fractions were oven dried (55 °c ) , mounted on brass stubs using double

sided sticking tape and initially coated with gold/palladium {Au/Pd )

to a thickness of sooi using an ESOOO diode sputter coater. High

proportions of amorphous silica frequently caused poor conductance

which resulted in a build up of negative charge on particles, pro

ducing abnormal contrast {e. g. Fig. 6.18a) , image deformation and

shifting (e.g. Fig. 6. 2 lc) , particle movement and burning, and a

reduction in resolving power. Recoating of samples with Au/Pd to

a total thickness of 750ft, and lowering the accelerating voltage

reduced the build up of negative charge.

Results 

The silts comprise two major components (Fig. 6.17a and b) : 

siliceous diatom tests (biogenic component ) ,  and siliceous rock and 

mineral fragments (terrigenous component) . Diatom tests are most 

abundant in the fine-very fine silts and the inorganic fragments in 

the coarse silts (Fig. 6.21c and a) . In the medium silt fraction 

a variable mixture of these two components occurs (Fig. 6.21b ) .  
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Fig. 6 . 17 

Ca) 

Sample 74 

Total oven-dry (55°c )  

untreated sediment. 

x200 
.....___. 50 µm 

No. 0004 (film negative 

number) 

25 kV (S.E . M. accelerating 

voltage) 

(b ) 

Sample 103 

Total oven-dry (55°c )  

untreated sediment . 

x22 0  
� 40 µrn 
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Broad areal trends occur in the relative abundance o f  biogenic 

and terrigenous components in the lake, with the latter decreasing 

fairly rapidly away from shelf areas, and more slowly away from the 

southern end of Lake Taupo • .  This trend along a south to north transect 

(Fig. 6.19c) is illustrated by Figs. 6.18 to 6.21. 

The terrigenous component comprises two categories of particle s. 

The first includes pumice fragments and glass shards , which are 

compositionally similar. The gradational change from one to the 

other is  e ssentially a function of particle to vesicle size . Pumice 

particles are vesiculated (Fig. 6.22a) while glass shards display 

parts of vesicle walls with variable shapes ,  including flat plate s 

with or without ridges , and curved , concave, and Y-shaped fragments 

(Fig. 6. 22b) . The second category include s unidentifiable particle s 

(e.g. Fig . 6.22b) . 
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Fi�. 6 . 18 Sample 2 

(a)  

Coarse silt ( 31-63 µm) 

x2 00 

L-....L-., 5 0 µm 

P. No. 2635

13 kV

(b ) 

Medium silt ( 16-31 µm) 

x22 0  

�. 40 µm 

No . 2629 

13 kV 

(c ) 

Fine-very fine silt (2-16 µm) 

x360 

No . 2631 

13  kV 

L._.._j 30 µm 
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Fig . 6. 19 

Sample 4 

(a) Coarse-medium silt

(16-63 µm)

No . 0490 

15  kV 

x240 

L-J-..--140 µm 

F ine-very fine silt 

(2-16 µm) 

x660 

.___,_____, 10 µm 

18 kV 

(c l sample sites in Lake 

Taupo for samples 

illustrated in Figs. 

6 . 18 to 6 . 21 .  



Fig . 6 . 20 .

<a> 
Sample 54 

Coarse-medium silt 

(16-63  µm) 

x200 
.____.. 50 µm 

No .  0486 

18 kV 

(b) 

Fine-very fine silt 

(2-16 µm) 

No . 0481 

18 kV 

x320 

20 µm 
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Fig. 6.21 Sample 103 

(a) 

Coarse silt (31-63 µm)

x220 

� 40 µm 

No. 2625 

13 kV 

(b) 

Medium silt (16-31 µm} 

x220 
..__.__. 4 0 µm 

No. 2630 

13 kV 

(c l 
Fine-very fine silt 

(2-16 µm) 

No. 2626 

13 kV 

x360 

'---'-' 30 µm 
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Fig. 6 . 22 

( a) 

Sample 93 

coarse-rr'.cdiurn silt 

xl800 

L--�-- 10 µm 

Vesiculated pumice 

fragment 

No. 0675 

18 kV 

(b) 

Sample 46 

Coarse-medium silt 

x440 

L..-.o--1 2 0 µm 

(1 ) Glass shards

(2) Terrigenous particles

lacking distinct

morphology

No. 0552 

18 kV 
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IDENTIPICATION OF DIATOM FRUS'l'ULES 

The occurrence , physical characteristics, and ecological 

significance of diatoms in the Lake Taupo plankton community were 

described in Chapter 3, section 3 . 

The identification and relative abundance of the various 

species of diatom frustules observed in the sediments. of Lake Taupo 

in the course of this study are given in Table 6. 3 and are illust-

rated in Figs. 6. 23-6. 39. Wherever possible , the authority and 

reference is given with each identification (based on Patrick and 

Reimer, 1966 ; V. Cassie, 1978a, pers. comm. ) .  

Subsequently, v .  Cassie (1978b, pers . comm. ) has identified 

further diatom species in several of the Lake Taupo sediment samples, 

and in a "diatomite" sample, probably of Huka Group origin (Fig. 6. 41) , 

collected by the author from a large (several metres across) partly 

buried slab of similar material in 1 m of water just offshore in the 

northern part of Scenic Bay , Lake Taupo (Table 6. 4) . Micrographs 

cif diatom species from this subsequent study are not included in this 

thesi s. 

Clay Sample Preparation 

The sediment remaining after removal of the silt fractions was 

either further centrifuged into coarse (0. 2-2 µm) and fine clay (<0 . 2 µrn) 

fractions (samples 12 , 34,  36, 53 , 55 , 68, 84 , 97 , 101, 104 , 109 , 115 ) , 

or flocculated by adding a few crystals of MgC12 to 200 mls of sample 

(all other samples ) .  The latter group was then centrifuged and 

decanted twice to remove any MgC12 in solution. 
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Table 6. 3. Diatoms in Lake Taupe Sediments (Identification based on 

Patrick and Reimer, 1966 ; Cassie, 1978, pers . comm. ) 

Species 

Silt fraction 

Relative 
abundance

Meiosira sp. (?ad pyxis > varians ) v . a.

CyoZote Ua ste Uigera c.

RhopaZodia gibba (Ehr. ) ·o. Mull var. gibba o. 

Epithemia sp. c. 

Coaooneis pZaoentuZata (Ehr. ) var. 
Zineata r. 

FragiZZaria sp. r. 

Coscinodiscus sp. ad Zacustris GRUN r. 

Syned:r>a ulna (Nitzsch ) var. 
amphirhynchus (Ehr . ) GRUN o. 

Valvocopula (diatom girdle band) o. (as 

Fine-very fine sand fraction (of 
samples close to some shallow water
areas; cf. Fig. 7. 4)  

SynecJ:r,a uZna (Ehr . )  Nitzsch var. 
uZna 

Surire ZZa sp. 

SurireZ Za tenera GREG 

CymatopZeura so Zea 

Cyrrihe ZZa sp. (?aspera )

Nitzschia sp. 

Non-diatom particles 

?L. R. G. T .  (little round green thing;
Paerl, 1977) 

Sponge spicules (siliceous) 

Unidentified biogenic object 

very abundant (>50%) 

common (5-50%) 

occasional (1-5%  l 

�e ( < 1 % )  

I 
I 

separate 
particles )

Relative 
abundance in
sample 40 

o. -v. a.

o. 

o. 

r. 

r. 

r.-c. 

r. 

r. -o • 

r. 

v. a.

c .  

o. 

r .  

Fig. 

6. 23

6. 24, 6. 25

6. 26

6. 27

6. 29

6 . 30a and b

6 . 31

6. 28

6. 32a and b

6. 37c

6. 33, 6. 34

6. 35, 6. 36

6. 37a

6. 37b

6. 38

6. 39

6. 35

6. 40
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Table 6 . 4 .  Further diatom species observed in several o f  the Lake Taupo sediment samples by V.  Cassie 

(1978 , r,ers . comm. ) .  

SPECIES SAMPLE NUMBER AND SEDIMENT SIZE FRACTION ----
' 'diatomite " 

2 v. fs. -f . s .  1 0  sl . 41 v . f . s-f . s .  · 66 sl. 78 sl . 97 el . {?Huka Gp. ) 

Aster-ione1.l.a formosa 1 l 

Capcwtograr.m:z cruoicuZa 1 
Cocconei8 pl.acentul.a 1 1 l 1 
CycloteZl.a cte ZZigera 2 3 2 4 5 5 

?CymbeZZa asper'a l l 
Cyrn:itopZeura so Zea l 

?Ih'.ploneis smithii 1 
Ep-ithemia argu.s l l 2 3 

Epithemia sore:,; l l 2 

Eun.otia sp. l 
Fragi.Z.aria construens l r 
Malosira pyxis 2 5 2 5+ 5 5+ 1 
Ne losiru varians 1 ---- 1 
NaviauZa sp. l (long , 1 1 1 

narrow) 

Ravi.cul.a sp . 2  {short , 
wide ) 

Meulium iridis var . 
currphigomphua l. l 1 

Nitzschia vermi�utaris 5 --- 2 
?PinnuZaria meeogongyZa 1 
RhcpaZcdia gibba 1 1 - 1 
SurireZZa bieeriata 3 --- 1 

Sw.>ire Z Za con tor ta 2 --- 3 
Su,.-ireZ Za oval.is 2 

Synetb-a ut.na 1 1 



Fig. 6 . 23 

Me"losira sp . 

x2400 

No . 0662 

l8 kV 

Fig . 6 . 24 

Cyalo te l la ste lligera
CLEV:E: et Gln}N 

(Ref . Huber-Pestalozzi) 

Tilted specimen 

No. 0681 

l8 kV 

x4000 
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Fig. 6.25 

CyaZote Z Za s te ZZigera 

CLEVE et GRUN 

(Ref. Huber�Pestalozzi) 

(a) Valve interior

No. 2064 

18 kV 

xlSOO 
L..-.__.__..., 10 µm

(b) Valve exterior

x7200 
.__�____. 2 ]J.m 

No. 2009 

18 kV 
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Fig . 6.26 

RhopaZodia gibba 

(Ehr) 0 .  Mull • 

Var . gibba 

(valve interior )  

x750 
.__ _ _.___ _ _, 15 µm

No� 0804 

7 kV 

Fig·. 6 ,27 

Epitb.emia sp .

(valve interior} 

x900 

._____..____. 2 0 )..L.'11 

No . 0435 

18 kV 

' 
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Fig. 6 . 28 

Syned:"f'a uZ.na

(Nitz sch }  

var. amphirhynchus 

(Ehr . ) GRUN 

xlOOO 

L-.J-..J 10 µm 

Fig. 6.29 

Cocconeis pZacentuZata

(Ehr . ) 

var. Uneata

(Pseudoraphe valve) 

x3900 

No. 2023 

8 kV 

5 µ 
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Fig . 6 . 30  

(a) ?Fragi Z Zaria sp.

x4800 

No . 0978 

15 kV 

(b) ?FragiZZaria sp.

x2200 

-- 5 µm 

No. 0988 

15 kV 
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Fig . 6 . 31 

Cosainodiscus sp . 

ad Zaaust:r>is 

GRUN 

No. 0795 

7 kV 

xl300 
.___......___. 10 µm
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Fig. 6.32 

Valvocopula 

(diatom girdle band) 

Ref. Anonymous , 1975 

(a) x4000

.__-�-� 5 µm

No. 0980 

15 kV 

(bl x6600 

No . 0965 

15 kV 

L---J 2 µm 
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Fig . 6. 3 3  

Surire lla sp. 

(with girdle) 

No . 0798 

7 kV 

Fig . 6 . 34  

x360 

60 pm 

Surire Z Za sp. 

{assymmetrical valve) 

x360 
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Fig. 6.35 

1 �  Surire i ia tenera 

GREG . 

Ref . Huber-Pestalozzi 

2. Siliceous sponge

spicule

No.  0793

7 kV 

x300 

.____,___. 4 0 µm 

Fig. 6 . 3 6  

Surireiia tenera 

GREG . 

Ref . Huber-Pestalozzi 

x500  

.___.. 20 µm 

No . 0800

8 kV 
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Fig . 6 . 3 7 

(a )  Cymatopleura so lea 

{b )  Cyrri.be l la sp • 

(?aspera) 

( c ) Syned.ra ulna 

(Ehr . ) Nitz sch 

var . ulna

Ne:>. 0805 

7 kV 

Fig. 6.38 

Nitzsehia sp. 

x200 

xl800 

...........__, 10 µm 
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Fig. 6 . 39 

? "Little round green 

thing" (L . R . G . T ;  Paerl , 

1977 ) . 

x4000 
,...__....__...J 5 µm

No. 0484 

25 kV 



Fig . 6. 41 .

1 53 

Fig . 6. 40

Unidentified biological 

structure (Sample 14 ) 

No. 0801

8 kV 

x720 
,.._.____.. 10 µm

Diatomite sam�le collected from Scenic Bay, Lake 

Taupo. Note sand-rich laminae and pumice clast. 
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As a preliminary step on which subsequent procedure was based, 

sample 12 coarse clay was mounted directly on to a brass stub , using 

a dropper, and scanned with the S . E.M. Both diatornaceous and non-

diatomaceous components are evident {Fig. 6 . 42) . The twelve coarse 

clay samples were then mixed with distilled water and allowed to 

settle in 15 cm long test tubes. In every case differential settling 

produced three distinct colour layers with approximately similar layer-

thickness ratios {e . g. Fig . 6 .4 3) . Each of these three layers was 

subsarnpled and S.E.M. mounts prepared using brass stubs . Correspond-

ing fine clay fractions were mounted on carbon stubs to eliminate 

elemental peaks of the metals in brass during rnicroprobe investigat-

ions. Mounts were also prepared from flocculated total clay samples 

(52 ,  54 , 74 , 86 , 89) using brass stubs. 

The clays were mounted on stubs by mixing clay/water suspens

ions with variable quantities of tertiary butyl-amine (t. b. a) and 

applying the suspension with a dropper. Beutelsvacher and Van der Marel 

(1968) suggested a clay suspension : t . b . a. ratio of 1: 700. As the 

result is a compromise between the effects of re�ucing surface 

tension by increasing the t.b . a .  content and an adequate clay 

particle density, the initial clay suspension partly determines the 

ideal ratio. In this invesitgation a ratio range of 1: 40 to 1: 100 

generally gave good results . 

�esults 

Sample 55 {Figs. 6 .44-6 .46)  is representative of the clay 

fractions examined. Visual identifications of the components in 

this sample are listed in Table 6.5 together with approximate 

dimensions and abundances in a particular layer. In some cases 



Fig. 6. 42 .

1 5 5  

x2400 

L-.o.-J 4 µm 

No. 0900

15 kV 

Sample 12 coarse clay fraction (0 .2-2 . 0 µm)

pale khaki c�l5 % vol. ) 

,___ __ pale green-grey . +  faint black specks (�70%)  

---:.e�-�- pale pink-grey (�15% )

Fig . 6. 43 .  Layers fanned by differential settling o f  sample 

55 coarse clay (0 . 2�2 . o  µm) particles through a 

15 cm water column . 
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Fig . 6 . 44 

Sample 55 clay 

(top layer; Fig . 6 . 43 )  

(a)  

No. 0960 

25 kV 

(b) 

No. 0992 

15 kV 

x720 

L--J 10 µm 

x3000 
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Fig. 6. 45 

Sample 55 clay 

(middle layer ; Fig. 6 . 43) 

No . 0974 

15 kV 

(b} 

No • .  0976 

15 kV 

(c}  

No. 0977 

15 kV 

x320  

L-L-J 20 µm 

xl500 

L--�-.,10 µm 

x6000 
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Fig . 6.46 

Sample 55 clay 

(bottom layer ; Fig . 6. 43 ) 

(a) 

No . 0981 

15 kV 

(b ) 

No. 0982 

15 kV 

x72 0  
��- 20 µm 

x8600 
.__�-�2 µm 
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(e.g . girdle bands, long fr"gments) dimensions have little meaning 

with respect to size classification or settling rat.es in a fluid 

medium, and so are not given. 

Component distr�on 

" Spherical objects" occur in all layers but are smaller and 

less abundant near the bottom; angular fragments and flake-like 

particles occur in all layers; diatom tests and test fragments 

occur only in the middle layer , where they are the most abundant 

component ; and aggregates of flakes occur only in the bottom layer , 

where they also form the major component (Table ·6.5) . By convert-

ing component layer percentages to total percentages and summing 

these for each morphologically distinct component , the abundance of 

each as a percentage of the total clay sample is obtained (Table 6 . 6) .

Non-diatom particle morphology 

Spherical particles occurring throughout the clay fractions 

have several distinct morphologies (Figs. 6.47-6. 49) . Fig. 6.,rna 

shows an apparently hollow body with surface crystal growths. 

Other sphericical particles show a surface crystal structure but no 

evidence of being hollow (e.g . Fig. 6.47b) . Composition of these 

particles was not determined� however their morphology suggests they 

may be partly or wholly authigenic silica . Si0
2 

nH
2

0 is a common

authigenic mineral in diatomite and characteristically forms fibrous 

spherulites (Heinrich, 1965 ) . Amorphous silica (e . g. diatom tests) 

is one of the mo st soluble forms of silica (equilibrium solubility 

approximately 120 ppm in water at room temperature) and saturation 

of interstitial waters may result in precipitation of crystalline 
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Sample 55 Coarse Clay (0.2-2 µm} Components 

COMPONENT MORPHOLOGY 

Approximately spherical) 
11 11 11 ) same? 

Angular fragments, flake-like
particles 

Diatom tests (mainly 
CyaZoteUa sp.} 

Diatom test fragments 
(girdle bands, flakes and
strips with regular 
perforations, Synedia sp. ) 

Approximately spherical, some 
have the appearance of crystal
growths or aggregates 

Angular fragments, flake-like 

APPROX. 
DIMENSION

5-10 µm

<2 µm

1-2 µm

3-6 µm

2-10 µm

particles 0.2-1 . 5  µm 

Aggregates (2-8 µm) of flakes 0 . 3-1 . 5  µm 

Approximately spherical 2-5 µm 

Individual flakes <2 µm 

ABUNDANCE
IN LAYER 

� 70% 

� 30% 

•. 5 %  

� 5 5 %  

� 20% 

� 2 0% 

!:,; 55%  

� 40% 

<5% 

Table 6.6 .  Approximate abundance of morphologically distinct components 

in the coarse clay fraction of sample 55 

Particle morphology 

Spherical particles 

Diatom tests and fragments · 

Angular fragments and flake-like particles 

Aggregates of flakes 

Approximate abundance 

30% 

40% 

20% 

10% 
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Fig . 6 . 47 

Sample 55 clay 

(middle layer ; Fig.6 . 43) 

? Authigenic siliceous 

micro-spherulites 

(a)  

No. 0993 

15 kV 

(bl 

No. 0975 

15 kV 

x2600 

xl0, 000 

L---1 l ]Jm 
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silica (Blatt et aZ . 1972) . For example, particles of a similar 

morphology to the above particles from Taupo, commonly line micro

fossil moulds in opaline Eocene claystone deposits (altered diatornites) 

of the Atlantic and Gulf Coast Plain, U. S.A. (Weaver and Wise, 1973 ;  

S . E. M. micrographs p. 900) . These particles consist of, pp. 899-900 

" • • • unidimensionally disordered alpha-cristobalite in the form of 

bladed microspherulites" , probably as a result of " • • • in situ

dissolution of biogenous opal with silica reprecipitated inorganically 

as authigenic disordered alpha-cristobalite".  

Other " spherical" particles (e. g .  6 . 48a and b)  are hollow 

and have some symmetry, suggesting a biogenic origin. Because of 

the possibility that biogenic particle morphology may have been 

modified during sample preparation, it is unclear whether or not 

the se particles are distinct from the round particles illustrated 

in Fig. 6. 49a and b, each of which has the appearance of a partially 

collapsed sphere with at least one pore-like opening. Spherical 

cells, <2 µm to 5 µm in diameter and having a pore-like opening , 

dominate the ultraplankton {0. 2-3 µm phytoplankton) in Lake Taupo 

(Paerl, 197 7 ;  S.E. M .1 micrograph, p. 299) . Several such cells have

been observed in the very fine silt fraction of Lake Taupo sediments 

(e . g . Fig. 6.39) . Little is known of the taxonomy of these ultra-

plankters , which Paerl {1977) has referred to as LRGTs (little round 

green things) . Ultraplankton is more prominent in oligotrophic 

lakes (e. g. Lake Taupo) where it may form up to 35% of the biomass 

and 76 % of the primary productivity (Paerl, 1977 ) . 

