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iii . 

ABSTRAC T 

I n Central North Island , New Zealand , Post - Okare k a 

tephric loess rests upon Okareka Ash (c . 1 7 , 000 yea rs 

B .P. ) . Tephric loess accumulation occurred under semi ­

arid conditions which coincided wit h glacial advances 

in southern areas of New Zealand . 

Morphological an d grain - s ize evidence indicates the 

tephric loess has b een d e rived from a localised source , 

mos t probably that of Okareka Ash material , reworked 

and redeposit e d by aeo l ian processes . Optica l and 

electron optical evidence reveals that Okareka Ash 

particles are angula r and relatively unweat hered , 

whereas tephric l oess grains are subangula r a nd more 

weathered . 

The sand a nd clay mineralogy of the tgphra and tephric 

loess are similar . Sand fractions c ontain ma inly 

rh yol itic volc anic gl ass , qua r tz, plagioclase feldspar , 

biotite , hypersthene , hornblende , titanomagnetite and 

traces of cristobalite , tridy~ite and augite , whereas 

clay fractions contain ha lloysite , allophane , i mogo lite 

and g i bbsite in varying amounts . 

Grain - s ize analysis reveals Dkareka Ash deposits 

show de c r easin g mea n gra in - si ze wi th increasing distanc e 

from s ou rce, a r e poorly - sorted , fine - sk e we d, ~nd 

lep to/platykurt i c . In contrast to t e phra, tephric 

loe ss sample s exhibit a narrow mean grain - size range, 

and are better sorted, but show similar skewness and 

kurtosis values to ash . Grain - size results also 

indicate that due to minimal weathering of Okareka Ash 

and Post - Dkare k a loess, the distinc tion between the two 

d epos its i s less we ll - defin e d than data from similar 

depos its reported by Fisher (1966) . Furthermore , 

where ash depo s its are thin, in distal areas fr om 

source, and under certain environmental conditions , 

text u ral and mo~hological characteristics of the tephra 

are similar to those of the tephric loess. Nevertheless , 

grain - size para meters may be used to differentiate 

airfall tephra and tephric loess deposits , although this 



differentiation is enhanced by post - depositional 

weathering . 

The contrasting clay mineralogies of tephra and 

tephric loess samples from sections of similar 

topography, altitude , drainage and rainfall , 

illustrates the problems of field sampling in 

weathering studies . 

lV . 
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Chapter 1 : INTRODUCTION 

Loess deposit s consisting of rhyolitic volcanic glass, 

feldspar, quartz , and an igneous mafic mineral assemblage 

overlie late Pleistocene tephras in areas of Central 

North Island , New Zealand (Pullar and Birrell , 1973a) . 

These 'tephric loess' deposits ( Pullar and Pollok, 1973), 

possess characteristics which indicate derivation from 

underlying tephra beds (Vucetich and Pullar, 1969) . 

During late Quaternary times , when climatic conditions 

were cooler and drier than at present , extensive loess 

deposition occurred in central areas of North Island 

(Cowie and Milne, 1973). Glaciation occurred in South 

I sland regions during these periods, whereas areas of 

North Island experienced periglacial conditions , 

facilitating erosion of a tephra-covered landscape and 

subsequent accumulation of loess comprising 

predominantly tephric constituents (McGra w , 1975). 

Recent investigations suggest that tephric loess deposits 

are mineralogically similar to the underlying tephra 

units , and therefore , are largely derived from them 

(Vucetich and Pull ar , 1969; Pullar and Birrell, 1973a, 

1973b; Cowie and Milne , 1973). 

Much controvers y exists over use of the term 

'tephric loess ' , as loess deposits can comprise either 

primary or secondary material . Primary loess consists 

of quartzo - felspathic material ultimately derived from 

braided rivers , to which airfall tephric material may 

have been added . Aeolia n material which has been 

reworked and redeposited is defined as secondary loess . 

Loess deposits found in Central North Island are of this 

type (McGraw , 1975) . 

Difficulty is encountered in distinguishing between 

tephra nad tephric loess , both in the field and 

laboratory (Pullar and Birrell , 1973a ; Birrell , 1974) . 

Kennedy (1980) has outlined possib l e pe dological criteria 

to aid field discriminatio n of airfall tephra and tephric 

loess in Central North Island. However , differentiation 

of tephric loess and tephra by analytical techniques 

1 • 



would aid characterisation of e ach deposit, and, 

the ref ore , have a g reater ap plication to Quaternary 

studies . 

Thi s study att empts to el ucidate the relationship 

between tephra , tephric loess and loess on the basis of 

2 • 

gra in-si ze, mineralogy an d morphology . The Okare ka Ash , 

erupted c . 17 , 000 years B.P. (Pullar , 1980) , and 

ove rl ying loess deposits which accumulated prior to 

deposit ion of Rerewhakaaitu Ash (NZ716 14 , 700 : 200 

yea rs B.P. ), were selected for detailed invest igation . 

The mineralogical and mo rp hological properties of the 

ash and loess, togeth e r wi th the grain - size distribution 

of airfall tephra and tephric loess were studied . 

Results from the present stu dy were compared to those of 

sim ilar studies by other workers , the aim being to 

identify parameters that may assist differentiation of 

tephra , tephric loes s and loe ss deposits . For 

convenience the thesis is presented i n two parts . 

Section A reports on mi neral og ical and mo rphological 

characteristics of airfall teph ra and tephr ic loess , 

and Section B deals with grain - size di st ribution of 

these two deposits . 



SECTION A: 

MINERALOGY AND MORPHOLOGY 



3. 

Chapter 2 : LITERATURE REVIEW 

2 • 1 Distribution of airfall deposits in New Zealand 

Loess, dune sand and volcanic ash deposits comprise 

material which has be en transported and laid down by 

wind and localised air turbulence . Such aeolian 

deposits form extensive subsurface and su rface cover 

beds in both island s of New Zealand (McGraw , 1975) . 

Loess of the No r thern Hemisphere is a product of 

periglacial processes in regions of continental 

glaciation . It consists essentially of unbedded, well -

sorted aeolian silt with a variable calcium carbonate 

conten t , and has a homogenous structure with high 

porosity (Selb y , 1 976 ). In New Zea land , however , loess 

deposits are generilly noncalcareous (Cowie and Milne , 

1973) . McGraw (1975) defined loes s in New Zealand a s 

"an y fine textured deposit of aeolian origin where 

transport has been chiefly by suspension irrespective of 

organic matter content , mineralogical composition , 

calcium carbonate content or degree of compaction , 

other than s and dunes or tephra " . 

In South I sland , loe s s wh ich i s wi~ely distributed 

over hills , downlands , inland basins and older terraces 

on the east coast (Selby, 1 976 ), is largely a product 

of wi nd and fluvioglaciation (McGraw, 1975) . During 

Pl eistocene glac ia l~ rivers deposited large quantities 

of glacial detritus in extensive outwash fans . 

Concomitantly, particles of fine sand and silt were 

uplifted from wide , braided river beds by prevailing 

north westerly winds and deposited on adjacent areas 

(McGraw , 1975) . Older deposits generally occur as a 

thin veneer on upper terraces and older plains, while 

thicker , younger deposits are widespread on downlands, 

fans and younger terraces (Raeside, 1 964 ). Recent 

studies have shown South Island loess deposits may be 

subdivided according to source area, dependent upon 

prevailing climatic conditions (Ives, 1973) . During 

late Pleistocene times,thicker deposits of loess , laid 

down rapidly during an immediate post-stadial period 



of warming, were derived from a fluvioglacial source. 

However , interstadial loess , which accumulated at a 

slower rate, often on surfaces adjacent to major rivers, 

was derived from a more localised source area during 

periods of river aggradation (interstadials). A 

substantial amount of this interstadial loess became 

eroded during later cooler (stadial) periods of river 

degradation (Ives, 1973) . Li kew ise, much loess 

associated with hilly and steep areas was eroded, and 

became redeposited as secondary or ' reworked' loess 

(McGraw, 1975) . 

In Manawatu, Wairarapa and Hawke's Bay regions of 

North Island, loess units derived from river alluvium 

occur as surface deposits (McGraw, 19 75) (Figure 1). 

Th e major sources of alluvium were rapidly aggrading 

river beds built up due to accelerated erosion 

accompanying periods of cooler climate that coincided 

with glacial advances in South I sland (Cowie and Milne , 

1973). In contrast to eastern and southern areas , 

Central North Island loess deposits t y picall y c o ntain 

loess interstratified with tephra units (Cowie and 

4 . 

Milne , 1973). Despite the small number of siz e able 

rivers, l oess is widespread in Central North Island 

(Pullar and Birrell, 1973a), and its distribution suggests 

that it is derived from tephra rather than river fans 

(Cowie a nd Mil ne , 1973). During the Pleistoce ne , 

glaciation in North Island was restricted to isolated 

parts of Tararua Ranges snd Mt . Ruapehu (McGraw, 1975). 

Northern areas , therefore , were typified by periglacial 

processes occurring in more cold , desert - like rather than 

glacial conditions (Pullar and Kennedy, 1978) . These 

conditions were similar to those that resulted in the 

deposition of 'interstadial' loess in South Island 

(Ives , 1 973) . Aeolian deposits were derived from 

reworking of tephra and from fine fractions of alluvium 

derived from pyroclastic material (McGraw , 1975). 

In New Zealand , loess deposits show wide variation in 

composition which reflect changes in provenance within 



FIGURE 1 : 
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and between regions . Loess deposits of South Isl and are 

dominated by quartz and feldspar of greywacke or schist 

origin with occasional micaceous mineral s and volcanic 

glass . Volcanic glass content s teadily increase s 

northwards u ntil it becomes a dominant con s titue nt in 

loess o f Central Nort h Island ( Cowie and Milne, 1 973 ; 

Mc Gra w, 1975 ). 

2 . 2 Tephra an d lo ess deposits of Centra l North Isl a nd 

The Otiran glaciation occurred between c . 80 , 000 -

14,000 yea rs B.P . (Cowie and Milne, 1 973 ). In Cen tra l 

North Island, during later stage s of this event, 

considerable loess accumulated , with g re atest deposition 

in colder periods (stadials ) when vegetation was minima l 

(Kennedy , 1980 ) . Intermitten t addit i ons of volcanic 

material are revealed b y stratigraphic sequences of 

alternating teph ric a nd loe ssia l deposits (Vucetich and 

P ullar , 1969) . Th e dates of eruption o f several of these 

tephras are know n and have proved to be of considerable 

assistance to dating of loess deposits . F urthermore , 

sedimentary sequences recording stadial periods within 

Otiran Glacial at Kuma ra, West Coast (Suggate and Moar , 

1970) have bee n , co rrelated to events occurring in 

Central North ! ~ land (Vucetich a nd Pu llar , 1 969 ) 

(Table 1 ) 

Greate st loe ss accumul a tion in Central North Island 

is associated with late Pleistocene tephras, includin g 

Okareka Ash c . 17,000 year s B. P ., Te Rere Ash c . 19,000 

years B . P., 

Rotoehu Ash 

+ Kawakawa Tephra 19,850 - 310 years B. P . , and 
+ 

( NZ11 26 41 ,700 - 3500 years B. P.) (Kennedy 

and Pullar, 1977) . Loessial deposits are also associated 

with Poihipi Tephra c.20 , 500 years B . P . , Okaia Tephra 

c . 2 5,000 years B . P . and Tahuna Tephra c , 3 6 ,000 years B .P., 

and are thought to occur within Hamilton Ash Formation 

c . 120,000 years B.P . and between much older formations 

associated with Pahoia Tuffs c.200,000 years B.P. 

(Kennedy, 1980). Poihipi Tephra, Kawakawa Tephra and 

Te Rere Ash, together with as s ociated loess and sand dune 
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YEARS 
TEPHRA NORTH 

STAGE 
( 1 o3 ) WESTLAND 
B. p . STRATIGRAPHY GLACIALS 

ARA NUI AN 

1 4 . 7 Rerewhakaaitu KUMARA - 3 
-

1 7 . O Okare ka 

1 9 . 0 Te Rere 
1 9 . 8 Kawa kaw a 
20 .5 Poihi pi KUMAR A- 22 

25 . 0 Okaia 

OT IRAN 

(14 , 000 -
70 , 000years 

B. p . ) 
35.0 Tahuna 

42 . 0 Rotoehu 

Correlation of late Pleistoc ene tephra deposits 

in Ce ntral North I sland, with North Westland 

glacial advances (adapted from Fleming , 1975 ; 

McGraw , 1975) . 
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deposits were deposited during a stadial corresponding 

to Kumara-2 2 glacial advance c . 24 , ODO - 18 , OOO ·, ears B. P. 

(Vucetich and Pullar, 1969 ) . During this period, 

paleosols associated with tephras are found to be rare 

or absent,and root channel s indicate that more r obust 

-v e g e t at i on ( s e d g e s and g r as s e s ) w a s p re s e n t . 

Fur thermore , sand dunes are found overl y ing Te Rere Ash 

which suggests that th i s period , especially c . 19 , 000 -

17 , 000 years B.P., was colder and more arid than in 

preceding periods (Kennedy , 1 980 ). However , cool, 

semi - arid conditio n s appear to have continued in Central 

North Island be yon d the time of the glacial advance 

recorded at Kumara , as loess deposits are found overlying 

Dkareka As h c . 17,000 years B. P . (Kennedy , 1980) . The 

absence of loess associated with tephras younger than 

Okareka Ash tends to i mply progressive warming from 

c . 15 , 000 years B.P. (Kennedy , 1980) . However , on the 

We s t C o a s t , a f u r t he r ad v a nc e , K um a r a - 3 is s u g g e s t e d 

between c . 16 , 000 - 14 , 000 years B.P. (Suggate and Moa r, 

1970) , coinciding with deposition of Rerewhakaaitu Ash 

14 , 700 ~ 200 years B. P. (Vucetich and Pullar, 1969) . 

In Central North Isl and , deposits of aeolian origin 

were f i rst recognised by Pull a r (1967) , and later found 

to be closely associated with underlying tephra beds 

(Vucetich , 1 968 ; Vucet ich and Pullar, 1969 ). The 

material was descr ibed by Vucetich and Pullar (1969) as 

" almost ho mogeneous unbedded de posits of medium and 

fine sand composed of subangular pumice and glass 

particles". Distribution wa s found to be localis ed , 

with deposits ea s ily mistaken for shower-bedded ash 

(Vucetich and Pullar, 19 69 ) . Field studies revealed 

that loess deposits of Central North Island are 

compose d largely of rewor ke d tephra, probably derived 

from underlying airfall tephra by processes of erosion 

and deposition , and were termed ' tephric loess' by 

Pullar and Pollok ( 1973) . It has been suggested that 

in coo 1 e r per i o d s when the i g n i m b rite she e t s of C en t r a 1 

North Island resembled cold mini-deserts, aeolian 

material wss blown along narrow valleys and gulches 



by prevailing northwesterly winds (Pullar and Kennedy , 

1977) . Loess was distributed on steep valley sides , 

interfluves , and broad upland surfaces in Rotorua and 

Taupo areas ( Pullar a nd Birrell , 1 973b ; Cowie and 

Milne , 1973) . 

In Taranaki, studies of andesitic tephras by Neall 

(1975) established an a eolian origin for deposits 

composed largely of redeposited tephric material . 

These deposits were distinguished from interbedded 

proximal airfall and airflow tephra on the basis of 

weak stratification in deposits . Stewart tl .§.1 . (1977) 

identified a ' tephr ic loess ' bed in Tara naki wit h 70% 

andesitic component and 30% interregional quartz 

component . During the last glacial period, sea level 

was lower than at present,and as a result a land bridge 

became exposed between Nelson and Taranaki (Lewis and 

Eade , 1974) . Material of metamorphic - plutonic origin 

removed from the exposed land bridge is suggested as 

source of the loess component (Stewart et .§.1. 1977) . 

Mineralo gically and morphologically , deposits of 

tephric loess in Central North lsland closely resemble 

the tephra from wh ich they are derived but lack the 

distinctive paleosols and basal layers typical of 

tephras ( Pullar and Birrell , 1 973 a &. b) . Work by 

9 . 

Pullar and Birrell ( 1973a), Birrell ( 1 974 ), and Kennedy 

(1980) revealed that subtle differences in colour, 

texture and consistency occur between tephra and tephric 

loess . However , at some sites these differences were 

found to be inconclusive (Birrell , 1974) . Furthermore , 

laboratory data (clay%, organic C , Tamms extractable 

Al+ Fe, dry bulk density and total porosity) showed 

only slight differences ( Pullar and Birrell , 1973 0 ; 

Birrell, 1974) . It is possible to distinguish between 

loess and underlying tephra deposits when the two 

deposits are derived from a chemically and 

mineralogically different provenance (i . e . Neall , 1975 ; 

S tewart tl al . 1977) . However , in Central North Island , 

differentiation of the two types of deposit becomes 

difficult where tephras become indistinct or thinly 



bedded with distance from source, and where post ­

depositional pedogenic processes are increasingly 

involved (Lowe , 1981) . Nevertheless , discrimination 

between tephra and overlying tephric loess should 

provide insight into climatic and geological 

relationships that occurred in late Quaternary times 

(Kenned y , 1 980) . 

2 . 3 Okareka_Ash _ and _overl~ing_loess _deposits 

The most extensive loe ss deposits occur overlying 

Okareka Ash and Kawakawa Tephra (Pullar and Birrell, 

1973b ), and both tephras are widespread throughout 

Rotorua and Taupo districts . However, the you nger age 

1 0. 

of Okareka Ash, and hence its greater accessibility in 

road sections , make this tephra more suitable for study. 

Okareka Ash was first recognised by Vucetich and 

Pullar (1 969) as a tephra formation unconformably 

underlying Rerewhakaaitu Ash c.14, 700 ~ 200 years B. P. 

and overlying the "buried soil of Te Rere Ash " c . 19,000 

yea rs B . P . Previous work had tentatively named the 

more weakly weath ered Okareka and Te Rere Ash beds 

overlying Hinuera Formation as 'Tirau Ash ' (Trompson , 

1958) . However, studies by Vucetich and Pullar (1963 , 

1964 and 1969), clearly identified several late 

Pleistocene tephras within this one deposit . Each of 

the beds described by Vucetich and Pullar (1969), 

particularµy Okareka Ash and Te Rere Ash, were found to 

have assoc~ated loess deposits which were easily 

confused with their underlying tephra bed . 

Okareka Ash is a biotite - bearing rhyolitic tephra 

which has its source near Mt . Tarawera (Vucetich and 

Pullar, 1969) . Its distribution is strongly influenced 

by the prevailing westerly wind (Figure 2) . Changes in 

direction of the wind and the eruption are indicated by 

a multi-lobate isopach distribution pattern (Pullar and 

Birrell, 1973b) . Okareka Ash distribution extends from 

Waikato to western areas of East Cape, northwards to 

Bay of Plenty coast a nd south as far as Taupo . The 
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thickest deposits are localised in Rotorua district , 

especially downwind from source (Cowie and Milne , 1 973 ) . 

Loess derived from Dkareka Ash appears to be widespread 

in eastern Waikato , and scattered locations of Rot o rua 

and Bay of Plenty regions (Cowie and Milne , 1973). A 

radiometric age of 20,700 ~ 450 years E . P . for Okareka 

Ash was recorded by Vucetich and Pullar (1969) , but 

later studies revised this date to an estimate c . 17,000 

years E . P . (Kennedy and Pullar , 1977). 

Thick deposits of Dkareka Ash usually exhibit finely 

laminated shower material grading upwards from a mi~ture 

of coarse and fine ash to fine ash . The coarse fraction 

consists of vesicular pumice, and fine fraction of 

subangular fragments of shards and plates (Vucetich and 

Pullar, 1969) . There is considerable range in colour 

of Okareka Ash . In the east it varies from pale yellow 

to olive while in peripheral areas where the ash is 

thinner , co l our varies from pale yellow-brown to olive ­

b row n ( V u c e t i c h and P u 11 a r , 1 9 6 9 ) . 

2 . 4 Weathering_studies_of_tephra_and_teahra - derived _soils 

In Central North Island accumulation of loessial 

material often extended over many thousands of years . 

Th is is in contrast to airfall tephra deposits which 

were laid down in a much shorter length of time . The 

longer depositiona l interval of the loess hes thus 

allowed post - pep ositional processes and pedogenesis to 

occur to a greater extent within tephric loess (Cowie 

and Milne , 1 973) . 

Weathering pathways in tephra and tephra - derived 

soils are determined by soil forming factors such as 

parent material composition, drainage , vegetation , 

topography , climate , as well as time . To a great 

extent , variation in these factors al s o govern the 

nature of weathering products found in such deposits 

(Parfitt et al . in press ) . As mineralogical 

composition of tephra and tephric loess deposits is 

essentially similar, occurrence of the dominant 
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weathering product allophane , and smaller amounts of 

halloysite , imogolite and gibbsite (Pullar and Birrell , 

1 9 7 3a ) in d i c a t e we at he r in g pro c e s s e s may be b road l y 

similar . It is pertinent , therefore , to review the 

work which has contributed to our present understanding 

of the weathe ring processes which take place in tephra 

and associated materials . 

