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ABSTRACT 

I n  th i s  thes i s  the ori g i n  of so i l parent materi a l s i n  the North 

I s l and of New Zea l and was i nves ti gated . The parent  materi a l s var i ed 

from basa l ti c ,  andes i ti c  a nd rhyol i ti c  vo l can i cs to q uartzos e  beach sands  

and quartzofe l dspath i c  sed imentary rocks . Oxygen i sotope and gra i n  s i ze 

ana l ys i s  s how that q uartz from g l obal aerosol i c  dust  ( represented by the 

5 - 2  �m s i ze fracti o n ) , i n terreg i ona l  l oess ( represented by the 63 -

20 �m s i ze fracti on )  and i ntrareg i ona l sand ( represented by the > 63 �m 

s i ze fracti ons ) can  be i denti fi ed i n  s o i l s  formed from these materi a l s .  

I n  add i ti on ,  h i gh temperature q uartz from Centra l North I s l and rhyo l i ti c  

tephra s i s  i denti fi ed i n  basal ti c s o i l s  i n  North l and . 

The  pres ence of  l oca l l y  deri ved q uartz i n  the aeroso l i c dust  fracti on  

i s  demonstrated i n  the  basa l ti c  Ki ri paka so i l  from North l and . I n  th i s  

so i l  a l ow temperature quartz component wi th a o18o va l ue of ci rca 26  °/oo 

( i n contrast  to the aeroso l i c  quartz o18o va l ue of 12 - 13 °/oo ) was 

deri ved from nea rby Terti ary mari ne s ha l es by eros i on and wi nd trans port . 

I n  al l of the so i l s  exami ned , no evi dence of pedogen i c  a-quartz was 

obta i ne d .  I n  parti cu l a r ,  q uartz from the h i gh l y  s i l i ceous a l b i c hori zon 

of a W harekohe soi l , a " kaur i  podzol " ,  i s  of  detri tal rather than auth i geni c  

ori g i n .  

Aeroso l i c quartz accumu l ati on i n  soi l s  devel oped on a s eri es of  

s urfaces of known age  i n  southern North I s l and s hows a correl a t i on between 

age and  the amount  of quartz accumu l ated . Thus wi th i n  a reg i on ,  rel ati ve 

a ges  of s urfac es can be estimated from quartz accumul at i on . 

I n  an  Egmont so i l from Tarana k i , an i ncreased rate of q uartz 

accumu l at i on i s  noted i n  the l ower part of the s o i l  profi l e .  Th i s  i s  
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correl ated wi th a l ate g l ac i al cl i mate pr i or to the c i rca 1 1 , 000 year 

B . P .  post-gl ac i al r i s e  i n  s ea-l evel . Dur i ng th i s  t ime tephr i c  l oess  

wi th a s u b stantial  ( 30% )  detri tal q uartzofel dspath i c  component accumul ated . 

After the s ea-l eve l  ri se  cut  off the source of the tephri c l oess , on ly  

teph ra accumu l ated to  form the  upper part of the s o i l profi l e ,  i n  whi ch 

the detri tal q uartzofe l dspath i c  component i s  smal l .  

The chronos equence concept coul d not  be d i rectly app l i ed to a 

deve l o pment sequence of basal ti c s oi l s  i n  North l and . On l y  one s oi l , the 

Ki ri paka , accumul ated fas t enough for the g l ac ial /post-g l ac i al change i n  

quartz accumul at i on to be detected . The  remai n i ng basal ti c so i l s ,  

Whati ti ri , Wai otu , Keri keri , Ruatangata and Okai hau , accumu l ated s l ow l y  on 

o l d surfaces and i n  some cases were s ubj ect to eros i on .  

I n  a mi neral ogi cal  exami nat i on o f  the sand and s i l t  fracti ons o f  the 

basal ti c so i l s ,  four  d i s ti nct components are recogn i sed : 

1 .  Basal t i c  component - compri s i ng mi neral s i nheri ted from pri mary 

basal t tephra or l ava . These i ncl ude cal c i c p l ag i oc l as e ,  

magneti te , aug i te and , rare l y ,  o l i v i ne .  

2 .  Secondary component - g l aebu l es of g i bbs i te ,  goeth i te and l es ser 

amounts of  cl ay m i neral s and hemati te .  