S. E . M. X-ray energy dispersive mocroprobe spectra of many of 

the round particles illustrated in Fig . 6.49a and b show they consist 
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Fig . 6 . 48 

(middle layer) 

Sample 55 clay 

{middle layer; Fig . 6. 43 ) 

( ?  bio-capsule ) 

No .  0994 

25 kV 

{b l sample 1 04 

clay 

(? bio-capsulel 

No. 0956 

25 kV 

x8600 

xl8000 

i____J 1 µm 

.. 
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largely, or entirely ,  o f  sulphur (e.g. Fig� 6 . 50) . The nature and 

source of such sulphur in the sediment is unclear. A general sulphur 

cycle for lacustrine environments is well established (e . g .  Reeves, 

196 8 ; Berner, 19 7 1 ;  Brock, 19741) ,  and shows that particulate sulphur 

or sulphur compounds may exist ir1 lake sediments in a number of fonns 

depending on the immediate microenvironment . For example, sulphur 

may initially reach the sediments through the water column as organic 

sulphur compounds , elemental sulphur particles and dissolved sulphate 

anions (so4
2 - ) ; or directly frorn sub-lacustrine hydrothermal activity . 

Under anaerobic conditions in lake sediments , these forms of sulphur 

are reduced to H2s and HS- mainly by bacteria of the genus d.esuZphovibrio .

Dissolved H2s in the sediments may bleed back into the water column, 

where spontaneous oxidation in the presence of dissolved oxygen produces 

so4
2 - and colloidal particles of elemental sulphur (S0 ) , or react with 

iron minerals and precipitate the finely disseminated monosulphides 

largely responsible for the black colouring in anaerobic lake sediments 

(fine black lenses and patches were observed in freshly recovered Lake 

Taupo sediments, and rapid growths of black-coloured patches in the 

stored sediment sample s occurred in the laboratory, probably as a 

result of such bacterial action) . These monosulphides are pre-

dominantly mackinawite (non-crystalline Fel.05s) and grei.gite (cubic 

Fe 3s4 ) ,  together referred to as hydrotroillite. In the presence of

oxygen, metastable hydrotroillite is oxidised producing elemental 

sulphur (i.e. 4FeS + 302 _.. 2Fe2a3 + 4S0 ; Reeves, 196 8 ) .

Reduced sulphur in lake sediments may also be oxidised by 

bacteria belonging to the familie s Beggiatoaceae , Ni trobacteriaceae ,
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Fig. 6.49 

Sample 104 clay 

(top layer) 

(a) x600

.__.__. 10 pm

No. 0954 

26 kV 

(bl x6000 

t' 
/ 

" spherical" particles 

(?collapsed L . R. G.T ' s ,  

? sulphur particles) 

and clay flakes. 

No. 0955 
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Counting time = 80 seconds 

at 18 kV. 

S.E.M. X-ray energy dispersive spectrum 

of the approximately spherical particle 

illustrated in Fig. 6.49b. 
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Pseudomonadaceae and RhodospiriZZaceae . Most of  these bacteria 

deposit elemental sulphur granules internally (e. g. Beggiatoa occur 

as filaments which are often filled with 0. 5 -1. 0 µm sulphur granules ; 

Brock , 1974, p. 639 ) . Species of the important genus, thi'ObaciUus

(Nitrobacteriaceae ) may deposit amorphous elemental sulphur granules 

externally. 

Where sufficient light is present (mostly infra-red; 700-900 nm) , 

photosynthetic bacteria may also produce 0. 5-1. 0 µm granules of elemental 

sulphur by reduction of H
2s .  These bacteria are divided into two

broad groups on the basis of pigmentation ; green photosynthetic 

bacteria (Chlorobiaceae ) deposit elemental sulphur granules externally , 

and purple photosynthetic bacteria (Chromatiaceae ) deposit them intern

ally (Brock, 1974; p. 622) . It is likely that such granules would 

be released during organic matter removal from sediment samples. 

On this basis , the sulphur-containing particles observed under 

the S. E. M. (figs. 6.49a and b)  are possibly elemental sulphur result

ing from: 

(a ) J;norganic precipitation near the sediment/water interface or

from hydrothermally active sites .

(b) Organic precipitation near the sediment water interface.

(c ) Release from organic sulphur compounds and bacteria destroyed

during organic matter removal.

(d ) Oxidation of sulphides during S. E .• M. sample preparation.

S. E. M. X-ray energy dispersive microprobe analysis of the

angular fragments in the coarse clay fractions indicate essentially 

siliceous material. Both diatom tests and pumice are capable of 

producing such fragments (e.g. Figs. 6. 5 1a and b) . 

I 
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Fig. 6 . 51  

Sample 52 

(a) Clay-sized pumice

fragments

No. 0556 

18 kV 

x2000 

L--..1 5 µm 

Clay-sized diatom 

fragments 

No. 0678 

18 kV 

x4800 

L---..J 2 µm 
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The "fine clay" (based on estimated specific gravity of particles 

and centrifuge times) fraction fonned less than 1% of the twelve centri

fuged clay samples. The particles are commonly up to 1 µmin diameter 

and exhibit flake-like morphology typical of crys�alline clay minerals 

(e.g. Fig. 6.52a and b).. Microprobe analysis of individual flakes 

or small aggregates of flakes preyed unsuccessful. Low S.E.M. accel-

erating voltage and small amounts of material prevented adequate 

elemental counts being obtained, and an increase in accelerating 

voltage resulted in particle destruction. 

LaYger aggregates of clay-sized material microprobed over an 

area, rather than at a point, gave 'average' elemental counts that 

were similar from sample to sample (e.g. Figs. 6.53, 6.54), �ompris

ing mainly Si, Al, p' K, Fe and Mn. 
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Fi.g. 6.52

(al Sample 34 "fine clay" 

mounted on brass stub. 

xl0,000 

No. 2057 

28 kV 

L----J l µm 

(b) Sample 104 "fine clay"

mounted on carbon stub

x2200 

No. 2061 

18 kV 
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Fig. 6.53 

Sample 104 "fine clay" 

(�roken edge of aggregate. 

Inset shows area on which 

microprobe was focussed. 

Ref. Fig. 6.54). 

No. 2056 

1.8 kV 

xlOOO 

,.______.__. 10 µ 

Counting time = 80 sec • 

18 kV 

Energy-+ 

S.E.M. X-ray energy dispersive spectrum 

showing average elemental composition for 

clay sample 8. Sample area scanned is 

shown as an inset in Fig. 6.53. 
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CHAPTER 7 

DISCUSSION AND INTERPRETATION 

OF EXPERIMENTAL RESULTS 

On the basis of experimental work several maps have been 

presented in the previous chapters showing areal changes in textural 

and compositional properties in Lake Taupe bottom sediments. These 

are intended to reveal trends in each parameter by grouping values 

between certain limits, without creating unnecessary or artificial 

details. Isolines have been interpolated assuming linear changes 

between point values, unless bathymetric considerations, changing 

bottom slope, or evidence of redeposition dictates otherwise. 

Subjectivity due to choice of isoline values, their positioning, and 

the semi-quantitative nature of the values of some parameters, all 

affect the comparative interpretation of �he patterns on these maps. 

7.2 SEDIMENT TEXTURAL IMPLICATIONS 

Textures of the lake sediments are a function of the nature 

of the source material, sorting processes during transport to the 

lake, and reworking in the lake. Sorting depends on distance 

transported from source, energy of transporting media, rates of 

deposition, and energy at the site of deposition (Allen, 1970). 

Sediment composition has implications for source areas and consequently 

transport mechanisms and directions of sediment dispersal within the 

lake. 

Broad relationships exist between sediment texture and environ

ment in Lake Taupo and interpretation of textural data is made below 
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in terms of processes operating in the major lake environments. 

Sub-lacustrine talus environment 

Coarse, very poorly sorted sediments occur in deep water close 

to cliffed areas along the western and northern shores of the lake. 

Textures of this material reflect the lack of river or nearshore

transport sorting processes on material falling from the cliff faces, 

and the simultaneous deposition of silt and clay-sized material 

transported from other areas in suspension (Fig. 7.1). 

Shelf environment 

In contrast to sub-lacustrine talus material, shelf sands, 

gravels and sand-gravel mixtures along the eastern and southern 

sides of the lake lack mud and show better sorting, having first 

been transported to the lake and then subjected to swell and wave 

action at the lake mar9in. Shelf sediment textural characteristics 

are determined mainly by the effects of wave action (King, 1972; 

Pickrill, 1978). Deep-water waves consist of orbital motions of 

water \\hich decrease exponentially to negligible values at water 

depths approximately equivalent to half their wavelength (Fig. 7.2). 

Thus the depth at which wave motion first impinges on the bottom 

(i.e. effective wave base) is determined by wave amplitude and period, 

both of which increase with wind speed and length of exposed fetch. 

Thereafter, incoming wave interaction with the bottom increases as 

the shelf depth decreases, and bottom sediment movement is initiated 

when orbital flow velocity at the bottom exceeds the threshold velocity 

needed to move sediment particles of a particular size and specific 

gravity. The wave energy gradient across a shelf produces shore-normal 
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sorting by selective bed-load and suspension transport. -Mean grain

size decreases and sorting deteriorates with increasing water depth 

(Pickrill, 1978). 

In Lake Taupo, shelf-sediment textural trends are apparent 

although they are partly obscured by the presence of pumice. Sand 

and gravel-sized pumice produces textural data that are difficult to 

interpret in terms of classical hydrodynamic energy and transport 

processes. Pumice fragments have variable buoyancy, ranging from 

positive through neutral to negative, depending on their degree of 

vesicularity and waterlogging •. Fragments floating on the lake 

become progressively waterlogged and may sink anywhere. Larger 

fragments may be carried right across the lake, become beached, and 

eventually dry out again. Fragments with slight negative buoyancy 

are easily moved across the bottom by weak currents and tend to 

collect in sheltered areas, such as in ripple troughs and on the 

slope. Shelf sediments in which the above pumice problem is minimal 

have textures that may reflect the degree of exposure to prevailing 

wind-wave activity. For any given depth, modal grain size is larger 

and sorting is generally better on more exposed shelf areas. For 

example, at the southern end of the lake the presence of a 3¢ sand mode 

(and weed beds) indicates one of the lowest energy shelf environments 

in the lake (Fig. 7.3). 

The texture of shelf sediments may also reflect the competence 

of river and stream waters entering the lake, particularly during 

times of flood. For example, a predominantly greywacke cobble and 

pebble lag has formed off the Oruatua headland, presumably from material 

jetted into the lake by the Tauranga-Taupo River, and a coarse/very 
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0 L. 8km
c:::==i::==:::i 

Location of selected shelf-

sediment sites in Lake Taupe 

Water Pumice Exposure to 

Idepth sand Hodal Textural prevailing wind-
(m) Content <P value Sorting term wave activity 

-i 

l negligible 0 and 3 ps gs low 

4 low 3 ms (g) s moderate 

4 low 4 vws .s low 

4 high l vws (g) s high 

4 high 3 mws (g) s low 

Shelf-sediment sample textures reflect degree of exposure to 

prevailing wind-wave action. The modal grain size at a given 

depth reflects both sediment composition and the competence 

of wave-induced bed-load transport at that depth. 

From site 20 to 40 and site 91 to 95 there is both a decrease 

in exposure and modal grain size. 
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coarse sand mode of rhyolite and greywacke fragments occurs close to 

a pre-existing Tongariro River mouth in Stump Bay (site 14, Fig. 7.3}. 

Slope and Rise Environments 

Lake Taupo bathyrnetry shows that the steepest slope section 

occurs immediately lakewards of the shelf-break. The slope progress-

ively decreases with increasing depth, producing an approximately 

concave profile. The slope is almost entirely below effective wave 

base, so sediment may be deposited either from shelf spill-over (sands, 

pumice gravels} or suspension (silt and clay-sized material}. Creep, 

slumps, slides and density flows may redeposit sediments further 

downslope, particularly in areas where high rates of sedimentation 

near the shelf edge lead to oversteepening (Brodie and Irwin, ;I.970; 

Pickrill, 1978). 

The rate of sediment accumulation from an areally unifo:pn 

suspension increases with decreasing slope angle because the 

vertically projected area of the slope increases. This, together 

with both decreased environmental energy and increased remoteness 

from shelf spill-over with depth, produce the downslope tra..sition 

from silty sands through sandy silts and silts across the rise to 

basinal regions in Lake Taupo. 

Diatom frustules frequently occur in the fine sand fraction of 

slope and rise sediments and occasionally dominate this fraction 

(Fig. 7.4). Species include abundant Nitzchia sp. and Syned:t>a sp., 

together with Su_r>ireUa sp. and CyrribeUa sp. Occ_asional siliceous 

sponge spicules also occur (see chapter 6, Figs. 6.33-6.38). These 

species live in shelf-depth waters attached to the substrate or 
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aquatic vegetation (Cassie, 1974), and are probably winnowed to 

slope-rise areas, after death, by current energy gradients. 

Thus a relatively large number of sources contribute material 

to slope and rise regions, commonly producing polymodal, poorly sorted 

sediments. 

Basinal Environment 

Together silt- and clay-sized material generally account for 

more than 95% of the basinal sediments. Two modes, having an inverse 

relationship, dominate the silt fraction (Fig. 5.9). S.E.M. 

indicates that the 5.5-6.0¢ mode is due to terrigenous material 

(Fig. 6.18b), and the 7.0-7.5¢ mode to diatom frustules (Fig. 6.21c). 

In the absence of any evidence to the contrary, it is assumed that 

the average sedimentation rate of diatom frustules is similar in all 

deep-water parts of the lake, so that variations in the mode-ratio 

values (Fig. 5.lO)reflect variations in the terrigenous silt component 

alone (Fig. 7.5). 

Terrigenous material dominates the silt fraction at the 

southern end of the lake and close to shelf areas. The decrease in 

terrigenous silt away from shelf areas, despite an increase in total 

silt content, suggests that much of it has been winnowed from adjacent 

shelf areas. The terrigenous silt content of the basinal sediments 

decreases almost linearly in a northeasterly direction, attaining 

negligible values in central and northern parts of the lake. The 

relatively low terrigenous silt content in a small area near the 

southern end of the lake suggests that turbid currents rarely traverse 

this area. Extensive erosion of high cliffs of pumice-breccia to 

the north of the Hinemaiaia Stream mouth probably contributes the 
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increased terrigenous silt component to basinal sediments northeast 

of the Horomatangi Reef. 

Clay-sized material shows an expected inverse relationship with 

the total silt content and ranges from 20-25% in parts of the southern 

half of the lake to 10-15% across the northern end (Fig. 5.7}. Clay-

sized material is generally transported further than silt in suffic

iently weak Qr weakening currents, and so extends the flow patterns 

suggested by terrigenous silt deposition, assuming there is a common 

source. A plot of clay:silt ratios (Fig. 5.8) indicates that the 

net current direction in the lake is from the southwestern side 

towards the outflowing Waikato River. A comparison of the clay�silt 

ratio pattern (Fig. 5.8) with the pattern for terrigenous silt (Fig. 

5.10) suggests that ponding areas or gyres may occur, particularly 

to the west of Motuoapa headland and in Waihi Bay. Abnormally 

high clay contents at two localities in the central eastern part of 

the lake remain unexplained. On the basis of the distribution of 

terrigenous silt and clay in the lake, flow directions for suspended 

sediment-laden currents are proposed (Fig. a. 6a). Further evidence 

for these flow directions is provided by a Band 4 Landsat image of 

Lake Taupo taken on the 22 December, 1975 (Fig. 7.6b). The image 

clearly shows a plume of suspended sediment extending from the 

Tongariro delta up the western side of the lake to the cliffs north 

of Poukura and across to the northeastern region of t.�e lake. 

Campbell (1977) has identified four zones of suspended.

sediment density from a Photowrite enlargement of the Band 4 Landsat 

image (Fig. 7. 6c) • He suggested that the Kuratau and Waitahanui 

Rivers and the Whareroa Stream contributed significantly to this 
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sediment load. However, a comparison of the image with lake bathymetry 

(Map3, in map pocket) indicates that the zones depicted in Fig. 7.6c 

as 'heavy density' probably result largely from shelf areas being 

recorded on the Landsat image (e.g. Kuratau shelf, Stump Bay, Motuoapa 

Bay, Otutere Banks, northern Tapaueharuru Bay). Suspended sediment 

resulting from wave action along the coast to the north of Hatepe 

may also contribute to the 'density' in that region. Photographic 

penetration to depths of at least 8 m (i.e. outer shelf depths) 

suggest that suspended sediment was being transported in the lake by 

either surface-flow or inter-flow at the time. 

Sand content in the basinal sediments is generally less than 

5%, with grain sizes ranging from very fine to medium sand. The 

relatively uniform content over most of the lake, and its occurrence 

as a distinct mode, suggest that the bulk of this sand has not been 

transported and dispersed by the same mechanism as the silt. 

Settling rates of these grain sizes preclude transport in suspension 

for any great distance from a stream mouth by either surface-flow or 

inter-flow, both of which rapidly lose competence by dispersal in at 

least two directions. Bottom flow may transport sand considerable 

distances over a lake floor, but this process creates textural 

patterns.that correspond to channelisation of flow and overbank deposits. 

Channels and levees resulting from underflow of stream currents have 

been observed in Lake Wakatipu (Brodie and Irwin, 1970). However, 

none of these features occur in Lake Taupo, suggesting that j.nflowing 

currents disperse mainly by surface-flow, inter-flow or assimilation, 

and do not transport sand to· central deep-water regions of the lake. 
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A Band 4 Landsat image of Lake Taupe on 22 December 1975 

{E-2334-21123). A Suspended sediment plume curves away 

from the Tongariro delta towards the northeastern region 

of Lake Taupe. 
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Fig. 7.6(c). Relative density of suspended sediment 

illustrated in 7.6{b) (after Campbell, 1977). 
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Wind transport might account for the relatively uniform 

distribution of sand. High country inunediately to the south and 

west of the lake, and the volcanoes of Ruapehu and Ngauruhoe, are 

possible sources. Ngauruhoe Ash (Gregg, 1960) is periodically still 

accumulating on land, and is likely to have been deposited over the·.'. 

lake area by prevailing winds (Fig. 7.7). Rawlence (1973) claimed 

to have observed ash layers in two sediment cores from Lake Taupo 

but does not identify them (Fig. 7.7). The sand content does not 

decrease appreciably towards the southern end of the lake, as might 

be expected because of the higher rates of river-borne silt deposition 

there. This may reflect an increasing river-borne sand content 

towards the southern end of the lake and/or proximity to National 

Park volcanic sources. 

Basinal silts occasionally contain lenses of redeposited pumice 

gravel and/or sand. The additional grain-size modes generally result 

in very poorly sorted sediments that are unusually coarse for their 

lake·-bed situations. 

The types and extent of sediment input and transport mechanisms 

forbasinal, rise, slope and shelf facies are summarised in an ideal

ised cross-section (Fig. 7. 8). 
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Sub-lacustrine hilltop environment 

Sediments on sub-lacustrine topographic highs in Lake Taupo 

commonly contain higher pumice gravel and/or sand contents than the 

surrounding basinal sediments, even though the tops may be several 

tens of metres under water. On the basis of previous discussion 

on lake hydrodynamics, transport mechanisms, and sediment sources, 

it is likely that this is largely due to lower mud sedimentation 

rates, caused perhaps by special lake currents such as internal 

seiches. The presence of pumice gravel supports a low sedimentation 

rate in one of two ways. Either pumice has sedimented at the same 

rate as in basinal areas and has been concentrated by the lack of 

permanent mud deposition, or it is relict from the high influxes 

of pumice following the Taupo Pumice eruptions of about 131 A.D. 

In either case an accumulation of sand, from the same source as 

that in basinal sediments, is likely to have occurred also. Sand 

coarser than 3.5¢ may be relict from volcanic activity, and is 

possibly in basinal sediments at greater sediment depths than were 

sampled. Sites below the peak of a sub-lacustrine hill may have 

accumulated sands by redeposition from further upslope. 