The occurren ce of allophane was first observed in 

New Zealand soils by Taylo r (1933 ) in a study of 

wea t he ring processes in volcanic ash - derived soils . 

During the ensuing twenty - five years field and laboratory 

evidence g athered by several workers led to description 

of the properties of allophane , and a r ealisation of its 

importance as a principal constituent of clay fractions 

of tephra and tephra - derived soils . 

Durin g the 19 50 ' s , Fieldes and co - workers correlated 

chemical and morphological evidence of short - range 

order materials in volcanic ash soils , which resulted 

in t he first attemoted characterisation of allophane in 

New Zealand soils . They proposed a weathering sequence 

for clays derived from glass and feldspar consti~uents 

in rhyolitic and andesitic ashes : 

allophane B - ----~ al l ophane AB ----,1 

allophane A 

kaolinite ~------ metaha lloysite ~ 
(Fieldes, 1955) 

Fieldes (1 955 ) demonstrated the presence of discrete 

amorphous silica , which he termed allophane 8 , at an 

early stage of tephra weathering . Allophane B was 

identified by a BOOcm-
1 

absorption band on IR spectra , 

with no high temperature exothermic peak on differential 

thermal curves . Whereas allophane B was common in 

young ash - derived soils , allophane A, which exhibited an 

endothermic peak at about 150°C, an exotherm at about 

900°C on differential thermal curves , and no absorption 
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-1 
at 800cm on IR spectra , was common in older soils . 

In . Japan , despite early recognition of short - ran ge 

order constituents in volcanic ash soils by Seki (1913), 

mineralogical examination to establish the presence of 

allophane was not made until the earl y 195D's . Studies 

by Sudo ( 1 953, 1954), Aomine and Yoshinaga ( 19 5::i), and 

many other workers demonstrated that allophane is a 

dominant constituent of volcanic ash soils, sometimes 

associated with minor a moun ts of kaolinite, halloysite, 

gibbsite and 14~ clay minerals (Nagasa wa, 1 978 ). 

Identification by X- ray diffraction and differential 

thermal methods classified the allo phane as Fieldes' 

allophane A (1955). However, studies of fine fractions 

(< 0 . 2/'m) of certain young Japanese ash-derived soils 

by Miyauchi and Aomine (1964) revealed no 900° C 
- 1 

exothermic peak on thermal curves , yet a strong 800cm 

absorption band on IR spectra was observed, which they 

attributed to cristobalite. This work , together with 

later studies , led Japanese workers to the concl us ion 

that allophane 8 does not exist in Japanese soils . 

Improve ments in instrumental techniques durin g the 

196D's greatly facilitated study of allophane and its 

formation in soils . Of major importance were 

developments in electron microscopy which advanced 

morphological studies of clay particles , in partic ular 

allophane and associated clay minerals. Early studies 

(e . g. Birrell and Fieldes , 1952 ; Aomine and Yoshinaga, 

1955) suggested allophane consisted of aggregates of 

very fine particles, showed no external regularity , and 

were almost beyond the resolution of the electron 

microscope . However, improved instrumentation allowed 

Kitigawa (1971), and Henmi and Wada (1976) to postulate 

that the structural unit of allophane is a hollow 

spherical particle of about 55~ external diameter . 

Recent advances in characterisation of short - range 

order and poorly-crystalline minerals included 

investigation of imogolite . This mineral was first 

described by Yoshinaga and Aomine (1962b) as a hydrous 



alumina-silicate possessing lon g- range order with 

phy s ical and chemical properties similar to allophane . 

Electron microscop y has shown it to possess a thread ­

like morphology in contrast to globula r particles of 

allophane (Wada, 1978 ). Imogoli te was identified in 

New Zeala nd v olcanic ash soils by Yoshinaga et £1. 
(1973) . It was found to be closely associated with 

allophane, and sometimes with gibbsite , Initiall y , it 

was seen as a possible intermediat e weath erin g product 

between allophane and halloysite ( Masui tl al . 1966 ), 

but work by Farmer and coworkers (1977 , 1978, 1979 ) 

demonstrated that it forms from solution and can be 

synthesised in the laboratory . 
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The occurrence of halloysite as a weathering product 

of volcanic glass or feldspar was suggested in the 

sequence proposed by Fieldes (1955). Whereas allophane 

was found to occur in young ash soils , cla ys of older 

ash soils wer e dominated by metahalloysite . Subsequent 

extensive study of Japanese volcanic ash soils under 

temperate humid conditions enabled workers to propose a 

weathering sequence which tended to confirm the earlier 

suggestions by Fieldes (1955). 

volcanic glass ---------,~ 

metahalloysite 

allophane 

hydrated halloysite 
(and gibbsite) 

(Aomine and Wada , 1962) 

In both New z ~a land and Japan , however, these studies 

had assumed that chemical weathering of volcanic materials 

increases with depth, thus constituting a measure of 

weathering time since deposition (Aomine and Wada, 1962) , 

Differential weathering studies of halloysite and 

allophane by Aomine and Wada (1962) showed such an 

assumption might be correct only at a megascopic level 

and that other factors overshadow its effect . Their 

work suggested transition from allophane to hydrated 

halloysite in volcanic ash soils proceeds via 
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intermediates and is a continuo us process largely 

determined by local variations in leac hing activity 

associated with some biotic effects . 

Since the study by Aomine and Wada (1962), much work 

on halloysite morphology and formation in soils has been 

carried out in New Zealand and Japan. Electron optical 

wor k reveals halloy site assumes several morpholo gical 

forms dependent upon the mode of formation . Whereas 

squat cylinders or ellipsoids deri ved by a possible 

spiral mechanism (Kir kman , 1 977) are t y pical of 

halloysite weathered fro m allop hane, halloysite formed 

from feldspar ass um es a curled f la ke or t ubular 

morpholo gy (Kirkman, 1 97 5; Sudo and Yotsumoto , -1 977 ; 

Saigusa et al. 1 978 ) . 

Much evidence against differenti3tion of allophane 

into separate a nd distinct A, AB or B for ms, its 

transformation to metahalloysite , and eventual 

weatherin g to kaoli n ite, as su gg ested by Fieldes (195 5 ) 

was adduced durin g the l a te 196 0 ' s and early 1970's . 

Furthermore, rein vesti gation by Fieldes and Fur kert 

(1 966 ) of soil s st udied i n 19 55 tended to confirm t he 

view held by Japanese wor kers t hat allorhane E did not 

exist . Several st udies , including Ca ~pbell tl al . (1 9 68) 

established that the high temperature exothermic peak 

is dependent upon p H, carbon content and particle size , 

and therefore, can not be used to identify allophane E . 

Furthermore , Kirkman (1975) showed that the 800cm - 1 

absorption band attributed to allophane B can be 

ascribed to volcanic glass , as well as to cristobalite 

(Miyauchi and Aomine , 1964) . In a study of Ce ntral 

North I sland rhyolitic tephras , Kirkman (1975 ), 

reveale d hydrated halloysite is the normal ha l loysite 

com pon ent of tephras and tephra - derived soils , and 

forms metahalloysite only when dried at temperatures 

as low as S0°C in the l aboratory under c onditi ons of 

low humidity . During ext e nsive study , Kirkman ( 1978 ) 

found no e v idence of halloys i te altering to kaolinit e 

in Ne w Zealand soils and tephras . This conclusion is 

not stated , hut was implicit in the later work of 



Fieldes and his coworkers (i . e . Fieldes and Furkert, 

1966) . By the e a rly 197D 's it was generally concluded 
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by most workers in Japan , New Zealan d and the USA that 

allophanes show wide variation in composition morphology , 

structure and reactivities , and it is these features , 

together with pedogenic conditions, which determine its 

course in the weathering environment . 

Recent studies have resulted in the definition : 
11 Allophane exists as a series of naturally occurring 

hydrous aluminosilicate clays " (Wada , 1977 ) , "which 

includes materials of Al / Si ratios extending from 1 . 0 

to 2 . 5" (Parfitt tl al . 1 980 ) . In vest i gatio ns in New 

Zealand show that mu ch allophane has an Al/Si = - 2 , and 

a structure similar to thst of imogolite . The term 

proto - imogolite allophane was suggested by Parfitt and 

Henmi (1980) to describe this material . Ev idence 

suggests that Al - rich allop hane , with proto - imogolite 

structure and Al/Si= 2 occurs in andesitic tephra and 

tephra - derived soils , and that it does not usually 

alter to halloysite . In contrast to andesitic allophane, 

allophane formed from rh yolitic material is silica - rich , 

with Al / Si = 1 , and possesses a highly condensed 

structure (Parfitt tl al. in press) . The structure, 

chemical composition , and bonding characteristics of 

rhyolitic glass persists in the allophane to which it 

weathers , and is appropriate for eventual fo r mat ion of 

halloysite (Kirkman and McHardy, 1980 ). 

At present, weathe rin g sequences postulated for 

rhyolitic and andesitic tephras are as follows : 

< 1 OOO years 
andesitic glass --------- allopha ne 

8-10,000 
2000 year s 

rhyolitic glass allop han e I i years 

well -orde red halloysite ------poorly -ordered 
halloys i te 

(Parfitt tl al . in press) 
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Recent studies by Japanese and New Zealand wor ker s 

su gg est that the overall determining factor governing 

hslloys ite form at ion in soils is the equilibrium level 

of silica in solution . Furthermore , New Zealand studies 

con f irm earlier conclusions of Aomine and Wada ( 1962 ), 

which suggested t he rate of formation of crystalline 

c lay minerals is affected by the intensity of 

pedological processes such as leachin g and biotic 

aspects (Kirkman , 1980 ; Parfitt tl a l. 198 0) . S tu dies 

of Central North I sland rhyolitic tep hras have shown 

that allophane levels increas~d, and halloysit e l eve l s 

decreased, as rainfall increas es f r om 1200 to 2000mm 

per annum ( Birr e 11 tl al. 1 9 7 7 ; Parfitt tl al . 1 9 8 0 ) . 

I ntense leaching of silica from rhyolitic tephra tends 

to perpetuate allophane and depress halloys ite 

formation and this was attributed to lower levels of 

polymeric silica in solution (Parfitt tl £1 . in press) . 
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Chapter 3 : MATER I ALS AND METHODS 

] • 1 • Field Techniques 

To relate grain - size and mineralogical characteristics 

of ash and tephric loess deposits , this study wa s 

restricted to an investigation of sections in a transect 

upwind (prevailing wind; westerly to north - westerly) from 

Okareka Ash source , westwards across the Mamaku Plateau 

(Figure 3) . Sites were selected where Okareka Ash bed 

thickness ensured accurate field recognition and the 

least possibility of contamination from underlying or 

overlying deposits . Changes in altitude , overburden 

depth and topography occur but all sections are free ­

draining . 

Sections examined are located at eight sites on a 

transect commencing at a quar ry near Lake Okareka and 

ending on the western side of the Mamaku Plateau 32 

kilometres west of Rotorua (Figure 3) . Tephra 

stratigraphy on this transect , shown in Figure 4 , is 

already well established (Pullar and Birrell , 197Ja) . 

All sites , except Okareka Quarry and Lynmore, are 

located in road - side sections which facilitate 

accessibility and examination . Three additional 

sections , not on the above transect were also sampled . 

These include two well - documented sections ; Gavin Rd 

( Pullar and Birrell , 1 973b) and Te Ngae section (Soil 

Bureau , 1978) , and a section located on Trunk Rd where 

Okareka Ash occurs at a thickness of 1 . 40 metres . 

Stratigraphy of these three sites is given in Figure 5 . 

In all sections , Okareka Ash and overlying loess 

deposits immediately underlie Rerewhakaaitu Ash , and 

overlie Post - Te Rere or Post-Kawakawa loess deposits. 

At Trunk Road , it is evident that the Dkareka Ash 

eruption comprised multiple pulses of tephric material 

1 (Appendix 1A and ,!_!0 . The section shows laminated 

bedding of shower material ranging from coarse lapilli 

to fine sandy ash . The upper 1 . 10 met res of ash is 

dominated by rhyolitic material , pale yellow - grey in 

colour , although variations often occur between laminae 
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due to staining by iron and possibly manganese . Five 

s a mp les were taken from this upper part of Okareka Ash , 

and a further two samples taken from the basal 20 - JDcm ., 
of the section (Appendix 18 ). The lower layers of ash 

a t Trunk Rd are darker coloured with ev id ence of lithic 

fragments of mo r e mafic composition than upper beds 

(Figure 68) . 

At all sections , other than Trunk Rd , Okareka Ash 

beds were channel sampled , vertically , but due to the 

greate r thickness of Post - Dkareka loess , samples were 

taken at intervals determined by thickness of the bed . 

Soil samples were stored in poly thene ba g s to ma i ntai n 

field moisture levels . 

3 . 2 Instrumental Techniques 

A 50g aliquot of field moist soil was suspended in 

distilled water , mad e alkaline to pH 10 wit h 1 : 1 NH
4

DH , 

dispers ed ultrasonically for tw o minutes ( 2 0k Hz) , and 

then wet sieved at 6 3t1m. The > 63/"'m fraction was dried 

at 55°C and then dry sieved at 500f m, 250,m, 1 2 3/'m and 

63/'1m grain - size intervals . The < 63/'m ma t erial was split 

into s ilt (63 - 1/'m) and clay ( < t m) fractio ns by 

centrifugation . Normal laboratory procedure requires 

drying of sail samples at 105°C ; however , to avoid 

changes in clays such as halloys ite , and heavy cak i ng of 

samples , throughout analytical work all frac t ions were 

dried at 55°C f or a period of 2 - 3 days . Clay , silt and 

sand fractions received no furthe r pretreatment prior to 

inst rumental analyses . 

Th e sand (250 - 63rn1) and s ilt (63 - 1J"m) fractions were 

lightly crushed , then scan ned from 8° 28 ta 60° 28 using 

a Co anode in a Philips (PW 1011) 2Kw X- ray diffracto meter . 

To prevent possible dehydration and col l apse of the 

halloys i te component of clay fraction s , aliquots of the 

< 1/'m s u spension were placed on a g las s slide and dried 

to a moist p aste , prior to X- radiation . The clay pastes 

were scanned through 5° 29 to 45°28 , dried at 60 °C, an d 

then the sc an repeated. 
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Infr a - red spectroscopy (IR) and differe ntial thermal 

analysis (DTA) determinations were made on aliauots of 

the clay ( < \ Mm) suspension after drying at 60°C and 

gentle crushing to a fine powder . For IR analysis , 

potassium bromide discs we re made by mixi ng 1mg of clay 

with 170mg potassium bromide , The discs were dried 

overnight at 60°C then scanned through the 4000 to 
- 1 

200 cm region using a Pye Unicam SPJ - 200 infra - red 

spectrophotometer . 

Differential thermal analyses were mad e on clays 

equilibriated at 56% relative humidity for 3 days . 

Thermal curves wer e obtained using 10mg aliquots of clay 

heated to 1D00°C at a heating rate of 10°c / minute in a 

nitrogen atmosphere against an empty reference pan in a 

Stone (model 500) differential thermal analyser . In 

this study , use of open pan method for DTA was unable to 

differentiate between halloysitic and allophanic 

comp o nents by means of dehydration peaks at 80 - 90°C 

and 120 - 1J0°C respectively . This is reflected in all 

thermal curves which show a single dehydratio n peak 

between 50 - B0°C for both minerals . 

For electron optical studies specimens were prepared 

after suitable dilution of a < 1rm clay suspension and 

dispersion by sonication. One drop of the diluted 

suspension was placed on a carbon film supported by a 

3mm copper grid and dried at 6D
0

c . Morphological 

studies of clay fractions were made using a Phil lips 

EM - 300 transmission electron microscope (TEM) , 

Scanning electron microscope studies were ma de on 

individual mineral g r ains handpicked from 500- 63,/'m 

grain - size fractions under a light microscope , and then 

examined under polarizing conditions to ensure accurate 

minera l identification . Mineral and glass fragments of 

two selected grain s ize fractions (250 - 12srm and 

63 - 2orm) were a l so investigated b y scanning electron 

microscopy . Samples were mounted on aluminium s tubs 

with silver conducting paint , sputter- coated with gold , 

and exam ine d with a Quik scan / 100 field emissio n 
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scanning electron microscope (SEM) . 

Optical analysis included mineral identification and 

morphology studies of grain size fractions 2 50 - 1 2 3/m, 

125 - 63/"m and 63 - 20,rm . Grains were mounted in 

Canada Balsam (RI 1 .537), and grain counts obtained 

using a Nikon polarizing microscope and swift point 

counter . Grain counts of light and heavy minerals were 

also made of grain size fractions 250 - 12~m and 

125 - 63_rm after separation in bromoform . 
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Chapter 4 : RESULTS 

Sand and Silt Mineralogy 

Dkare ka Ash Formation : Trunk Rd 

26 . 

In the present study , Dkareka Ash Formation at Trunk 

Rd site, which occurs , ta thickness of 1 . 40m was used 

as type sectio n for mineralogical analysis . ( Profile 

description - Appendix 6A and 6B) . X-ray diffraction 

patterns of fine sand (63 - 250/'m) and silt (1 - 63J1m) 

fractions from the upper five ash layers at Trunk Rd 

indicate mineralogical composition comprises 

predominantly noncrystalline material , identified 

optically as rhyolitic volcanic glass . Crystalrine 

minerals , present in Dkareka Ash , consist of qu~rtz , 

pla g ioclase feldspar ( An 1 D - JO% ; oligoclase), and 

biotite in mino r amounts, together with traces of 

cristobalite and alkali feldspar . X-ray diffr , ction 

analyses are confirmed by optical studies, whict-. show 

a much greater abundance of vesicular glass P=rti~les 

than crystalline minerals (Table 2) , together with a 

mafic mineral assemblage comprising hypersthene , 

hornblende, and a trace amount of titanomagnetite . 

Althou gh X-ray patterns and optical studies of basal 

Dkareka Ash beds BAL and EL indicate that their sand and 

silt mineralogy is essentially similar to the overlying 

ash layers, total grain counts reveal volcanic glass and 

augite is in higher proportions in these lower layers 

(Table 2) . In contrast to upper ash layers, volcanic 

glass comprises obsidian (brown volcanic glass), 

pumiceous particles with darkly coloured inclusions, and 

some transparent glass shards. 

4.1. 2 Okareka Ash : remaining sections 

Dkareka Ash deposits at sections other than Trunk Rd 

occur at thicknesses of 15 - 30cm (Figure 4). Close to 

source, at Dkareka Quarry and Lynmore sections, Dkareka 

Ash beds comprise shower-bedded lapilli and fine ash, 

while remaining sections are primarily of ash grade 



63 - 125/1m 

Paleosol 

Loess 

Ash 

ash / lapilli 

f / lapilli 

lapilli 

a sh 

c/lapilli 

ash / lapilli 

lapilli 

125 - 250/im 

Pa l eosol 

Loess 

Ash 

TABLE 2 : 

VG Qz Fds Et Opx Cpx Hb 

PT 68 9 1 4 < 1 2 - 1 

L1 69 6 1 5 < 1 5 - 1 

L2 64 6 1 7 1 5 - 2 

RAL 74 1 4 5 1 2 - 2 

RF L 66 1 4 7 1 6 - 4 

RL - - - - - - -
RA 79 1 0 5 < 1 2 - 2 

RCL - - - - - - -
8AL 86 2 3 < 1 2 2 1 

BL 74 4 8 < 1 4 2 1 
-

VG Qz Fds Et Opx Cp x Hb 

PT 53 1 0 20 < 1 6 - 2 

L1 54 1 0 25 < 1 3 - 1 

L2 55 9 24 1 3 - 4 

RAL 74 1 3 6 1 2 - 1 

RFL 60 21 9 1 4 - 2 

RL - - - - - - -

RA 65 1 8 1 0 < 1 2 - 1 

RC L - - - - - - -
BAL 86 4 2 < 1 3 1 1 

EL 77 4 5 - 8 2 2 

Frequency of mineral species (percent ) 

in the ve ry fine sand ( 6 3 - 125/ m) and 

fine sand (125 - 25 0/'m) fr a ctions from 

selected beds in Okareka Ash Formation , 

Trunk Rd section . 

2 7 . 
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material . 

X-r ay diffract ion and optical a nalyses (Total grain 

counts - Appendix 1) of sand and silt fractions indicate 

that mineralogical composition is similar to the Ok areka 

Ash s amples from Trunk Rd section . Howeve r, trace 

amounts of tridymite , high cristobalite and biotite ­

ve rmiculite are shown by XRD to occur in most ash beds . 

In silt (63 - ~m) fractions of Okareka Ash samples 

small qua nti ties ( ~ 5%) of halloysite are usually 

p re sent , and gibbsite occurs in trace a~ount in silt 

fractions fro m ash samples at Lynmore , Ngongotaha , 

Dalbeth Rd and Highland Hill sections . 