3 .  Rhyo l i t i c  component - abundant i n  the s urface hori zons of al l s i x  

s oi l s and compri s i ng rhyol i t i c  g l as s  s hards and pumi ce , sod i c  

p l ag i oc l ase , hypers thene , hornb l ende , augi te , b i oti te , 

ti tanomagneti te , quartz , z i rcon and rare san i d i ne . 

4 .  Detri tal component - compri s i ng predomi nantly q uartz < 1 25  �m 

i n  s i ze and l arge ly  deri ved as l oess  and aero�l i c  du st .  

mi n eral s occurr i ng are muscovi te , pl ag i ocl ase and rarel y  

mi crocl i ne and tourma l i ne .  

Other 

Through the so i l devel opment  s equence the basal ti c component rap i d l y  
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becomes un important  wh i l e  the secondary component i ncreases i n  s i gn i fi cance 

to a l evel  where the so i l gra i n  s i ze characteri s t i cs are l a rgel y  contro l l ed 

by the di s tri buti on of  g i bbs i te and goeth i te g l aebu l es . 

I n  a further s tudy of  q uartz accumu l ati on wi th time , a core of mari ne 

sediment from off the eas t  coast of the southern North I s l and i s  exami ned . 
Re.reVJ ha. ka.o.ttu. Ash 

Core P69 conta i ns fi ve tephras , Whakatane Ash , Rotoma Ash , Wa i ohau  As�fnd 

Kawakawa Tephra , wh i ch have b een radi ocarbon dated from terres tr i a l  

sequences . I nterpo l ati on a nd extrapo l a ti on of  sedimentati on rates i n  

core P69 a l l owed estimates of  the ages o f  four further rhyo l i ti c  tephras 

from the Centra l North I s l and , for wh i ch no re l i ab l e radi ocarbon dates are 

ava i l ab l e :  

Okareka Ash  

Te  Rere Ash 

Poi h i p i Tephra 

Oka i a  Tephra 

1 7 , 100 years B . P .  

19 , 100 years B . P .  

20 , 300 years B . P .  

2 1 , 200 years B . P .  

Quartz accumu l at ion decreases abruptly from a h i gh Oti ran ( gl ac i a l ) 

to a l ow Aranu i an ( post-g l ac i a l ) rate at  c i rca 1 4 , 700 years B . P .  Th i s  i s  

matched by a s imi l ar abrupt change i n  both b i ogeni c s i l i ca and carbonate 

accumul a t i on .  The changes are i nterpreted a s  refl ecti ng a southward s h i ft 

of  a s trong wes terly w i nd  system at the end of the Oti ran . The decreas ed 

w i nd i n tens i ty ,  coup l ed wi th forest  expan s i on l ed to a reduct i on i n  ero s i on 

and reduced transport o f  quartz . The b i o l og i ca l  components a l so decreased 

at  th i s  t ime ,  probab ly  due to c hanges  i n  ocean currents and u pwel l i ng of 

col d ,  n u tri ent-ri ch water , as  a resu l t o f  the decreased wind i ntens i ty .  

Compared wi th aeroso l i c  dust  accumu l at i on i n  the southern North 

I s l and chronoseq uence , far greater amounts of aeroso l i c  q uartz accumu l ated 

i n  core P69 over a s imi l ar t ime peri od . Th i s  i ndi cates that l oca l 

con tr i b ut i on s  to the 5 - 2 �m s i ze fracti on can cause much l arger var i a t i ons  
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i n  quartz accumu l at ion  than those  caused by rai nfa l l var i at i ons  reported 

i n  the l i terature . 

The fol l owi ng l ate Oti ran - Aranu i an  chrono l ogy i s  s ugges ted , based 

on the ev i dence i n  core P69 : 

23 , 000 - 1 9 , 200 

19 , 200 - 18 , 500 

1 8 , 500 - 16 , 200 

1 6 , 200 1 4 , 700 

14 , 700 - 1 4 , 400 

col d ,  gl ac i a l 

g l aci a l , s l i ght  amel i orat i on 

g l ac i a l , maxi mum co l d  

c l i mat i c amel i ora t i o n ,  max i mum aeol i an 
tran s port and eros i on ,  l i ttl e forest  cover 

southward mi grati ng  ci rcumpo l a r  currents 
a nd westerly wi nd systems l eave  area of 

core P69 , rap i d  expans i on of forest  cover 

14 , 400 - 9 , 500 amel i orat i ng  cl i mate ,  early post-g l ac i a l  

9 , 500 - present post-gl ac i a l . 
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CHAPTER 1 

I NTRODUCTION 

Dust i n  the Atmosphere . 