Sands and rhyolite gravels on the Horomatangi Reef, the top 

of which is only a few metres below water, have probably been 

produced by wave action on the rhyolite forming the reef.

Textural characteristics of both redeposited and sub-lacustrine 

hilltop sediments and likely sources of redeposited sediments are 

summarised in Table 7.1 and Fig. 7.9. 



I I
Sand modes Gravel mo<lea I Textural Sample Depth Silt Modes obeerved I not oba. wt., ($) '"'·' Mean 

i.w.ber (m) Diatom 

Q 67 100 7.0 
83 96 7.5 
86 132 7.5 
87 132 7.5 

,� 
105 92 7.0 
106 112 7.0 
115 107 7.5 

.l 56 42 7.5 
w 76 60 7.0 

;1 
85 15 -

88 3 -

,. 

120 102 7.0 
121 116 7.0 

($) 1 in basi.nal 1.n bi:.sinal 
Terriqen. sediment sediment 

- - 3,0,2.0,-0.s 
6.0 4.0 2.0 
S.5 4.0 3.0,2.0 
- 4.0 -

6.0,5.C 4.0 2.0,-0.5 
6.0 4.0 i.o 

6.0 3.5 2.0 

5.0 3.5 -

- ' - 3.0,2.0 
6.0,5.0 4.0 1.5 

- - -0.5 

5.5 4.0 2.0 
- 4.0 2.0 

sand Pumice Ot...'ier 9rav�l grain sorting Sk8Well8 Kurtosis 
size 

54.2 - - 0.3 3.9 vps afa vpk 
10.1 - - - 6.8 ps GCS vlk 
62.4 -1.s - 1.5 2.5 vps sf" lk 
28.7 -1.5,-2.• - 19.6 2.2 vps ns vpk 
40.8 -3.0 - 46.6 -0.6 vps ns 11'.k 
33.6 - - 1.7 5.2 vps scs vpk 
40.4 -2.0 - 18.5 2.9 vps CD pk 

76.5 - - 0.1 3.7 pa sfs vlk 
24.8 -1.5,-3,C - 7.5 3.6 vps ns pk 
40.6 ·-1.5,-2.! - 27.9 2.0 vps sea vpk 
41.3 - -1.5, 58.7 -1.6 ps ns pk 

-2.s, 
-3.5 

Rhyolit<!t 
15.5 - - - 5.9 vps 8C9 pk 
24.0 - - 0.1 5.4 ps sea vlk 

Table 7.1 Textural character of deep-water sediments containing redeposited pumice gravel and/or sand, and of sedim&nta on sub-lacustrine hills. 

redeposited material see Fig. 7.9) sorting, skewness, kurtosis and ·te�tural term �reviations are expanded in Appendix 1. 

term Nearest upelope i,ouroe 

(g)mS Rhyolite elif!e 
sz Rhyolite cliffs 

(g)mS Rhyolite reef 
<JH Rhyolite reef 

11\SG IgnL'llbrite cliffs 
(g)M Ignill'brite cliffs 

gM Beach/shelf deposits 

(g)mS Slope def<)sits (possibly). 
gM Higher parts of sub-lacustriAe hil.l 

gmS Rhyolitic reef top 
sG 

(9)M 
sz Higher parts of aul>-lacuatrin.e hill 

(For sample poaitiono and likely sources of 

I 

� 

a, 
tD 
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Sediment containing redeposited material • 

Likely direction of redeposition. 

sediment on sub-lacustrine hilltops • 

Sediment below the highest point of a sub-lacustrine 

hill which may have been influenced by redeposition 

from higher parts. 

Positions of deep-water sediments containing redeposited 

sand and pumice gravel, and of sub-lacustrine hilltop 

sediments enriched in sand and pumice gravel. 
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7.3 FELDSPAR AND QUARTZ TRENDS 

The distributions of feldspar and quartz in Lake Taupo sediments 

are shown in Figs. 6.3 and 6.4 respectively. 

The highest content of feldspar (>20%) occur in the shelf 

sediments and on a ·-topographic high near the centre of the lake. 

The major deep-water trend in feldspar content involves a steady 

decrease in a northeasterly direction from about 15% near the Tongariro 

delta to less than 2% across the northern and southeastern parts of 

the lake. The higher value isolines tend to hug the western shore, 

except in Waihi Bay. A locally high feldspar value decreases to 

background levels over about 2 km offshore from the Waihaha River 

mouth. 

The major trend in feldspar content indicates that the most 

important sources for this mineral occur at the southern end of the 

lake. 

The highest quartz contents also occur in the shelf sediments 

where values are typically 5-10\, although there are local shelf 

areas of higher content. While overall the contents of quartz are 

lower than for feldspar, the deep-water trends are broadly simi�ar, 

decreasing from about 5% to 1% or less in the northern half of the 

lake. There are, however, some important differences. The pattern 

of decreasing quartz does not extend as far north as that of feldspar, 

and the feldspar/quartz ratio in the central and northern parts of the 

lake is frequently 1/1, while at the southern end it is commonly 2/1 

or.more (Fig. 6.5). This suggests there are at least two distinct 

lake-sediment provenances. Furthermore, quartz does not display� 
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marked increase on some topographic highs (sites 76, 120} or in 

redeposited sediments (e.g. 67, 115,· 106) that is evident for feld-

spar. At all of these sites the sediments have enriched sand 

contents and it is in this fraction where most of the feldspar occurs. 

Similarly, the sand fraction of basinal sediments has a high feldspar 

and very low to undetectable quartz content. Microscopic examination 

of the sand has shown that it is dominated by dark volcanic glass 

fragments, many with feldspar inclusions. X-ray diffraction analyses 

of fine, medium and coarse silt fractions show an increase in the 

feldspar/quartz ratio from fine to coarse silt (Table 6.1). These 

mineralogical differences with texture suggest two distinct transport ·

mechanisms and/or two sources of material. Comparison of the lake 

.sediment mineralogy with that for catchment cover deposits and rock 

types (Table 7.2) suggests that the sand content in the basinal sediment 

is derived 'primarily from andesitic ash. Deposition over the lake 

from minor, intermittent volcanic eruptions (e.g. Ngauruhoe Ash} 

would account for the dispersal of grains throughout deep-water 

sediments and also for its accumulation on sub-lacustrine hilltops, 

where the sedimentation of mud is limited. 

The quartz content in basinal sediments is confined to the 

silt fraction and relative to feldspar is highest in the fine to 

medium silt grade. The feldspar:quartz ratio in the silt fraction 

(Table 6.1) suggests a substantial content is derived from greywacke 

and/or rhyolite, as alternative terrigenous sources (Table 7.2} have 

very high feldspar:quartz ratios and selective sorting of these two 

minerals during transport is unlikely. Greywacke is probably 

dominant because of its wide extent in the major tributary catchments 
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Yellow-brown Recent 
Soil Parent Rock 

Mineral 
pumice Soil Soil froni Rhyolitic Andesitic Rhyolite Andesite Greywacke 

(in sand) Volcanic Ash Ash Ash 
(in sand) \ (\) (\) (\) (\) (\) 

Quartz - - <l <l 30 <l 35 

Acid feldspar <l - 30 - 30 5 40 

IAndesine 1-4 5-9 - 40 - 40 10 

Glass 501 5-50 60 30 30 s l 

Homblende <l <1 - lCi l 10 2 

HypersthEme .1-9 5-9 1-3 s l s -

!Augite <l l-9 l s - s l 

Chlorites - <4 - - - - s 

Mica <l <l - 5 l s 10 

Table 7�2. Approximate contents of soine,minerals in Yellow-brown pumice Soils, Recent Soils from 

Andesitic Ash and different soil parent rocks {Fieldes and Weatherhead, 1968). 
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(Fig. 2 .17) • The increased feldspar:quartz ratio in the coarse 

silts and towards the southern end of the lake indicates a feldspar-

rich/quartz-poor component. 

are probable sources. 

Rhyolitic tephra and andesitic material 

Gregg et aZ. (1977) have shown that up to 1% of diatomaceous 

silica in freshly killed, cultured, freshwater diatoms may occur as 

strained a-quartz. Lake Taupo samples having the highest contents 

of diatom frustules show quartz contents of up to 1%, but the origin 

of this quartz is unknown. However, if this quartz occurred in the 

diatom frustules, rather than as detrital grains, it would still not 

affect appreciably the terrigenous quartz concentration patterns. 

The confinement of quartz to the silt fraction of the deep

water sediments indicates that transport within the lake is by 

suspension only. The quartz concentration patterns more accurately 

represent the directions ru1d extent of river-borne material as any 

airfall component is minimal or absent. 

Obviously, neither quartz nor feldspar patterns indicate the 

direction or extent of sedimentation of the amorphous silt content 

derived from catchment pumice soils or tephra. However, the pattern 

shown by terrigenous silt {Fig. 7.5) represents variations in the 

sum of both crystalline and amorphous terrigenous components 

(discussed in section 7.2), thus the amorphous terrigenous component 

is partly represented by the difference between the terrigenous silt 

pattern and the quartz-content pattern. 

In the southern part of the lake the terrigenous silt pattern 

is very similar to that of the quartz content, indicating a homogeneous 
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mixture of crystalline and amorphous components during transport and 

de.posi tiori, or, a subordinate amorphous con tent. In other parts of 

the lake the difference between the two patterns represents amorphous 

silt derived from the catchment rather than from airfall deposition, 

Evidence includes an area of very low content in the central lake 

regions, the absence of higher terrigenous silt contents on topographic 

highs (e.g. site 120), and the overriding fact that very little airfall 

material occurs in surface sediment samples. On this basis a relative� 

ly large input of purniceous silt occurs from the northeastern shore of 

the lake (Fig. 7.10}. 

This conclusion is supported by the obvious evidence of rast 

and present erosion of extensive pumice breccia cliffs along the lake 

shore to the north of Hatepe (Fig. 2.25}, from which silt�sized materr 

ial is undoubtedly winnowed by wave action. Nearby shelf,· slope and 

rise sediments contain high contents of pumice gravels and sands, and 

pumice transported from the base of the cliffs by northward longshore 

currents has largely built the flats upon which Waitahanui now stands. 

7.4 CLAY-SIZED MATERIAL 

Diatomaceous silica, kaolinite, illite, montmorillonite and 

traces of v·ermiculite have been identified in the clay fraction of 

Lake Taupo sediments. 

Infra-red and S.E.M. analyses indicate that approximately 

half the clay fraction in the central region of the lake is diatom-

aceous silica. The diatomaceous silica content probably increases 

from this value to the north and northwest, and decreases to the 

south. The ratio of diatoroaceous:non-diatomaceous components in the 
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clay fraction is less variable over the lake than in the -silt fraction, 

because non-diatomaceous clay is further and more evenly dispersed by 

transport in suspension than is non-diatomaceous silt. The ratio 

undoubtedly decreases in the clay grade close to stream.-borne sediment 

inputs as a result of the masking effects and inflow of plankton-free 

waters. 

Crystalline clay mineral content 

Differential thermal analysis suggests that crystalline clay 

minerals form less than 20% of the total clay fraction; S.E.M. analyses 

suggest a value between 10 and 20%. The total content of clay-sized 

material in deep water sediments ranges from 9 to 25%, which means 

that crystalline clay minerals account for less than about 5% of the 

total sediment. 

Crystalline clay mineral trends 

Figs. 6.8-6.10 indicate areal variations in the relative 

abundance of clay minerals in the clay fraction of sediments. The 

relationship between the height of a particular X.R.D. peak and the 

corresponding clay mineral may not be linear, thus the variations for 

a particular clay mineral may not be absolute. 

Kaolinite and illite show strong areal patterns that are 

broadly similar (Figs. 6.8 and 6.9). Lower contents occur in the 

northern and central eastern regions of the lake, and neither clay 

was detected in Tapaueharuru Bay, out of which the Waikato River 

flows. Both clays show a general increase in abundance towards the 

western side and, in particular, the southern end of the lake where 

the patterns become more intricate, probably because of variations in 
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directions of inflowing currents. Higher contents of both clays 

occur in the central and eastern parts of Stump Bay and on the western 

side of Waihi Bay. Higher kaolinite contents also occur as tongues 

extending out from Te Hape Bay, and around the Hinemaiaia Stream area. 

Both clays show an increase towards the southern end of Western Bay 

and close to the Waihaha River delta. 

The pattern for montmorillonite (Fig. 6.10) is weaker than for 

kaolinite and illite. It shows similar trends on a broad scale, but 

differs in that the greatest abundance of montmorillonite in the clay 

fraction occurs near Waihi, followed by an area immediately to the 

north as far as Pukawa, Stump Bay, Te Hape Bay, sample sites 76 and 

87, an area to the south of Whakaipo and Mine Bays, and in Tapaueharuru 

Bay. The highest montmorillonite contents as a fraction of the total 

sediment (i.e. 15ft XRD peak height x sediment clay content) occurs 

near Waihi, where a rapid increase in content occurs towards Waihi 

village, and on a topographic high in the centre of the lake (site 76). 

Sources of clay minerals 

Th.e interpretation of possible sources of crystalline clay 

minerals in the lake sediments from patterns of relative abundance 

in the clay fraction requires consideration of several aspects. 

1. Hydraulic equivalence of different crystalline clay mineral

particles must be assumed, so that changes in relative

abundance between them are not due to differential settling.

2. The trends shown by each crystalline clay mineral on the maps

(Figs. 6.8-6.10) are relative to the sum of the other clay-sized

minerals present, so actual trends for each of the crystalline

clay minerals are shown only if all the crystalline clay
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minerals co-vary in a similar way, and a reciprocal relation

ship exists·between total crystalline-clay content and a 

clay-sized amorphous component (Fig. 7.lla and b). 

3. Estimations of individual crystalline clay-mineral abundance

in the total sediment and absolute sedimentation rates are

complicated by the reciprocal relationships within the clay

fraction and the rest of the sediment (Fig. 7.llc).

4. Clay sedimentation rates increase away from lake shore and

inflow areas, under a decreasing energy gradient, then

decrease with further distance as the suspended clay load

decreases (Fig. 7.12).

The clay fraction in Lake Taupo .contains a large amorphous

component that is predominantly of an intra-lake origin (i.e. 

diatomaceous silica), and the input is approximately uniform over 

the whole lake, so it may be assumed that any crystalline clay 

.mineral will generally increase as a proportion of the total clay 

fraction towards its source. 

The patterns for kaolinite and illite indicate that these 

clays are almost certainly delivered to the lake by major streams 

and rivers. All three clays show a lower content in broad belts 

joining the Tongariro delta, Kuratau-Pukawa coast and Motuoapa 

headland areas, indicating a higher amorphous content in the 

clay-sized material there. This suggests that the currents in 

these areas are of sufficient strength, or variable enough in 

strength, to produce some differentiation of coarser and finer 

clay fractions, regardless of whether or not the coarser clay 

fraction has an intra- or extra-lake origin. The .largest 
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Fig. 7.11. Relationships between absolute and .relative clay mineral 

contents in the clay fraction (a and b) and in total 

sediment (c). 

(a) No reciprocal relationship exists between total crystalline

clay content and an amorphous clay-sized component.

Abundance+ 

'-----�3tl
�----------� 
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(b) A reciprocal relationship exists between total crystalline

clay content and an amorphous clay-sized content.
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Fig, 7.12. Rates of clay deposition with distance from lake-shore source area, 

H drod arnic energ 
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t-------Cecreasing suspended clay content---------,. 
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suspended sediment loads occur when rivers are in flood (Fig. 7.13) 

and these flows persist within the lake until ponding occurs ultimately 

and the finer clays are deposited. 

Clay concentration patterns suggest that the rivers trans

porting kaolinite and illite to the lake include the Waihaha, 

Kuratau, Tongariro, Waiotaka, Waimarino, Tauranga-Taupo Rivers, 

the Hinemaiaia Stream, and possibly the Waitahanui River. Signific-

antly, with the exception of the Kuratau River, the headwaters of 

all of these rivers flow through greywacke terrains. The most 

readily weathered minerals in greywacke include mica and chlorite. 

With moderate weathering these degrade to micaceous clay minerals 

(weakly hydrated micas, illite, interlayered hydrous micas), clay 

vermiculites and montroorillonites. With strong weathering the 

micaceous clay minerals degrade to kaolinite (Fieldes, 1968). 

Greywackes within the Taupo catchment are not strongly weathered; 

however, they are sufficiently weathered to be a likely source for 

the small arr�unts of kaolinite observed in the sediments of Lake 

Taupe (H. Gibbs, 1978; pers. comm.). As illite is a precursor of 

kaolinite, gre}'Wackes are also a likely source for this clay mineral. 

Parts of the headwaters of the Kuratau River drain small areas of 

central yellow-brown earths and central yellow-bro,;..'11. loams (Fig. 2 .19) 

formed on Miocene siltstone and sandstone. The clays of these soils 

include illite, montmorillonite, vermiculite and, in the central 

yellow-brown loams, possibly also kaolinite (Fieldes, 1968). 

Kaolinite does not occur as a weathering product in yellow-brown 

pumice soils or recent soils from volcanic ash formed entirely from 
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The amount of suspended load transported by a 

stream increases exponentially as flow increases. 
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tephra (Fieldes, 1968}, but trace-small amounts of mica/illite occur 

in the <lµ clay fraction of Taupo Ash (Kirkman, 1975). 

Another possible source of kaolinite and illite is hydro-

thermally altered volcanic rock. Illi te, kaolinite and mon tmorilloni te 

have been observed as hydrothermal alteration products in Pliocene to 

Pleistocene silicic volcanicsat Wairakei, a few kilometres north of 

Taupo (Steiner, 1968). Obvious hydrothermal activity within the 

catchment occurs at Taupo, Waihi, Tokaanu,and on the National Park 

volcanoes; however, neither illite nor kaolinite occur in the 

sediments near Taupo (Tapaueharuru Bay), or in maximum abundance 

near Waihi where the most extensive lake-shore hydrothermal activity 

occurs. 

Possible sources of montmor.illonite include the weathering 

of mica and chlorite in greywackes (chlorite does not occur in the 

clay fraction of the lake sediments); from soils formed on Miocene 

siltstone/sandstone; the intra-lake transformation of volcanic 

glass (and possibly allophane) which is unstable in a sub-aquatic 

environment (Millot, 1970); and hydrothermal alteration of volcanic 

rocks (Steiner, 1968). The patterns of montmorillonite abundance 

in the lake sediments suggest hydrothermally altered volcanic rbcks 

are the dominant source. · The highest montmorillonite contents in 

the lake sediments (Fig. 6.11) occur towards the shore at Waihi 

where the most extensive and intense hydrothermal activity occurs, 

and where in 1846 and 1910, landslides entered the lake. High 

contents of montmorillonite also occur on an isolated topographic 

high in the centre of the lake (site 76) where the presence of a 

thin crust of siliceous sinter covering the soft sediment confirms 
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past hydrothermal activity. Algal slime on·the sinter surface and 

the existence of underlying cold sediment indicate that site 76 was 

not hydrothermally active at the time of sampling. Despite sand and 

pumice gravel fractions totalling 32.3 wt.%, this site has by far the 

highest clay content (41%) in the lake. The clay content is about 

twice that of the surrounding basinal sediments suggesting that it 

has not been transported to the site. 

Montmorillonite is the only crystalline clay mineral in 

Tapaueharuru Bay (Taupo). If hydrodynamic equivalence of crystalline 

clay particles is assumed, then the montmorillonite could not have 

come from further south in suspension. Neither could it have come 

from the north, where lake waters are moving towards the outflowing 

Waikato River. Three possible origins exist. The montmorillonite 

was formed in situ authigenically; it arrived at the site attached 

to coarser particles (pumice gravel, sand); or a source exists in, 

-or to the east or west of,the bay. Hydrothermal activity occurs 

to the east around Waipahihi and in the northeastern corner of the 

lake, however, the very low total clay (0.2 wt.%) and silt content 

(0.6%) at site 99 suggests that currents in the area are too strong 

for deposition of clay-sized material. Gravel-sized pumice in the 

sediment (78.7 wt.%) appears to be relict, as it is coated with algal

slime and heavily stained by iron oxides, so the associated montmorill

onite is possibly a sub-aqueous alteration product of volcanic glass. 