4 . 1. J Post - Okare ka Loess 

Post - Ok~reka loess beds vary i n thickness from 15cm 

at Trunk Rd section to 1 . SOm at Dalbeth Rd section 

(Figures 4 and 5) . I n the field , loess dep os its have a 

silt loam to silty - clay texture , ~ith mas sive structure , 

and often contain fine pores , and in most cases iron/ 

manganese pinhead - size concretions . Mixing of lapilli 

and ash from underlying Okareka Ash with overlying 

finer loessial material is evident in basal sections 

of Post-Okareka loess beds . 

Mineralogical composition of Post - Okareka loess is 

shown by XRD and optical studies to be similar to 

Okareka Ash. Total gra in counts reveal sand fractions 

(63 - 125/'m and 125 - 250~ m) of loess deposits comprise 

a cb rninant amount of r hyolitic vo lc anic glass, including 

some obsidian , with feldspar (plagioclase and alkali), 

quartz , biotite , hypersthene , hornblende , titanomagnetite 

and aug ite occurring in minor amounts (Appendices 2 and 

3) . X- ray diffraction analyses indic ate that high and/or 

law farms of cristabalite occur in smal l amounts in Past-

Okareka laess beds a t all sections. A trace amount of 

tridym ite is also present in laes s samples from 

Te Ngae , Lynmare, Ngongataha and Highland Hill sections. 

Changes in mineralogy are evident within a laess bed , 

and with distance along the transect . Whereas biatite 
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content decreases from lower to upper parts , augite is 

more common in upper layers of loe ~s beds . Within a 

loess bed , feldspar and quartz occur in varying amounts , 

but , feldspar tends to occur in greatgr amount in upper 

layers. Feldspar is also present in h~gher amount in 

loess samples from Okareka Quarry , Highland Hill and 

Kuhatahi sections . Total grain counts show the fine 

sa nd (125 - 250,JAm) fractions of all loess samples contain 

a higher proportion of crystalline minerals , particular l y 

quartz and f e 1 d spar , than the v e r y fine sand ( 6 3 - 1 2 Sf m ) 

fraction (Appendices 2 and 3) . 

Compared with Okareka Ash samples , Post - Okareka loess 

sand and silt fractions contain grea ter amounts of 

feldspar and augite , and le s ser amounts of quartz , biotite 

and titanomagnetite . 

4 . 2 Sand and Silt Morpholo gy 

4 . 2 . 1 Okareka Ash 

Scanning electron microscope a nd optical studies of 

0 k are k a Ash s a n d ( 2 5 0 - 6 3 ,rm ) an d co a r s e s i 1 t ( 6 3 - 2 1J"' m ) 

fractions reveal grains are generally angular . Vo lcanic 

glass particles appear relatively unweathered a nd shiny 

(Figure 6A), and comprise predominantly pumiceous 

fragments , as well as transparent sh ards . Quartz grains , 

which often s how conchoidal fracture , are angular 

(Figure 7A ) and occasionally of bipyramidal shape 

(Figure 7B). Albite (multiple) twinning and prismatic 

crystal habit are distinguishing features of plagioclase 

feldspar observed in scann ing electron micrograph s 

(Figure 6 B) . 

I n Okareka Ash beds mafic minerals , hypersthene a n d 

hornblende , occur as elongate prisms which often contain 

inclusions . Hypersthene grains , especially in finer size 

fractions exhibit surface pitt ing (Figure BA) , however , 

hornblende grains remain distinctly ang~ l ar (Figure 9A) . 

Biotite grains i n ash sam ples are often pseudohexagonal 

(F igure 10A ) whi l e titanomagnetite grains generally 



FIGURE 6A: 

FIGURE 6E: 

30 . 

Scanning electron micrograph of rhyolitic 

volcanic glass particles , separated from 

Okarek a Ash samp les (Ba r = SDOfm) . 

Scanning electron microgr a ph of plagioclase 

feldspar grain exhi b iting albite (multiple) 

twinning, separated from Okareka Ash 

samples (Ear= 250/m) . 



FIGURE 7A : 

FIGURE 78 : 

Scannin g electron microgra~h of q uartz 

grains separated from Okareka Ash 

samples (Ear= 200/'m) . 

3 1 • 

Scanning electron micrograph of bipyramid ­

shaped quartz grain separated from Okareka 

Ash sa~ples (Bar= 200,fm) . 
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A 

Sc anning electron micrographs of hypersthene 

grains separate d fr om : 

A Okareka Ash (Bar= 100/'m) 

B - Post - Okareka l oess (Ba r= 250~ m) 

Surface p it t i ng , and dissolution along 

cleavage planes i s greater in grains from 

loe s s deposits . 



FIGURE 9 : 

A 

E 

Scanning electron micrographs of hornblende 

grains separated from : 

A - Dkareka Ash (Ear= 200/m ) 

B - Post - Dkareka loess (Bar 250 m) 

Grains in both SEM's show only minimal 

evidence of weathering . 

3 3 • 



FIGURE 10 : 

A 

B 

Scanning electron micrographs of biotite 

mica grains separated from : 

A - Dkareka Ash (Bar= 1DDrm) 

B - Post - Okareka loess (Bar= JDO,rm) 

Dissolution of biotite is greatest along 

cleavage planes, in both deposits . 

34 . 
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ass um e an i rr e g u la r c u b i c s hap e ( Fig u re 1 1 A ) . El e c t r on 

micrographs indicate dissolution of these minerals in 

Dkareka Ash sand and silt fractions occurs along cleavage 

p l a n e s ( e . g • h y pe r s t he n e - F i g u r e 8 A ; b i o t it e -

Figure 1 DA ), twin planes, and at prism edges 

(e . g . plagioclase feldspar - Figure 6 B) . 

Scanning electron microscope studies reveal some 

changes in grain morphology occur with distance along 

the transect ( Figure 12) . Close to source, ash particles 

are extremely angular (Figure 12A) . However , at the 

intermedi at~ sections of Tarukenga and Dalbeth Rd , grain 

shape is tending angular to subangular , and less 

resistant grains show greater evidence of alteration by 

weathering (Figure 12B) . Furthermost from source , at 

Highland Hill and Kuhatahi sections , solution of 

plagioclase feldsoar, biotite and hypersthene gra ins 

i s occurring to a greater extent in Dkareka Ash samples 

(Figure 12[) . This is particularl v noticeable in finer 

fractions . Pumiceo us particles , with cavities containing 

fine clay-size material , are evident in electron 

micrographs of these ash samples (Figure 12[) . 

4 . 2 . 2 Post - Dkareka Loess 

Electron optical in vestigat ion of Post - Dkareka loess 

particles reveal ouartz grains in sand and silt fractions 

are angular , and of similar appearance to quartz grains 

from ash samples . Plagioclase feldspar grains, 

particularly in finer fractions are more subangular 

than those of ash samples (Figure 13 ), and often exhibit 

surface coatings of clay - size material (Figures 14 A and 

148) or etch marks (Figures 14[ and 140 ). These et c h 

marks are due to preferential dissolution where a 

crystal dislocation meets the surface , and represent an 

initial phase in feldspa r ....reathering (Wilson , 1975 ). 

I n Post -D kareka loe ss sam ples , hyp e rsthene (Figur e BB ) 

and to a lesser ext en t hornblende (Figure 9B ) show 

increased alteration compared to those minerals in a sh 

sam p les . Weathe r ing is generally observed under the 



FIGURE 11 

A 

B 

Scanning electron micrographs of titano­

magnetite grains separated from : 

A - Okareka Ash (Bar= 100/Am ) 

B - Post- Okareka loess (Bar= 1DD,rm) 

Titanomagnetite grains generally exhibit 

surface pits which are visible in all 

grains above . 

36 . 
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A 

B 

FIGURE 12 : Scanning electron micrographs of Okareka Ash 

particles from sections : A - close (RAL)' 

B - intermediate (CA) and C - furtherest (EA) to ash 

source (Bars= 20Dfm) SEM's show decreasing grain 

angularity with increasing distance from source , 



FIGURE ' 3 : Scanni,g electron rnisrogra~n ~f plagioclase 

felds-ar ½rains separated :re~ Post - C/2re~a 

loess sa~ples (Bar= SOOf~) . 

J 8 . 



FIGURE 14 : 

A 

8 

Scanning electron microg ra ph s of a 

plagioclase feldspar grain separated from 

Post - Dkare ka loess : 

3 9 . 

A - feldspar pris m coated with short ­

range order material (Bar= 2DD,rm) 

B - short - ran ge order material at 

higher magnification (Bar= 50, m) . 



FIGURE 14 : Scanning electron micrographs of a 

plagioclase feldspar grain separated from 

Post - Dkareka loess : 

C - feldspar prism showing solution 

etch marks (Ear= 103/'m) 

40 . 

D - etch marks at higher magnification 

(Bar= 5/m ). 
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light microscope as iron oxide rims or prism surfaces . 

Scanning electron micrographs reveal biotite (Figure 108) 

and titanomagnetite (Figure 118) grains in loess samples 

are less angular than those in ash samples . 

In the present study , sodium dithionite treatment 

was not carried out on material > 6Jfm , and therefore 

sclution pits on titanomagnetite are probably the result 

f . d t· ff · (Fe 2+) o oxi a ion o errous iron on crystal surfaces 

(Wilson , 1975) . 

Optical ~nd SEM studies indicate that comp a red to 

ash s a mples , loess particles , in particular volcanic 

glass, are subangular , duller, and more fragmented in 

Post - Dkareka loess deposits . The dullness of most 

loess grains may be attributed to increased weathering 

resultin g in surface etching which encourages dissolution 

alon g cleavage planes (e . g . Figure BA and 15A), together 

with surface coatings of fine clay - size material 

(e . g . Figure 14A) . Most vesicles of pumiceou s glass 

shards in loess dep osits are fi l led with po ssible 

weathering products in addition to fine - grained particles 

(Figure 158) . 

The non - clay fraction in loess samples contains a 

higher proportion of silt - s ized aggregates, which consist 

of pumiceous fragments , cemented by clay - size material 

(Figure 16 A) . Fine clay particles, possibly that of 

ha 11 o y sit e a re v is i b le on gr a in fr a gm en t s ( Figure 1 6 8 ) . 

Variations in grain morphology are found to occur 

within loess beds . A greater proportion of grains in 

basal samples appear more angular and less weathered 

than those in upper beds, which is due to mixing of 

tephric and loessial components . A higher amount of 

s ilt-sized aggregates , together with more subangular 

to subrounded grains , are present in upper loess layer 

samples . 

Post-Dkareka loess particles, like those of Okareka 

Ash , show decreasing angularity and increasing 

weat;iering r: f gr a ins with distance from source . 



FIG URE 15 A: 

FIGURE 15E: 

Scan n i ng electr o n micro g r a p h of exposed 

clea v a ge pla nes in a biotite mica g rain 

se parated fr o m Post - Dkare ka l oess s a mples 

( Ear == 1 Df m) . 

4 2 . 

Scanning electron micrograph of a pumiceous 

particle sep arated from Post-D kareka loess 

sampl e s , the cavities of which are filled 

with possible short-range order material 

( Ba r = 5 0/' m ) • 



FIGURE 16: 

A 

E 

Scanning electron micrograph of : 

A - a silt - size aggregate separated 

from Post-D kareka loess samples 

at Lynmore section (Ear= SOj'\fTI ) 

E - clay minerals forming on small 

particles within the aggregate 

( Ear = Sfm ). 

43 . 
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Compared to sec~ions at close (Dkareka Quarry and 

Lyr1more (Figure 17Al) and intermedi2te (Tarukenga and 

Dalbeth Rd : Figure 178)) dist3nces from ash source , 

loess deposits fro~ Hig~land Hill 2nd K~hatahi section 

show grains which are distinctly subrou nded and great ly 

altered (Figure 17C). 
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A 

B 

C 

FIGURE 17 : Scanning electron micrographs of Post - Okareka 

loess particles from sections : A - c lose (AL
1

) , 

B - intermediate (CL
2

) and C - furtherest (EL
1

) to 

ash source (Bars= 200/'m) . With increasing distance 

from ash source, grain angularity decreases and the 

proportion of silt - size aggregates increases . 
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4 . 3 Clay Mineralogy 

4 . 3.1 Okareka Ash : Trunk Rd 

X- ray diffraction analysis reveals no distinct changes 

in clay mineralogy between Okareka Ash layers at Trun k Rd 

section , In all samples, the moist clay shows an intense 

10 . 2~ peak (Figure 18A), which after drying shifts to 

7 . 4A (Figure 18B) , and two further peaks at 4 . 4~ and 

3 . 3~, all due to halloysite . A broad plateau from 21° 

to 40° of 28 for both moist and dry samples indicates 

short-range order material , which is confirmed by IR 

analysis to be allophane . Allophane is characterised by 
- 1 

an absorption band at 3450cm due to -OH stretch i ng 

vibrations of either structural OH groups or adsorbed 
- 1 water, and a furtre r m3j or peak in 1 050cm region due 

to Si-0-Al stretching bonds within the mineral 

( Fi gure 19) . Absorbance at different frequencies in the 
-1 1080 - 1100cm region reflects differences in SiD

2 
and 

Al O content in allophane . Okareka Ash samples have a 
2 3 - 1 

band at about 1050cm , wh ich indicates a phase containing 

much mghly condensed silica . 

- 1 Absorption peaks on IR spectra at 3696 cm and 

362Dcm - 1 arise from - OH stretching bonds within the 
. - 1 

crystalline structure of halloysite . The peak at 3696cm 

results from stretching motions of internal - OH bonds . 

The intensity and ratio of these t wo absorption bands 

indicate a degree of ordering within the halloysite 
- 1 

structure . In Trunk Rd ash samples the 3620cm peak is 
- 1 

significantly stronger than the 3696cm peak which 

suggests a moderate to poorly-ordered halloysite 

structure . An absorption band due to H-0-H deformation 
- 1 

vibration of adsorbed water appears at 1630-1640cm , and 

is characteristic of both allophane and halloysite . A 

phase containing highly condensed silica is indicated 
- 1 - 1 

by a shoulder at 11 20cm , and absorbance at 915cm due 

to in - plane bonding vibrations of inner Al-OH bonds of 

phyllosilicate minerals confirms that halloysite is 

present in moderate amount , 



FIGURE 18 : 

10·2 

3·3 
44 

A 

7-4 

44 

B 

0 
X- ray diffraction pattern s (A) of the 

C 1 a y ( < 1 • 0 rm ) f r a C t i On fr O m O k are k a 

Ash, Ngongota ha section : 

A - mQi s t (h ydrated halloysite) 

B - dried at 100°[ for 10 minutes 

(deh ydrated halloysite) 
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FIGURE 19: Infra-red spectra ·(cm - 1 ) of Okare k a Ash 

C lay ( < 1 • 0 rm ) f r O m : 

A - Trunk Rd (RA) 

B - Okareka Qu arry (AA) 

C - Ngongotaha (JA) 

D - Ta rukenga (CA) 

sections, showing absorption due to 
- 1 - 1 1 

halloysite (3696cm , 3620cm and 91 Scm - ) 

and allophane (3 450cm - 1 ). 

4 8 . 



49 . 

Electr o n micrographs of Okare ka Ash s ampl e s at Trunk 

Rd show halloysite morpholo gy co mprises predominantly 

s quat ellipsoid s , whic h ha v e a ci r c ular appearance, 

with some curled fla kes (Figures 20 and 21). A few 

halloy site tube s we r e obser ved in bed RA' to get her with 

trace amounts of he xagonal - shaped ma terial (Figure 22) 

that show surface boilin g ef f ec t s. Such effe c ts are 

often observed on exterior surfaces of halloysite tubes 

after exposure for several min utes in the electron beam, 

a nd a re a p pa re n t on t u be s in F i g u re 2 2 . Transmission 

electron microscope st udies show allop hane occurs as 

fine rounded pa rticles wh ich form irregular aggregates 

often associated with t h reads of i mo golite, as well as 

particles of weat hering g lass (Fi gu res 2 0 and 21) . 

W i t h in t he s e ' g r a in y ' we a t he r in g par t i c 1 e s h a 11 o y s it e 

ellipsoids occur, often at an early stage of formation . 

4 . 3 . 2 Okareka Ash: remaining sections 

X-ray diffraction of Okare ka As h beds at sections 

cl os est to source, i.e. Ga v in Rd , Okar ~k a Quarr y , 

Ly nmore and Te Ngae, in d icate a moderate amo unt of 

halloysite occurs, to gether wit h s hort - range order 

material, probably allophane. Trace amounts of feldspar, 

quartz, cristobalite and trid ym ite are also evident on 
-1 

XRD patterns. The ratio of absorption bands at 3696cm 

6 - 1 and 3 20cm on IR spectra suggest that cla y fractions 

of these ash saffiples contain moderate to poorly-ordered 

halloysite (Figure 19B) . A sharp peak at 915cm- 1 confirms 
-1 

the presence of halloysite, and absorbance at 3450cm 

and 1 050cm - 1 indicates al lophane is present, but only in 

small amount. 

X-ray diffraction and IR evidence is confirmed by 

thermal curves of clays (Figure 23A) which show a 

moderate endothermic peak at 504°C due to dehydroxylation 

of halloysite. Dehydration of both halloysitic and 

allophanic components results in an endotherm at 79°C, 

and a high temperature exothermic peak at 985°C is due 

to recrystallisation of products of the earlier 

dehydroxylation reaction, the new phase possibly being 



FIGURE 20 : 

50 . 

Tr ansmission electron micrographs of 

< 1 . 0f m size clay of Okare k a As h at Trunk Rd 

section . 

The cla y sample from RA bed is composed 

mainly of halloysite ellipsoids , and 

particles of weather in g glass (arrowed) 

( Bar = 1/'m). 



FIGURE 21 

51 • 

Transmission electron mi crograph of 

< 1 . Ofm size cla y of Okareka Ash at Trunk Rd 

section . 

Clay sample is from RAL Bed, and at high 

magnification , shows : 

- allophane 

2 - imogolite 

3 - halloys ite ellipsoids 

4 curled flakes (Bar= O. Sfm) 



FIGURE 22 : Transmission electron micrograph of 

< 1 . 0 ,rm s i z e c lay of Ok a re k a Ash a t 

Trun k Rd, showing surface boiling 

effect (arrowed) on : 

- hexagonal - shaped mat erial 

2 - halloysite tubes 

52 . 



FIGURE 23 : 
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Differential thermal curves (°C) of Dkare ka 

Ash c l.ay ( < 1 . or) f ram : 

A - Dkarek a Quarry (AA) 

B - Pu ke hang i Rd (BA) . 

C - Ng ongotaha ( J A) 

D - Dalbeth Rd 

E - Kuhatahi 

( DA) 

(EA) sections showing low 

temperature dehydration of halloysite and allophane 

(59-8 0°[); dehydroxylation of gibbsite (2 36°C J ; 

dehydroxylation of halloysite (442 -50 4°[), and hi g h 

temperature e xothermic recrystallisation (985-998°[). 
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mullite or spinel (Yoshinaga and Aomine, 196 2a ). In 

clay samples from Okareka Ash deposits at Okareka Quarry, 

Lynmore and Te Ngae sections TE M studies show halloysite 

curled flakes occur in subordinate amount to squat 

ellipsoids . At Gavin Rd section, however, the clay 

fraction contains approximately equal amou nts of each 

morpho lo gi cal form of halloysite. In electron micrographs 

of ash samples from all four sections allophane is 

observed as aggregated material or as fine particles 

associated with threads of imogolite (Figure 24) . 

At Pu kehangi Rd site, XRD evidence indicates the clay 

sample of Okareka Ash cons is ts solely of noncrystalline 

material . This is con f irmed by a single well-defined 
-1 -1 

peak at 3450cm , and a furt her broad peak at 1050cm 

on IR spectra . Furthermore, a large endothermic 

dehydration peak at 75°[ occurs on the thermal curve, 

and the absence of an endothermic reaction in the 500°[ 

region demonstrates a dominant amount of allophane is 

present (Figure 23B) . Transmission electron microscope 

studies reveal allophane occurs as aggregates and as 

rounded particles associated with imogolite. Electron 

micrographs show that quite a s i gn ificant amount of 

imogolite is present together with silica flakes , a~d 

trace amounts of halloysite ellip soids and curled 

flakes (Figure 25) . 

In contra st to Pukehan gi Rd section, XRD, DTA and IR 

analyses of Okareka Ash clay fraction from Ngongotaha 

section indicate halloysite is present in moderate 

amount . X-ray diffraction patterns show halloysite and 

short - range order material are dominant constituents of 

the clay fraction, with trace amounts of tridymite, 

cristobalite , feldspar and biotite - vermiculite . 
- 1 - 1 

Absorption peaks at 3696cm and 3620cm on IR spectra 

reveal halloysite is quite well - ordered, with a small 

amount of allophane indicated by absorption at 3450cm -
1 

and 1050cm - 1 (Figure 19[) . X-ray diffraction and IR 

evidence is confirmed by DTA which shows a low temperature 

endotherm at 59°C resulting from dehydration of allophane 



FIGURE 24 : Trans mission electron microg rap h of 

< 1 . Ofm siz e cla y of Okara ka Ash at 

Te Ngae sect ion showing : 

1 - i mogo lite 

2 - aggregates of allophane , and 

trace a mount s of hallo ys i te c url ed 

fla kes and ellip s oids . (E ar = D. 5f m) 
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FIGURE 25 Trans miss i on el e ctron micrograph of 

< 1 . 0/ m s ize clay of Dkare ka Ash at 

Puk ehan gi Rd section . 