The l ong d i s tance transport of dust i n  the atmosphere has  been 

wel l estab l i s hed . S i rocco wi nds carry dust  from northern Afr i ca across  

the Medi terranean i n to Europe ( Rex and  Gol db erg , 1962 ; P i tty, 1968 ; 

Ba i n  and Tai t ,  1977 ) . I n  the North Atl anti c the trade wi nds a l so  

conta i n  l arge concentrat i ons of  dus t ( Pros pero , 1968 ; Ches ter and 

Johnson , 1971 ) , l argel y deri ved from equatori a l  Afr i can so i l s  and the 

Sahara Desert (Asto n , et �. , 1973 ) . These wi nds depos i t  thei r dus t 

l oad as  far wes t a s  North Caro l i na ( S yers et �. , 1969 ) , Barbados , 

B ermuda ( Parki n et �. , 1 96 7 ;  De l any et �. , 1967 )  and South Ameri ca 

( Prospero et �. , 1981 ) . Sediment transport from North Ameri ca to the 

North Atl anti c by wi nd , and i n  parti cu l ar  by l arge dust-s torms , i s  a l s o  

thought to be  an i mportant contri buti on to  the present  accumu l at i o n  of  

mari ne sediment (Wi ndom and Chamberl a i n ,  1 978 ) . 

1 

Atmospheri c dust transport i s  a l so  wel l documented i n  the Sou th 

Paci fi c .  Red dust  from the ari d ,  centra l reg i ons of Austral i a  has  been 

recorded i n  s o i l s  and s now from the temperate reg i ons of eastern 

Austra l i a  ( Wa l ker and Costi n ,  1970 )  and New Zeal and ( Mokma et �. , 1972 ) . 

The occurrence i n  New Zeal and of ' red dust• from Austral i a  has  frequentl y 

been observed ( Marsha l l , 1903 ; 1929 ; K i dson , 1929 ; 1930a ; 1930b ) . 

I n  the Northern Hemi s phere the desert reg i ons of  As i a  have been the 

source of both the extens i ve Ch i nese l oess  depos i ts ( Ba rbou r ,  1 927 )  and 

dust wh ich  h as been recogn i s ed as  bei ng depos i ted acro s s  Japan to the 



North Pac i fi c  ( Futi , 1939 ; Rex and Gol dberg , 1962 ) . In  the equator i a l  

ea stern Pac i fi c  the southeast  trade w i n ds carry l arge dust l oadi ngs . 

These dusts show the effect of concentrated vol cani c acti vi ty a l ong the 

2 

eas tern marg i n  of the Pac i fi c  by conta i n i ng a h i gher vo l ca n i c  component 

than dusts from e l sewhere ( Rex and Go l dberg , 196 2 ;  P rospero and Bonatti , 

1969 ) . These observati ons a re i n  contrast  to the wes terl y wi nds i n  the 

South Paci fi c wh i ch carry h i gh l y quartzose  dust l a rgel y deri ved from 

Au stra l i a  ( Rex and  Gol dberg , 1962 ; W i ndom , 1969 ) . 

Dust Generat ion  and Transpor t .  

Mos t epi sodes of  dust generat ion a re a res u l t of s torm acti v i ty ,  

parti cu l arl y gusty ,  i rregu l ar wi nds wi th l ow h umi d i ty rather than 

pers i s tent preva i l i ng wi nds ( Yaa l on and Gi nzbourg , 1966 ; Jackson et �. , 

1973 ; Fan and Di s rud , 1977 ) . The i n teracti on of an u pper l evel  j et 

stream , coup l ed wi th strong s urface heati ng , g i v i ng ri s e  to du st-generating 

wi nds i s  descr i bed i n  deta i l  by  Jackson et �· ( 1 973) . So l a r  heati ng i n  

ari d reg i ons causes  a deep l ayer of m i x i ng o f  a i r .  Hori zonta l and 

vert i ca l  wi nds that are generated erode s o i l , to carry parti c l e 

concentrati on s  i n  the order of 600 �g  m3 of a i r  to a l t i tudes  of  4 - 10  km . 