These clay minerals also occur in the sediments of Lake 

Rotomahana (Kirkman, 1976b}. Lake Rotomahana erupted in 1886 and 

spread lacustrine sandy mud from the lake bed over an area of 130 km2 

between Lake Rotorua and Mt Tarawera. The bulk of this mud is 
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believed to have been originally derived from rhyolitic volcanics in 

the surrounding catchment which was hydrothermally active in places. 

These sediments contained a montmorillonite/mica interstratified 

mineral (10.5� basal spacing), montmorillonite, mica, a kaolin 

mineral and traces of vermiculite. The allophane content was negligible. 

Atmospheric fallout is another possible source of clay minerals 

to Lake Taupo. White et al. (1971) claimed that dry fallout of dust 

from the atmosphere may make a more important contribution to natural 

waters than is generally supposed, and that rainfall, particularly 

after dry periods, may wash large amounts of dust out of the atmosphere. 

These mechanisms may deliver material to the lake from considerable 

distances outside the catchment. For example, Windom (1975) has used 

illite, kaolinite and mica concentration patterns in South Pacific 

deep-marine sediments (Fig. 7.14a and b; Arrhenius, 1965; Griffin 

et al. 1968), and the mineralogical composition of dust in New Zealand 

snowfields (Fig. 7.14c; Windom, 1969) as evidence that the terrigenous 

component in South Pacific deep-marine sediments is dominated by 

atmospheric-fallout dust derived largely from Australian deserts. 

The clay-content patterns in Lake Taupo sediments suggest, however, 

that atmospheric fallout contributions of clay minerals to the lake 

are, at most, a background effect. 

Absence of Allophane 

Allophane occurs in the yellow-brown pumice soils and recent 

soils from volcanic ash (andesitic Ngauruhoe tephra) of the Lake 

Taupe catchment but not in the clay fraction of the lake sediments. 

Several factors probably contribute to this situation: 
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(a) Only small amounts of allophane occur in the catchment soils

(Kirkman, 1975).

(b} Only small amounts of catchment soil are eroded and transported

to the lake.

(c} Allophane is rarely transported as clay-sized particles and so

is rarely incorporated in the lake sediment clay fraction.

(d) Any allophane deposited in the lake sediments most probably

rapidly alters to other clay minerals such as montmorillonite

(Millot, 1970} •

Allophane contents of up to 17% have been given for catchment 

topsoils, dropping to only 5% in the lower soil horizons. However, 

these calculations were based on the <2µm soil fraction only using 

Fieldes {1955) definition of allophane, which included the weathering 

sequence allophane B + allophane AB+ allophane A. Fieldes and 

Furkert {1966} defined allophane B as being dominantly "hydrous" glass 

and "hydrous" feldspar in the coarse-clay fraction (0.2-2µm) and 

allophane A in the fine-clay fraction (<0.2µm}. More recently 

Kirkman (1975}, working on the clay fraction of rhyolitic tephras, 

and Campbell et al. (1977} working on the clay fraction of Taupo 

sandy-silt loams, concluded that allophane B was, in fact, clay-sized 

volcanic glass. Kirkman (1975} found that in the <lµm clay fraction 

alone, the volcanic glass content exceeded that of allophane ("trace 

or small amounts", p447} and that small amounts of mica, feldspar 

and imogolite occurred also. Subsequently, Kirkman (1978} proposed 

a weathering sequence for rhyolitic tephra in which volcanic glass 

and feldspar may alter to allophane in about 3,000 years and then to 

halloysite in another 12,000 years. The Taupe catchment soils are 
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formed on volcanic ash materials that are mainly younger than 2,000 

years, suggesting that there has been little alteration to allophane. 

On this basis, the allophane content in catchment topsoils is probably 

no more: than a few percent, and even less below the topsoil. 

Most erosion in 'the catchment cover deposits occurs as gully 

or stream-bank erosion, so the soil:parent material ratio in trans-

ported sediments is probably low. Furthermore, maximum flocculation 

of allophane occurs at pH= 5.5-6.0 (i.e. isoelectric pH range of 

allophane) and appreciable dispersal in fresh water only at pH values 

· less than 4 or greater than 10 (Fieldes, 1958), suggesting that any

allophane is probably transported and deposited in the coarser

sediment fractions.

7.5 ORGANIC MATTER CONTENT 

Organic matter content is fairly constant over most of the 

lake, ranging from 6-8% (equivalent to 3.5-4.6% organic carbon) of 

the total sediment (Fig. 6.1). This organic matter content range 

is similar to those in the sediments of the oligotrophic lakes 

Tikitapu (3.3-4.5% organic carbon), Okaitaina (2.9-5.0% organic carbon), 

and Rotoma (3.9-4.9% organic carbon) reported by McColl (1977). 

Organic matter contents greater than 8% occur in Waihi Bay, Stump Bay, 

the southern part of Western Bay and around the Waihaha River delta. 

Possible sources for the organic matter include vegetation, 

organisms, and their decomposition producb, of both terrestrial 

(allochthonous organic material) and lacustrine (autochthonous organic 

material) origin. 
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Organic material observed in Lake Taupe s�diments include 

leaves and twigs mainly around river deltas {e.g.Frontispiece; Tongariro, 

Kuratau and Waihaha Rivers}, aquatic macroph:ytes in various stages of 

decay on shelf weed bed areas (e.g. Waihi Bay, Stump Bay and t1otuoapa 

Bay), chironamid larvae (ubiquitous in deep-water sediments, and 

occasional live or decaying freshwater �ussels (HyrideZZa menziesi}. 

Preshwater snails (Potamopyx•gus sp.} and crayfish (Paranethrops 

pZanifrons} are relatively common on the lake bottom ( Frontispiece 

A. Devcich, 1978, pers. comm.}. This range of organic material 

contributes to the organic content of the sediments, but does not 

account for the uniform distribution of fine-grained organic material 

in deep-water muds. The uniform distribution pattern of organic 

matter in the lake muds suggests there is a widely distributed autoch

thonous source and/er an allochthonous source of fu1e-grained, easily 

dispersed organic material. 

Regardless of the original source, biochemical compounds are 

converted to humic material relatively rapidly by microbial degradation, 

particularly under aerobic conditions in the water column and within 

the thin oxidised surface layer of sediment. Beneath this layer the 

production of humic material drops sharply with increasing sediment 

depth (Kemp and Lewis, 1968), so is influenced by rates of sediment-

ation and mixing. Most organic matter in lake sediments is humic 

material (Jackson, 1975). It is largely resistant to further 

microbial or chemical decomposition and tends to accumulate, particu

larly in the clay-sized fraction (Kemp and Lewis, 1968). 

-
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Organic matter in Lake Taupo sediments does not show 

distribution patterns similar to those of the clay minerals, which 

suggests that an autochthonous source may predominate over rnuch of 

the lake. The most important source of autochthonous humic matter 

is algal flora (Jackson, 1975; Storch and Saunders, 1978), and humic 

material from algae tends to.be lighter in colour than that from 

terrestrial sources (R. McColl, 1978, pers. comm.). Lake Taupo 

sediments tend to be lighter coloured in the central and northern 

regions, and darker· coloured around the southern end of the ·lake, 

where larger inflows and higher organic contents occur (Fig. 4.14}. 

This suggests algae are the dominant source of organic matter in 

the central and northern parts of the lake. 

Sanger and Gorham (1970) claimed that sedimentary organic 

matter in distinctly oligotrophic lakes is probably dominated by 

allochthonous detritus. Whiteside (1965) suggested oligotrophic 

lake sediments contain less autochthonous organic matter than 

eutrophic lake sediments, and McColl (1977} showed that allochthonous 

organic matter inputs may obscure the relationship between autoch

thonous organic carbon and trophic conditions in oligotrophic lakes. 

Lake Taupo is oligotrophic and has a very low production of .algae 

as indicated by the deepest secchi disc readings for any lake in 

New Zealand (Jolly, 1958, 1968), thus inputs of allochthonous 

organic matter in central and northern regions of the lake are 

probably negligible. 

In a recent analysis of organic matter content in the top 

centimetre of sediment from Lakes Huron (o�igotrophic}, Erie {eutrophic) 

and Ontario ·coligotrophic) in Canada, Kemp (1972} concluded that the 
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humic material was mainly of auto.chthonous origin, the precursor 

material being diatoms. The Lake 'l'aupo algal assemblage is 

dominated by diatoms (Jolly, 1959; Hill, 1975), and the basinal 

sediments consist predominantly of diatom tests, particularly in the 

central and northern region. Diatom-derived organic material 

probably dominates the organic fraction of the central and northern 

deep-water sediments. In all three lakes studied by Kemp (1972) the 

organic matter consisted of three types of material in approximately 

similar proportions from lake to lake. Humins {stable complexes of 

humic acid and clay) formed 60-71%, humic and fulvic acids formed 

21-36%, and bitumens (aliphatic and aromatic hydrocarbons, 0-N-S

compounds, pigments, lipids, fatty acids and ashphaltenes) formed 

6-10%. They were produced by microbial degradation (mineralisation) 

of the diatomaceous organic matter, which Kemp concluded was more 

than 95% complete in the water column prior to deposition. 

Catchment runoff undoubtedly contributes humic material to the 

sediments around the Waihaha River mouth and towards the southern end 

of Lake Taupo, where organic matter contents equal or exceed those of 

the central and northern regions, despite the higher terrigenous 

silt:diatomaceous silt ratio. The exact geographic sources of the 

higher organic contents in Waihi and Stump Bays are unclear from the 

pattern. Both of these areas are adjacent to extensive swamp regions, 

and show organic-matter concentration trends that are broadly similar 

to those of the crystalline clay minerals (Figs. 6.8-6.10), offering 

the possibility that at least part of the organic material is complexed 

with clay minerals, forming humins. 
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Areas of high organic matter content (8.0-9.1%) o+f the 

Waiotaka, Waimarino and Tauranga-Taupo River mouths and in Waihi Bay 

correspond with areas of darker coloured sediment (Fig. 4.14) but 

similarly high values do not occur to the northwest of the Tongariro 

delta where a large area of darker coloured sediment also occurs. 

This may be due to the coarser nature of the sediment in this area 

and/or·a higher content of darker coloured inorganic material than 

in the sediment elsewhere in the lake. The highest sediment 

organic matter contents (10.5%) occur off the Waihaha River mouth, 

however, the sediment is not darker coloured, suggesting that the 

organic matter occurs mainly as macro-particles. 

There is little correspondence between the patterns of organic

matter content (Fig. 6.1) and redox potential (Fig. 4.9a) in the 

sediment. The nature and amount of organic material in Lake Taupe 

sediments suggests that eroded catclunent soil material (yellow-bro,;.m 

pumice soils have up to 10.1% organic carbon and recent soil from 

Ngauruhoe ashes up to 4.9% organic carbon; Blakemore et aZ. 1968) 

is an insignificant component in the sediments over most of the lake. 
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CHAPTER 8 

STRATIGRAPHY OF SEDIMENTS DEPOSITED IN LAKE TAUPO 

SINCE THE 131 A.D. TAUPO PUMICE ERUPTIONS 

Eleven shallow sub-bottom seismic pro�iles and six sediment 

cores were obtained from Lake Taupo to investigate the stratigraphy 

of the top few metres of lake sediments, determine historical sedi

mentation rates, and to relate these back to contemporary sediment

ation procei:;ses. 

8.1 SEISMIC-PROFILE CHART REFERENCING AND METHODOLOGY 

Eleven seismic profile transects (Runs 1-11) for Lake Taupo, 

covering a total distance of 98 km, are located on Map 3 (in Map 

pocket). Photo strips of the profiles, reproduced at 1/3 original 

chart size, are presented in this chapter. 

Consecutive , photo strips for each seismic profile are 

referenced in the figures by capital letters in alphabetical order 

following the run number. Positions along a profile may be located 

on the bathymetric map (Map 3 in map pocket) by interpolating between 

position fix times shown on both the profile charts and Map 3 (in Map 

pocket), using the consecutive numbers beginning at the start of 

each profile run (a constant run velocity over the lake bed is 

assumed between each pair of position fixes). In the following 

interpretations a given profile position is referred to by its run 

number followed by the horizontal reference printed on the profile 

chart ( e • g. Rl. 4) • 



215 

Depth scales are printed on the chart paper as vertical 

columns of numbers. Numbers 0-16 refer to depth scale 'xl'. 15-31 

to 'x2', 30-46 to 'x3 1 , and 45-61 to 'x4'. The depth-scale number 

is doubled to obtain actual depth in metres. Changes to higher 

depth scales are accompanied by trace shifts from the bottom to the 

top of the chart. Operation of a 'centre-key' function (marked on 

the chart when used) shifts the trace down to the centre of the 

chart and the depth scale must be similarly adjusted in these cases. 

Profiles show vertical cross-sections of lake bottom and sub-

bottom sediment structure. Reflector horizons (i.e. sound reflect-

ing surfaces) show on the charts as thin, darkened, sub-horizontal 

traces, produced either by contrasting physical properties (e.g. 

sediment composition, compaction) at sediment layer interfaces, or 

by relatively thin (less than about 10 cm) layers of sediment 

contained within a thicker sediment layer. The lake surface shows 

as a reflector at zero depth on depth-scale 'xl' only. On·shelf 

areas artificial reflectors frequently occur at integral multiples 

of the water depth as a result of the signal bouncing between the 

sediment and water surfaces. Reflectors along and across the lake 

are correlated through transect intersections. 

The vertical axis of a profile represents the product of 

the sound-signal velocity and the distance travelled by the signal. 

As sound velocity is a function of the medium, use of the vertical 

axis on the chart as a depth scale assumes the physical properties 

of the medium are constant along the path of the signal. Sediment 

layer thicknesses have been determined directly from the chart depth 

scale on the assumption that sound velocity in the top few metres of 
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sediment is similar to that in the overlying water column. 

assumption is based on several considerations: 

This 

(a) The sound wave velocity within these sediments (which have

water contents up to about 80%) is unknown.

(b} Sediment thicknesses of only a few metres are penetrated

(sound wave velocity generally increases ·with sediment

depth; Turekian, 1968).

(c) An increase of 10% or so in sound wave velocity within these

sediments, relative to that in the overlying water, might be

expected (based on Turekian, 1968}. However, the limit of

trace resolution frequently prevents sediment layer thickness

estimations with an error of less than 10%).

8.2 BASIS OF PROFILE INTERPRETATION 

Interpretation of the composition, provenance, and mode of 

deposition for the sediment layer underlying or represented by, 

each reflector is based on several considerations: 

(a) Surficial sediment character and sources, as determined by

surficial grab sample analyses.

(b) Description of five sediment cores (presented in this Chapter),

each up to 1.7 m long, four of which were collected along

the 'Run 6' transect (Map 3 in Map pocket; Fig. 8.2).

(c) Volcanic events and catchment erosion affecting Lake Taupo

over the last 2000 years.

(d) Present lake condition and catchment stability.

(e) Relationship between sediment units (e.g. position in chrono

stratigraphic sequence, interface topography, and thickness

trends}.
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(f) Sound reflection properties illustrated by relativ� reflector

strengths and sharpness on the charts (e.g. sand reflects more

strongly than soft mud).

The undulating basal reflector observed in most deep-water

parts of the lake is interpreted as the upper surface of an extensive 

deposit of pumice, hereafter referred to as the basal pumice surface, 

which was emplaced during and/or soon after the 131 A.D. Taupo Pumice 

eruptions (Healy, 1964). This interpretation is based on the 

following evidence and considerations: 

(a) Sediment Cores 3 and 4 (Figs. 8.5 and 8.ij), which penetrated

only the overlying sediments, contain muds whereas Core 5

(Fig. 8.1), which penetrated the basal pumice surface, contains

pumice fragments in a subordinate mud matrix over all but about

the top 10 cm of its length. The pumice is subangular-rounded

gravel, suggesting that it has been transported from the catch

ment rather than deposited directly on to the lake.

(b) Eruption of Taupe pumice was the last catastrophic volcanic

event to affect the lake and catchment. Vast quantities of

pumice were deposited directly on to and washed into the lake

during and after the eruptions (Healy, 1967; Pullar et at. 

1973}. Detrital pumice was undoubtedly the dominant sediment 

type deposited in the lake for tens, and possibly hundreds of 

years after the eruptions. 

(c) Lake sediments dominated by pumice fragments would be expected

to exhibit a more rugged surface topography than do muds.

This is because of the extremely wide range of clast sizes

available and the uniquP. behaviour of pumice in water (see
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section 7.2). Moreover, during and immediately after the 

Taupo Pumice eruptions, the surface of Lake Taupo was un-

doubtedly choked with pumice. Seismic shocks associated 

with the eruptions, possible volcanic vents within the lake 

(Healy, 1964), phenomenal sedimentation rates of very poorly 

sorted material, consequent redepositional processes, and 

fluctuating lake levels would have produced a much less placid 

lake environment than exists today. Post-depositional 

adjustment of the sediments probably continued for some 

time after deposition. 

On this basis, and allowing an arbitrary 50 years after the 

Taupo Pumice eruptions for pumice deposition rates to drop to 

background levels in basinal regions of the lake, sediments above 

the basal pumice surface have accumulated :in about the last 1800 years. 

8.3 SEISMIC PROFILE DESCRIPTIONS AND INTERPRETATIONS 

General features of profiles 

In basinal and rise regions of the lake a number of reflectors 

are conunon down to sediment depths of several metres. Generally 

the basal pumice surface reflector is the deepest. It undulates 

over a vertical distance of less than a metre in southern and western 

basinal parts of the lake, to many metres in central lake regions, 

where it frequently emerges through overlying sediment layers or is 

covered by only a thin veneer (to tens of centimetres) of sediment. 

A variable number of overlying sediment layers partly or completely 

infill topographic lows in the undulating basal surface so as to 

produce a generally smooth lake floor. 
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The following seismic profile descriptions and interpretations 

are presented in an approximately south to north order. 

Run 6 from Waihi towards Taupo (Fig. 8.2) 

To the west and southwest of the Tongariro· delta, the basal 

pumice surface cannot be detected in the profile, despite seismic 

penetration to a depth of several metres. This suggests that 

sedimentation rates in Waihi Bay have been high over the last 1800 

years. High sedimentation rates may have resulted from landslides 

(e.g. geothermally promoted landslides from the Hipaua Ridge to the 

southwest of Waihi in 1834, 1846 and 1910) or deltaic progradation 

at pre-existing Tongariro River mouths. Rise sediments (R6.4-R6.18) 

below the 30-40 cm thick surficial layer, contain numerous sub

parallel to slightly chaotic layers, each of which is about 30-40 cm 

thick. The exact number of layers present, and to what sediment 

depth they occur cannot be accurately determined because of increas-

ing signal attenuation with sediment depth. Undulating topography, 

and the more irregular nature of some sub�surface reflectors, 

particularly near the foot of the slope (R6.4), suggest some slumping 

or post-depositional movement of sediments may have·occurred prior 

to deposition of the 30-40 cm thick surficial layer. 

Core 2 (Fig. 3.3) from a 43 m deep slope/rise site (R6.4) 

consists mainly of massive andesitic/rhyolitic sand, with some 

rounded pebbles and isolated totara leaves towards the bottom, and 

occasional mud clasts. The sands fine upwards and are capped by 

a 12 cm thick mud unit. As a whole the core is-vaguely reminiscent 

of a turbidite unit (Bouma, 1962) and may be related to landslides 

from Hipaua Ridge to the south. The 30-40 cm thick surficial mud 
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layer continues downslope at least as far as the.foot of a low mound 

to the west of the Tongariro delta (R6.16) indicating that the most 

recent cycle of mud sedimentation has occurred at a more or less 

uniform rate over this part of Waihi Bay. 'I'he regular thickness of 

this mud layer over both topographic highs and lows indicates that 

pelagic sedimentation has characterised this part of the lake most 

recently, with an absence of significant bottom or near-bottom 

currents. 

To the northwest of the Tongariro delta a distinct mound 

rises some 12 m above the surrounding lake floor (R6.16-R6.24). 

A surficial sediment layer up to 40 cm thick uriconformably overlies 

a number of truncated sediment layers near the top of the steeper 

south-facing side of the mound. The processes responsible for 

truncation of the subsurface layers are unclear. At the bottom of 

the south side of the mound a topographic low has been partly infilled 

by up to five layers of sediment having a total thickness of about 2 m. 