Clay sa mpl e consists predominantly of : 

- i mogol ite 

2 - allophane ( Bar = D. 5/m) . 

56 . 



and halloysite , and a further endothermic peak at 457° [ 

due to dehydroxylation of halloysite (Figure 23[) . 

Electron optical studies reveal halloysite ellipsoids 

occur in greater amount than curled flakes , together 

with small amounts o f imogolite and silica flakes . 

Allophane occurs as aggregates , or as finely dispersed 

particles. 

57 . 

Clay fractions of Okareka Ash samples from Tarukenga , 

Dalbeth Rd , Highland Hill and Kuhatahi sections are 

shown by XRD analysis to consist predominantly of short ­

range order material with no evidence of crys talline 

clay . However , the XRD pattern of the clay sample from 

Highland Hill section indicates feldspar , cristo-balite , 

biotite - vermiculite , and quartz occur in trace amount . 
- 1 - 1 Absorbance a t 3450cm and 1045cm on IR spectra 

confirms a dominant amount of allophane is present in all 

ash samples (Figure 19D) . Differential thermal curves 

of ash clay fractions from Tarukenga and Dalbeth Rd 

sections show a single intense endothermic pea k in the 

70 - 75°[ region, due to dehydration of allo phane , with 

no further peaks indicative of crystalline material 

(Figure 2 3 D) . However , OTA patterns of Okareka Ash 

clay fractions from Highland Hill and Kuhatahi sections 

(Figure 23E ) exhibit an endothermic peak in the range 

230 - 240°[ , due to a small amount of gibbsite . A 
0 

shallow endothermic peak at 442 C due to a small amount 

of halloysite, as well as a high temperature exotherm 

at 998°[ due to recrystallisation of products from the 

earlier dehydroxylat~on reaction, are also observed on 

the thermal curve of the Dkareka Ash clay sample from 

Kuhatahi section . 

Electron optical investigatio~ of clay fractions 

confirms that noncrystalline material is the dominant 

constituent of Okare ka Ash samples at these four sites . 

Aggregates of allophane are clearly evident, often in 

association with web - like strands of imogolite 

(Figures 26A and 26 8). A small proportion of 

halloysite tubes, curled flakes, and squat ellipsoids 



FIGURE 26 : 

5 6 • 

. -

•• _j' 

A 

B 

Transmission electron micrographs of < 1 . Df'm 

size clay of Dkareka Ash at : 

( Bar = D . 5 ,rm ) 

Highland Hill section (Bar= 0 . 5,m) 

Clay fractions consist predominantly of 

imogolite and allophane . 

A Tarukenga section 

B 
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a re als o p r e s en t , together with some silica flakes , 

Electron mi crographs confirm XRD e v idence , and show a 

small amount of crystalline material , to gether with 

weathering volcanic g l as s is present in the c l ay fraction 

of Dkareka Ash from Hi ghl an d Hi ll sectio n (Figure 26 E) . 

A trace amount of he x ag o nal - s h aped material is also 

observed in Dkareka Asr. samples from Tar uk enga section . 

4 . 3 . 3 Post - Dkareka loess : Tr unk Rd 

Hall oysite i s the dominant clay mineral in the thin 

loess bed which ov er lies Dkare ka Ash at Trunk Rd , X- ray 
0 

diffracti on patterns show a mo d e rate 10 . 1A peak which 

reduced and shifted to 7 . 4~ upon dr y in g . A bro a d rise in 

baseline between 2 1° and 40° of 28 indicated short - range 

order mater ia l i s present together with trace amounts of 

f e l d spar and q uar t z . The ratio of absorption b a nds 

6 6 - 1 - 1 3 9 c m and 3620cm on I R spectra demonstrat e halloysite 

i s moderate l y to poorly - or dered , and in greate r amount 
- 1 - 1 than allophan e which ab s orbs at 3450c~ and 1050cm . 

The IR spectra of Post - Dkareka loess sa mples at Trunk Rd 

se c tion is s i milar to that of clay fractions from Okareka 

Quar r y sectio n sho wn in Figure 28A . 

El ectron o p t ic al studie s r eveal upper loess s ample L1 
contains a dominant amount of halloysite curled flakes 

(Figure 2TI , which is in contrast to basal loess sample 

L2 whe r e halloysite elli psoids predominate . S i l ica 

f l akes , as we l l as allo p hane , often associated with web ­

l i ke i mog oli te , o r cem e nt i ng agg re gates of we ath e r i n g 

gl a s s ar e al s o app a re n t o n e lect ron mi crog rap hs . 

4 . 3 . 4 Post - Dkarek a l oe ss : Ga vi n Rd and Te Ng ae se c t ions 

Post - Oka re ka l oes s c la y fr a ct io ns from Gav in Rd a nd 

Te Ng ae s ecti ons con s ist of q ui t e we l l- ordered halloysite 

toget her with minor a mounts of allop hane , X- ray diff raction 

analyses of moist clay samples show an intense first-

order reflection at 10 . 1~ which after drying reduced in 

size and shifted t o 7 . 4~ . Traces of feldspar and 



FIGURE 27 : Transmission electron micro g raph of 

< 1 , OJM1 size cla y of Post - Oka re ka loess 

from Trunk Rd section . 

Clay samples contain a greater proportion 

of : - halloysite curled fl akes 

2 - halloysite e l lipsoids 

(Bar= O. Sfm) . 

60 . 



tridymite are also evident on XRD pat t er ns . Inf ra - red 

analyse s confirm XRD ev ide nce , and show halloys ite is 

moderately well - ordered , particularly in upper loess 
- 1 samples . Absorption at 3 450cm due to allophane 

occurs on al l IR spectra , but peak intensi ty varies 

6 1 • 

between sam ples within loe ss beds . A greater amount of 

allophane is present in basal laye rs at each section , 
- 1 

and absorption pe a ks in 3 600cm region indi cate 

halloys i te in these samples is less well - ord ered . 
- 1 Smal l absorption pea ks i n 3 600 - 3400cm region due to 

gibbsite are also observed on IR patter ns of the upper 

loess layer sample at Gavin Rd , and in clay fractions 

of loess samples from Te Ngae section . Electron · optica l 

examinat i o n of clay samples in d icate halloys i te curled 

flakes are in g reater amount than halloysite ell i psoid s . 

Par t ic les and aggre gates of al lo phane are clearly 

evident , and in vary in g amounts i n all clay fractions at 

both sites , together wit h imogolite and s ilica flakes . 

4 . 3. S Post -O kareka Loess : Tra nsect sections 

X- ra y diffraction, OTA, IR , and electron optic al 

studies de mo nstrate cla y mineralogy of all Post - Okare ka 

l oe s s deposits sa mp led on the t ra nse c t are similar , a nd 

va r y onl y in amount and type of halloysite present . 

Mo i st clay samples of loess from all se ctions, except 

Pukehangi Rd, Highland Hill, and Kuhatahi, show a 

moderate peak at 1 0 . 2~ on XRD patterns, wh ic h upon 
0 

drying shifts to 7 . 4A , and lS due to halloysite . A 

broad plateau between 21° and 40° of 28 due to short -

range order material, as well as trace amounts of 

crystalline material are also present in clay fractio n s 

From these s ections . However , at Pu kehangi Rd , Highland 

Hill and Kuhatahi section , XRD anal ys es of loess 

samples show halloysite is present in amount s subordinat e 

to short - range order material . 

Subtle differe nces in clay min e ralogy of Post - Dkare ka 

loess deposits f r om each section are revealed by 

detailed investigation using I R, OTA and TEM methods . 
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DKAREKA QUA RRY + LYNM DRE sections : 

Infra - red spectra of Post - Dkareka l oess dep osits at 

Dka re ka Qu arry and Lynmore secti ons confirm XRD analyses, 
- 1 - 1 

an d show absorption bands at 3696cm and J62Dcm due to 

halloysite (Figure 28A) . The inte nsity and ra tio of 

these two peaks ind i cates hall oys ite is modera te to 

poorly-ordered, and in greater amount than allophane , 
- 1 - 1 wh ich absorbs at 3450cm and 1045cm . Absor bance at 

- 1 920cm confirms crystalline cla y material occurs in 

moderate to high amount . Deh yd ro xyl ation of halloy s ite 
0 

results in an endothermic peak at 466 C on thermal 

curves of clay fra ction s at both sections ( F igure 29 A) . 

Differential the rmal anal yse s also reveal a low 

temperature endotherm in 65 - 70°C region due to 

dehydration of allophanic and halloysitic components , 

and a sm all endothermic peak at 238° [ which is attribute d 

to a trace of gi bbsi te . Electron optical studies show 

halloy s ite morpho lo gy consists predominantly of curled 

fl a kes , but halloysite ellipsoids are present , the 

amount increasin g with depth . Allophane is observed on 

e lectron micrographs as aggregates or as fine particles 

a s sociated with web - li ke i mogolite . 

PUKEHANGI RD section : 

The infra - red spectrum of the clay fracti on from 

Post - Dkareka loe s s at Pu ke hangi Rd section i s similar 

to that of loess samples from Highland Hill shown in 

Figure 28D . I n contrast to Figure 28 D no absorption 

due to gibbsite appears on the IR spectrum, however , 
- 1 - 1 two small shoulders at 3696 cm and 3620 cm indicate a 

trace of poorly - ordered 

of al lophane is shown by 

halloysite . A dominant amount 
-1 abs orp tion peaks at 3450cm 

- 1 and 1060cm . Endothermic 0 0 peaks at 234 C and 448 C due 

to gibbsite and halloysite respectively are observed on 

the thermal curve of the loess sample at Pukehangi Rd 

(Figure 29B ). Differential thermal analysis also 

reveals a dehydr e tion peak at 64°[ , and recrystallisation 

of products from the earlier dehydroxylation reaction 
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FIGUR E 28 : Infra - red spectra (cm - 1 ) of Post - Dka re ka 

lo e s s c lay ( < 1 . Of' m ) f r o m : 

A - Okareka Qu a rry ( AL1 ) 

B - Ngon gotaha (JL1 ) 

C - Dalbeth Rd (DL1) 

63 . 

D - Highland Hill ( EL 1 ) sections show i ng 
- 1 - 1 

absorption due to halloysite (3 6 96cm , 36 2 0cm and 
- 1 ) ( - 1 920cm , allophane 3450cm ), ~nd gibbsite 

- 1 - 1 ) ( 3530 - 3410cm region and 1015 - 1025cm region • 
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FIG UR E 29 : Differential thermal curves (°C) of Post-

Dkareka loess clay ( < 1 ,DJ'm) from : 

A - Dkareka Quarry (AL 1 ) 

E - Pukehan gi Rd (EL) 

C - Ngongotaha (JL
1

) 

D - Dalbeth Rd (DL 1 ) 

64 . 

E - Kuhatahi (KL
1

) sections , showing 

dehydration of halloysite and allophane (62-75°C), 

dehydroxylation of gibbsite (229-250°[}, deh ydroxy­

lation of halloysite (448-468°[} and high temperature 

exothermic recrystallisation (975-984°[}. 



results in a high temperature e xo therm at 98ci °C . 

Transmission electron microscope studies which confirm 

IR and DTA ev id ence , show t he clay fraction c om prises 

pred o minantly ha lloys ite curled fla kes toge t her with 

some ellipsoids (Figure 30) . 

NGO NGDTAHA section: 

Infra-red, DTA and TE M studies of loe ss at 

Ng ongotaha sectio n, wh ich i s similar in alt it u de and 

~spect to Pukehangi Rd s ection, confirm hallo ys ite is 

the dominant mineral of the clay fraction . Absorption 
, - 1 - 1 

bands at 3696 c m and 3620cm on IR spec t ra 

65 . 

( Fi gu re 288) indic ate halloysite is quite well - ordered 

and in much g reater amount t han allophane . The pr esence 

of a significant amount of crystalline clay material is 

confirmed by a well-defined peak at 920cm - 1 . Small 
- 1 - 1 - 1 absorption pea ks at 3535cm , 3470cm , 341 0 cm , and a 

- 1 furthe r peak at 1015c m show a trace amount of gibbsite 

is present . I nvesti gation by DTA reveals de hy dro xylation 

of a moderate to high amount of halloys ite res ults in a 

pea k at 4 65°[ (Fi gu re 2 9[) . In additio n to an 

endothermic dehydration reaction at 6 3°[ , t he thermal 

cur ve shows a s mall endothermic peak 3t 250°[ , which 

confirms the presence of gibbsite , and a peak at 984°[ 

due to a high temperature recr ysta l lisation reaction . 

Electron optical studies of clay fraction s from loess 

deposits at Ngongotaha section re veal allopha ne occurs 

in sub ordin ate amount to quite well - developed halloysite 

( Fi gur e 31) . I n upper loess samples hal loysite curled 

flakes are more common than ellipsoids , but the two 

morphological forms occur in approximately equal amount 

in basal loess sam ples . Small amounts of imogolite and 

silica flakes are also present in the electron 

micrographs . 

TARUKENGA + DALBETH RD sections: 

Thick deposits of Post-Okareka loe s s overlie Okareka 

Ash at Ta rukenga and Dalbeth Rd sections. X-ray 

diffraction analyses indicate a moderate amount of 



FIGURE 30: Transmission electron micrograph of 

< 1 . Df,m size clay of Post - Dkareka loess 

from Pukehangi Rd section , showing 

halloysite curled flakes and el lipsoid s 

together with aggregates of allophane 

(arrowed ) (Bar= D. Sf m) . 

6 6 . 
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halloysite is present in clay fractions, and this is 
-1 -1 confirmed by absorption peaks at 3696cm , 3620cm and 

-1 
a further intense peak at 920cm on IR spectra, all due 

to halloysite (Fi gure 28 [). Th e ratio of the former 

two bands show halloysite is moderate to poorly­

ordered, and in greater amount than allophane which 
-1 -1 

absorbs at 3450cm and 1060cm . Absorption peaks in 

the 3600 - 3400cm -
1 

region indicate gibbsite is also 

present in small amount in all loess samples. Infra-re d 

anal y ses reveal basal loess layers at both sections 

contain slight ly more allophane than upper layer samples. 

Thermal curves of upper loess samples have a moderate 

endothermic peak due to dehydroxylation of halloysite in 
0 

450 - 460 C region (Figure 29D ), however, this peak is 

shallower and of lower temperature in basal samples . 

Dehydration of allophane and halloysite results in an 

endothermic peak in the range 59 - 70°[ , and gibbsite, 

indicated by a peak at 2 30°[, occurs in varying amounts 

in all loess samples. Halloysite curled flakes in 

greater amount than squat ellipsoids are observed in 

electron micrographs of upper loess layers at both 

sections (Figures 3 2 and 33) . Thi s is in contrast to 

basal loes s samples in which approxim a tely equal amounts 

of ellipsoids and curled flakes occur. Tr ansmission 

electron microscope studies show allophane , imogolite 

and silica flakes are present in all clay fract ion s . 

Tubular halloysite is also evident in basal loess 

samples of both sect ion s . Hexagonal particles showing 

a s u rface boiling effect were seen in small amount in 

electron micrographs of clay fractions of loess deposits 

at Tarukenga section. Small electron-dense spheres, 

occurring in varying amount in clay samples from Dalbeth 

Rd section, are probably iron and/or manganese 

concretions (Figure 33). 

HIGHLAND HILL + KUHATAHI sections: 

Infra-red, DTA and EM studies of Post-Okareka loess 

deposits at Highland Hill and Kuhatahi sections confirm 

XRD evidence that clay fractions comprise halloysite in 



FIGURE 31 Transmission electron micrograph of 

< 1 . Dfm size clay of Post-Dkareka loess 

at Ngongotaha section . 

Clay fraction comprises halloysite 

ellipsoids and curled flakes , as well as 

6 8. 

a sma ll amount of allophane (Bar= 0 . 51m). 



FIGURE 32 : Transmission electron micrograph of 

<1 . Dfm size clay of Post - Okareka loess 

at Tar uken ga section . 

Halloysite curled flakes occur in greater 

amount than halloysite ellipsoids. 

(Bar= 0 . 5/"m) 
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FIGURE 33 : Transmission e lectron micrograph of 

<1 . Of\m size clay of Post - Dkareka loe s s 

at Dalbeth Rd section , showing halloy s ite 

curled flakes in greater amount than 

halloysite ellip s oids . TEM also shows 

small electron - dense spheres (arrowed) 

which are probably iron and/or manganese 

concretions (Ear = 0.5/vn) . 

70 . 
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amounts subordinate to noncrystalline material. Small 
-1 -1 -1 

peaks at 369 6 cm and 3620cm and 920cm on IR spectra 

indicate a trace of halloysite (Figure 28D ), but intense 
-1 -1 

absorbance in the 3450cm region and at 1060cm show 

allophane is present in moderate to high amount. A 
-1 

small amount of gibbsite which absorbs at 3535cm , 
1 -1 -1 

3470cm- , 3410cm and 1025cm is also reve~led on IR 

spectra. Differential thermal analyses reveal a large 

deh y dration peak in 70 - 75°[ region (Figure 29E ), as 

well as a shallow endothermic peak at 468°[ due to a 

small amount of poorly-ordered halloysite . Thermal 
0 

curves also show an endotherm at 240 C due to gibbsite , 

and an exothermic peak at 970° [ which results from a 

recrystallisation reaction of dehydro xy lation products. 

Inf ra -red and DTA analyses of loe s s deposits indicate 

allophane occur s in greater amount in ba sal layer 

sample s th a n in upper loe ss layer s . Inv es tig at ion by 

TEM reveals a llophan e dominat es clay fractions of all 

loe ss s ampl es , with only trace amount s of hallo ys it e 

ellipsoids a nd curled flake s , whi c h are often ob served 

between silica flakes (Figure 34) . All opha ne occurs as 

fine particles a ss ociated with thread - like i mogoli te, 

and as aggregates of weathering glass mat e rial , 

4 . 3.6 Gibbsite in clay fractions of ash a nd loess 

deposits --------
X- ray diffraction , IR and DTA analyses show gibbsite 

is present in most ash and loe ss depo sits sa mpled for 

this study. Gibbsite often occurs in amounts too low to 

be observed on XRD patterns , but s uch amounts are 

unmistakeably detected by IR, and particularly DTA 

methods , 

In Okareka As h and Post-Okareka loe ss deposits 

absorption peaks definitive of gibbsite are shown on IR 

spectra in the 3400 - 3600cm-
1 

region (Figure 288 ). 

Furt hermore DTA records an endothermic peak in the 

range 225 - 255° [ which may be attributed to gibbsite 

(Figure 35D) . Well-ordered crystalline gibbsite, howev e r, 

yields an endotherm in the 300 - 330°[ region (H s u, 1977), 



FIGURE 34 : Transmission electron micrograph of 

<1 . Dfm size clay of Post - Dkareka loess 

at Highland Hill section . 

Clay samples consist predominantly of 

allophane , with some imogoli te , a nd 

weathering glass and crystalline 

material (Ear= 0.5,m) . 
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FIGURE 35: 
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Differential thermal curves (°C) of Post ­

Dkareka loess (basal sample - DL 4 ) silt and 

clay fractionsat Dalb eth Rd section : 

A - 6 3 - 2 0/'m 

B 20 - 5/m 

C - 5- \~m 

D - < 1. 0/"m 

showing low endothermic peaks in 118 - 237°[ 

region due to gibbsite and/or cristobalite . 
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FIGURE 36 : Differential thermal curve (°C) of a well ­

ordered crystalline sample of gibbsite. 

7 4 . 

and this is considerably higher in temperature than any 

gibbsite observed in this study . This suggests that 

gibbsite occurring in Okareka Ash and Post - Okareka loess 

deposits is poorly - ordered and therefore gives an 

endothermic peak at lower temperatures . 

To investigate gibbsite occurrence in silt fractions 

1 - 5fm , 5 - 2Dfm and 20 - 63fm , two loess samples 

(upper and basal layer samples) from Dalbeth Rd section 

were analysed , using DTA and IR methods . A laboratory 

specimen of well - crystallised gibbsite wa s used as a 

reference mineral in both methods. The thermal curve 

for the reference minera l (Figure 36) shows a shallow 

endothermic peak at 129n[ , an intense peak at 310°C , 

together with a small peak at 586°C, all due to gibbsite . 
- 1 - 1 - 1 Absor p t i on bands at 3540cm , 3475cm and 3420cm were 

observed on the IR spectrum for t he same mineral , with a 



-1 
further definitive p eak at 1015cm . 