At these hei ghts dus t can affect di abat ic  cool i ng of the mi d-troposphere , 

pos s i b l y l ead i ng to i ncreased a i r subs i dence and ari di ty.  Jet s treams 

a s soc i ated w i th l arge cyc l on i c  s torms enter th i s  mi xed vo l ume and 

produce strong w i nd  gusts whi ch break  u p  s o i l aggregates to produce 

transportab l e s i l t-s i zed parti c l es ( Jackson et �. , 1973 ) . These are 

l es s  than a bout 20 �m i n  s i ze becau se  l arger gra i n s  have too h i gh a 

s ed imentat i on vel oci ty for l ong  d i s tance transport ( Gi l l ette , 1 974 ; 1977 ; 

Gi  1 1  ette et  �· , 1978) . The l ower s i ze l i mi t i s  a t  about  1 �m as  c l ay-

s i ze parti c l es are not eas i l y  separated from aggregates ( Sma l l ey ,  1970 ; 

Gi l lette et �· , 1972 ) . 



The  advent of nucl ear exp l os i ons  h as a l l owed the s tudy of movement 

of  atmos pheri c dust over l ong d i s tances ( Rex and Go l dberg ,  1962 ) . 

N ucl ear fal l ou t  from the tropos phere i s  general l y  restri cted to a band 

±10° l ati tude from source and i s  d i s tr ibuted throughout the band wi th i n  

3 

a peri od o f  14 days ( Karo l  and Mal a kov , 1965 ) . Dust  i s  transported 

l argel y by jet s treams i n  the troposphere and ,  because  these travel 

para l l el to l ati tude , dust  tends to be depo s i ted i n  the s ame l a ti tudes as 

the dust  sources ( Rex and Go l db erg , 1958 ; 1962 ) . Trans -equator ia l  

tra n s port i n  the tropos ph ere a l so  appears to be  s l i ght  as  atmospheri c 

nucl ear expl os i ons  near the equator g i ve ri se  to l i tt l e  fa l l out  i n  the 

othe r  hemi s phere ( Jackson et �. , 1973 ) . I n  contra s t ,  radi oacti ve 

materi a l i nj ected at any l a ti tude i nto the s tratosphere tends to be 

depos i ted i n  mi d- l ati tudes ( E i s enbud , 1963 ) . 

The res i dence t ime of  dus t i n  the atmosphere i s  vari ab l e but  i s  of 

the order of 5 - 30 days ( Jac kson et �. , 1973 ) . However ,  c l i mate change 

may a l so i nfl uence res i dence time (Junge , 1963 ) . Depos i t ion  of  dust  i s  

pr imari l y  cau s ed by prec i p i tati on scrubb i ng (W i l k i ns ,  1958 ;  Rex and 

Gol dberg , 1962 ; Yaal on and G i nzbourg , 1966 ; Rex et �. , 1969 ; Jackson 

et �· , 1971 ; 1 973 ) , a l though i nerti a l  mechani sms such a s  i mpact ion and 

gravi tati onal settl i ng may a l s o be  i nvol ved ( Jack son et �. , 1973 ) . 

Dust  Compos i ti on . 

The compos i ti on o f  atmospheri c dust can i ncl ude wi nd eroded so i l , 

vol can i c  ash  and extraterrestr i a l  matter ( Jackson et �. , 1973 ) , a l though  

on a present g l obal bas i s  vo l ca n i c  ash  and  extraterrestri a l  contri but ions  

have been negl i g i b l e ( Hi dy and  Brock ,  1 970 ) . However , on  a l oca l  scal e 

the vol can i c  ash  component can predomi nate . For exampl e ,  i n  the north ­

wes t Pac i fi c ,  a s h  i s  a s i gn i fi cant component of  pel a g i c  s ed iments i n  some 
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areas ( Nayudu , 1964 ; Horn et �. , 1969 ; N i nkovi ch a nd Robertson , 1 975 )  

wh i l e  i n  the  South Pac i fi c  ash  i n  pel ag i c  s ed iments can  be traced a 

cons i derab l e d i s tance to the ea s t  of New Zea l and ( Huang et �. , 1973 ; 1975 ; 

Watki ns and Huaog ,  1977 ) . A h i gh vol cani c ash  content i n  the dusts of 

the South Pac i fi c  has contr i buted to an  overa l l l ower proporti on of quartz 

i n  Southern Hemi s phere dusts ( Aston et �. , 1 973 ) . The compos i t i on  of 

atmospheri c du sts has been corre l ated wi t h  dusts from soi l s  a nd s ed iments 

i n  spec i fi c  conti nenta l  areas ( Gri ffi n et �. , 1968 ; Wi ndom and  

Chamberl a i n ,  1978 ;  Prospero et �. , 198 1 ) . The broad correspondence of 

f i ne-gra i ned m i n era l ogy of  aeo l i a n  terri genous s ed iments wi th the types 

of conti nenta l c l i mate and weatheri ng has a l so been demon strated i n  the 

sediments of  wor l d oceans ( Gri ffi n et �. , 1968 ; Gri ffi n and Go l dberg , 

1970 ; Di ester-Haas s  and Chaml ey , 1978 ) . 