These layers slope upwards to the south and terminate against the 

foot of the mound suggesting they have not been formed by redeposition 

of sediment from the mound. The position cf the mound with respect 

to the Tongariro delta and the occurrence of at least five strong, 

parallel to sub-parallel reflectors over its top suggest that it is 

a sub-lacustrine extension of the Tongariro delta, the top 2 m at 

least of which probably contain several layers of high sand content. 

These layers may have been formed by material redeposited from 

further up the delta slope or jetted into the lake during exceptional 

flooding of the Tongariro River. The structure immediately below 

these layers (R6.17-R6.20) is difficult to discern but faint 



reflectors suggest that further sub-parallel layers of �pproximately 

the same thickness (about 40 cm) occur to a sediment depth of 4 m or 

more. Five or six equally spaced (about 40 cm) reflectors continue 

down the northern slope of the mound and across the southern-lake 

basinal region. 

Core 4 (Fig. 8.4), from a.depth of 104 m near the southern 

rise/basin boundary (R6.43}, penetrated 126 cm into the sediment 

layers overlying the pumice reflector. On the basis of seismic 

reflector depths, changes in sediment character are expected at 

sediment depths equal to about 40 cm m.ultiples. Core 4 shows 

pumiceous clasts at sediment depths of 2-4 cm, 32-51 cm and 122-126 cm. 

No clasts occur at 80 cm, although a 10-15 cm thick layer of relatively 

more fluid sediment containing abundant gas bubbles occurs at about 

60-70 cm sediment depth. The firm, compact nature and outline of 

the pumiceous clasts indicates they were probably originally 

rounded pumice fragments which have subsequently partly 'decomposed' 

in the sub-sediment environment. The occurrence of a pumiceous 

clast at 2-4 cm sediment depth indicates that such 'softening' of 

pumice can occur soon after burial. These pumice fragments appear 

to have a 'lonq-axis-vertical' attitude in the sediment. Such an 

attitude is consistent with other observations of pumice fragments 

which have settled through the water column jn deep water parts of 

Lake Taupo (e.g. Fig. 4.6). This 'long-axis-vertical' attitude 

probably results from hydrodynamic efficiency requirements, and 

different buoyancy values within a pumice fragment, during its 

vertical descent in quiet water. The descent velocity probably 

increases with depth because of the increasingly negative buoyancy 
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as ambient pressure increases with water depth. Impact with the 

bottom results in partial penetration into the soft deep-water 

sediment with preservation of the fragments vertical attitude. On 

this basis, and because of the lack of associated sandy sediments, 

the clasts in Core 4 were probably deposited vertically through the 

water colunm rather than by redeposition from shallower parts of 

the lake (e.g. as in grab-sample 115). 

Two main questions remain unresolved by Core 4 evidence: 

(a) Are the pumiceous clasts random fragments wh·ich fortuitously

occur at seismic reflector depths? For example, a clast

occurs in the top few centimetres of sediment yet grab-samples

in this area indicate that such clasts are both random and

rare. On the other hand the pumiceous fragments do occur

at reflector depths and other textural differences (e.g.

sandy layers) are absent.

(b) Does a layer of pumiceous clasts occur at about 80 cm sediment

depth which has not been recorded in Core 4?

The occurrence of about six equally spaced reflectors above

the basal pumice reflector suggests that important sedimentological 

events have occurred in Lake Taupo at about 300 year intervals over 

the last 1800 years (e.g. catastrophic storm events causing serious 

erosion of pumice cover deposits within the catchment}. 

North of about R6.64, reflect.ors within the bottom muds 

become blurred and discontinuous, or disappear (Core 3 from 102 m 

depth (R6.89) contains only mud throughout its length of 148 cm; 

Fig. 8.5). This, together with the general northward thinning of 
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mud overlying the basal pumice surface, suggests the Tongariro River 

has been the major source of sediments in the southern half of the 

lake for at least the last 1800 years. 

From 6.78 to R6.107 the sediment thickness above the basal 

pumice surface averages only about 50 cm, although thicker and thinner 

pockets occur locally. From R6.107 to R6.122, the water depth 

gradually decreases, and the lake-floor topography becomes consider

ably more rugged and is blanketed by a thicker (to 1 m) surficial 

sediment layer. The uniform thickness of this surficial layer over 

rugged topography indicates deposition from suspension, although a 

source is not indicated by thickness trends in adjacent, thinner 

surficial sediments. Grab-sample 77 indicates locally higher 

contents of montmorillonite clay, po�sibly produced by past sub

lacustrine geothermal activity (see Section 7.4), in the sediments 

about 4 km to the northeast of this area but it is not known whether 

or not the locally increased mud thickness and montmorillonite content 

have a common factor. 

From R6.122 to the northern end of the transect (R6.161) lake 

floor topography is dominated by an increasingly rugged basal pumice 

surface and surficial mud thickness averages 50 cm or less. Deeper 

reflectors (2-3 m) occur below the basal pumice surface in topographic 

lows (e.g. R6.139-R6.143, R6.149-R6.155) suggesting redeposition of 

purniceous material prior to deposition of the overlying mud cover. 
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mud overlying the basal pumice surface, suggests the Tongariro River 

has been the major source of sediments in the southern half of the 

lake for at least the last 1800 years. 

From 6.78 to R6.107 the sediment thickness above the basal 

pumice surface averages only about 50 cm, although thicker and thinner 

pockets occur locally. From R6.107 to R6.122, the water depth 

gradually decreases, and the lake-floor topography becomes consider

ably more rugged and is blanketed by a thicker (to 1 m) surficial 

sediment layer. The uniform thickness of this surficial layer over 

rugged topography indicates deposition from suspension, although a 

source is not indicated by thickness trends in adjacent, thinner 

surficial sediments. Grab-sample 77 indicates locally higher 

contents of montmorillonite clay, possibly produced by past sub

lacustrine geothermal activity (see Section 7.4), in the sediments 

about 4 km to the northeast of this area but it is not known whether 

or not the locally increased mud thickness and montmorillonite content 

have a common factor. 

From R6.122 to the northern end of the transect (R6.161) lake 

floor topography is dominated by an increasingly rugged basal pumice 

surface and surficial mud thickness averages 50 cm or less. Deeper 

reflectors (2-3 m) occur below the basal pumice surface in topographic 

lows {e.g. R6.139-R6.143, R6.149-R6.15$) suggesting redeposition of 

pumiceous material prior to deposition of the overlying mud cover. 
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Run land 2 from the Stump Bay Shelf to the Kuratau Shelf (Fig. 8.6) 

Run 2 continues from the end of Run 1. The main feature 

shown by the seismic reflections is a large scale slump (or slide) 

block of sediment from the shelf-upper rise region on to the lower 

rise region off Stump Bay. This block of sediment averages some 

3 m .thick and is about 2.2 km. across. The slump appears to have 

sheared just above the basal reflector and to have moved downslope 

as a coherent unit, doubling the sediment thickness above the basal 

reflector over the lower rise area. A 40-50 cm thick blanket of 

mud has been deposited subsequently, suggesting that slumping 

occurred several hundred years ago (Fig. 8 •. 7} • 

If the basal reflector underlying the slump is indeed the 

1800 B.P. basal pumice surface ( it appears to be continuous with 

that in basinal regions} it indicates that very little lakeward 

progradation of the slope has occurred at this point within the last 

1800 years, and therefore the probable absence of a pre-existing 

':Dongariro River mouth at this point within the last 1800 years. 

This suggests the shelf may be largely a relict.of the massive 

sediment influxes during and immediately after the Taupo Pumice 

eruptions, with some modifications under present lake level conuit

ions (e.g. Fig. 8.8). 

Across most of the flat basinal·part of the transect (R2.40-

R2.65} the sediment thickness above the basal pumice surface is 

fairly constant, averaging about 2 m. Towards the Kuratau side 

the average thickness is nearer 2.5 m (R2.59-R2.66} and up to four 

reflectors occur within the mud cover, suggesting a sediment contri-

bution from the Kuratau River. These reflectors continue upslope 

and pinch out at about 60 m depth. 
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Run 2 continued (page 2 of two pages) 
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lake level �1800 yrs.B.P. 

(+34 m) 

(b) 

Exposed +34 m terrace 

material reworked on to' .... 
present shelf by catchment�� 
runoff and lakeshore processes 
during and after lake level drop 

surface 

Present lake level 

Basal pumi�.��������:__ 
surface 

Fig. 8. 8. Idealised cross--sections of a shelf region 

(a) during the post-131 A.D., +34 m lake level, and

(b) today, showing shore and shelf modifications arising

from a 34 m fall in lake level some 1800 years ago.

.. 
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Run 11 from the Oruatua Shelf to the Poukura Shelf (Fig. 8.9) 

A strong reflector occurs at about 0.6 m sediment depth and 

weak reflectors to nearly 2 m sediment depth on the Oruatua shelf, 

suggesting a finer sediment texture and/or different composition 

to other profiled shelf areas where no reflectors were recorded. 

Surficial sediments on the Oruatua shelf, except for an area of 

cobble lag, are generally finer than shelf sediments at similar 

depths from other areas (Fig. 7.3). 

Below the steepest part of the Oruatua slope an area of 

decreased bottom gradient occurs on which four or five sediment 

layers have a total depth of about 1. 6 m. Several metres deeper 

in the sediment, a weak reflector occurs which approaches the 

sediment/water interface as water depth increases. A surficial 

layer of sediment gradually thickens downslope to 0.5-0.8 m near 

the bottom of the rise, occasionally overlying partly infilled topo-

graphic lows in the basal reflector (e.g. Rll.14, Rll.16). Near 

the bottom of the rise (Rll.24), reflectors indicate an unusually 

shaped body of material some 3 m thick and about 70 m across 

underlying the basal pumice surface. 

Across basinal regions and on the lower Poukura slope, 

sediments overlying the basal pumice reflector are typically about 

2 m thick. On the Poukura side of the basin (Rll.44 on), better 

trace resolution clearly shows a reflector at 30-40 cm sediment 

depth which extends right across the basin. On the lower Poukura 

slope region, other weak, sub-parallel reflectors in the mud layer 

occur. 





The approximately uniform mud thickness indicates a uniform 

of suspended-material sedimentation across this region, suggest

the absence of a. dominant sediment source to either the east or 

west over the last 1800 years. 



239 

Run 10 from the Waihaha Shelf to the Hatepe She.lf (Fig. 8. 10) 

Sediments overlying the basal pumice surface (which can be 

traced through from central lake regions to the east) thicken with 

increasing water depth off the Waihaha s�elf, to about l m on the 

lower rise-basinal regions. They contain a sub-parallel reflector 

at about 20-30 cm sedime.nt depth. Up to six or so reflectors, 

30-50 cm apart, occur below the basal pumice surface to sediment
.. ,./ 

depths of 3-·4 m in central basinal regions. In places (e.g. 

Rl0.30-33, RJ.0.53-57) these appear to be integral multiples of 

shallower reflectors, in which case they would not be real; 

however, in other places (e.g. Rl0.15, Rl0.21, Rl0.27, Rl0.48 and 

Rl0.58) the same reflectors diverge noticeably from the shallower 

reflectors, suggesting they are probably real. This problem 

requires more detailed examination. 

At about Rl0.41 the weak surface reflector extending from 

the Waihaha region gives way to the first subsurface reflection, 

possibly as a result of decreasing Waihaha River sediment influences. 

From Rl0.58-77 the surface mud thickness is typically 0.5-0.8m. 

Two subsurface reflectors about 20-30 cm apart occur in some places 

(e.g. Rl0.66, Rl0.77) and it is unclear as to which of these is 

discontinuous and which represents the basal pumice surface. If 

an approximately uniform thickness of mud cover with distance is 

assumed then the deeper of these two reflectors is discontinuous 

and occurs within the basal pumice. 

From Rl0.77 to about Rl0.136, water depth generally decreases 

to about 70 m over a central lake topographic high and bottom 
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topography becomes increasir1gly rugged due to emergence of the 

basal pumice surface as mounds and low hills. Overlying muds 

become discontinuous, being largely restricted to more level parts 

of the lake floor, where they are commonly 0.4-0.8 thick. Topo-

graphic lows in the basal pumice surface have been partly infilled 

to $ediment depths of several metres, probably by redeposited 

pumice gravels and sands, prior to deposition of the surface mud 

layer. 

At Rl.138 a sudden increase in depth occurs down to a 

platform at about 115-120 m. Across the platform an indistinct 

surficial sediment layer 30-60 cm thick overlies numerous sub-

parallel reflectors to sediment depths of many metres. 

unusual reflectors occur at Rl0.142.5 and Rl0.148-150. 

Several 

From Rl0.155 towards the shelf area near Hatepe, a number 

of subsurface reflectors occur to sediment depths of up to 5 m 

or more. The basal pumice surface cannot be identified. 

An unusual feature of �un 10 is the loss of reflection near 

Rl0.18 and Rl0.29. Near Rl0.29 a diffuse 'colunm' (60-70 rn across) 

extends 7 m above the surrounding lake floor, against which, 

sediment reflectors pinch out. Emergent pumice surfaces are 

often poor reflectors (e.g. near Rl0.78); however, adjacent 

surficial sediments usually occur up the lower slopes of such 

emergent surfaces. Furthermore, position Rl0.29 occurs in the 

centre of an approximately flat basinal region of the lake. A 

possible cause of this phenomenon is sub--l.acustrine geotherrna.� 
' �-

activity. Columnar scattering of seismic signals resulting from 
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geothermal gas bubbling has been observed in the sea near Whale 

Island in the Bay of Plenty (North Island, New Zealand) by Glasby 

(1971), and in deep-waters towards the central eastern side of Lake 

Taupo by D. Northey (Ph.D. student, Victoria University, Wellington, 

1977, pers. comm.) while echo-sounding deep sub-bottom structure. 

At the time Northey observed bubbles rising to the lake surface 

and a sulphurous odour. 

during Run 10. 

No bubbles or sulphurous odour were noticed 
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Run 7 from Motuaiko Island to Hatepe (Fig. 8.11} 

A rugged lake-bed topography occurs along the transect from 

Motutaiko Island to the Hatepe shelf. A thin surface layer of 

sediment (30-40 cm} occurs mainly over partly infilled topographic 

lows in the basal pumice surface. 

Run 3 from Motawhara Island to Central Western-Bay (Fig. 8.12} 

From R3.0-R3.6 incorrect instrument adjustment prevented a 

trace being obtained. For the remainder of Run 3 (R3.6-R3.30} 

,an instrumental base line trace appears at a depth of 111-112 m 

indicating the instrumental depth limit. Reflectors indicate a 

surface layer of sediment about 1 m thick above a second layer, 

conunonly 0.5-0.8 m thick, overlying the basal reflector. At 

the intersection of Runs 3 and 10 (i.e •. R3.18.2/
R

l0.42) the two 

patterns of reflectors do not match well, mainly because of the 

"extra" 1 m thick surface layer in Run 3 which is not evident in 

Run 10. The reason for this is unclear. 

Run 4 from Kawakawa Bay (Fig. 8.13} 

A surface layer of sediment about 1 m thick overlies the 

basal reflector on the lower slope and rise regions of Kawakawa Bay. 
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Run 5 from hThangamata Bay (Fig. 8. lij) 

On the lower part of the slope, rise and basinal regions 

there are up to five subsurface reflectors, although the record 

is indistinct in places. A thin surficial layer about 30-40 cm 

thick overlies a layer commonly 0.5-1 m thick. A third, discon-

tinuous layer about 30 cm thick occurs near the bottom of the rise 

(e.g. RS.14-RS.16) but appears to be absent in basinal regions. 

On the basis of topographic expression, sediment trends in other 

parts of the lake, and the absence of any major inflow into 

Whangamata Bay, the reflector at about 1 m sediment depth is 

assumed to represent the basal pumice surface. Weak deeper 

reflectors occur at about 3-4 m and 5 m sediment depth. The 

presence of a topographic 'nick' at R5.8-R5.9 and a thickened layer 

at the bottom of the rise (RS .19-RS. 30) may indicate downslope 

redeposition prior to deposition of the overlying mud • 
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Run 8 from Tapaueharuru Bay (Fig. 8.15) 

This transect begins in shallow water near the mouth of the 

Waikato River outlet. Reflectors indicate probable redeposition 

of sediments overlying the basal pumice surface, to a water depth 

of 42 m. These sediments generally thicken downslope to R8.5 and 

again to RB.16, terminating at RB.17.5. From 42 m to about 100 m 

water depth (R8.17.5-R8.36) the basal pumice surface is covered in 

places by a layer of sediment up to about 30 cm thick (Grab-sample 

99, from 43 m water depth contained 79% pumice gravel and 21\ sand 

indicating a paucity of mud at this depth) and lake-bed topography 

becomes increasingly rugged with depth. Some infilling of topo-

graphic lows occurs locally (e.g. RB.42-44}, probably by redeposited 

basal pumice material prior to deposition of the mud layer (Grab

sample 98, from 72 m water depth, contained no gravel, 14% sand and 

86% mud}. Beyond 112 m water depth (R8.48) a mud layer up to 1 m 

thick overlies the basal pumice surface (Grab-sample 97, from 124 m 

contained 3% sand and 97% mud). 

The general lack of mud cover at all but the deepest water 

depths of this transect suggests that the redeposited sediments to 

42 m water depth are predominantly pumice gravel and sand. 
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Run 9 into Rotongaio Bay (Fig. 8.16) 

This transect continues from Run 8 to the shelf area near 

Waitahanui. A sediment layer some 1 m thick overlies the basal 

pumice surface, which can be traced through from Run 8. This 

layer contains an internal discontinuous reflector (e.g. R9.7, 

R9.15); however, its uniform thickness over underlying topographic 

highs and lows indicates that it has been deposited primarily from 

suspension rather than by downslope redeposition. A number of 

step- or terrace-like features occur at wat€r depths of 90-100 m 

(R9.12-16) which may have been caused by past ccmtour-current erosion. 

The surface sediment layer gradually thins upslope, pinching out 

at 40-50 m water depth (R9.23-24). 

Instrument depth limitations prevented seismic profiling 

within the 120 m isobath in the northern part of the lake. However, 

Core 6 (Fig. 8.lU) was obtained from a water depth of 148 m in the 

Waitahanui Basin (Map 3 in Map pocket). This core contains mud 

throughout its length of 66 cm, the top 25 cm of which contains 

numerous bands in which dark coloured fine sand grains are dispersed. 

Immediately below these bands there is a disturbed mud layer some 

2-3 cm thick, which in turn overlies mud without sandy bands. The 

dark sand grains are predominantly dark glass with some feldspar 

inclusions and probably represent wind-transported Ngauruhoe Ash. 
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8.4 SEDIMENTATION RATES 

The thickness of sediments deposited in deep-water regions 

of Lake Taupo over the last 1800 years (Fig. 8.18) varies spatially 

in response to several interdependent factors, including distance 

from sediment sources at the lake shore, general lake floor topo

graphy, and basal pumice surface topography. 

The average sedimentation rate over the last 1800 years at 

any point along a seismic profile transect can be determined from 

the fence diagram of sediment thickness (Fig. 8.18). The sediment 

thickness is marked in 50 cm depth increments each of which is equal 

to a sedimentation rate of 1 rom/3.6 years or 28 mm/100 years. 

The highest average rates of sedimentation (about 140. mm/100 

years) have occurred in the deeper basinal region towards the 

southern end of the lake, where the highest input of river borne 

sediment occurs. The lowest average deep-water sedimentation 

rates (on approximately horizontal surfaces about 28 mm/100 years) 

generally occur in the central lake area where distances from lake

edge sources are greatest, lake depths are shallower tha."1 in 

surrounding basinal regions, and the basal surface is most rugged. 

Slightly higher average sedimentation rates (commonly 50 mm/100 years) 

occur in basinal regions towards Kuratau, and on the rise regions 

around Western Bay. In Tapaueharuru Bay, from which the Waikato 

River flows, a general lack of mud cover indicates very low sediment

ation rates (commonly only 17 rom/100 years at 50-100 m water depth). 

The sedimentation trends shown by seismic profiles generally 

agree well with the trends in the terrigenous silt content of 
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surficial sediments (Fig. 8.l9). 

implications: 

This agreement has several 

(a) Sedimentation trends in the lake have remained broadly

similar over the last 1800 years.