Thermal curves of upper loess (DL
1 

- Figure 2B D), 

75 . 

and basal loess (DL
4 

- Figure 35D) clay (<1/'m) fractions 

show peaks at 229° [ and 228 °[ respectively, whi c h are 

attr~buted to gibbsite . A trace amount of gibbsitic 

material i s also indicated in DL
1 

sample by a shallow 

endotherm at 118°[ . Diff erential thermal analyse s of 

1 - S,rm, 2 0 - 5/1'm and 2 0 - 63/Am (F igures J5 D, JS C and 

358, respectively ) fractions reveal curves are similar 

to that of the clay fraction with endothermic peaks in 

the 118 - 130°[ and 228 - 240° [ region s , due to gibb site . 

Th e thermal curve for cristobalite yields an 

endothermi c peak in the range 120 - 130°C . I t is 

possible that some reaction in this region , e vid ent in 

both loess samples , cou ld b e due to t hi s mineral , as IR 

spectr a of al l fraction s greater than 1/'m sho w an BOOcm - 1 

abso r pti o n band , due to a highly s ilic c uu s miner a l , 

possibly cri stoba lit e or glass . 



MI NERALOGY 

MORPHOLOGY 

Okareka Ash 

Post -D ka reka 
loess 

I 
SAND/ SILT Okareka Post-O k . 

Ash loess 
% % 

volcanic glass :!: 75 ! 80 
quartz ! 1 0 ! 6 
feldspar ! 1 2 ! 1 5 
biotite mica < 5 < 2 
hypersthene < 3 < 3 
hornbl e nde < 2 < 2 
augite < 1 < 2 
titanomagnetite < 6 <5 
cris t obali te < 5 < 5 
tridymite < 5 < 5 

N. B. feldspar and auqite decreases , 
and b ioti te increases towards 
base of loess bed . 

SAND I SILT 

an gular gra ins, rel ;:; tively un -
weath ered, some surface 1,1eathering , 
especially feldspar , biotite , 
hyper sthene and titanomagnetite 

subangular - subrounded grains , 
more weathered than ash , increased 
weatheri ng with distance from ash 
SOUt'Ce 

CLAY 

Okare ka As h 

variable amount s of 
halloysite 
allophane 
imogolite 

! gibbsite 

CLAY 

Post -Dkare ka loess 

variable amounts of 
halloysi te 
allophane 
imogolite 
gibbsite 

N. B. a mount of 
halloy site in loess is 
usually greater than 
in the underlying ash. 

predominantly halloysite ellip s oids 

. 
g re ater p roportion of ha l loys ite curled 
fl2kes , increasing a mou nt of halloysite 
ellipsoids towards ba se of loess bed 

TABLE 3 : Summary of Mineralogica l and Morphological Results 

---.) 

CJ'\ 



Chapter 4 : DISCUSSION 

5 . 1 Okareka Ash Sand and Silt Mineralogy 

Mineralogical results of Dkareka Ash deposits 

sampled in the present study confirm that this ash is 
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a biotite - bearing rhyolitic tephra. Studies by Birrell 

and Pullar (1973) showed that sand fractions of Dkareka 

Ash contained augite and an increased amount of 

hypersthene , attributable to contamination by andesitic 

ash . Augite is present in trace amount in all Dkareka 

Ash deposits , and in slightly greater quantities in the 

basal layer of Okareka Ash at Trunk Rd section . 

Several authors have found augite is a common constituent 

of Central North I sland rhyolitic ashes (Ewart , 1963 ; 

Topping and Kohn , 1 973) , and it follows that the 

pre sence of this mineral may not necessarily indicate 

andesitic contaminants . Furthermore , hypersthene is 

present in consistent quantities (1 - 2% ; Appendix 1 

in all Dkareka Ash deposits . 

Dkareka Ash samples also contain trace amounts of 

cristobalite and tridymite . Th ese silica minerals are 

often found in spherulitic rhyolite , which is typical 

of rocks associated with Ok ataina Volcanic Centre , in 

particular , the Tarawera Complex (Cole , 1970b) . Pu llar 

and Birrell , 1973a and b) attribute d the source of 

Okareka Ash to this area . Commonly , rhyolite with a 

biotite- dominated mineralogy is erupted fro m this 

volcanic centre ( Ewart , 1963 ; Topping and Koh n , 1 973 ) . 

However , occasionally basaltic material has erupted 

explosively from vents in older rhyolitic rocks 

(Thompson , 1964) , for example Tarawera Basalt Lapilli 

A. D .1 886 (Cole , 1970a). The occurrence of a darkly 

coloured basal ash and lapilli layer in Dkareka Ash 

Formation at Trunk Rd section suggests Dkareka Ash 

eruption commenced with the emission of a small amount 

of basaltic mate rial which was followed immediately by 

successive pulses of rhyolitic material . The basaltic 

layer was found at the base of thick deposits of 

Okareka Ash in a localised area , eastward and downwind 



from s ource . Th e bulk of the rhyolitic material became 

distributed in a n easterly direction from source , 

alt ho ugh a conside ra ble amount was deposited upwind in 

western are a s of Rotorua dist rict (Figur e 2 ). 
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Results from th i s study show th at although Dkareka 

Ash mineralog ical composition is consistent between 

sections , cons iderable variation in t h e a mou nt s of 

minerals is apparent . Such variations can be attributed 

to continued eruption of rhyolit ic materia l at different 

intensities and directions from th e vent , changes in 

wind direction , and depletion of coarser and heavier 

material from the ash cloud with increasing dista n ce 

from source (F isher , 1 964 , 1 97 1 ; Walker , 1 97 1 ) . 

5 . 2 Post - Dka reka loess Sand and Silt Mineralogy 

The miner~ logical compostion of Post - Dkareka loes s 

d eposits is s imilar to that of Okareka Ash deposit s , 

which suggests the source area of this loes s i a l 

material comprised predomi nantly rhyolitic material . 

Ma n y Central North I s l and tephras erupted during late 

Pleistoc e ne times contain a trace amount of biotite 

mica , but few a re considered biotite - bearing as are 

Dkareka Ash c . 17 , 000 years B.P ., and Rerewhakaaitu Ash 

c . 14 , 700 ± 200 years B.P. (T opping and Kohn , 1973 ) . 

Since Rerewhakaait u As h ov e rlies Po st - Dkareka loess 

this clearly cannot be the source of loess , which 

suggests Okareka Ash is the major source material . 

Furthermore , biot ite mica is pres ent in greater amount 

in basal loes s layers , a nd in lesser quantities in 

upper samples , which implies Dkare ka Ash became 

depleted t oward s later stages of Post- Dkareka loess 

accumulation . 

Cr istobalite and tridymite are also present in 

Post -Dkareka loess deposits , a nd are most probably 

derived from Okareka Ash . However , these minerals are 

constituents of Mamak u I gn imbrite c . 220 , 000 years B.P . , 

a nd also can be formed as secondary minerals in the 

weathering environment . X- ray diff rac tion resu lts 
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indicate these silica minerals are not highly ordered, 

but are present in grain-size fractions coarser than 

fine silt . These data suggest cristobalite and 

tridymite were formed as late products of 

crystallisation or possibly as a re sult of reheating 

by hydrothermal processes (H a rdjosoesastro , 1956 ; Cole, 

1970b) rather than by neoformation from solution 

(Wilding tl al . 1 977 ). Tephras deposited prior to 
+ Rotor ua Ash 13,450 - 250 years E.P. have been eroded 

away down to and including weathered Mamaku Ignim brite , 

for a distance 11km westwards a lon g state highway No . 5 

between Rotorua and Tir a u (Figure 3: Pullar and Birrell, 

1973a) . Small q uantities of eroded ignimbrite ma terial 

containing cri s tobalite and tridymit e may have be e n 

derived from this source . 

Augi te , plagioclase feldspar and rhyo litic volcanic 

glass occur in greater amounts in Post -O kareka l oess 

deposits than in Dk areka Ash deposit s . Increased 

quantities of these minerals may be due to different ial 

transport or sorting of particle s prior to deposition 

of loess, as well as to the occasional additions of 

wind- blown material from sources other than Dkareka Ash . 

Durin g Post-Dkareka loess accumul a tion , particularly in 

peripheral areas, where ash beds are thinnest , Ok areka 

Ash deposits would have provided only a limited supply 

of tephric material . Post -T e Rere loess or Post-

Kawakawa loess deposits underlie Dk areka Ash, and it is 

conceivable variable amounts of these materials , 

especially in erosion-prone areas such as valley sides, 

may have become eroded, reworked and redeposited. 

Furthermore, ignimbrite plateaus, likened to cold mini ­

deserts (Kennedy and Pullar, 1977) , may have also 

contributed an appreciable portion of material to Post­

Okareka loess deposits . 

Differences in mineralogy between Post-Okareka loess 

and Okareka Ash are most evident in the upper parts of 

loess beds. This implies a greater variation in source 

material during the later stages of loess accumulation 



when Dkareka Ash deposits were either buried beneath 

loess, or had been completely eroded. Variation in 

local topography, near - surface turbulent winds, and 

prevailing wind directions, would also result in 

changes in a localised source area , and is evide nt by 

mineralogical changes in Post-Dkare ka loess deposits 

between sections . Such variability was noted in the 

present study because several sections were sampled , 

rather than one or two as is frequently the case . 

5 . 3 Dkareka Ash Sand and Silt Morphology 

Tephra is defined as " all pyroclastic materials 

which, during an eruption, are transported from the 

crater through the air " (Thorarinsson, 1 954 ) . 

Pyroclastic fragments are formed by either magmatic , 

phreatomagmatic or combinations of these two types of 

eruptions . The s hape and texture of pyroclastic 

particles , can therefore be related to the type of 

eruption, and magma composition (H e ik en , 1972) . 

In magmati c eruption s of high visc osity lava su ch 

as rhyolite , the shape of volcanic glass particles is 

dependent on vesicle shape a nd the density of the 

glass (Hei ken, 1 972 ). Such characteristics , which are 

inherited from the eruption , are evident in volcanic 

glass fragments within Dkareka Ash deposits , 

particularly a t sections closest to source . Dkarek a 

Ash glass particles exhibit a morphology typical of a 

magmatic eruption of rhyolit i c ash , which comprises 

fragments of vesicular glass , flat glass plates , and 

fibrous pumice fragments . 
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In contrast to volcanic glass, the morphology of 

crystalline fragments within ash deposits largely 

reflect the mechanical properties of the parent rock, 

and are dependent upon the amount of interparticular 

abrasion within the conduit during eruption (Heiken, 

1972) . In Dkareka Ash deposits , especially at sections 

close to source , crystalline minerals are equant and 

slightly subangular . However, with increasing 
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distance from source , Dkareka Ash particles exhibit 

features typical of wind sorting and abra s ion , and 

post - depositional weathering processes . The s e 

processe s have resulted in subangular to subrounded 

grain morphology . The surfaces of volcanic glass 

fragments in Dkareka Ash deposits at distance from 

source have remained relatively smooth and unweathered , 

although pumiceous particles contain a greater amount 

of presumed short - range order material in vesicles , 

and some weathering cavities . With increasing distance 

from ash source , susceptible crystalline minerals such 

as feldspar , hypersthene and titanomagnetite , show 

increased alteration by weathering , and are tending to 

be more subrounded . Grain morphologies of glass and 

crystalline fragments in Dkareka Ash deposits at 

sections furt h est from source cl0sely resemble those 

of tephric loess particles. 

5 . 4 Po s t - 0 k a re k a lo e s s Sa n d a nd S i l t 1•1 o r p ho 1 QQY 

The shape and surface texture of a loess grain can 

provide clues as to its origin and deposit ion a l history , 

and to chemical processes within it s immediate 

environment (Allen , 1970 ; Smalley and Cabrera , 19 70 ) . 

Morphological studies of Post-Dkare~a loe ss particles , 

indicate th d t althou~h fragments were originally 

derived from tephric material , they have been reworked 

and redepo sited by aeolian processes . 

Sand grains in aeolian deposits are moved primar.i ly 

by saltation, and silt - sized particles are carried in 

suspension by wind (Selby , 1976 ). In Post- Okareka 

loess deposits , particularly at sections close to 

Okareka Ash source , sand grains are angular , which 

suggests a rel a tively short period of sa ltation , and , 

t herefor~ a short travelling distance. Loe ss deposits 

fu r thest from ash source , contai n less sand - sized 

material , with many fractured edges on grains 

indicative of longer periods of saltation . Silt- sized 

grains are lifted to greater height s than sand grains , 



and , therefore , are carried much greater distances 

(Embleton ardKing , 1975) . 
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Post - Okareka loess silt grains are more rounded than 

sand grains, the trend becoming more apparent with 

distance from Okareka Ash source . Clay and very fine 

silt - sized m~terial , possibly created by abrasion and 

attrition of aeolian grains during reworking and 

transportation , are observed covering grain surfaces , 

or are agg re gated into coarse silt and fine sand - sized 

particles . Aggregates , together with material adhering 

on grain surfaces , are common in Post - Okareka loess 

deposits . Similar features have also been observed for 

aeolian deposits found in Long Island , USA (Margolis 

and Krinsley , 1 971 : Nieter and Krinsley , 1976) . 

However , aggregates of fine clay- sized material are 

also present in Okareka Ash deposits from sections 

furthest from source , which indicates they were 

produced by aeolian processes , or formed by post ­

depositional processes. 

5 . 5 Weatherin g in Okareka Ash and Post-Okareka loess 
deposits 

Studies by Aomine and Wada (1 962 ); Fieldes and 

Furkert ( 1966) ; Kirkman ( 1 975 , 1 980 ); Bir re ll et al. 

(1977) ; Parfitt et a l. (in press) have demonstrated 

that weathering of tephra and tephra-derived soils is 

dependent upon several inter - rel a ted pedogenic factors . 

Most of these investigations compared several ash 

deposits of varying age , but commonly individual beds 

were sampled once only , usually at the ' best ' site 

(e.g . Birrell and Pullar , 1 973 ; Kirkman , 1 975 ; 

Mizota , 1976) . This type of study has been used to 

elucidate the weathering of primary and secondary 

minerals , including g lass , feldspar and allophane , 

under a wide range of pedogenic conditions. While 

such studies have shown that formation of halloysite , 

gibbsite , imogolite and allophane are interdependent 

within weathering environments of tephra and tephra­

derived soils , t he mechanisms and processes involved in 
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their formation are less well understood ( F armer et al . 

1978 ; Parfitt , et al . in press ) . The present 

investigation was designed so that detailed mineralogical 

analysis of a particular deposit at several locations 

could be made in order to compare weathering processes 

and products. This study attempts to relate the 

formation and abundance of clay minerals to local 

vari~tions in environmental factors, such as topography , 

altitude , overburden depth , rainfall , and drainage 

within two types of deposit of similar age and 

composition . 

Investigations of Central North Island tephras and 

tephric loe ss deposits (Vucetich and Pullar , 1969 ; 

Pullar and Birrell , 1973a ; Birrell and Pullar , 1973; 

Cowie and Mi lne , 1973) , have shown wea t he ring 

differences occur between tephras deposited prior to 

depo s ition of Rerewhaka a it u Ash 14 , 700 : 200 years B. P . 

and those ashes deposited subsequent to that eruption . 

Despite a higher amount of halloysite in clay fractions 

of late Pleistocene tephras Okareka Ash , Te Rere Ash 

and Kawakawa Tephra , sa nd fractions of these t ephras 

were found to be more weakly weat hered than younger 

ashes which were dominated by allophane (Birrell and 

Pullar, 1973) . Resul t s from this study confirm 

observat ion s b y Birrell and Pu l lar (1973) that sand 

and s ilt particles of Ok areka Ash rem a in angular . 

Furthermore , it i s only at sites of hi g h rainfall and 

altitude that grains become more subangular, a nd 

coated with weathered material . This evidence supports 

the view that Okareka Ash accumulated during a glacial 

period when cool , semi - arid conditions inhibited soil 

development (Birrell and Pullar , 1973) . 

Within Post - Dkareka loess , deposited in the period 

c . 1 7 , 000 - 15 , 000 years, weathering is more advanced , 

especially in upper loess layers . This may be 

attributed to a f i ner particle - size , a n d possibly 

warmer conditions encouraging plant growth , particularly 

towards later stages of loess accumulation . The 
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absence of paleosol features in upper Post-Dkareka 

loess layers at all sections except Trunk Rd indicates, 

either paleosols which had developed were subsequently 

eroded away , or that climatic conditions were such 

that insufficient vegetation wa s present for soil 

development. Nevertheless, a warmer climate, and, 

therefore, a more lu xur iant vegetation is implied by an 

absence of loessial ma t eria l overlying Rerewhakaaitu 

Ash. Thi s suggests loe ss acc umulation continued but 

was gradually diminishing prior to eruption of 

Rer ewhakaaitu As h. A minor amount of loess deposited 

after this eruption may have become incorporated in to 

the tephric material, possibl y by pedogenic processes . 

Since eruption of Rerewhakaaitu Ash, a more temperate 

climate has encourage d vegetative growth , which has 

facilitated weathering of younger ash deposits, and 

r esulted in obvious paleosol development (Kennedy, 

1 980 ). 

In the present study, weathering of primary 

minerals is more advanced in Post-Dkareka loe ss 

deposits, p a rticularly at sections experiencing high 

rainfall conditions, i . e. Highland Hill and Kuhatahi . 

However no distinctive differences in degree of 

weathering are observed within either deposi t at a ll 

other sectio n s . In Ok areka Ash a nd Post-Okareka loess 

deposit s it i s the less-resist ant minerals, such as 

plagioclase feldspar, biotite mica and mafic minerals , 

which are most weathered , 

Alteration of plagiocla se feldspar and, to a 

lesser extent volcanic gla ss in Okare ka Ash and Post­

Okareka loess deposits , is revealed by surface 

coatings of short-range order material , and solution 

pits . In silt fractions, particularly within silt ­

sized aggregates, halloysite tubes were observed on 

grain surfaces, which suggests these aggregates 

comprise predominantly fine particles of feldspar and 

possibly glass (Figure 16A and HiB) . 
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Biotite-vermiculite is generally formed in an 

environment where efficient leaching causes hydrated 

ions to replace potassium at fracture edges and 

crystallographic dislocations (Dougla s , 1977) , resulting 

in expansion of interlayer spaces of biotite flakes 

(Figure 15A) . Biotite and biotite-vermiculite increase 

in amount towards the base of Post - Dkareka loess 

deposits , which implies either differential weathering 

of this mineral in upper loess layers , or a decrease in 

amount of biotite - r ich source material during la ter 

stages of loess accumulation . Mineralogical data 

suggests the latter is more likely, as in ba sa l loess 

layers the amount of biotite is not proportional to that 

of biotite - vermicul it~ or vermiculite found in upper 

layers . 

The factors that determine the nature of weathering 

processes , i . e . parent material composition , c l imate and 

other pedogenic conditions, and are particularly relevant 

to ferrornagne sium minerals , whose weathering products 

are determined by oxidation , acidity and drainage status 

of the soil environment (Wil son , 1 9 75). The 

ferromagnesium minerals hypersthene, augite , titano­

magnetite , and to a lesser extent hornblende , are widely 

regarded as easily weatherable but details of the 

mechanisms of degradation are unknown (Wilson , 1 975) . 

Alteration of these minerals in Dkareka Ash and Post ­

Dkareka loess samples are reveale d by iron oxide rims , 

solution pits and weathering along cleavage planes . 

The weathering products of these minerals often result 

in iron/manganese pinhead - size concretions, which 

commonly are disseminated through Post - Dkareka loess , 

a nd sometimes Okareka Ash deposits . These concretions 

result from precipitation of iron when an enriched 

solution encounters oxidizing conditions in a highly 

leached environment (Aomine and Wada , 1962 ). 

In contrast to plagioclase feldspar and mafic 

minerals , cristobalite , tridymite and quartz remain 

resistant to weathering processes in Dkareka Ash and 



Post-Dkareka loess deposits , even under highly leached 

conditions . 
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The dissol u tion of a highly siliceous parent material 

under well - drained conditions , and subsequent 

desilication of alumina - s ilicate minerals and g las s , 

results in silica enrichment of the soil solu tion 

(Kir kman and McHardy , 1 980) . Rec e nt s tud ie s su ggest that 

in thi s s ituation the concentrat i on of s ilic a in 

solution determines the type and abundance of secondary 

minerals (Birrell et al . 1 977 ; Ki r kman , 1 978 ; Parfi tt 

et al . in press ). 

In the p r esent study , despite wide variation in 

e nviro nmen t al factors suc h as overburden depth , 

topography , altitude and rainfall , Dkareka Ash clay 

fractions from section s cl o sest to s ource , i . e . Tr unk 

Rd, Te Ngae , Gavin Rd, Dka r eka Quarry and Lynmore , and 

at Ngon~ota h a sec tion , are dominated by halloysite . 

However , clny samples from Dkareka Ash deposits at 

Pukeha ngi Rd , Taru ke nga , Dalbeth Rd, Highland Hill a nd 

Kuhatahi sections , contain a much greater amount of 

allophan e ~nd imo~olit e than halloysite . Excep l for 

Pu kehangi Rd , these sections are furthe st from ash 

source , are at relatively high altitudes ( > 380m ), and 

receive a high amo un t of moisture from rainfal l , fog 

and low cloud . Under these conditions , intense 

l eaching of silica from rhyolitic ash tends to 

p erpetuate a llophane and depress halloysite formati on 

(Parfitt et al . in pre ss ) . However , at prese nt, 

Puk e hangi Rd sec tion has s imilar environmental condition s 

to that of Ngongotaha and Lynmore sections which contain 

a dominant amount of halloysite. This suggests , 

therefore, that past conditions , in particula r drainage , 

have chan ge d and subsequently altered the course of 

weathering in one or o ther of these section s . 