I n  genera l , ch l ori tes appear to be a s soc i a ted wi th pol ar  reg i ons  

whi l e  kaol i n i te i s  more common i n  sed iments of l ow l a ti tude where it  i s  

as soc i ated wi th  trop i ca l  weatheri ng ( Gri ffi n et �. , 1968) . Montmori l l ­

on i tes are most  abundant i n  pel ag i c sediments of the Southern Hemi sphere 

but th i s  i s  thought to be due to the greater occurrence of  vo l can i c a s h  

i n  the sediment ( Gri ffi n et �· , 1968 ) . I n  deta i l ,  however , correl a t i on 

of mi nera l og i ca l  changes wi th past  c l i mat ic  vari ations  i s  not a l ways 

found ( Gri ffi n and Gol dberg , 1963 ; B i s caye , 1965 ;  P i per and S l att ,  1 977 ) . 

For exampl e ,  the s ed iment l oad of major ri ver systems may mas k  any 

spec i fi c  mi nera l og i ca l  c l imat i c i nd i ca tors i n  deep- sea sediments 

( McManu s , 1970 ) . 

Quartz i s  a u sefu l marker mi nera l  i n  determi n i ng aeol i an a nd other 

modes of  sed iment transport because  i t  i s  present i n  a much wi der range 

of part i c l e s i zes than other m i nera l s present in deep- sea sed iments 

( Be l tagy et �. , 1 972 )  and i t  i s  a l most exc l u s i ve l y  deri ved from 

conti nental reg i ons  ( Ko l l a  et �. , 1979 ) . I t  i s  eas i l y determi ned 
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quanti tati vel y ( Syers et �. , 1 968 ) and has been used extens i ve l y to trace 

dust  addi t ions  to pe l agi c sed iments ( Radczewsk i , 1939 ; Oel a ny  et �. , 

1967 ; Bel tag y  et �. , 1 972 ;  E l l i s and Moore , 1973 ; Parki n and 

Shacke l ton , 1973 ; Bowl es , 1975 ; W i ndom , 197 5 ;  Oi ester-Haas s , 1976 ) . 

I n  atmospheri c dust two components may be present, one l oca l  and 

concentrated i n  the coarser s i ze fract i ons , the other gl obal  and 

concentrated i n  the fi ner s i ze fracti ons . A b imoda l s i ze d i s tr i but ion  has 

been found for parti cu l ate matter i n  permanent snow f iel ds , from Greenl a nd ,  

North Ameri ca , New Zea l and and  Antarcti ca , confi rmi ng  two sources of 

aeol i a n  mater i a l  i n  the atmospher i c  dust (W i ndom , 1969 ) . I n  a s tudy of 

basa l t i c  s oi l s  of V i ctori a ,  Austra l i a ,  two aeol i a n  quartz components have 

a l s o  been i denti fi ed .  One wa s 1 1 fl ottsand 1 1 , i ntermedi a te i n  gra i n  s i ze 

between dune sand and l oe s s  and of l oca l  ori g i n .  The other component was 

attri buted to aeroso l i c  dust  ( Jackson et �. , 1972 ) . Aeo l i an components 

( fl ottsand of  250 - 20 �m s i ze ,  l o ess of  50 - 10 �m s i ze a nd aeroso l i c  

dust  of 1 0  - 1 �m s i ze )  form wi despread addi t ions  to so i l s  and s ed iments 

i n  the South Pac i fi c  �eg i on ( Mokma et �· · 1972 ) . Both l oess  and 

aerosol i c  dust q uartz sou rces have a l so been recogni sed i n  s o i l s  from the 

southeastern U n i ted States  to the .Bahamas ( Syers et �· , 1969 ) , a ttes ti ng 

to the wi despread mu l ti p l e  nature of the source of atmospheri c dus t .  