(b) Sedimentation rates for those parts of the lake not covered

by seismic profiles may be inferred from the terrigenous

silt content patterns determined from the surficial 15-20 cm

of sediment.

(c) An average sedimentation rate for diatomaceous silica can

be established, which in turn allows the calculation of

terrigenous-component sedimentation rates.

(d) Local differences between the two lines of evidence may

indicate recent changes (top 20 cm sediment) in local sediment

ation trends.

In the central lake region, where the mud cover is typically 

about 50 cm thick, the terrigenous silt content in the total silt 

fraction of the top 15-20 cm of sediment is less than 5% (Fig. 8.19). 

The total silt content generally accounts for 85-90% of the total 

sediment in this area. Assuming the average mud component ratio 

is constant throughout the mud column, diatomaceous silica accounts 

for 40-45 cm of the mud thickness in this region. Further, assuming 

that the average sedimentation rate of diatomaceous silica has been 

much the same in all deep-water parts of the lake, subtraction of 

40-45 cm from the mud thickness, at any point in the lake, leaves

a net thickness of terrigenous sediment. 

To compare terrigenous silt deposit;i.on rates implied by the 

surficial terrigenous silt�content pattern and mud-cover thickness 
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at a given point, the terrigenous silt percentage of the total silt 

fraction, a, is obtained from the total mud.thickness, b, at that 

point, as follows: 

a= 
[(bx 0) -d]lOO 

b 

where c = silt fraction of total sediment 

d = thickness of diatomaceous silt 

In the basinal region at the southern end of the lake a total 

mud thickness of 2.5 m is common and total silt accounts for about 

75% of total sediment in the top 15-20 cm of sediment. Assuming 

a constant sediment-component ratio throughout the mud column, 

terrigenous silt forms 79% of the total silt content. This value 

indicates a considerably higher sedimentation rate for terrigenous 

silt than that indicated by the 20-25% in the top 20 cm of sediment, 

because of the non-linear relationship between terrigenous silt as 

a percentage of total silt, a, and total sediment thickness, b, as 

shown by the above equation. If the terrigenous silt valYe of 

20-25% was constant throughout the mud column, a total mud thickness

of only 70 rn would have accumulated in the last 1800 years, giving 

an average sedimentation rate of 39 rnm/100 years. This rate agrees 

reasonably well with a rate of 42 mm/100 years obtained through 

lead-210 determinations by Rawlence and Reay (1976) for the top 

4-5 cm of sediment in a core from the southwestern part of Lake

Taupo (Fig. 8.19). Although this indicates considerably higher 

rates of terrigenous sedimentation below the top 15-20 cm of 

sediment it is unclear whether the higher rates are part of a long 

term trend or simply represent periodic, severe storm-erosion events. 
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Because it is unknown how the mud c.omponents fluctuate with sedi

inent depth below the surficial 20 cm of sediment, and because of 

the considerable variations in sedimentation rates with time, a 

detailed time scale cannot be matched with the mud column. 

On the basis of general agreement between the surficial 

terrigenous silt content pattern and the seismic profiles on the 

broader sedimentation trends, the surficial terrigenous silt 

content pattern suggests a 0.5-1.0 m thick mud layer covers the 

basal pumice surface across the northern part of the lake, giving 

a total sedimentation rate of 28-56 nun/100 years. 

Average sedimentation rates for deep-water regions of 

Lake Taupo over the last.J.800 years are summarised in Table 8.1. 

Approximate Approximate Approximate 
thickness of total sedi- sedimentation 
mud over basal mentation rate of terri-
pumice surface rate (nun/ genous material 

(m) 100 years) (rnm/100 years) 

Central Kuratau Basin 2.5 140 118 

Central lake regions o.s 28 6 

Central Western Bay 1.0 52 31 

Northern lake regions 0.7 40 17 

Table 8.1. Average sedimentation rates for deep-water regions of 

Lake Taupo over the last 1800 years. 
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CHAPTER 9 

SUMMARY AND CONCLUSIONS 

9.1 SUMMARY 

Catchment Characteristics 

Lake Taupo, with �n area of 616 kni2, is the largest of several 

lakes of volcano-tectonic origin in the Central Volcanic Region of 

the North Island of New Zealand. It occupies a major depression/ 

collapse zone in natural catchment area of 286,515 ha. A further 

67,110 ha. of borrowed catchment, resulting from the Tongariro hydro

electricity project to the south of the lake, increases the total 

catchment area to 353,625 ha. 

east by the Waikato River. 

Lake Taupe is drained in the north-

Catchment geology comprises mainly Quaternary rhyolitic/ 

andesitic volcanics and Mesozoic greywackes. Andesites and 

andesitic ash occur mainly to the south of Lake Taupo around the 

active volcanoes of the Tongariro National Park. Greywackes occur 

in the Kaimanawa and Hauhungaroa Ranges which form the catchment 

boundaries to the southeast and west of Lake Taupo respectively. 

Rhyolites, rhyolitic breccias and rhyolitic ashes occur mainly in 

the eastern and northern parts of the cathment, ana ignirnbrites in 

the northwestern parts. Rhyolitic tephra from the Taupo Pumice 

eruptions of about 131 A.D. blankets much of the central and 

northern catchment areas. Since 131 A.D., sporadic and generally 

localised eruptions of andesitic lava and volcanic ash (Ngauruhoe 

Ash} from the Tongariro National Park volcanoes have occurred 

through to the present. Hydrothermal activity occurs on the 
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volcanoes and also at the southern end and northeastern corner of 

Lake Taupe. 

Lake Taupe is surrounded by a belt of flat to rolling lowlands 

(<600 m a.s.1.), sorne 5-10 km wide, in which streams and rivers are 

often deeply entrenched. To the east and west the bounding ranges 

reach over 900 m a.s.l. The greatest altitudes and.steepest terrain 

occur in the Tongariro National Park (Mt Ruapehu, 2797 m; Mt 

Ngauruhoe, 2258 m; Mt Tongariro, 1968 m) and southern Kaimanawas 

(1600+m). 

Taupe catchment soils are developed almost exclusively on 

volcanic tephra deposits less than 2000 years old. Yellow-brown 

pumice soils, formed on Taupe Pumice, occur over central and 

northern catchment regions. Recent soils from volcanic ash, formed 

on Ngauruhoe Ash,occur in the southern catchment, Both soils are 

poorly developed, with only small amounts of allophane clay, and 

both are susceptible to erosion. Some of the lowland areas have 

been developed for pasture and forestry, some remain in scrub. 

Most of the steeper catchment remains undeveloped and covered in 

native forest, scrub and tussock. Bare rock and shingle screes 

occur at higher altitudes in the Kaimanawas and Tongariro National 

Park. 

The catchment climate is generally cool and humid, with 

prevailing winds from the southwest. Rainfall is fairly evenly 

distributed throughout the year, although a summer minimum occurs. 

High rainfalls, often intense and of short duration, occur in the 

high country of the southern catchment; more than 3800 mm/year 

falls on the volcanoes, while over the remainder of the southern 
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catchment, including the high country to the east and west of Lake 

Taupo, falls from 2000 to 3000 nun/year are typical� Lake Taupo 

itself, the surrounding lowlands, and the northern catchment lie in 

a rain-shadow area with an average annual rainfall of less than 

1500 mm/year. Permanent snowfields exist on Tongariro National 

Park volcanoes. 

Runoff from central and northern catchment areas i-s retarded 

by the high natural absorbancy of the pumice tephra deposits and 

the high mass permeability of porous and/or jointed ignimbrites. 

The lowest average specific discharges �<30t- 1 km-2
) occur around

the northeastern part of Lake Taupo. However, in southern catch-

ment areas, the generally low permeability of greywackes and andesites, 

and the steep terrain and scant vegetation cover at higher altitudes 

lead to rapid runoff. 

100.C km-2•

Average specific discharges commonly exceed 

More than 60 streams and rivers enter Lake Taupo but many of 

these are ephemeral. The Tongariro River, which drains a major 

part of the southern catchment, has the largest natural discharge into 

Lake Tau.po and accounts for 25-30% of all inflows into the lake. 

Lake outflow (Waikato River) will eventually increase by about 27% 

as a result of runoff diverted into Lake Taupo from the borrowed 

catchment. 

Catch.�ent erosion is presently not serious but the potential 

risk is high. Pumice tephra deposits are liable to rill, sheet, 

streambank, slip and gully erosion, particularly when vegetation is 

removed, infiltration reduced and dry gullys reactivated. The most 

severe erosion occurs on the volcanoes in Tongariro National Park as 
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a result o� the steep exposed terrain, high rainfall and pronounced 

physical weathering. For similar reasons, severe erosion also occurs 

in the southern Kaimanawas (largely in borrowed catchment) where it 

is characterised by debris avalanches and scree-creep of shattered 

greywacke •. 

Extensive areas of moderate erosion occur on t�e rolling 

terrain to the east of Lake Taupe. In the western Hauhungaroa 

Ranges and the northeastern catchment region, erosion is generally 

negligible. 

Lake Charcateristics 

Lake Taupe is classified as an oligotrophic (secchi depth, 

13-18 m), warm monomictic (thermally stratified from December-April)

lake of volcano-tectonic origin. The lake is roughly triangular 

in shape, 40 km long (Waihi-Taupo), has a maximum width of 27 km, 

an average depth of 97 m (max. depth 164.6 m), and a volume of 

59.1 x 106m 3 • The lake floor is relatively flat except for a more

rugged area in the central northeastern region. The western shores 

are characterised by steep ignimbrite, andesite and rhyolite cliffs 

which plunge into deep water. The northern shores are formed by a 

series of bays separated by raised fault blocks of rhyolite. In 

the lake, gently sloping shelves of sand and gravel have developed 

along the eastern side. The shelf break occurs at water depths of 

5-10 m and depth increases rapidly down the slope (20-25° ) to 40-70 rn.

Beyond this depth the lake bed gradient progressively decreases down 

the rise to basinal regions. 
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The present form of Lake Taupe has developed relatively 

recently. Its size, shape and depth have been modified by 

catastrophic volcan:i.c events, the last being the Taupo Pumice 

eruptions of 131 A.D. Huge amounts of pumice from these eruptions 

blocked the lake outlet causing the lake level to rise 34 m above 

its present level. A well defined terrace formed around much of 

the lake before the present outlet was cut and the lake level sub-

sided again. The catchment has restabilised since the Taupe Pumice 

eruptions, and the volume of sediment entering the lake has diminished 

drastically. 

Sediment Characteristics 

A number of depositional environments in Lake Taupe are 

broadly characterised on the basis of surficial sediment texture and 

depositional processes. These environments include: sub-lacustrine 

talus slope, shelf, slope, rise, basin, and sub-lacustrine topo

graphic high (hill). 

Sub-lacustrine talus slope sediments occur mainly in deep 

water (�80+m} beneath coastal cliffs on the western side of the 

lake. The sediments are very poorly sorted gravel-sand mixtures 

with subordinate mud. 

Surficial shelf sediments, except near river mouths and in 

the sheltered areas, are commonly unimodal, moderately to very 

well sorted sands and gravels. With increasing water depth 

towards outer shelf areas, sorting tends to deteriorate and mean 

grain size decreases. The g,rave:S include mainly rhyoli te and 

greywacke in shallower water and, pumice in deeper water. The 
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sands consist of volcanic glass, rock fragm�nts, plagioclase feld-

spar {>20 wt.%) and quartz {5-10 wt.%). Rivers and streams are 

slowly feeding catchment-derived sediments on to shelf areas, part-

icularly during floods. Coarser material may be worked alongshore, 

onshore or offshore by wave action, and the finer grain sizes {very 

fine sand, silt and clay) are winnowed to deeper water by energy 

gradients resulting from swell and wave action. 

Slope sediments are generally polymodal, poorly sorted silty 

sands and sandy silts. Although these sediments are below effect-

ive wave base, they may contain material worked off the shelf edge 

{e.g. pumice gravel, sand and diatom tests, especially Synedra, 

Nitzschia and SurireZZa species) as well as material deposited 

from suspension. With increasing depth and decreasing environmental 

energy, the mud content deposited from suspension increases and 

slope sediments grade into sandy silts and silts on the rise which 

in turn give way to silts in the basinal regions. Shelf and 

. slope sediments are occasionally redeposited into rise and basinal 

regions giving poorly sorted m�xtures of mud, sand and/or gravel. 

Sediment textures on sub-lacustrine topographic hig�s are 

variable, ranging from sandy silts to muddy sandy gravels (pumice), 

but a mud content is usually dominant. The higher content of 

sand and gravel on topographic highs reflects two factors: 

concentration of coarse material by winnowing of fines and/or 

coarse sediments relict from the Taupo Pumice eruptions. The 

sediments on one topographic high in particular, near the centre 

of the lake, appear to be largely relict and also reflect the 

influence of past hydrothermal activity. They contain bedded 
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lenses of plagioclase-rich sand, silt, and clay overlain by a sinter 

crust in which pumice fragments are embedded. The clay content is 

the highest (41 wt.%) in the lake and is enriched in montmorillonite 

of probable hydrothermal origin. 

Surficial basinal sediments are texturally classified as silts. 

They contain a few percent sand (commonly <4 wt.%) and up to 25 wt.%

clay-sized material. The average basinal mud is lighter in colour 

in central and northern lake regions than in southern areas. Water 

content is conunonly about 80 wt.% and organic matter content about 

7.5 wt.%, although organic matter contents of 8 wt.% or more occur 

locally, particularly in Waihi and Stump Bays and lakeward of the 

Waihaha River mouth. Except for occasional macro·-particles (e.g. 

Chironamid larvae, plant fragments) the organic matter is fine 

grained humic material which probably originates mainly from algae 

(e.g. diatoms), particularly.in central and northern lake regions. 

Locally increased values (>8%) probably reflect an additional 

allochthonous component. Surficial basinal-sediment pH values are 

commonly 5-6; and Eh values generally exceed +100 mv. 

The sand fraction in basinal regions is composed mainly of 

volcanic glass with plagioclase feldspar inclusions and has probably 

been deposited from wind-borne Ngauruhoe Ash. 

The silt fraction of surficial basinal sediments contains 

two persistent grain-size modes (i.e. coarse-medium silt and medium

very fine silt) which display a reciprocal relationship. The coarse

medium silt mode is due to terrigenous material and the medium-very 

fine silt mode to siliceous diatom tests (Melosira sp. >> CyaZotelZa sp. 

� Epithemia sp.). Diatom tests are especially prominent in the 

f . 
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central and central western lake regions, and form very well sorted, 

near-symmetrical, mesokurtic silts. 

Terrigenous silt components display two broad areal trends 

relative to the diatomaceous component: 

(a) A terrgienous silt component, consisting mainly of volcanic

glass, rock fragments, plagioclase feldspar an? quartz,

decreases in abundance away from the southern end of the lake

reflecting derivation from southern catchment rivers,

particularly the Tongariro River.

(b) A terrigenous silt component, consisting �ainly of volcanic

glass, decreases in abundance westwards from the northeastern

lake margin. Erosion of coastal cliffs of pumice breccia

is probably the most important sediment source in this

case.

Silt and clay contents display a reciprocal relationship with

clay ranging from around 24 wt.% in southwestern parts of the lake 

to about 12 wt.% in some northern parts. Diatomaceous silica 

characteristically forms about half of the clay fraction; the 

remainder consists of three types of approximately spherical authigenic 

particles ( siliceous, bladed microspherulites; biogenic capsules; and 

colloidal sulphur) and clay minerals. 

Crystalline clays, which together form less than about 5% of 

basinal sediments, include illite, kaolinite and montmorillonite. 

Illite and kaolinite contents in the clay fraction show broadly 

similar areal trends, decreasing in a northeasterly direction away 

from the southern end of the lake, and increasing over a short 

distance towards the Waihaha River mouthi these clay minerals 
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are detrital from weathered greywackes in the K.aimanawa and Hauhungaroa 

Ranges. Montmorillonite, however, .:i.s most abundant in the southwestern 

corner in Waihi Bay and on a sub-lacustrine topographic high in the 

centre of the lake; in both areas it has probably formed from hydro

thermal alteration of siliceous volcanic material. 

Sedimentation Trends 

The distribution patterns for terrigenous silt and clay suggest 

the major source of mud-sized material in the lake is the Tongariro 

River, and the major direction of suspended-sediment laden currents 

is from the southern end of the lake towards the out-flowing Waikato 

River in the northeast. These trends appear to have been followed 

for at least the last 1800 years. 

An extensive surface of sedimentary pumice, deposited in the 

lake during and soon after the Taupo Pumice eruptions, has been 

identified in basinal-rise regions at sediment depths of less than 

3 m. Most of this surface has subsequently been buried under a 

mud cover ranging in thickness from less than 0.5 m in central and 

northern parts of the lake to more than 2.5 m in southern parts of 

the lake. Corresponding average sedimentation rates have ranged 

from less than 30 mro/100 years to more than 1.40 mm/100 years over 

the last 1800 years. 

9.2 CONCLUSIONS 

Lake Taupo has been affected in the past by catastrophic 

volcanic events, the last being the Taupe Ptunice eruptions of about 

131 A.D. During and soon after these eruptions a thick bed of 

pumice was deposited on the bottom of Lake Taupe. Since then the 
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catchment has restabilised and sedimentation in deep--water regions 

of the lake has diminished to a background fallout of predominantly 

mud-sized material from suspension. The bulk of the sediments 

forming shelves along the eastern side of the lake were deposited at 

the· same time as the basinal pumice bed some 1800 years ago. These 

sediments were probably reworked during the 34 m fall in lake level 

to produce the present shelf morphology. Some shelf modifications, 

and growth of the Tongariro delta have occurred in the last 1800

years, particularly during flood events. 

The topography of the 1800 year old pumic� surface becomes 

increasingly rugged towards central and central eastern regions of 

the lake, suggesting a source vent ,nearby. Eruptions from such a 

vent, and post-eruption events may have followed the sequence 

illustrated in Fig. 9.1. 

Sedimentation model 

Sediment composition and texture, and sedimentation rates 

over the last 1800 years, indicate that the most important inputs 

of sediment have occurred at the southern end of Lake Taupe, 

particularly from the Tongariro River. This results from a number 

of interrelated catchment characteristics which reach their maximum 

values in the southern catchment (Fig. 9.2). These characteristics 

diminish in "intensity" towards the northern end of the catchment so 

that terrigenous sedimentation rates in central, northern and north-

western regions of the lake are typically very low. However, in 

the northeastern region of the lake, relatively severe erosion of 

coastal cliffs of pumice breccia by wave-undercutting and slip has 

enhanced the terrigenous component in offshore deep-water sediments 

in that area. 
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(a} �131 A.D. ?A Taupo Pumice vent in Lake Taupe 

[D Taupo Pumice tephra deposited directly on to the lake 
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Fig. 9.1. Idealised cross-section of central and basinal regions of 
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Interrelated catchment characteristics which reach their 

maximum values to the south of Lake Taupe and are thus 

responsible for t_he major sediment influxes into the 

southern end of Lake Taupo • 
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On the basis of the above conclusions, a sedimentation model 

may be proposed for Lake Taupe, a."ld is diagrammatically summarised 

in Fig. 9.3. 

Several sc�diment-related factors bave contributed to the water 

clarity and oligotrophic status of Lake Taupe: 

(a) Taupo cat�hment soils are young, poorly developed and lack a

substantial clay content. Thus most of the sediment enter-

ing Lake Taupo is primary rock and mineral material, which is

largely inert with respect to chemical exchange processes in

an aquatic environment.

(b) Terrigenous sediment particles are mostly of a medium silt

size or larger, and so are deposited relatively rapidly from

the water column and do not reach all parts of the lake.

(c) Most of the lake is deep, so sediments are effectively removed

from the photic zone where they could be util'ised as a

biological nutrient source. The depth also prevents re-

suspension of sediments by current action.

(d) Diatoms, which dominate the plankton in Lake Taupe, effectively

remove dissolved nutrients from the photic zone waters to the

sediments.

(e) Permanently oxygenated bottom waters and the oxidised micro ....

zone at the sediment/water interface help prevent the migration

of dissolved species back into the water column.

Thus Lake Taupo acts as an effective sink for sediments and

nutrients fed from the catchment into the lake. 
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APPENDIX 1. SUB--CA TCHMENT AREAS 

1. 

2. 