It has been sugge s ted that i mogolite forms only 

where d ep o s itional overburden of volcanic a s h, which 

serves a s a silica source , is relatively thin (Aomine 

and Mizota , 1 973). At Tarukeng a and Dalbeth Rd 
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sections depositional overburden is much greater than at 

other sections, and based on the observation of Aomine 

and Mizota (1973 ), imogolite would not be expected to 

occur in appreciable amount . Nevertheless , mineralogical 

results indicate Dkareka Ash clay fractions at these 

sections contain quite a high proportion of imogolite 

compared to allophane (Figure 2 1B) . Imogolite is also 

present in les ser amount at Highland Hill and Kuhatahi 

sections , where depostional overburden is thinnest . 

Weathered Mamaku Ignimbrite (c . 220 , 000 years B. P .) which 

would act as an impervious layer to percolating soil 

solutions, is present at a shallow depth beneath Dkareka 

Ash deposits at these sections . In contrast to what is 

normall y expected in cases of impeded drainage , little 

weatherin g of primary minerals, a nd formation of 

crystalline clay minerals such as halloysite has 

occurred. 

Birrell tl al. (19 77 ) and Parfitt tl al . (in press) 

have suggested that in clay fractions of rhyolitic 

tephra s of Ce ntral North Island, the amo unt of allophane 

increases and halloysite decreases as rainfall changes 

from 12 00mm to 260 0mm . Such trends, however, were not 

observed in Dkare ka Ash clay fractions . As well as 

Pukeh ang i Rd and Lynmore sections, Ngongotaha a nd 

Tarukenga sections also show contrasting clay 

mineralogies despite similar rainfall and altitude 

conditions at each site . Dkareka Ash clay samples from 

Lynmore and Ngongotaha sections contain less allophane 

than halloysite , and the reverse is true of Pu keha ngi 

Rd and Tarukenga sections. These differences in clay 

mineralogy between sections further suggest that past 

pedogenic conditions have directed clay mineral 

formation . 

Despite wide variation in amount of halloysite in 

Dkareka Ash clay fractions at all sections, th e 

halloysite that is present consists predominantly of 

squat ellipsoids . The presence of halloysite ellipsoids 

indicates derivation from highly siliceous volcanic 

glass, via a short - range order intermediate , probably 



a l lophane ( Ki rkm an, 1 977 ). Ha lloysi te el lipso id s are 

found to occur , and often appear to be forming , 

possibly by spiral mechanism (Kirkman , 1977) , between 

silica flakes , and wit h in weathering aggregates of 

pumiceous glass ( Figure 17B ). I n coarser fractions 

feldspar grains remain quite angular , and in clay 

fractions only a few halloysite curled flakes or tubes 

were observed , which implies little weathering of 

plagioclase feldspar to halloysite . 

Weathering studies in Central North Island suggest 

that whereas tephra deposits contain more allophane 

than halloysite , the order of abundance is reversed in 

clay fractions of the overlying tephric loess deposits 

( Pullar and Birrell , 1973a ; Birrell and Pullar, 1 973 ; 

Birrell , 1974) . These conclusions were confirmed by 

Russell et al . (1981) who , when working on a largely 

andesitic - derived tephric loess , and a n overlying 

tephra unit of similar composit ion in Tara na k i , sho wed 

that loess deposits contain le s s allophane, an d more 

halloysite a nd gibbsite than does th e ash . Results of 

the present study confirm these conclusions . 

Irre spect i ve of pedo ge nic factors such as topography , 

altitude , rainfall and overburden depth, Post - Dkareka 

loe s s clay fraction s contain a greater amo unt of 

halloysi te and gibbsite than those of Okareka As h . 

Howev er , Po s t-Okareka loe s s deposits do not alway s 

contain a dominant amount of halloysite . 
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At Pukehangi Rd , Highland Hill and Kuhatahi sections , 

Post - Dkareka loess clay fractions contain less 

halloysite than allophane . Loess clay samples from 

these sections are similar to those of Okareka Ash , 

and contain a significant amount of allophane and 

imogolite , which suggests processes impeding formation 

of halloysite occurred in both ash and loess deposits . 

Except for Tarukenga an d Dalbeth Rd sectio n s , loess 

clay samples exhibit similar mineralogies to those of 

Dkareka Ash . This suggests also that pedogenic 

processes governing clay mineral formation were 



operative in both ash a nd loess deposits. However, 

although Dkareka Ash clay fractions at Tarukenga and 

Dalbeth Rd sections are dominated b y imogolite an d 

allophane, th e overlying Post - Dkareka loess clay 

samples have a greater amount of halloysite . 
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I n contrast to Okareka Ash clay fractions, those of 

Post-Dkare ka loess, particularly upper samples , consist 

predominantly of h alloysite curled flakes . This 

implies plagioclase feldspar is weathering to a greater 

extent than rhyolitic glass . However , in b asal loess 

layers , a greater amount of halloysite ellipsoids was 

observed in electron micrographs , which suggests mixing 

of loe ssial and tephric components , and increased 

weathering of tephric (glass - rich) material . 

Post-Okareka loess deposits , together with Dkareka 

Ash deposits at Highland Hill and Kuhatahi sections 

contain gibbsite in clay and silt fractions. A 

moderate to high amount of gibbsite in both deposits 

at Highland Hill and Kuhatahi sections is probably due 

to high rainfall , or possibly poor drainage conditions . 

The former has been found to be a prerequisite for 

gibbsite formation in some young ash soils (Sherman 

~ al . 1967) . Gibbsite forms under these conditions by 

reaction of permeating solutions with disordered thin 

layers on plagioclase feldspar surfaces , during initial 

stages of weathering in an acid environment (Tazaki , 

1 979 ) . This process could explain the occurrence of 

gibbsite in silt fractions in ash and loess d ep osits , 

as gibbsite would occur most probably as p seudomorphs 

of feldspar rather than crystallising from so lution 

(Sherman et al . 1967 ) . 

Gibbsite is present in all other Post - Dkareka loess 

deposits, but does not occur in the underlying Dkare ka 

A8h deposits. However , plagioclase feldspar is present 

in greater amounts in loess than ash , and this , together 

with a warmer climate during later stages of loe ss 

accumulation , could encourage gibbsite formation in 

loess , and not in Dkareka Ash . Some gibbsite may arise 



from weathering of andesitic glass, a possible 

contaminant of Post - Okareka loess deposits . However , 

such glass, if it were eve r present, has been 

completely weathered , since it was not revealed by 

mineralogical study of the sand and silt fractions . 

The present work illustrates the difficulties of 

sampling techniques in weathering studies . 

Mineralogical results reveal no con sisten t trends 1n 

weathering of tephra and tephra-derived soils , even 

when several samples of one or more deposits were 

taken . The variation in occurrence and abundance of 
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clay minerals in ash and loess deposits between sections , 

clearly indicates local changes in environment have 

influenced the course of weathering. This is pertinent 

to weathering studie s , as a det ailed know led ge of past 

and present env ironment al factors is essentia l for 

interpretation of data . However , s uch detailed 

information is not always obtainable, nor within the 

scope of these investigations . 



SECTION E: 

GRAIN-SIZE ANALYSIS 
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Chapter 6 : LITERATURE REVIEW 

6 . 1 Textural Studies 

During the 1930's and 1940's sedimentolo g ists placed 

much emphasis on the use of grain-size analysis to 

characteri s e sediment te xture s in specific sedimentary 

environments (e . g . Krumbein , 1938, Doeglas, 1 9 4 6 ; 

Pettijohn , 1 949 ). The se studies led to an increas ed 

knowledge of grain - size cha racteristics of a wide ran ge 

of depo s it s , but few evaluations were made in terms of 

d eposi tion a l processes. Inm an (194 9 ) recognised three 

fundamental modes of sed iment transport ; s u rface c reep , 

saltat ion and s uspen s i on . Ut ilizing existing knowledge 

of fluid mecha ni cs (B agnold , 1 94 2 ; Kalinske , 1 9 4 3 ), 

I nma n (1 949 ) de rived certain re l at ion shi p s betwee n 

environments an d mean grain - s ize , sort in g a nd ske wne ss . 

Thi s work forme d th e b as i s for later yrai n - size 

distrib ution inv e stiq atio n s whic h l e d t o clevcdopment of 

the essential ideas reldting se dimentary processes to 

textur a l re s ponses (Vi she r , 1 969 ) . SeveriJl s tudie s have 

u s ed s tati s tical meas u res of grai n s iz e ( e . g . l n ni a n , 

1 9 5 2 , Ba g n o 1 d , 1 9 5 6 , F o 1 k a nd W a r d , 1 9 5 7 , Mo s s , 1 9 6 2 , 

1 963 ) to define descriptive features of a sedimentary 

depo s it . 

Te xtural parameter s such as mean g r ai n- s iz e , sor t ing , 

skewness and ku rtosis were used to separate de pos its 

within beach, dune, ae o lian and fluvial e nvironme nts, 

which has enabled correl a tion between sediment type s , 

their mode of deposition, and their envir onment in many 

locations . The s e investig a tions have shown that 

textural parameters may not always be sufficiently 

accurate to characterise a deposit formed by a specific 

depositional process. However, grain - s ize st udies do 

facilitate differentiation of deposits within which 

sedime nts possess textural characteristics inherited 

from s everal sedimentary proce sses . Loess depo s its of 

this nature have been reported in Argentina, where a 

greater part of the Pampean s ediments consist of reworked 

or secondary loess (Teru gg i, 1957) . These deposits have 
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a mineralogical composition of volcanic - pyroclast ic 

origin , and are similar to wind - depos ite d volcaniclastic 

material analysed by Fi s her (1966) . Such aeolia n 

dep osits comprise pred o minantly rework ed te ph ric 

mate rial , although they exhibit grain - size 

chara cteristics which are s i mi lar to primary loess 

deposits found in Europe an d North Ameri ca (Teruggi , 

195 7 ; Fi she r , 1 966 ) . Although tehpric loess depo s its 

analysed by Teruggi (1 957 ) and Fi sher (1966) are of 

older age , loessial deposits found overlying several 

late Pleistoce n e tephras i n Central No rth Island also 

con s i st of re wo rked and redepos ited p yroclastic material . 

However , in contrast t o these dep os its , Central North 

I sland loess deposit s bear close resemblance to the 

underlying airfall tephra (V ucetich a nd Pul l ar, 1 969 ). 

It is necessary , the ref o re , to consider the va r iable s 

th a t a ffec t the t extu ral cha racterist ic s of loess and 

airf a ll tephra , in order to evaluate tephric loess 

depo sj t s in these different environments . 

Loess deposits were fir s t reco9ni sed in t he Northern 

Hemispt1ere , particularly Europe d11d US A, where depo~;i V; 

formed import a n t a gr i c LI l t LI r a 1 la 11 d ( Selby , 1 9 -r G ) . 

A 1 though sever a 1 Europe an aut hors ( e . g . R u ss e 11 , 1 9 4 4 a , 

1 94 /lb ; Be r g , 1 964 ) d ebated th e aeolian orig in of loess , 

it was generally acc ep ted by the early 1970 1s tha t l oess 

was a result of glac i al action , and had accumulated in 

regions peripheral to c ontinental ice sheets in areas 

of periglacial conditions (Sma l ley , 1 966 ; Smalley and Vita -

Finzi , 1968) . Textural studies evaluated loess 

characteri s tics using variables such a s particle s ize , 

loe s s thickness , distance from so urce , wind direction 

and strength . Earl y grain - size investigaticns of loess 

(e . g . Krumbein , 1 9 37 ; Smith , 1 9 4 2 ; Swineford and Frye , 

1945, 1955) use d changes in l oess distribution and 

thickness with distance from source to propose models , 

which were la t er refined by researchers such as 

Waggoner· and Bingham ( 1961) , and Frazee et al . ( 1 970 ) . 

Subseque ntly the s e models have been deve l oped to 

demonstrate relationships be tween aeolian sediments in 



many different locations (Franzmeier, 1970 ; 

Fehrenbacher , 1972 ; I ves , 197 3; Han d y, 1976 ). 

Textural studies of tephra are similar to that of 

loess , and have in v olved consideration of variables 

such as wind strength and direction , distance from 

source , and thickness of deposit (Fisher , 19 6 4 , 1971 

Wal ker , 1971 ) . The importance of textural parameters 

to pyroclastic deposits was first established by 

Moore (19 34 ), who differentiated airfal l and airflow 

tephra by mechanical analysis . Durin g t he ensuing forty 

years, investigations of many pyroclastic deposits 

resulted in data which have facilitated correlation of 

grain - size ch aracteristics with factors s uch as 

mechanisms of eruption , magma composition and di s persal 

(e, g . Thorarinsson , 1 954 ; Murai, 1 963 ; Fi sher , 1 97 1 ; 
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Walker , 1971; Walker and Croasdale, 1971 , 1972; Watkins 

an d Huang , 1 977 ) . Cha racterisati on of volcaniclastic 

deposits accordin g to these criteria has, therefore , 

assisted comparison between these deposits and other 

aeolian deposits ( e . g. Fisher, 1 9G G) . 

In a study of John Day Formation of eastern Oregon, 

Fisher (1 966 ) compared textural characteristics of tuff 

and loess . Using Inman sorting c oefficients , loes s 

derived from volcaniclastic material was shown to be 

better sorted than airfall tephra deposits . Loes s 

deposits, in general, are better sorted than airfall 

tephra, as wind is highly effective in separating silt ­

size grains , which are uplifted a nd carried long 

distances greater than a metre from the surface , and 

sand particles, that travel by saltation close to the 

ground for s horter distances (Fisher , 19 64 ; All e n , 1970 ; 

Embleton and King, 1975 ). In contrast to loes s , 

volcanic ash particles are continually sorted by wind 

within the ash cloud, and studies by Fisher (1964 , 1971) 

and Walker(1971) have found that with distance from 

source , airfall tephra deposits tend to become better 

sorted , and loess deposits more poorly-sorted . However , 

compared to loess, ash deposits are more poorly - sorted 

when deposited, and with time , post - depositional 



processes further i ncrease sorting coefficients of the 

original deposits (F i s her , 1966 ). 

94 . 

Both tephra and loess d e posits exhibit an exponential 

decrease in thickness downwind from source, and a 

c orresponding decrease in mean grain-size (Fisher , 19 64 ; 

Scheidigger and Potter , 1 968 ). The greatest variability 

in mean grain - size in both deposits occurs close to 

source , but the causes of such variability dif fe r 

between them (Walker , 1971 ; Fraze e et al. 1970 ). 

Deposits of coarse and fine - grained tephric material 

found near the vent ma y be a ttributed to variation i n 

strength a nd dir e ction of the erup tion , as well a s 

incre ased turb u lence due to int eract ion of airfa ll a nd 

airflow materia l (Walk e r , 1971) . In contras t to airf a ll 

tephra , l oess p a rticles close to source ar e affe cted to 

a greater extent by turbulent winds , variable wi nd 

velocities , a nd bluff topograph y . These variables have 

a n importa nt effec t upon particle size changes wit h 

distance from s ource (Fra zee et al. 1 970 ; Handy , 1 976 ) . 

Wi th increas in g distance from source , both tephra and 

loes s distribution is controlled predominantly by wind 

direction and s trength . Consequently , in peripheral 

areas of deposition grain - size characteristics tend to 

become sim ilar , making the differ e ntiation of two 

sediments more difficult . Othe r factors influencing the 

thin dist a l deposit s are worins (b ioturbation ), ve9etation , 

and with time , pedo ge nesis (F is her , 1 966 ) . 

In thi s st udy an attempt was ma de t o gauge the 

effectiveness of grain - size parameters in distin guishing 

between tephra and tephric loess deposits in Central 

North Island . A single tephra , Okare k a Ash , and its 

associated overlying tephric loess , Post - Oka reka loess , 

were analysed at several locations at varying distances 

from ash source . Weathering effects upon the textural 

parameters (graphic mean grain - size - Mz , inclusive 

graphic standard d eviation -0.I ' inclusive graphic 

skewness - SKI, and graphic kurtosis - KG ; Folk , 1968 ) 

were also evaluated during the course of this study . 



Chapte r 7 : MATERI ALS AN D METHO DS 

7 . 1 Anal y tica l Techniq ue s 

Fo r g rain - si z e ana lysis , a 50g a liquot of f i e ld 

mo i st soil was susp e nde d in d is tille d wate r , dispersed 

a nd we t s ieved as f or minera l og ical analys i s . T he 

> 63r m fr ac tio n was d ried at 55°[, dry sieved at 1mm , 

500/'m, 250, m, 1 25/ m and 63r m grain i ntervals , and the 

frac tio n s we i ghed . Any material passing through the 
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6 3tm s i e v e was added t o the < 6 3rm s us p e n s ion . An 

untreated 20 g aliquot of field moist soil was dried at 

55°C fo r 2 - 3 days for determi n ation of moisture content . 

Sodium dithionite (Mitchell et al . 1 971) was used to 

remove free Fe
2

D
3 

and associated silica and alumina 

from the < 63,t1m fraction , prior t o grain - size analysis 

by pipette (Folk , 1968 ) . F or grain - size analysis the 

clay fraction ( < 2r m) was assumed to be of secondary 

origin , and therefore grain - size curves were calculated 

on a clay- free basis . 

Grain - size data was analysed using a c om puter 

program des ig ned by Adams ( 1 977) . 
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8 . 1. 1 

Chap te r 8 : RE SULTS AND DI SCUSSI ON 

Grain - size parameters 

Mean grain-s iz e ( Mz ): Okareka As h 

I nitially , the particle size and quantity of 

pyroclastic material erupted from a volcano is 

dependent upon magnitude and direction of eruption . 

After ejection from the vent pyroclastic fragments are 

carried through the air , and may settle out or be 
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sorted according to their fall velocities ( Walker , 1971) . 

Important factors influencing airborne pyroclastic 

material are wind direction and strength . The former 

determines the direction the major amount of material 

is carried , and the latter determines the sorting 

efficiency of particles (Fisher , 1964 ; Walker , 1971) . 

Field observations and grain - size results of Okareka 

Ash Formation at Trunk Rd indicate pulses of tephric 

material were erupted in closely spaced succession . 

The Trunk Rd site is located directly downwind in an 

eastward direction and in close pr oxim ity to Dkareka 

Ash sourc~ but , e x cept for Gavin Rd site , all remaining 

sections are located immediately upwind from source 

(Figure 3) . Dkareka Ash samples from Trunk Rd have a 

much coarser mean grain - size than other sections , and 

comprise laminated beds of ash and lapilli (Mz < 30 

( > 125/ m) medium - coarse sand ). At all other sections 

sampled in thi s study Okareka Ash deposits show no 

evidence of separate phases of erupted ma terial. This 

suggests many of the eruptives recorded at Trunk Rd 

were not carried far , or that pyroclastic fragments 

became mixed by turbulent winds while still airborne . 

Okareka Ash deposits exhibit mean grain - size 

characteristics typical of airfall tephra (Fisher , 

1 964 ; Scheidigger and Potter , 1968 ; Walker , 1971) . 

Ash samples show a wide range of mean grain - size 

values (1 . 5 - 40 ( 350 - 60/'m), medium - very fine sand 

Appendix 4 ), with c oarsest and most v a riable values 

from sections closest to source , i . e . Trunk Rd , Gavin Rd , 

Dkareka Quarry , Lynmore and Te Ngae sections (Figure 37) . 
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At these sections , Dkareka Ash deposits contain a high 

percentage of material in the coarse sand fraction as 

well as a considerable amount of material greater than 

2mm (Figure 38). Dkareka Ash deposits show a 

progressively finer mean grain - s ize with increasing 
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distance from source (Figures 37 and 38). After eruption 

of Dkareka Ash , the ash cloud, with increasing dist ance 

from source , became depleted gradually in c o arse-grain ed 

material . This is also reflected by a decr e a s ing sand 

content, and an increase in the proportion of silt in ash 

deposits at sections furthe s t from source (Figure 3 9 .) 

8 . 1. 1 ~~~~_grain-size_i~~l: Post-Dkar eka loe ss 

The amount of sand- s ized material in a irf a ll tep hra 

deposits is higher than in loess as coarse fragments are 

ejected int o the air by the ener gy of eruption and become 

airborne irrespective of wi n d strength and d irection 

(Fi s h er , 1964 ). I n contrast , u p lift and deposition of 

loess grains is entirely dependent upon wind conditions . 

Two factors o f transportation; lift and carry , affect 

partic le size mode of loess deposits . Silt-s iz e 

particles in the r ange 5 0 - 1Dfm are lifted and carried 

most efficiently in s uspension by wind (Selby , 1976 ). 

However, s and grains move by a combination of creep and 

saltation within a metre of the gro und s u rface , and 

travel muc h shorter distance s than suspende d silt grains 

(E mb l et on and King , 1975 ) . 