Aeroso l i c  Du s t .  

?tab l e tropospher i c aeroso l s have a s i ze range of  20  to 0 . 1  � m  i n  

wh i ch the i nso l ub l e  fracti on compri ses ma i n l y s i l i cates ( J unge , 1963 ) . 

The s i ze d i s tri bution  o f  th i s  s i l i ca te fract ion  of aeroso l i c  dust  i s  

genera l l y  found to be 10  - 1 �m , w i tfi a mode a t  4 �m ( Rex and Gol dberg , 

1962 ; Wal ker and Co st i n ,  1 970 ; Jackson et �. , 1971 ; 1 973 )  and i s  

d i sti nct from the 1 0  �m to a bout  70 � m s i ze d i str i but i o n  of l oess  ( Ruhe , 

1 969 ; Jac kson et �· , 1971 ) . 
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Quartz i s  a major  component of atmospheri c dust ( Park i n  et �. , 

1970 ; Fol ger ,  1970 ; Chester and Johnson , 19 7 1 ;  Chester et �. , 1972 ) . 

Atmospheri c quartz i s  a maj or consti tuent of  pel agi c sediments of  the 

ea stern equator ia l  Atl anti c ( B i scaye ,  1965 ; B el tagy  et �. , 1972 ; 

Bowl es , 1975 ; Pa rki n and Padgeham , 1975 ; D i ester-Haa s s , 1976 ; Johnson , 

1979 ) . The decreas i ng gra i n  s i ze and abundance of quartz i n  deep-sea 

sediments w i th d i s tance from Afri ca ( B i scaye ,  1965 ; Bel tagy et �. , 

1972 ; Parki n and Padgeham , 1975 ) i s  cons i s tent wi th fa l l out  of quartz 

over the Atl anti c , c l a y  mi nera l s < 2 �m i n  s i ze reach i ng the Cari bbean 

( Del any et �·, 1967 ; Parki n et �·, 1970 ; P ro spero et �·, 1981 ) . 

Quartz i n  the 10  - 1 �m s i ze range i s  no t readi l y  generated by  many  

sed imentary processes  b ut  i s  thought to be produced by  two ma i n  mecha n i sms , 

g l ac i a l  gri ndi ng to form 1 1 Co l d 1 1 l oess ( Sma l l ey ,  1966 ; Sma l l ey and V i ta -

F i nz i , 1968 ; Smal l ey et �. , 1978)  and aeol i an i mpact of gra i ns i n  deserts 

( 1 1 hOt11 l oes s )  produc i ng quartz of predomi nantl y 5 - 1 �m s i ze ( Sma l l ey 

et �. , 1978 ) . However , l arge vo l umes o f  dust are transported from 

regi ons  i n  whi ch nei ther o f  these proces ses  appear to have opera ted , 

i nd i cat i ng  add i t i ona l sources of aeroso l i c  dust-s i zed quartz . S uch sources 

have been found i n  soi l s  on mari ne s ha l es , whi ch  can act as a reservoi r  for 

aerosol  i c  quartz ( Sr i dhar et �·, 1975 ; Churchman et �·, 1976 ) . 

Aeroso l i c  du sts have been reported a s  bei ng depos i ted i n  a w ide  

range of envi ronments , i nc l udi ng g l ac i a l  i ce ( Mokma et �. , 19 7 2 ;  Thompson 

et �. , 1975 ) , permanent s nowf ie l ds and  a l p i ne s oi l s  ( W i ndom , 1969 ; Wa l ker 

a nd Costi n ,  1 970 ) , s o i l s  ( Rex et �·, 1969 ; Syers et �·, 1969 ; Mokma et 

�. , 1972 )  and deep-sea s edi ments ( Rex and Gol dberg , 1958 ;  1962 ; Rex et �. , 

1 969 ; C l ayton et a l . ,  1972 ; Mokma et �· , 1972 ) . I n  order to trace the 

ori g i n  of aeroso l i c  du sts the oxygen i sotope abundance of aeroso l i c  q uartz 

has been used extens i vel y and succes s fu l l y . Stud i es of quartz i so l a ted 

from so i l s  i n  the Hawa i i an I s l ands  h ave shown an 18o; 16o ra t i o  and s i ze 
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d i stri buti on cons i s tent wi th deri vat ion  from an  aerosol i c  source , s im i l ar 

to q uartz i n  the surroundi ng deep-sea s ediments ( Rex et �. , 1969 ; 