Major Catchments 

12 Tongariro River 

9 Tauranga-Taupo River 

19 Kuratau River 

5 Waitahanui River 

7 Hinemaiaia Stream 

25 Waihaha River 

13 Waipakihi River 

17 Lake Rotoaira 

2 Waioratene Stream 

10 Waimarino River 

11 Waiotaka River 

27 Waihora River 

Hectares 

58,000 

22,910 

20,220 

20,125 

16,725 

15,655 

11,715 

11,370 

10,650 

8,275 

7,425 

6,570 

23 Whanganui/Waitakah�/Mangakaruru 
Streams 6,330 

5,940 

Subtotal 221,910 ha. 

21 Whareroa Stream 

Smaller Combined Catchments 

18 Omori/Pukawa/Waihi/Tokaanu area 

29 Whangamata Bay 

6 Motutere and Mission/Halletts 
Bays 

1 Tapuaeharuru Bay 

28 Kawakawa Bay 

24 Otaunga/Oruapuraho/Waikino 
Streams 

22 Te Hapua Plains/Karangahape 

26 Te Awaroa/Otupotu/Tutaewaeroa/ 
Kotukutuku Streams 

30 Whakaipo Bay 

4 Ouahq/Whi te Cliffs/Lake Rotongaio 

2 Five Mile Beach 

8 Motuoapa/Motuoapa Bay/Maraetai 
Bay 

31 Waikarikari Point to Rangitira 
Point 

20 Rangitukua/Te Hape Bay 

Subtotal 

10,340 

9,475 

7,920 

7,245 

5,725 

5,200 

4,800 

4,215 

3,970 

2,235 

1,465 

944 

893 

183 

64,605 ha. 

% of total catchment 

16.2 

6.4 

5.7 

5.6 

4.7 

4.4 

3.3 

3.2 

3.0 

2.3 

2.1 

1.8 

1.8 

1. 7

63.0% 

2.9 

2.7 

2.2 

2.0 

1.6 

1.5 

1.4 

1.2 

0.9 

0.6 

0.4 

0.3 

0.3 

0.1 

18.2% 
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3. Artificially Diverted Catchments

16 Western Catchments

(incl. Whakapapaiti/ 

Mangatepopo Streams 

and Wanganui River) 

14 Moawhango River 

15 Southern Ruapehu Catchments 

(incl. Waihianoa/ 

Makahikatoa Streams} 

4. Natural Lake Catchment Area

(totals 1 and 2) 

5. Total Catchment Area

(totals 1, 2 and 3) 

6. Lake Areas

Lake Taupo

Lake Rotoaira

Subtotal 

31,725 

28,265 

7,120 

67,110 ha. 

286,515 

349,425 

62,500 

1,560 

8.9 

7.9 

2.0 

18.8% 

81.2 

100 
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APPENDIX 2 

.! Eh ( V) ' . m t measuremen s an d 

No. pH Eh 

1 6.8 80 

2 6.5 120 

3 6.6 130 

4 4.0 100 

5 7.0 310 

6 6.4 90 

7 7.0 430 

8 6.6 390 

9 5.0 170 

10 6.9 70 

11 6.5 100 

12 6.8 90 

13 6.4 290 

14 - -

15 - -

16 - -

17 6.7 120 

18 6.7 170 

19 6.6 270 

20 - -

21 - -

22 6.5 70 

23 6.7 180 

24 7.0 140 

25 4.8 140 

26 5.0 170 

27 6.8 70 

28 6.5 340 

29 6.7 140 

30 - -

31 7.0 40 

32 6.5 300 

33 6.6 110 

34 6.8 40 

35 7.1 70 

36 7 • .1 l.QQ 

37 5.9 110 

38 6.1 150 

39 - -

40 5.8 110 

41 5.4 90 

42 5.8 130 

43 5.3 100 

Depth -·1
(m) No. pH
--

9 44 

1

6

. 

3 

20 45 6.3 

20 46 4.5 

57 47 5.4 

29 48 I 5.2

42 49 -

I 12 50 -

29 51 -

84 52 5.0 

68 53 5.2 

13 54 5.5 

26 55 5.4 

1 I 56 6.0 

1 57 5.8 

1 58 -

2 I 59 -

16 I 60 5.4 

22 161 5.5 

47 62 5.7 

4 63 5.5 

3 64 -

15 65 -

47 

1

66 5.7 

76 67 5.7 

89 68 5.7 

59 69 5.8 

82 70 5.9 

82 71 -

30 72 5.3 

2 73 -

23 74 3.5 

3 75 5.7 

43 76 -

95 77 -

102 78 5.2 

l.01 79 5.2 

14 80 5.5 

6 81 5.6 

3 82 -

4 83 5.2 

30 84 5.2 

so 85 5.2 

67 86 7.0 

d �h () f L k T wa�er eo, m or a e 

Eh ,_Depth --T 
aupo 

(mV) (m) No. pH

120 77 87 -

120 97 88 -

110 llO 89 6.4 

195 100 90 4.8 

310 100 91 -

- 2 92 5.4 

- 2 93 4.8 

- .3 94 -

150 86 95 -

140 102 96 5.0 

170 111 97 5.1 

230 100 98 5.0 

240 42 99 -

1).0 87 100 5.2 
- 4 101 5.5
- 4 102 5.3

140 47 103 5.2 

120 72 104 5.2 

120 94 105 -

120 16 106 -

- 2 107 5.2 
- 94 108 5.7

120 95 109 5.4 

130 92 110 -

100 100 111 -

130 70 112 -

120 so ll3 5.3 
- 4 114 6.0 

70 14 115 5.3 

- 2 116 6.0 

150 121 117 5.8 

160 105 118 5.2 
- 60 119 -

- 60 120 5.9 

135 104 121 6.0 

140 8G 

160 26 

180 30 
- 59

J.40 96

190 140 

160 15 

340 132 

Eh 
(mV) 

-

-

240 

150 
-

210 

130 
-

-

190 

165 

140 
-

190 

120 

150 

170 

135 

-

-

160 

120 

120 
-

-

-

210 

190 

145 

190 

100 

160 

-

160 

200 

�· t sec.1.men s 

D::-i 
(m) 

132 

3 

35 

44 

4 

78 

70 

4 

4 

133 

124 

72 

43 

42 

148 

118 

111 

117 

92 

112 

106 

118 

100 

71 

39 

3 

115 

100 

107 

100 

99 

129 

96 

116 

102 
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APPHJDIX 3 

�--- ---

TEY.'l"URAL OIAMCTEI< Ot' L,\KE T At.TO SEDI Mf.?lTS (�(.?O r:nd ot llppendix l for cY.pansion of ali11rcvilltions) 

u 5
•rl "

� 2 ,, lii,4 C) 
rl " 'O " 0 ,, 

•rl 
� q) 

" l1' " .... "' � Ji " .. ....
.t!l 

" -
!i 

., " ,, 
rl •• �� .. 

"'I 
" " -0· - CIJ ti) 

� B
" 

�· i .. > .. '' "'" .. >, 

�-� 
5 ·rl ., - " " t! 

" 
e 

-· " 
,, " . " . .. • rl . " '-"'.1"0 ' " 'O "' U) •o-t � •cj " � " �� " "  n. •• ;,J ... .... ... rl �IH rl .... � � (,! �. 

;\: � g ell ... " "
"' " �< 'U ) " :< "  J 0 u " :;.; tr, u "' )t, E-< E-< ,, rl 

-
1 9 7.5 30.4 38.9 23.2 0.49 0.60 4.5 5,1 -2.8 7.S,6.0,4.0,3.0,2.0,-0.5,-2.5 vps 6CS pk gM Sl 

2 20 - 27.5 49.8 n.1 0.36 0.46 5.7 6.1 3.5 7.0,4.0 ps cs vpk !1Z Sl 

3 20 - 64.3 33.0 2.7 l.SO 0.00 4.0 3.7 l.9 7.5,5.0,4.0 ps sfs lk zS Sl 

4 57 - 3. 7 81.3 15.0· 0.04 0.18 6.1 6.0 3.3 7.0,5.S,4 .. 0 ins ns pk z Ri 

s 29 66,6 28.5 3.7 l.2 s. 79 0.32 -l.7-2.2 -4.5 7.5,5.5,3.0,2.0,-1:0,-2.0,-3.5 vps sfs mk msG 1'a 

6 42 - 48.2 46.9 4.9 0.93 0.10 4.4 4.0 2.5 7.0,5.0,4.0 ps sfs mk sZ Sl 

7 12 71.4 23.S 3.9 1.2 4.55 0.32 -1.9 -3.0 -4.5 7.5,5.5,4.5,3.0,2.0,-l.5,-3.0,. 
-4.0 vps sfs mk rnsG Ta 

() 29 40.8 57.& l. 3 0.3 35.44 0.25 -0.6 O.(i -5.0 3.0,2.0,0.0,-3.5 vps SCI! vpk sG Ta 

9 84 - 11.9 76.4 11,8 0.13 0.15 5.7 5.7 2.0 7.0,6.0,3.5,2.0 ps cs nlk sz Ri 

10 68 - 5.3 78,5 16.2 0.06 0.21 6.2 6.2 3.2 I 7.5,6.0,S.0,4.0 ps cs mk z Ri 

11 13 10.8 87.2 1.9 0.1 43.24 0.07 l.O o.o -2.7 4.0,3.0,l.0,-0.5,-2.5 ps ns mk gs Sl 

12 26 - 61.6 29.6 8.7 1.61 0.29 4.7 3.9 3.5 7.0,6.0,4.0 ps sfs vpk zS Sl 

13 l 16.5 83.2 0.3 0.1 240. 37 0.17 -0.1 -0.2 -2.0 3.0,0.0 ps ns lk gs Sh 

14 l 38.6 60.4 1.0 0.1 55.98 0.13 -0.6 -0. 7 -2.9 4.0,-0.5 ps ns lk sG Sh 

15 l 16.6 83.3 0.1 - 744 .22 - 0.6 1.2 -3.0 1.s,-2.5 ps scs vlk gS Sh 

16 2 - 100.0 - - - - 1.8 1.8 o.s 2.0 Jl'.?WS ns 1k s Sh 

17 16 - 9.8 80.0 10.2 O.ll 0.13 5.5 5.4 2.7 7,0,5.5,4.0,3.0 ps ns ""' z Sl 

18 22 28.5 47.4 19.9 4.1 1.97 0.2], 1.2 0.6 -3.7 7.5,6.5,4.0,3.0,2.0,-0.5,-l.5, 
-3.0 vps ns pk gmS Sl 

19 47 - 6.1 81.1 12,8 0.07 0.16 6.0 6.1 2.9 7.0,6.0,4.0,3.0 ps cs rok z Sl 

20 4 0.5 99.5 - - - - 2.8 2.9 o.o 3.0 .!IS cs. lk (g)S Sh 

I21 3 95.8 4.2 - - - - -2.7 -2.8 -4.4 -2.5 ms ns mk G Ta 

22 15 0.6 63.5 30.7 5.2 1.77 0.17 4.2 3.8 2.1 7.5,6.0,S.0,4�0,-3.5 ps sfs lk (g)mS 51 

23 47 1.0 34.1 54.1 10.8 o.53 0.20 5.2 5.2 -2.2 7.5,5.5,4.0 ps ns vpk (g)M Sl 

24 76 - 13.9 68.2 17.9 · 0.16 0.26 6.0 6.7 2.6 7.5,6.0,4.0 ps scs lk sz Ri 

25 89 - 4.7 75.3 20.0 0.05 0.27 6.5 6.7 2.6 7.0,6.0,4.0 ps SC$ 1k z Ri 

26 59 - 3.0 77.2 19,8 0.03 0.26 6.6 6.6 2.8 7.0,6.0,4.0,3.0 ms cs Ink z Ri 

27 82 - 4.0 75.9 20.l O.(){ 0.26 6.6 6.7 3.6 7.5,6.0,4.0 ps cs 1k z Ri 

28 82 - 3.4 83.2 13.5 0.03 0.16 6.5 6.7 3.6 7.5,6.0,4.5 ps scs mk z Ri 

29 30 84.5 6.2 8.1 1.2 

I
0.68 0.14 -2.6 -2.7 -4.9 5.0,3.5,G.5,-2.5 vps sfs vlk G Sl 

30  2 5.1 94.9 - - -
-: 0.5 0.4 -3.2 3.0,0.5,-3.0 mws n.s. lk gS Sh 

31  23 - 14.l 58.8 27.2 0.16 0.46 5.9 6.6 1.6 7.5,4.0,2.0,l.5 ps scs lk sZ Sl 

32 2 0.9 99.l - - - 1.5 l.6 -1.0 2.0,-1.0 ms CB mk (g)S Sh 

33 43 - 63.4 32.l 4.4 l. 73 0.14 4.1 3.7 1.8 7.5,5.5,4.0 ps sfs 1k zS SJ. 

34 95 - 8.5 74.1 17.3 0.09 0.23 6.4 6.6 2.5 7.0,6.0,4.0 ps scs Vlk z pJ. 

35 11.02 - 2.3 74.6 23.l 0.02 0.31 6.9 6.9 3.7 7.0,6.0,4.0 mws cs lk z Ba 

36 �01 - 4.7 69.9 25.4 O.Ci5 0.36 6.9 7.0 3.6 7.0,4.0 ms scs vlk z Ba 

37 14 - 36.9 47.7 15.4 0.58 0.32 4.8 4.3 2.1 7.0,4.5,3.5 ps sfs vpk sz Sl 

38 6 93.5 6.2 0.3 0.1 16.eJ 0.31 -2. 7 -2.7 -4.4 3.5,-2.5 ms ns lk G Ta 

I 39 3 0.8 99.2 - - - - 1.8 1.9 -0.9 2.0,-0.s ms cs 1k (g)S Sh 

40 4 - 96.3 3.0 0.7 26.lJ 0.22 3.4 3.5 1.6 4.0 vws CB mk s Sh 

41 30 - 7.9 69.2 23.0 0.09 0.33 6.4 6.8 3.6 7.5,6.0,5.0,4.0 ps scs lk z Sl 

42 50 - 7.0 79.5 13.5 O.G8 0.17 6.3 6.5 2.8 7.5,6.0,4.0 ps scs mk z Sl 

43 67 - 9.4 73.5 17.0 O.JC 0.23 6.5 6.7 2.8 7.5,6.0,4.0 ps scs lk z Ri 

44 77 - 4.8 77.8 17.4 O.G5 0.22 6.6 6.8 3.6 7.0,5.5,4.0 ps 6CB lk z Ri 

45 97 - 6.0 79.9 14.l o.c,,; 0.18 6.6 6.8 3.6 7 .0,6. 0,5 .0,4 .o ms see vlk z Ba 



46 
, 

110 

47 _ 100 

48 100 

7.6 73.2 19.3
1 

o.os 

1.1 74.9 24.0 0.01 

2.3 73.9 23.S 0.02 

49 

50 

51 

52 

2 - 100 

2 23.4 76.6 

3 12. 7 87.3 

86 ll.2 68.4 20.5 0.13 

0,26 

0.32 

0.32 

0.30 

53 102 

54 111 

55 100 

2.3 75.7 22.l 0.02 0.29 

2.4 79.3 18.3 0.02 0.23 

3.8 78.4 17.6 0.04 0.23 

56 42 O.l .76.5 21. 7 1.8 3.26 0.08 

57 87 6.2 80.9 12.9 0.07 0.15 

- 100 50 

59 4 10.6 88.9 o.s o.o 176.9 

60 47 

61 72 

62 94 

23.0 66.4 10.6 0.30 0.16 

7.9 79.9 12.3 0.09 0.15 

5.1 80.0 14.9 0.05 0.19 

6,6 6,7 

6.7 6.0 

6.7 6.8 
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2.3
, 

7,0,6.0, 4 ,0,3.0. 

3.8 7.0,6.0,4.0 

l.7 7.5,6.0,4.0,2.0 

1.7 1.7 0.1 3.0,2.0 

-o.4 -0.2 -3.o o.s,-2.0,··3.5 

1.1 1.6 -2.612.0,-1.5 

6.2 6.5 I.B 7.0,5.5,4.0,2.0. 

6.9 6.9 3.7 7.0,6.0,4.0 

6.0 6.9 3.7 7.0,6.0,4.0 

6.8 7.0 3.6 7.5,5.5,4.0 

3,7 3.5 1.9 7.5,5.0,3.5 

6.4 6.6 2.8 7.5,5.5,4.0 

1.9 1.9 0.6 2.0 

1.1 2.2 -3.3 3.o,2.o,o.s,-o.s,-1.5,-2.0 

5.6 6.0 2.1 7.5,6.0,3.5 

6.2 6.6 2.0 7.0,6,0,S.0,3.5 

6.6 6.8 3.6 7.0,5.0,4.0 

pe i;cs vlk z 

1115 cs rnk Z 

ms sen pk z 

w, ns r.�, s 

l!IS 

ps 

ps 

BCS mk gS 

scs mk gS 

scs mk 6Z 

n,ws cs lk z 

mws cs vlk z 

lnS scs lk z 

Ba 

Sh 

Sh 

Sh 

Ri 

Ba 

Ba 

Ba 

ps sfs vlk (g)mS Hi 

ps scs mk z 

111ws ns mk S 

Hi 

Sh 

ps scs rnk gS Sh 

ps scs vpk sZ Sl 

ps scs mk Z 

ms scs vlk z 

Ri 

B.a 

63 16 33.2 34.6 27.l 5.1 1.08 0.19 

2 0.2 99.8 

1.5 2.9 -4.5 7.S,6.0,5.0,3.5,-1.5,-2.5,-4.0 eps scs vpk rnsG Sl 

65 94 

66 95 

67 92 

68 .100 

69 70 

6.7 78.4 14.9 0.07 0.19 

4.2 77.8 18.l 0.04 0.23 

0.3 54.2 37.4 8.0
1 

5.1 80.9 14.0, 

1.19 

0.05 

0.21 

0.17 

7.6 79.0 13.4 0.08 0.17 

1.5 1.5 -0.4 2.0 

6.7 6.8 3.6 7.5,4.0 

7.0 7.0 3.6 7.0,6.0,4.0 

3.9 3.2 

6.8 6.8 

-0.4 7.0,3.0,2.0,-0.5 

3.� 7.0,5.S,4.0 

6.6 6.7 2.9 7.5,6.0,4.0 

70 so 1.7 78.l 18.0 2.2 

n 4 23.6 76.4 

3.87 0.12 2,2 1.0 -1.4 7.5,5.5,l.O 

-0.2 0.3 -3.2 l.O,-J..5,-2.5 

72 14 31.2 61.8 7.1 0.45 0.11 5.1 s.3 2.4 7.n,�.s,4.5,3.5 

73 2 28.5 71.5 -0.3 -0.2 -3.0 0.0,-2.5 

741121 7.4 73.3 19.3 o.oa 0.26 6.6 6.8 1.5 7.0,5.5,4.0,3.o 

1s I 105 4.8 78.4 16.8 o.o5 0.21 6. 7 6.8 3.6 7.o,s.s,4.o 

76 60 7.5 24.8 26.3 41.4 0.37 

77 60 

78 104 2.3 74.1 

79 86 8.0 65.8 

80 26 1.6 79.8 12.4 

81 30 40.6 39.5 13.0 

82 59 80.4 19.6 

23.6
1 26.2 

6.3 
,
· 

6.8 

0.02 

0.09 

4.26 

1.99 

1.57 

0.32 

0.40 

0.51 

o.s2 

83 96 

84 140 

10.l 63.9 26.l 0.11 0.41 

6.9 76.6 16.5 0.07 0.22 

85 15 27.9 40.6 27.3 4.3 1.29 0.16 

86 132 l.S 62.4 18.6 17.5 1.73 0.94 

87 132 19.6 28.7 31.2 20.5 o.55 0.66 

88 3 58. 7 41.3 

44.9 45.4 9.6 0.82 0.21 89 35 

90 44 13.8 74.0 12.2 0.16 0.17 

91 4 l.l 98.9 

3.6 3.1 -3.4 7.0,3.0,2.0,-l.5,-3.0 

7.0 7.0 

6.5 6. 7 

3.2 3.2 

-0.2 -0.1 

3.7 7.5,4.0 

2.6 7.0,6.0,4.0,3.0 

-1.7 7.5,5.5,3.5,2.0,l.O,-l.5 

-4.5 7.5,6.0,4.0,3.0,2.0,0.5,-l.O, 
-2.0,-3.0,-4.0 

2.0,0.5,-0.5,-2.5,-4.0 

6.5 6.8 1.6 7.5,6.0,4.0,2.0 

6.8 6.9 2.6 7.5,6.0,4.0 

2.0 3.3 -3.9 6.0,5.0,4.0,1.5,-1.5,-2.S 

3.6 2.5 �2.0 7.5,5.5,4.0,3.0,2.0 

2.5 2.2 -3.3 7.5,_4.0,2.0,-1.5,-2.5 

-1.6 -1.6 -4.4 -0.5,-1.5,-2.5,-3.5 

4.9 5.0 1.5 7.0,6.0,3.5,2.0 

6.1 6.2 2.7 7.0,6.0,4.0 

0.9 0.9 -l.2 1.0 

mws ns mk (g) s Sh 

ms scs vlk z Ba 

111s cs vlk z Ba 

vps sfs 

11\S SCS 

vpk (g)ms Re 

vlk z Ba 

pa 8C6 l.k Z Ri 

vps sfs elk (g)mS Sl 

ps scs mk ·(g)S Sh 

ps cs vrk sz Sl 

ps cs mk gs Sh 

ps scs vlk Z Ba 

ms scs vlk Z Ba. 