Mean grain -siz e values of Post-D kare k a loess deposits 

occur in the narrow range 4 . 0 - 5 . 50 ( 63 - 2or) coarse 

silt (Appendices SA and 58) , and are con s istently finer 

than Dk are k a Ash ( F i g ur e 4 0 ) • Mean grain-size of Post-

Okareka loes s deposits tends to increase towards the 

base of loess beds due to mixing of tephric loess with 

the underlying tephra (Figure 41 ). 

In contra s t to Dkareka Ash, Post-Dkareka loess 

deposits contain a small amount of sand-sized material, 

which decreases in amount with increasing distance from 

source (Figure 39) . This suggests source material was 

finer at distance from as h source, and could also 
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indicate sand - size material was transported shorter 

distances than silt particles . An increase in silt 

content in Post - Dkareka loess deposits with distance 
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from source (Figure 39) can be attributed to preferential 

sorting , or additives of silt - sized material f rom sources 

further afield thanDkareka Ash , Alternatively , processes 

of reworking , i . e . attrition and abrasion , during 

transportation and deposition of this tephra, especially 

in areas peripheral to ash source, would have resulted in 

the formation of a certain amount of finer - sized material . 

Sand and silt percentages of Post - Dkareka loess closely 

parallel those of Ok a reka Ash which suggests that 

loessial material is most probably derived from this 

airfall tephra , and that source is essentially l ocalised . 

B . 1 . 2 Sorting _ ( 0' I) 

Variables which affect sortin g coefficients of 

pyroclastic particles include magnitude and direction of 

eruption , composition of the initial material ejected 

from the vent , and wind strength (Fisher, 19 64 ; Wal ke r, 

1971). Dkareka Ash deposits at all sections are po or ly ­

sorted to very poorly - sorted , with sorting tending to 

improve with distance from source (Figure 4 2 ) . Greatest 

variability and poorest sorting occurs in Okareka Ash 

samples from sections closest to source . This may be 

attributed to variable eruption directions close to the 

vent , in addition to the emission of many pulses of 

material at different intensities . Coarse - grained 

deposits are usually considered indicative of close 

proximity to vent , but fine - grained material may also 

be present (Walker , 1971) . Okareka Ash deposits at 

sections close to source contain a moderate amount of 

fine material , which may be due to small amounts of 

smaller and lighter particles falling e arly in the 

eruption accumulating with larger and heavier fragments 

(Walker , 1 97 1 ). However , the bulk of fine particles are 

carried greater distances from the vent , and are therefore 

subjected to some sorting by wind ( Fisher , 1 964) . At a 

critical distance from source , win d strength exceeds 

diminishing eruptive e nergy , pyroclastic particles are 
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sorted and carried thereafter by prevailing winds . 

Oka r eka Ash deposits show considerable variability in 

sorting values wit h distance from source, which may be 

a function of change in intensity and periodicity of 

volcanic activity or wind (Huang et al . 1975) . 

Post - Okareka loe 3s deposits exhibit similar sorting 

characteristics to Okar eka Ash, however , loess deposits 

are , in general , slightly better sorted than ash 

(Figure 42) . Accumulation of silt - sized particles , 

together with saltating sand grains, has resulted in 

poorest sorting in Post - Okareka loess deposits at 

sections closest to ash source (Figure 42) . With 

distance along the transect, the source material of 

Post - Okareka loess deposits has become progressively 

finer , and therefore , loess deposits show a slight 

increa s e in sorting values . During loess accumul a tion 

a sparsely vegetated landscape (Kennedy and Pullar , 

1 9 77) would have Facilitated proce s ses such as 

c r y o t u r b a t i on ( fros t - c h urn in g ; E m b le t on a nd K in g , 1 9 7 5 ) , 

near-surface wind turbulence , and possibly bioturbation 

(e . g. worms) . These processes , together with the 

accum u lation of fine loessial materi a l above a coarser 

sandy tephra has resulted in some of the finer material 

penetrating down into the interstices, and th us 

becoming mixed with the coarse material (Walker , 1971) . 

Grain - size results show that coarsest mean grain - s iz e 

and poorest sorting of loess samp l es occurs at the base 

of each Post - Okareka loess bed , which indicates some or 

all of the above processes have caused mixing of the 

two components durin g initial stages of loess 

accumulation . 

8 . 1. 3 Skewness (SK ) ------------1-
Skewness values indicate Okareka Ash beds at al l 

sections are more strongly fine - skewed than overlying 

Post -O kareka loess deposit s . Whereas ash samples 

exhibit a narrow range of skewness ( 0 . 26 - 0 . 46 ) , 

skewne ss values of loess samples range from nearly 

symmetrical to strongly fine - sk e wed ( 0 . 00 - 0 . 40 ) 
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(Appendices 4 and 5 ). Although grain-size data was 

calculated on a clay-free basis, positive skewness values 

indicate both deposits have excess fine material. The 

nar r ow range of Okareka Ash skewness values illustrate s 

that these deposits have a dominant sand mode, 

particularly at sections close t o source . However , in 

Post-Okareka loess, the greater V8riability in 

skewness suggests that these deposit s are more bimodal, 

and therefore , more negatively skewed (Folk and Ward, 

1 957 ). The reworking of the original tephric material 

from a localised source area is reflected by Post­

Okareka loess skewness values which are consiste n tly 

more fine - skewe d than those of Dkareka Ash . In basal 

loe ss s ample s , where mixing of tephric and loessial 

material ha s occurred , loes s deposits are more 

negatively skewed . Neither Oka reka As h nor Post -O kareka 

loe ss deposits exhibit a consistent change with distance 

from source (Figu re 43 ). However, values are most 

v ariable in bot h deposits at sections close to Okareka 

Ash source, particularly within loess beds . 

8 • 1 • 4 Kurtosis (K ) -- --------- G-
At sections close to Ok areka Ash source, ash 

deposits are meso/leptokurtic ( 1 . 02 - 1 . 35 

indicating that better sorting occurs in the central 

portions of grain - size d istribut ion s . With increasin g 

distance from sou rce, kur tosis values of ash samples are 

more platykurtic ( 0 . 86 - 0 . 97 ), poorer sorting now 

evident in central portions (Appendix 4) . Post-Okareka 

loess deposits exhibit similar kurtosis values to ash 

samples ( 0 . 81 - 1 . 23 ; platy/leptokurtic) (Appendices 

5A and SE ). However, with distance from ash source 

loess deposits tend to be more platykurtic than 

Okareka Ash deposits (F igure 44 ). 

The addition of small amounts of another mode in 

basal loess layers results in poorer sort in g in the 

tails of the grain - size distribution, while sorting in 

the central rem ain s good (Fol k and Ward, 1957) . 
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The more platykurtic behaviour of Dkareka Ash and 

Post-Okareka loess deposits with increasing distance 

from source suggests both deposits comprise two 

component modes of subequal proportion . Ash deposits 

tend to be dominated by a greater amount of silt and 

less sand with increasing distance from source . 

1 09 . 

Althou gh Pos t - Dkareka loess deposit s consist 

predominantly of silt , at di sta nce from Dkareka Ash 

source they comprise much less sand, and more fine s ilt . 

El • 1 • 5 ~~~~ _ grain - size _ versus _ Sorti ng 

Plots of Mz versus 0I for Dkareka Ash samples 

de monstrat e that deposit s are pro gress ively better 

sorted with decreasing mean particle - size , i . e . with 

increasing distance from source (Figure 45) . However , 

comparison of Mz valueswith sorting coefficients of 

Post -Ok areka loess dep osits reveals n o relationship 

exists between these two 

ash source (Figure 4 5 ). 

parameters with distance from 

This suggests that during 

reworkin g and redeposition , the tephric material 

became sufficiently better sorted than the original 

tephra for there to be little a ss ociation between 

sorting and mean grain - size (F olk and Ward , 1957) . 

Examination of the graoh Mz ver s us 0-I for loess depos its 

close to as h source confirms earlier conclusions in this 

s tudy that coarsest mean grain - size and poorest sorting 

occurs in basal sample s , and is consistent with mixing 

of tephric and loess ial components . 

Fi s her (196 6 ) found that with increasing distance 

from source ash deposits tend to become better sorted 

as mean grain - size decreased , an d the reverse is tru e 

of loess deposits . However , t h is study reveals that 

both Okareka Ash and Post - Okareka loess deposits 

exhibit better sorting with increasing distance from ash 

source . This may be attributed to the localised source 

area , and minimal weathering of the loessial material . 
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Plots of mean grain - size versus skewness (Figure 46), 

and mean grain - size versus kurtosis (Figure 47 ) reveal 

no correlation between these parameters in Dkareka Ash 

or Post -Dkareka loe ss deposits, with di s tance from ash 

s ource . 

Mz 
8 . 1. 7 

In a study of volcaniclastic deposit s of loessial 

origin, and airfall tephra, Fis her ( 1 966) used a plot of 

Inman coefficients, mean grain - size (Md0) against the 
. . t . ff. . t t . Md Q1 mean qrain- s ize - so r ing coe icien ra io Md

0 
+ 0--- 0 

to distinguish between the two depo s it s . He found the 

ratio values tended to become larger as sorting 

coefficients and Md0 values decrea se , and smaller as 

they increase . Fisher (196 6 ), therefore, suggested 

this par ameter distinguishes tephra from ' tephric loess ' 

on t he basis a s h becomes better s orted as mean grain - , 

size decreases . The reverse is true of loess . The 

ratio is used for convenience of plotting values that 

approach a s an upper limit, and to show relative 

increase and decrease of gra in- s ize parameters with 

mean grain - size (Fisher, 1 966 ) . 

In the present study , the parameters used were those 

defined by Folk (1 968 ), and therefore the equivalent to 

Fisher's ratio (19 66 ) becomes Mz :zO"-I In order to 

compare this data with that of Fi s her's,calculated 

values included material in the clay fraction . 

Dkare ka Ash samples demonstrate a consistent 

relationship between mean grain-size and this ratio with 

distance from ash source (Figure 48 ). This is also true 

of Post-D kareka loess, but the relationship is less 

distinct because loess deposits exhibit a narrow Mz 

range (4.5 - 5 . 50 ) and only a slight increase in Mz 

values with distance from source . Both ash and loess 

deposits show increasing ratio values with decreasing 

mean grain - size and sorting coefficients . A positive 

slope shown by Dkareka Ash deposits correlates closely 
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with data presented by Fisher (1966) , but Post - Dkareka 

loess samples plot in a field intermediate to Okareka 

Ash and a ' true' loess (ne gative slope - Illinois 

loess ; Figure 48 ). This position illustrates that 

tephric loess samples are still strongly influenced by 

their parent tephric material , and also that source has 

chan ge d often, but was always local to deposition . 

Fisher (1 966 ) attributes increased sorting 

coefficients in airfall tephra to post - depositional 

alteration , which is quite significant in the tephras 

he analysed . The time period since deposition of 

Okareka Ash and overlying loess depos its is relatively 

short in comparison to Fisher's samples . It is 

conceivable , therefore , less distinctive differences 

betwee n Dkareka Ash and Post - Dkareka loess samples in 

this study are a consequence of a small amount of 

weathering . 

8 . 1 . 8 ~~~~-grain-size - ~~:::~~~ 

Evaluation of t h e graph mean grain - size against the 

kurtos is - mean grai n- size coefficient ratio 

for Okareka Ash a nd Post -Dkareka loess samples 

KG 

show that ratio values become smaller as mean grain - size 

and kurtosis values decrease (Fi gure 4 9 ) . Both ash and 

loess deposits become better sorted in the 'tails' as 

mean grain - size decreases with distance from source . 

Dkareka Ash samples vary from leptokurtic at sections 

close to source where mean grain-size is coarsest 

(i . e . Trunk Rd , Lynmore , and to a lesser extent Dkareka 

Quarry) , to more platykurtic in finer grained samples from 

sections at distance from source (i . e . Highland Hill and 

Kuhatahi) . Okareka Ash deposits are better sorted at 

distance from source probably due to depletion in the ash 

cloud of heavier and coarser fragments close to source . 

This graph also illustrates that weathering has not 

affected ash sorting to any great extent . Loess deposits 

do not exhibit as wide a range of KG and Mz values as 

ash , and therefore plot in a narrower field . Post -
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Okareka loess samples are platy/ mesokur t ic even at sections 

close to ash source . A less distinctiv e trend to that 

of Okareka Ash dep osits is also evident in loess deposits , 

and the se results further substantiate c oncl usions 

der ived from the plot Mz vers us M Mz<J'. It is 
z + I 

possible to differentiate Post - Dka reka loes s and Oka rek a 

Ash s amples a t sections at c lose an d intermed ia te 

distances fr o m as h sourc e . However , wher e Okareka Ash 

deposits are thin , in distal areas from source , they 

exhibit mean grain - size a nd kurtosis characteristics 

s imilar to those of Post - Dkareka loess samples . 



Chapter 9 : CO NCLUSIONS 

1. Mineralogical results reveal loessial material 

deposited in the period c.17,000 - 14,700 years B.P. 

1 1 8 • 

is derived predominantly from the underlyin g rhyolitic 

biotite - bear in g Okarek a Ash erupted c.17 , 000 y ears B.P., 

although minor composition differences in upper loess 

layers indicate changes in source occurred during later 

sta ges of loess accumulation . 

2 . Dkareka Ash particles, especially that of volcanic 

glass , exh i bit morpho l ogical ch aracter i st ics typical of 

a magmatic eruption of rhyolitic material . Pa rticle 

size , s hape and surfa ce texture of loess grains indicate 

this material has been reworked by aeolian processes 

prior to redeposition as Post - Dk arek a loess deposits . 

3 . Du ring late Pleistocene times, cool, semi-arid 

climatic conditions ( glacial) and sedge - type veget ~ tion 

concurrently inhibited soil development and encouraged 

loe ss deposition . Minimal weathering of particle~ 

except at sections of high altitude a nd rainfall , within 

Ok a rek a Ash a nd overlying loess deposits reflect s uch 

conditions . Increased alteration of grains in u ppe r 

Po st -Dk a reka loess sa mpl es is mo s t probably Jue to 

warmer condit ion s which supported mor e lu x uriant 

veget at ion during later stages of loess deposition . 

Primary minerals feldspar , biotite mica , and mafic 

mineral s hypersthene, horn b lende , augite , and titano ­

magnetite are most susceptible to alteration by 

solution in both ash and loess deposits . 

4 . Irrespective of changes in topography , altitude , 

drainage, climate and vegetation, clay minerals 

halloysite , allophane and imo g olite are present in clay 

fractions of Okare k a Ash deposits . Post - Dkareka loess 

clay samples contain more halloysite than the underlying 

ash clay samples , as well as allophane, imo golite and 

g i b b s it e i n v aria b 1 e amounts • Ha 11 o y s it e, in Ok are k a Ash 

c lay f r a c t ion s, c o m p rise s pre d o mi n a n t l y s q u a t e 11 i p s o ids , 



11 9 • 

derived from weathering rhyolitic v olcanic glass , 

while loess clay samples , in general, contai n a 

greater proport ion of halloysite c urled flakes , formed 

from plagioclase f eld s par . 

5 . Desp ite detailed analysis of Dkareka Ash and Post -

Dk a reka loess deposit s , clay mineralogical data provides 

in s ufficient evidence to make assumptions concerning 

weathering seque nces within tephra and tephra - derived 

soils . The occurre nce and ab und ance of clay minerals 

in such deposits i s dependent u pon local environmenta l 

conditions , i nclud in g past and pre sent pedogenic 

factions , in particular climate . 

6 . Comparison of grain - size parameters , mean grain - size 

and sor ting of Dkareka Ash deposits reveal greatest 

vari a tion in mean grain - size and poorest sorting occurs 

close to source , but deposits become better sorted , and 

show d ecrea s in g mean grain - size with increasing distance 

from ash source . Ok areka Ash deposits contain more 

sand - si zed ma terial and le ss clay than loess , although 

a greater amo unt of fine material in Post - Okareka 

loe ss deposits c an be attributed to abrasion and 

attrition during reworking . Post-Dkareka loess deposits 

exhibit a typically narrow and fine mean grain - size i n 

the range 4 - 5 . 50 ( 63 - 2Df m) . A slight decrease in 

mean grai n - s ize of loe ss deposits with distance from 

ash source sugges t s much of Post - Dkare ka loess i s 

derived from a localised source . Loess deposits are 

better sorted t han Dkareka As h but exhibit a wide range 

of skew n ess values , an d h ave kurtosis coefficients 

simi l ar to a s h deposits . A sligh t increase i n mean 

gra in - s ize and poorer sor t ing show n in basal loess 

samples , is due to mixing of the overly in g fine r 

loessial material with t h e underly ing Okareka As h 

d e p osits . 
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Mz 
7. Mz + o- 1 versus mean grain - size , a ratio equivalent 

to that of Fi sher's (1966), is found to be a useful 

means of differentiating loess, airfall tephra and 

tephric loess on the basis ash deposits become better 

sorted as mean grain-size decreases, and the reverse is 

observed in loess deposits. Tephric loess deposits 

s uch as Post-D kareka loess plot in an int ermediate 

field between ash (positive slope) and loess (negative 

slope). Grain-size results also indicate that due to 

minimal weathering of Dkareka Ash and Post-Dkareka loess 

deposits , the distinction between the two deposits is 

less well-defined than data from similar deposits 

reported by Fi s her (1 966 ), 

8 . As mineralogical composition of Dkare ka As h and 

Post -Dk areka loes s i s essentially similar, and 

morphological characteristics of a s h deposits closely 

re s emble those of l o e ss , where depo s it s are thin in 

distal areas from so urce and unde r certain environmental 

condi tion s ( high rainfpll and altitude ), it i s a pparent 

grai n- s ize parameters , in particular mean grain - size , 

sorting and k u rtosi s , are the more accurate mean s of 

di f ferentiat i ng ash and tephric loe ss d epos its. 

9 . Post-D kar eka loess is the youngest aeolian material 

to have accumulated in Central -fJo r th Island, and , 

therefore, the lack of weathering observed in these 

deposits is a reflection of time as well as the c ool 

climatic conditions which prevailed during loe ss 

deposition. Further s tudy of other late Plei stocene 

deposit s such as Post-Te Rere, Post-Kawakawa and Post­

Rotoehu loess deposits is required to resolve questions 

concerning the affect of weathering on grain -size 

parameters and grain morphology. Whereas the present 

st udy found some te~hnique s , under certain circumstances, 

e nable identificat ion and differentiation of ash , loe ss 

and tephric loess deposits, s uch techniques may not be 

appl ic able to older depo s it s due to changes in weathering 

resulting from different pedogenic conditions. 
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APPEND IX 1 : 

1 31 • 

VG Qz Fds Bt Opx Cpx Hb FeO 

84 6 4 1 3 1 <1 2 

82 9 3 < 1 2 - 1 2 

78 9 7 < 1 2 - 1 3 

77 8 7 < 1 1 - 2 2 

81 6 9 1 1 - < 1 1 

88 3 5 2 2 - 2 2 

79 9 5 <1 2 - 2 2 

84 5 3 < 1 2 - <1 4 

82 5 8 2 2 - 2 <1 

74 8 1 1 1 3 - 2 - 1 

VG Qz Fds Bt Opx Cpx Hb FeO 

70 1 4 7 2 4 - 2 3 

74 1 0 1 1 1 1 - 2 2 

66 1 5 1 0 < 1 2 - < 1 6 

65 1 7 1 5 1 1 - - <1 

68 1 4 1 5 2 1 - < 1 < 1 

70 7 1 6 2 2 - 2 2 

71 1 7 6 1 2 - 1 1 

78 1 1 5 1 2 - < 1 2 

72 1 0 1 4 2 2 - 2 <1 

59 1 3 20 1 3 - 2 1 

Frequency of mineral species (percent ) 

in very fine sand (63 - 125/m) and fine 

sand (125 - 250.rm ) fractions from 

Okareka Ash deposits . 



6 3- 125J1m 
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HL
2 

Gavin Rd GL 1 
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Kuhatahi KL 1 
KL
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KL
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APPE ND I X 2 : 

VG Qz Fds Bt Opx Cpx Hb FeO 

86 3 6 < 1 2 <1 <1 < 1 

84 3 7 1 2 < 1 <1 2 

95 < 1 3 < 1 1 < 1 <1 -
93 2 4 - <1 - < 1 < 1 

92 2 2 < 1 < 1 <1 < 1 < 1 

78 6 1 5 < 1 2 <1 < 1 < 1 

80 5 1 1 < 1 2 < 1 < 1 < 1 

78 5 1 2 < 1 2 - <1 2 

88 2 9 < 1 1 - <1 < 1 

88 3 6 <1 1 - < 1 < 1 
-

88 2 7 < 1 2 - < 1 -
87 2 9 < 1 <1 - < 1 < 1 

78 3 1 2 1 27 - 2 < 1 

87 2 7 < 1 < 1 <1 <1 3 

86 2 9 <1 1 < 1 < 1 < 1 

80 3 1 4 <1 2 - <1 < 1 

88 3 6 < 1 1 < 1 <1 < 1 

83 4 8 < 1 1 <1 <1 <1 

81 s 1 1 <1 2 <1 <1 < 1 

82 3 7 < 1 1 - <1 < 1 

77 2 1 8 <1 2 < 1 - < 1 

75 3 1 8 < 1 2 < 1 <1 < 1 

78 3 1 6 - 2 - < 1 < 1 

78 2 1 7 - 2 < 1 - < 1 

87 < 1 1 0 <1 < 1 - < 1 < 1 

84 3 1 0 < 1 2 < 1 < 1 < 1 

Frequency of mineral species (percent ) 

in very f i ne sand (63 - 125r m) fractio n 

in Pos t-O ka reka l oess de pos its . 