vps ns pk gM Hi 

vws ns 

ps scs 

ps ns 

vps ns 

Hi 

mk Z Ea 

lk Z Ri 

vlk (g)mS t'a 

pk msG 51 

- G Ta 

ps scs vlk sZ Re 

ms scs vlk Z Ba 

vps scs vpk gmS Hi 

vps sfs lk (g)mS Re 

vps ns vpk gM Re 

ps ns pk sG Hi 

ps ns vpk sz Sl 

ps cs mk �z Sl 

vws ns mk (g)S Sh 

92 78 3.1 46.7 41.2 9.0 0.93 0.22 3.7 2.9 -2.7 7.5,6.0,4.0,2.0,-0.5,-1.5,-2.5 vps ns vpk (g)H Ri 

93 70 6.0 79.6 14.4 0.06 0.18 

94 

95 

4 2.2 97.8 

4 0.1 99.9 

96 133 

97 124 

98 72 

3.9 78.9 17.3 0.04 0.22 

3.2 $6.5 10.4 0.03 0.12 

13.9 74.3 11.B 0.16 0,16 

6.4 6.6 3.0 7.0,6.�.4.0 

0.2 0.3 -1.4 0.5 

2.4 2.4 0.5 3.0,-0.5 

6.6 6,8 3.4 1.s,6.0,q.o 

6.8 6.9 3.6 7.0,6.0,4.0 

6.3 6.7 2.2 7.0,5.5,3.5 

99 43 78.7 20,6 0,5 0,2 29.27 0,49 .-2.0 -3.l -s.o 2.0,0.0,-2.5,-4.0 

pS 6C6 lk Z Ri 

IIIWS CS lk (g)S Sh 

IIIWS ns mk (g)S Sh 

ms cs mk z 

mws cs lk Z 

Ba 

Ba 

ps CCD lk CZ Ri 

vps cfs lk sG Sl 
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100 142 l. 8 80,8 17.4 0.02 0.22 7.0 7.0 3.7 7.S,6.5,5.C,4.0 lnWS sco Vlk z Ba 

101 148 3.2 87,9 0.9 0.03 0.10 6.8 6.9 3.6 7.5,5,5,4.0 l!lWS ,:co Vlk z Ba 

102 110 1.7 63.9 14.4 0.02 0.17 7.0 6.9 3.0 7.0,6.0,4.0 vw� ns uik z Ila 

103 lll l.4 83.7 14.9 0.01 0.18 7.0 6.9 3.0 7.0,4.0 \'WS ns mk z Ba 

104 117 1.7 82,6 15.7 0.02 0.19 6.9 6.9 3.8 7.0,5.5,4.0 Jnws ns lk z Ba 

105 92 46.6 40.8 8.7 3.9 3.23 0.45 -0.6 -o.s -5.4 7.0,6.0,5.0,4.0,2.0,-0.5,-3.0 vps ns rn.'< insG Ta 

106 112 1. 7 33.6 48.7 16.0 0.52 0.33 5.2 6.4 -3.8 7.0,6.0,4.0,2.0· vps sco vpk (g)M Re 

107 106 2.1 84.2 13.7 0.02 0.16 6.9 6.9 3.7 7.0,6.0,4.0 V\IS cs lk z Ba 

108 118 1.5 84.l 14.4 0.02 0.17 7.0 6.9 3.0 7.0,6.0,4.0 vws ns lk z Ba 

109 100 15.l 74.6 10.3 0.18 0.14 6.0 6.6 2.7 7.0,6.0,5.0,4.0 PB sco mk sz Ri 

110 71 0.1 18.0 68.l 13.8 0.22 0,02 5.7 5.9 2.6 7.5,6.0,4.0,3.0 ps cs pk (g)M Ri 

111 39 32.6 61.6 5.8 0.48 0.09 4.9 4.9 2.2 7.0,5.5,4.0 I ps ns pk sz Si 

112 3 0.1 99.9 l. 7 1. 7 o.o 2.0,1.0 tnS cs pk (g)S Sh 

llJ 115 2.0 85.1 12.9 0.02 0.15 7.0 6.9 3.7 7.0,4.0 vws ns mk z !la 

114 116 1.6 87.l 11.3 0.02 0.13 6,8 6.8 3.8 7.0,5.5,4.0 tnWS cs 1k z Ba 

llS 107 18.5 40.4 29.7 11.5 0.98 0.39 2.9 3.5 -3.3 7.5,6.0,3.5,2.0,-2.0 vps cs pk gM Re 

116 100 9.4 78.0 12.6 0.10 0.16 6.7 6.8 2.9 7,0,5.5,4.0 l!lS SC$ Vlk z Fi 

117 99 4.5 81.l 14.S 0.05 0.18 6.8 6.9 2.7 7.5,6.0,3.5 IJlS scs vlk z Ri 

118 129 0.6 89,4 10.0 0.01 0,11 6.9 6.9 5.1 7.0,5.5,4.0 vws ns mk z !?a 

119 96 4.7 83.l 12.3 0.05 0.15 6.1 6.6 3.1 7.5,6.0,4.5 ps scs pk z Ri 

120 116 15.5 69.0 15.5 0.18 0.22 5.9 6.8 l. 3 7.P,4.0,2.0 ps scs vlk sZ Hi 

121 102 0.1 24.0 58.!i 17.4 0.32 0.30 5.4 6.9 1.2 7 .o, s.s ,4. 0,2 .o vps scs pk (g)M Hi 
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ABBREV!A TIONS 

1. Textural terminology (Folk ct aZ. 1970)

-

Gravel-bearing sediments 

G gravel s 

sG sandy gravel zs 

msG muddy sandy gravel ros 

JllG muddy gravel cs 

gS gravelly sand sZ 

gmS gravelly muddy sand sM 

gM gravelly mud sc 

(g)S slightly gravelly sand z 

(g)mS slightly gravelly muddy sand M 

(g)M slightly gravelly mud C 

s sand 

mS muddy sand 

BM sandy mud 

M mud 

Gravel-free sediments 

sand 

silty sand 

muddy sand 

clayey sand 

sandy silt 

sandy mud 

.sandy clay 

silt 

mud 

clay 

-

2. Verbal classification of inclusive graphic &tandard deviation

vws very well sorted 

ws well sorted 

IIIWS moderately well sorted 

ms moderately sorted 

ps poorly sorted 

vps very poorly sorted 

eps extremely poorly sorted 

3. Verbal classification of inclusive araphic skewness

sfs strongly fine-skewed 

fs fine-skewed 

ns near-symmetrical 

cs coarse-skewed 

scs strongly coarse-skewed 

4. Verbal classification of graphic kurtosis

vpk very platykurtic 

pk platykurtic 

mk mesokurtic 

lk leptokurtic 

vlk very. leptokurtic 

elk extremely leptokurtic 

5. Position on lake bed

Sh Shelf 

Sl Slope 

Ri Rise 

Ba Basin 

Ta SUb-lacustrine talus slope at foot of cliffed shoreline 

Hi Top of sub-lacustrine topographic high 

Re Sediment contains redeposited material 
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Appendix 4 

Quartz (Q) and plagioclase feldspar (F) X.R.D. intensity-concentration

curves. 
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The quartz curve was produced using a series of quartz (<30 µm) and 

pumice (<30 µm) standards with the components mixed in weight percent 

ratios. from 0.45% quartz at approximately 5% intervals. The plagio-

50 

clase feldspar curve was modified from that given by Nelson and Cochrane 

(1970, p.158). 
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llULlC Sl\!'ll'LE X-AAY t>IFF'IU\CTION�'IIILY� 

·aic;ht porL-entoges of plaqioclase foldapar IU'ld quart� (to nearest l\) and plaqioclasa ,quartz ratio• in 

ke TAU.,.:, eodilnents 
(N.B. ,.o• • <O.S wt..\, •-• • undetttcted). 

Sampl,e Depth 
umber (:n) _j> 

l 9 

2 20 

3 20 

4 57 

5 29 

6 42 

7 12 

8 29 

9 84 

10 68 

11 13 

12 26 

13 l 

14 l 

l5 l 

16 2 

17 16 
18 22 

19 47 

20 4 

21 3 

22 15 

23 47 

24 76 

.25 89 

26 59 

27 82 
28 82 
29 30 

30 2 

31 23 

32 2 

33 43 

34 95 
35 102 
36 101 

37 14 

38 6 

77 60 

78 104 

79 86 

80 26 

81 30 

82 59 

83 96 

84 140 

85 15 

66 132 

87 132 

88 3 

89 35 

90 44 

91 4 

92 78 

93 70 

94 4 

95 4 

96 133 

97 124 

98 72 

99 43 

.. t., 
laqioclase 

8 

8 

21 

17 

35 

20 

7 

31 

14 

17 

28 

14 

6 

8 

25 

25 

11 

4· 

7 

u 

n 

25 

7 

7 

3 

10 

22 

8 

32 

45 
-

56 

67 

10 

8 

8 

4 

11 

28 

4 

7 

21 

11 

-

8 

4 

22 

11 

28 

13 

14 

l 

56 

20 

3 

31 

28 

l 

0 

1 

3 

\It.\ Plagioclaoe 
quartz ouartz 

3 ;J 

2 4 

3 7 

5 3 

0 -

4 5 

3 2 

l 31 

5 3 

5 3 

4 7 

4 4 

2 3 

2, 4 

15 2 

16 2 

9 1 

1 4 

5 1 

4 3 

0 -

10 3 

5 1 

4 2 

4 1 

5 2 

s 4 

4 2 

2 16 

14 3 

- -

17 3 

6 11 

4 3 

3 3 

4 2 

2 2 

2 6 

0 -

2 2 

3 2 

2 11 

1 ll 

- -

3 3 

1 4 

0 -

0 -

0 -

1 13 

1 14 

0 -

11 5 

3 1 ' 

1 3 

9 3 

3 9 

1 1 

0 -

1 1 

0 -

..

Sample 
Numl:Jc r 

39 

40 

n 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

Depth ..t., rt., Plagioclase 
(ml f'�agioclase �aetz quertz 

3 36 lS 2 

4 18 8 2 

30 6 3 2 

50 4 4 l 

67 3 4 l 

77 6 4 2 

97 l 2 l 

110 7 3 2 

100 7 5 l 

100 7 5· 2 

2 56 11 5 

2 35 21 2 

3 24 9 3 

86 10 6 2 

102 6 2 2 

111 4 2 .2 

100 4 2 2 

42 17 9 2 

87 3 3 1 

4 45 11 4 

4 25 7 4 

47 4 4 l 

72 6 2 3 

94 1 2 1 

16 13 2 7 

2 31 8 4 

94 3 1 3 

95 l 2 1 

92 13 2 7 

100 1 l 1 

70 1 1 1 

so 6 1 6 

4 35 7 5 

14 4 1 4 

2 38 6 7 

121 3 1 3 

105 3 ·1 3' 

60 - - -

142 1 1 1 

148 0 0 -

118 1 1 1 

111 1 1 1 

117 3 2 2 

92 - - -

112 14 1 14 

106 l 1 1 

118 3 l 3 

100 4 2 2 

71 6 2 3 

39 7 3 2 

3 35 6 1 

115 4 l 4 

116 0 1 -

107 6 l 6 

100 l 1 1 

99 l l l 

129 1 1 1 

96 1 1 1 

116 6 1 6 

102 1 l 1 
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l-RA\' DIFFMCTil'tl or CRYSTALLINE CLAY HINEMLS IN LM� T/ltlPO SEDIMENTS. Rl!:t.ATIVE DIAGNOSTIC l'EAK HEIG!rrs. 

Sample Illite Keollnite Mont.morillonite Si\..-nple Illlte l(bolinite Kontmor i llonite 
nlll!lber (101.) (7Jl) (l5Rl nu.Mer (lull> (7Jl) nsR1 

l u 11 17 62 8 4 3 

2 7 8 13 (,3 2 2 2 

3 9 ' 2 64 sand 

4 19 9 4 65 5 2 3 

s ll e s 66 4 l l 

6 10 5 ' 67 e 5 0 

, 3 2 l 68 7 2 l 

8 u 9 8 69 5 3 0 

9 15 7 6 70 6 3 2 

10 11 3 2 71 allJld 

11 6 5 3 72 3 2 2 

u 8 5 0 73 aand 

13 5 5 0 74 6 7 3 

14 0 0 l 75 6 5 2 

15 4 3 l 76 .. 1 5 

16 sand 77 6 l 6 

17 19 13 7 78 8 7 .. 

l.8 9 5. . 3· 79 8 5 .. 

19 10 7 1 80 9 .. 2 

20 aaDd 81 .. 2 2 

21 aaD<l 82 - - -

22 7 5 3 83 8 6 .. 

23 u 8 .. 84 2 3 0 

24 10 5 2 85 l 0 0 

25 18 8 .. 86 7 3 5 

26 141 9 
.. 

87 5 1 7 

27 9 5 3 ee a..nd 

28 7 5 l 89 7 7 3 

29 6 s l 90 7 s 3 

30 sand 91 aa�d 

31 7 ' 3 92 - - -

32 sand 93 8 5 2 

33 7 5 3 94 sand 

34 u .. 0 95 sm,d 

35 8 6 2 .. 96 5 3 0 

36 9 .. 2 97 l 0 1 

37 s ' 2 98 0 0 0 

38 4 1 3 99 0 0 7 

39 sand 100 7 5 4 

40 eand 101 3 1 0 

41 9 5 3 102 6 2 2 

42 7 6 2 
103 6 3 3 

43 8 3 2 
104 12 4 1 

44 9 6 1 105 G 3 1 

45 0 0 0 106 10 5 3 

46 9 6 3 107 6 5 2 

47 10 8 3 108 ' 5 3 

48 13 7 2 
109 6 2 0 

49 •and uo 9 .. 2 

50 84Jld 111 s 3 3 

51 sand 112 11-!lnd 

52 14 8 5 113 5 .. 2 

53 13 4 1 114 5 ' 0 

54 10 9 2 
115 7 3 0 

55 3 0 0 
116 2 J 0 

56 5 3 0 117 .. J 3 

57 9 , 1 118 ' 3 1 

58 •ud 119 2 2 3 

51 1 0 1 120 6 ' ' 

6() 5 4 1 121 6 4 3 

61 ' ' 3 

1 
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APPENDIX 7 

�"l2tl 
Colour (Munsell ,---

� c :J soil colour Other 
cr,U;E chart L 

features 

l ---: ·------------

,. 

10YR22/2 
(black) 

10YR22/l 
(black) 

well sorted medium sand 

becomes firmer towards 

top. No bedding 

structure 

_ _ _ _ muddy swirls 

pumice 

·o. - - - pumice

··.,./ .- . 
. · ... . · 
. : . 

�:..-

, . .

. . 
� . .

0 : 

• <>. 

,. ·. 

· .. ·· 
.. .•., 

: :·:. 
• o

' 

o .. 

5Y2/2 
__ (o].i_ye_b!a�k2 

_ 2Y2_(2_ 

sorting improves 

10YR22/l 
(black) 

- - - -- - medium sand

(no bedding structure} 

-coarse sand

Very coarse sand 
granules (greywacke 
andesite rhyolite) 

Core 1 from 13 mdepth on the southern side of the Tongariro delta 

(Map 3 in. map pocket) • Sand containing mud clasts layers. 



APPENDIX 8 Lake Taupo sediment sample Grid References (cf. map 3) and

samples/subsamples sto_!ed at 

University 
of 

Sample Sample site Waikato Sample 
number grid reference ref.number number ·-

,....__.. __

1 2330 0600 13101 62 

2 2350 0605 13102 63 

3 2543 0673 13103 64 

4 2412 0690 13104 65 

5 2416 0782 13105 66 

6 2562 0718 13106 67 

7 2435 0960 13107 68 

8 2442 0947 13108 69 

9 2505 0880 13109 70 

10 2656 0790 13110 71 

11 2676 0700 13111 72 

12 2770 0646 13112 73 

13 2871 0590 13113 74 

14 2871 0590 13114 75 

15 2958 0580 13115 76 

16 3025 0582 13116 77 

17 3115 0647 13117 78 

18 3276 0725 13118 79 

19 3243 0760 13119 80 

20 3350 0838 13120 81 

21 3342 0870 13121 82 

22 3345 0912 13122 83 

23 3349 0952 13123 84 

24 3262 0970 13124 85 

25 3180 0850 13125 86 

26 2862 0877 13126 87 

27 2815 0938 13127 88 

28: 2815 0938 13128 89 

29 2460 1010 13129 90 

30 2437 1017 13130 91 

the University of Waikato 

_ . University 
. of ]---Sample site Waikato 

grid reference ref.number 

4073 1386 13162 

4355 1365 13163 

4470 1436 13164 

4218 1550 13165 

4200 1680 13166 

4202 1782 13167 

4496 1728 13168 

4584 1610 13169 

4656 1662 13170 

4724 1490 13171 

4700 1512 13172 

4813 1867 13173 

4415 2029 13174 

4346 1941 13175 

3963 2000 13176 

3963 2000 13177 

3478 2000 13178 

2900 1865 13179 

2948 1984 13180 

2960 2188 13181 

3124 2290 13182 

3135 2281 13183 

4406 2310 13184 

4490 2195 13185 

4567 2139 13186 

4567 2139 13187 

4720 2260 13188 

4862 2078 13189 

5027 2230 13190 

5117 2261 13191 
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31 2522 1135 13131 92 4995 2305 13192 

.32 2510 1180 13132 93 5080 2416 13193 

33 2600 1225 13133 94 5200 2390 13194 

34 2700 1190 13134 95 5234 2364 13195 

35 2875 1048 13135 96 4684 2443 13196 

36 3072 0990 13136 97 4995 2870 13197 

37 3408 0970 13137 98 5187 3280 13198 

38 3420 0960 13138 99 5300 3500 13199 

39 3670 1073 13139 100 4580 2945 13200 

40 3600 0916 13140 101 4008 2842 13201 

41 3548 0986 13141 102 3757 2780 13202 

42 3474 1076 13142 103 3445 2662 13203 

43 3458 1121 13143 104 3084 2567 13204 

44 3461 1170 13144 105 2800 2747 13205 

45 3468 1297 13145 106 2842 2765 13206 

46 3042 1200 13146 107 2395 2684 13207 

47 2853 1240 13147 108 2724 3071 13208 

48 2853 1240 13148 109 2485 3250 13209 

49 2608 1312 13149 110 2458 3270 13210 

50 2640 1600 13150 111 2424 3290 13211 

51 2703 1680 13151 112 2382 3328 13212 

52 2776 1608 13152 113 3142 3317 13213 

53 3028 1641 13153 114 2856 3640 13214 

54 3273 1456 13154 115 3293 3724 13215 

55 3707 1608 13155 116 3280 3962 13216 

56 3780 1190 13156 117 4853 4007 13217 

57 3930 1308 13157 118 3562 3350 13218 

58 3920 1104 13158 119 4274 3665 13219 

59 4200 1180 13159 120 4190 3370 13220 

60 4124 1182 13160 121 4418 3269 13221 

61 4100 1270 13161 
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