132 , 
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Highland EL 1 Hill EL
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3 

APPENDIX 3: 

1 3 3 . 

VG Qz Fds Bt Opx Cpx Hb Fe O 

75 7 1 4 < 1 2 < 1 1 2 

75 7 1 1 < 1 3 <1 1 2 

94 2 3 < 1 < 1 - < 1 <1 

93 1 3 < 1 1 <1 < 1 < 1 

82 6 7 < 1 1 < 1 1 1 

70 6 1 9 - 2 <1 <1 2 

79 5 1 2 <1 <1 - < 1 3 

71 5 1 8 < 1 2 - < 1 3 

74 5 1 5 < 1 2 <1 1 2 

75 8 1 3 < 1 2 - < 1 < 1 

65 0 20 < 1 3 <1 < r < 1 

62 1 0 20 2 2 < 1 2 < 1 

74 6 14 1 3 <1 <1 1 

72 4 1 9 - 1 < 1 < 1 5 

80 3 1 2 < 1 1 < 1 < 1 3 

78 4 1 5 < 1 2 - <1 <1 

68 8 1 8 < 1 3 < 1 <1 2 

74 6 1 3 < 1 3 < 1 < 1 2 

78 5 1 1 < 1 2 < 1 < 1 2 

79 6 1 1 < 1 2 - < 1 2 

61 6 28 < 1 < 1 < 1 < 1 < 1 

66 4 26 < 1 2 <1 < 1 1 

62 8 1 9 <1 5 <1 2 2 

75 6 1 6 < 1 1 < 1 < 1 < 1 

72 4 20 < 1 1 <1 < 1 2 

70 6 1 6 < 1 3 1 2 1 

Frequency of mineral species (p ercent ) 

in fine sand (125 - 25014m) f r action in 

Post-O kareka loess deposits. 



LOC ATION 

Tr un k Rd RA L 

RA 

Gav i n Rd GA 

Te Ngae HA 

Dkareka Quarry AA 

Lyn rnore I A 

Pukehangi Rd BA 

Ngongotaha JA 

Tarukenga CA 

Dalbeth Rd DA 

Highla nd Hi ll EA 

Ku ha tahi KA 

APP END I X 4 : 

Mean Grain - size Sorting (e7r) Skewness (SK I ) 

0 rm 0 

1 . 7 5 300 2 .3 6 vps 0 . 26 fs 

2 . 96 130 2 . 6 1 vps O. J6 [, fs 

3 . 26 105 1 . 99 ps/vps 0 . 35 sfs 

3.29 1 04 1 . 7 3 ps 0 . 46 s fs 

2 . 1 3 230 2 . D 1 vps D. 3S s fs 

1 . 55 3 tl 5 2 . 4 2 v ps 0 . 30 sfs 

3 . 27 1 03 1 . 66 ps 0 . 39 sfs 

3 . 09 1 1 8 1 . 8 8 ps 0 . 33 sf s 

2 . 90 13 5 1 . 78 ps 0 . 28 fs - sfs 

3 . 1 6 1 1 3 1 . 0 3 ps 0 . 28 fs 

3 . 84 70 1 • 8 7 ps 0 . 37 s fs 

4 . 07 59 1 . 72 ps 0 . 32 sfs 

Summary of textural ana lyses for Dkareka Ash deposits . 

KurtcJs is 

1 . 20 

0 . 89 

1 • 02 

1 • 3 5 

1 . 02 

1 . 1 a 
1 . 09 

1 . 1 3 

0 . 94 

0 . 86 

0 . 87 

0 . 97 

( Kr) 

Ll 
.p,. 



LOCATION 
Mean Gra in - s ize Sorting ( CJ)) Skewness ( SK 

1
) Kurtosis 

0 f m 0 

Trunk Rd PT 4. 63 40 1 • 6 6 ps D. 20 fs 1 . 09 

L1 4 . 1 2 57 2 . 09 vps 0 . 04 nearly sym 1 . 20 

L2 3 . 04 120 2 . 14 vps o. oo nea r ly s ym 0 . 97 

Gavin Rd GL
1 4 . 71 38 1 . 52 ps 0 . 34 sfs 1 • 00 

GL
2 

4 . 85 35 1 • 4 5 ps 0 . 38 sfs 1 • 03 

GL 3 4 . 57 42 1 . 6 7 ps 0 . 29 fs - sfs 1 • 1 4 

Te Ngae Hl 1 4 . 86 35 1 . 71 ps 0 . 08 nearly sym 0 . 90 

HL2 
4 . 38 48 1 . 7 5 ps 0 . 32 sfs 1 . 07 

Okareka Quarry AL 1 4 . 54 43 1 . 7 3 ps 0 . 1 1 nearly sym/fs 1 . 2 3 

AL2 
4 . 56 4 2 1 . 8 3 ps 0 . 23 fs 1 . 1 1 

AL3 3 . 97 64 2 . 2 1 vps 0 . 20 fs 1 • 08 

Lynmore IL 1 4 , 82 35 1 , 54 ps 0 , 35 sfs 1 . 1 0 

IL2 
4 . 37 4 8 1 • 7 0 ps 0 . 1 6 fs 1 o06 

Pukehangi Rd BL 4 . 90 33 1 . 76 ps D. 1 7 fs D. 9B 

AP PENDIX SA : Summary of te xtural analyses for Post - Okareka loess deposits . 

(KG) 

w 
lJl 



Mean Grain - s ize Sorting (~) Skewness (SKI) Kurtosis 
LOCA TION 

,0 rm ,0 

Ngongotaha JL1 5 . 1 8 28 1 . 66 ps D. fs D. 85 

J L2 4 . 49 45 1 . 7 0 ps 0 . 32 sfs 0 . 97 

Taru ke nga CL
1 

5 . 23 27 1 . 55 ps 0 . 09 nearly sym/fs 0 . 91 

CL 2 
5 . 1 7 28 1 . 6 D ps 0 . 20 fs 0 . 81 

CL 3 4 . 69 42 1 . 6 1 ps 0 . 34 st fs 1 . D 1 

Da lbeth Rd DL
1 

5 . 1 9 27 1 . 59 ps 0 . 1 2 fs 0 . 83 

DL
2 

4 . 58 42 1 . 4 9 ps D. 40 sfs 1 • DO 

DL
3 

4 . 84 35 1 . 5 D ps 0 . 31 sfs - fs 0 . 95 

DL4 
4 . 72 38 1 • 54 ps 0 . 29 fs - sfs 1 • 05 

Highland Hill EL 1 5 . 19 28 1 . 54 ps 0 . 21 fs 0 . 90 

EL
2 

5 . 09 29 1 . 4 4 ps 0 . 32 sfs 1 . DO 

EL 3 
5 . 41 24 1 • 5 7 ps 0 . 07 nearly sym 0 . 81 

Kuhatahi KL
1 

5 . 54 22 1 . 6 0 ps 0 . 08 near ly sym D. 87 

KL
2 

5 . 56 21 1 . 55 ps 0 . 08 ne a rly sym 0 . 86 

KL3 
5 . 49 22 1 . 5 9 ps 0 . 08 nearly sym 0 . 81 

APPE ND I X SB : Summary of tex tural analyses for Post-D kareka loess deposit s . 
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GR ID REF : 

LOCATIO N: 

ALTIT UDE : 

RAI NFALL : 

AP PENDIX 

N77 / 93 713 6 

forestry road east 
of Tarawera , pas t 
Rerewhakaaitu 
township 

430m 

2000mm 

OVERB UR DEN DEP TH: 5 . 75m 

6 A : 

TOP OGRAP HY : undulating lan d scape 
densely covered in 
native bush 

DRAI NAGE : free - draining 

Site description ; TRU NK RD 

r k 

okl 

ok 

te 

t e 

kw L 
l,J 

-.J 



cm 

0 

25 

65 

10 5 

130 

165 

D 
D 

r k 

... ______________ _ 

D 
D 

--- - - --- --- -

D 

D 
D 

- - ... --- --- - -

ok 

AP PENDIX 6 8 

distinct boundar y 

2 . SY 4/4 - 10YR 5/8 silt loam ; 
massive ; moist ; man y pores ; 
pinheads ; 
2 . SYR 5/6 scattered lapilli 

distinct boundary 

2 . SY 8/2 - 7/2 white/ light 
gre y ; shower bed de d very f i ne 
san dy ash a nd lapill i 

irre gu lar b oundary 

shower bedded fine ash an d 
lapilli ; some pin heads 

1 3 B . 

2 . SY 6/2 - 7/2 light gre y mediu m 
f in e lapilli ; irregular boundary 

SY 7/2 l i ght g rey showe r bedded 
me dium fi ne lap i lli , lithic an d 
pum ice frag ments overl y ing coarse 
l apilli; iron bandin g betw een 
laminae 

2 . SY 7/ 4 pale y ellow medium fine 
shower bedded ash 3n d lapil li 

distinct bounda r y 
2 . SY 7/2 light g rey coarse lapilli 
banded ap peara nc e 
medium coar s e lapilli with s o me 
me di um fine l apilli ; some mottles 

i rregular boundary 

SY 6/ 3 pale olive med iu m to coarse 
lapilli; grading to coarse lapilli 
at base 

2 . SY 5/0 grey fine lapilli and ash; 
shower bedded 

dist inct boundary 
some iron move ment evident from 
basal la y er of ok throu gh to tel; 
eluvial layer at top of te l 

Profile description; TR UNK RD 



GRID REF : 

LDCAT ION : 

ALTITUDE : 

RAINFALL : 

AP PENDIX 

NB6/99 1833 

road side 
secti on east 
of 
Rerewhakaaitu 
township 

430m 

1600mm 

OVERBURDEN DEPT H: 6 . 85m 

7 

TOPOGRAPH Y: hill surrounded 
by f arml a nd 

DRAINAGE : free - draining 

Profile description ; GAVIN RD ; 

cm 

D 

sect i on G 

distinct boundary 
2 . SY 6/6 olive - yellow ma s sive 
s ilt loam 

some mottles and pinhead s ; 
pores ; some fine roots wit h 
orange mottles 

2 . SY 6/4 lig ht yellowi s h- brown 

some 
san d 

mixi ng of coars8 and fin e 
firmer at base 

45 indistinct boundar y 
SY 7/3 pale yellow shower 
bedded fine l apil li an d ash ; 
s c at tered coarse l ap il li ; 
whiter at base 

60 - 65 irregular boundary 

LJ 
\.0 



GRID REF: 

LOCATION: 

ALTITUDE : 

RAINFALL : 

APPENDIX B 

N75/79 111 2 

roadside 
section o n 
Rotorua ­
Ta u ranga state 
highwa y, 1 ODm 
f r om tur noff t o 
Whakatane 

290m 

1750mm 

OVERB URD EN DEPTH : 4 . 90m 

TOPOGRAPH Y: la kesid e area 
surroun ded by 

farmland 

DRAINAGE: free - d r ai ni ng 

Profile description ; TE NGAE ; sectio n H 

wh 

rr 

rk 

ok L 

cm 

D distinct boundary 
2 . SY 5/4 - 6/4 light o l ive - brow n 
massive silt l oam ; some pin ­
heads ; pores ; some grey 
mottles 

2 . 5Y 5/4 l i ght olive - brown s ilt 
loam ; s om e sandy i nc lu s i o ns 

35 irr egular bo undary 
2 . 5Y 6/4 l ight ye l low - brown 

ok I shower be d de d fine la pi l l i a nd 

teL 

52 a s h ; indistin c t irregular 
bou ndary 

~ 

D 



GR ID REF: 

LOCATION : 

ALTITUDE : 

RAINFALL : 

APP EN DIX 

N7 6/79 8002 

quarry site , 
Okareka Loop Rd 
eas t o f Rotorua 

4 6 0m 

1500mm 

OVERBURDEN DEPTH : 7 . 1 Sm 

TOPOGRAPHY: s ite i s expos e d 
by q ua rry in g , 
s urrounded by 
f orest and 
farmland 

DRAINAGE : fr e e - dr a inin g 

9 Profile des c r i pt i o n ; QKAREKA QUAR RY ; s ection A 

rk 

ok J 

ok 

cm 

0 
iron band i ng 

distinct boundary 
2 . SY 5/6 light olive - brown massive 
silt loam ; pin he ad s 

compact 

2 . 5 Y 6 / 6 o 1 iv e - ye 1 1 ow s a n dy s i 1 t 

52 - 68 irr egular bou ndary 
2 . SY 6/4 light ye l lowish - brown 
showe r bed d ed ash and lapilli 

coarse lapi l li at base ; wh iteis h 
basal layer ; scattered pin­
heads 

84 - 90 irregular distinct boundary 

.:,. 



GRID REF: 

LOCATION: 

ALTIT UDE : 

RAINFALL: 

N76/757025 

quarry pumice 
pit 300m from 
end of Walford 
Drive 

320m 

1550mm 

OVERBURDEN DEPTH : 1 . 40m 

TO POGRAP HY : gully area 
surrounded by 
forested hill s , 
rim of Rotorua 
Basin 

DRAINAGE: free - draining 

APPENDIX 1 0 Profile description; LYNMORE ; sec t ion I 

cm 

D indistinct irregular bou ndary 
2 . 5Y 4/4 olive - brown silt loam; 
massive ; pinheads ; pores ; 
some roots 

2 . 5Y 5/4 light olive - brown silt 
loam 

2 5- 32 irregular boundary 

SY 5/3 olive shower bedded ash ; 
coarse lapilli at base grading 
to fine ash 

50 - 62 irregular di s tinct boundary 

~ 
N 



GRID REF : 

LOCATIO N: 

ALTITUDE : 

RAINFALL: 

APPENDIX 1 1 

N76/693017 

southwestern edge 
of Rotorua city , 
south of Rotorua 
stadium 

300m 

1500mm 

OVERBURDEN DEPTH : 1 . 40m 

TOPOGRAPHY : low lying hummock 
surro unded by 
farm land 

DRA I NAGE: free -d raining 

Pro f ile description ; PUKEHANGI RD , sect ion 8 

cm 

rk 
~ 0 indist inc t boundary 

okl 

ok 

kwL 

25 

2 . 5Y 5/4 light olive - brown 
mass i ve , quite compact silt 
loam ; som e pores 

irregular boundary 
2 . SY 6/4 light yel l owish - brown 
shower be dded fine s andy as h ; 
some mottles from old root 
channels 

65 irregular distinct boundary 

~ 

w 



GRID REF : 

LOCATION: 

ALTIT UDE : 

RAINFALL : 

APPE NDIX 12 

N76/672 103 

roadside section 
Rotorua - Tirau 
state highway 
1km from 
Ngongotaha 
tur no ff 

300m 

1900mm 

OVERBURDEN DEPTH : 2 , 00m 

TOPO GRA PHY : low - lying hill 
slopin g to 
L. Rot orua 

DRAINAGE : free - draining 

Profile description ; NGONGOT AHA, section J 

cm 

0 irregular boundary 
2 . 5Y 5/4 light olive - brown 
massive s ilt l oam ; some pores ; 

pinheads and fine rootlets 

26 irreg ul ar boun dary 
2 . 5Y 6/4 ligh t - yellowish - b r own 
s hower bedded l a pilli and fine 
sa ndy ash 

lithic fragm ents 

55 distinct boundary 

.i::,. 

.i::,. 



GRID REF : 

LOC ATIO N: 

ALTIT UDE : 

RAI NFALL : 

APP END I X 1 3 

N76/6 3 9 12 0 

roadside se c tio n 
part of 
Tarukenga 
deviation 
Rotorua - Tir a u 
highway 

380m 

1900mm 

OV ERBURD EN DEPTH : 2 . 75m 

TOPO GR APH Y: side of Mamaku 
plateau 
surrounded by 

farmland 

DRAIN AGE: free - draining 

Profile descrip tion ; TARUKENGA , section C 

rr 

rk 

okl 

cm 

0 indistinct boundary 

5Y 5/3 olive massive silt loam ; 
many pores and fine roots ; 

pi 11heads ; moist 

2 . 5Y 5/4 light olive - brown 
silt loam 

100 indistinct boundary 
~ 2 . SY 5/4 light yellowish - brown 

11 5 fine ash and lapilli ; coarser 
at base ; indistinct boundary 

tel 

.t,. 
lJl 



GRID REF : 

LOCATION : 

ALTIT UD E : 

RAI NF AL L : 

AP PENDIX 14 

N76/628 11 9 

roads i de secti on 
west of Dalbeth 
Road on Rotorua ­
Tirau highway 

410m 

2000mm 

OV ERBURDEN DEPTH : 2 . 80m 

TOPO GR AP HY : hill on down ­
slope , easter n 
side of Mamaku 
Plateau , 
surrounded by 
farmland 

DRAIN AGE : free - draining 

Profile description ; DALBETH RD , sectio n D 

okL 

ok 

teL 

cm 

0 

1 5 5 

1 70° 

distinct boundary 

indistinct boundary 

5Y 5/3 olive massive silt loam ; 
very moist with dee p pores ; 
some old root channels ; many 

pinheads 

2 . SY 4/4 olive - brown silt loam 

2 . 5Y 5/4 light olive - brown s ilt 
loam ; firm 

many pinheads 

indistinct boundary 
2 . 5Y 6/4 light yellowish - brown 
fine ash and l a pilli ; distinct 
bo undary 

.i:::,. 
CJ'\ 



GRID REF : 

LOCATION: 

ALTIT UDE : 

RAINFALL : 

APPE NDIX 

N76/495 168 

Rotorua -T irau 
highw ay approx . 
2km east of 
Highland Hill 
Station 

550m 

2200mm 

OVERBURDEN DEPTH : 1 • 35m 

TOPOGRAPHY : on crest of 
Mamaku Plateau 
covered by 
native forest , 
overlying 
weathered 
Mamaku 
I gnimbrite 

DRAI NAGE : free - draining 

1 5 Prof ile descriptio n; HIGHL AND HILL , section E 

ok L 

cm 
1 D indistinct boundary 

2 . SY 5/4 light olive - brown 
massive silt lo am ; very 
moist ; many roots ; 
compa ct 

very 

2 . SY 4/4 olive - brown s ilt 
loam 

75 indistinct boundary 

1 DO 

2 . SY 6/4 light yellowi sh - brown 
shower bedded ash;grading from 
fine ash a nd lapilli to very 

,fine s a ndy ash 

.j::,, 

--J 



GRID REF : 

LOCATION : 

ALTIT UDE : 

RAI NFALL : 

OVE RBURDE N 

TOPOGRAP HY : 

DRAINAGE : 

AP PENDIX 16 

N75/4 4 2 1 83 

recent roa d s id e 
cutting on 
Rot orua - Ti ra u 
highway , 
adjace n t 
Kuha t a hi River 

450m 

1900mm 

DEPT H: 0 . 90m 

Profile desc r iption ; 

hi ll on we s t e r n E ,, , -'---..>' • .. • . c. .. ~ ~ ~' . ~ .. . 
downslope of , ~- ,, ~~ -.. : 

- -· $'-, 'j ~- ., , Mam a k u P l a t e a u , · .... '?.':~< 1
0
,- • ,t, .~, ,~t:-: 

. ·" · ''1 .. •' . "'{ . dense nat ive -~ .•. ,':E·.~· • ..,! ~ -
• 1 .. __ , ~- ,,_,_,4'···--~-' ~- ... 

bush surr ou ndin g .,_ :- ~~-.;,,"":":!:;_;··· · ".-~·,.....:. ~:;:- :~~~-. . :·~~':J -:~ ,' ,}·)\~~;~. 
fr ee dra i n ing ~='r- •. _.;..._ ·"""'-·, ·•·· ·1 •'•\ ii: .,. - ~.,;. . :;-.,:...,.,.; ,,_ .. ,.,: --~~-:... :--_ - ·.~"-· -

KUHAT AHI, section K 

okL 

ok 

kw 
L 

kw 

cm 

D i rregula r di st in ce boundary 
10Y R 4/6 dark yellowis h- brow n 
silt loam ; many fine roots ; 
massive ; very moist ; man y 
pores ; som e orange mot t les 

90 

1 05 

2 . SY 5/4 light olive - brown 
s ilt loam 
ha rder and more compact 

2 . 5Y 4/4 olive - brown s ilt l oam 

irregular bo undary 
2 . 5 Y 5/6 light olive - brown 

shower bedded fine sandy ash 
an d lapilli ; irregular bounda r y 

CD 