Jackson et �. , 1971 ) .  The 18o; 16o ra tios  were i ncompati b l e wi th e i ther 

an  i gneous  or auth i gen i c  ori g i n ,  as  had been previ ous l y s uggested by 

Sh erman et �· , ( 1 964 ) . K - Ar dates on mi cas i n  both Hawa i i an s oi l s  

and Pac i fi c  deep- sea sediments g i ve ages o f  between 47 my and 1 55 my, 

much ol der than the a ge of the Hawa i i an I s l ands themsel ves ( H url ey,  1966 ; 

Dymond et �. , 1974 )  but cons i s tent wi th ages o f  mi cas from conti nenta l 

roc ks ( Jackson et �· , 197 1 ) . Th i s  ev i dence s trong l y  supports an  

aeroso l i c  ori g i n  ( Rex et �. , 1 969 ) rather than a pedogen i c  ori g i n  

( Juang and Uehara , 1 968 ) for the q uartz a md m i cas  i n  the so i l s  and  sediments 

of Hawa i i .  I n  a further study o f  so i l s  from the Ba hamas and North Caro l i na  

i t  was found tha t q uartz and other mi nera l s had been transported a s  

aeroso l i c  d u st  from North Afr i ca v i a  the Cari bbean - Sahara c i rcu l ati on 

system ( S yers et �. , 1969 ) to these l ocal i t i es ,  attest i ng to the wi de­

spread d i s tri buti on of aeroso l i c  du s t .  

I n  the South Pac i fi c  reg i on an  aerosol i c  ori g i n  has  been demonstrated 

for quartz i n  a range of env i ronments . I n  deep-sea s ed i ments the 18o; 16o 

rat ios  of  aeroso l i c  quartz decrease  wi th i ncrea s i ng l a ti tude ( C l ayton et 

�·, 1972 ; Le  Roux et �. , 1 980 ) , i n  contrast to the North Pac i fi c  where 

quartz 18o; 16o ra t ios  are h i gher but  s how no  cons i stent l a ti tud i na l  

vari at ion  ( C l ayton e t  �· , 1972 ) . Th i s  d i s tri buti on of  oxygen i sotope 

compo s i ti on i s  thought to be due to the occurrence of  more rock s tra ta 

conta i n i ng l ow temperature quartz i n  the Northern Hemi s phere , g i v i ng r i se 

to h i g her 18o; 1 6o ra tios , wh i l s t i n  the Sou thern Hemi s phere an  i ncrea s i ng 

abundance of h i g h  temperature quartz i n  source rocks  wi th i ncrea s i ng 

l t·t d h l d t d . 1 8o; 16o t· ( M  k t l 1 972 a 1 u e as e o ecreas 1ng  ra 1os o ma � �., ; 
Jac kson et �· , 1973 ) . 
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Aeroso l i c  quartz i s  recorded i n  sequences of basa l ti c  so i l s  i n  

both Austra l i a  and New Zea l and ( J ac kson et �. , 1972 ; Mokma � �. ,  1 97 2 ) . 

The 18o;16o rati os  of the quartz from the New Zea l and so i l s  was found to 

be s imi l a r to that of deep-sea sediments of equ i va l ent l a ti tude , sugges ti� 

a s imi l a r s ource (Mokma et �. , 1 97 2 ;  C l ayton et �. , 1972 ) . I ncrea s i ng 

abu ndance of quartz i n  the surface hori zons wi th i ncreas i ng soi l devel o pment 

i n  the New Zea l and so i l s  was i nterpreted as  s howi ng i ncrea s i ng aeol i an 

quartz accumu l at ion wi th t ime ( Mokma � �. ,  1 97 2 ) . Quartz of aerosol i c  

dust  s i ze was a l so  present  i n  a seri es of soi l s  devel oped i n  quartzo-

fel ds path i c  pa rent materi a l s i n  s outh Wes tl and , New Zea l and , but  cou l d not 

be d i s ti ngu i shed i s otopi cal l y  from coarser , l oca l l y-deri ved quartz ( Mokma 

et �· , 1 97 2 ) . The 18o;16o rati os  of quartz i n  s ha l es and so i l s  ha s been 

used e l s ewhere i n  quartz provenance s tud i es .  

quartz i n  sha l es from North Ameri ca were fou nd to be  i ntermed i a te between 

h i gh and l ow temperature quartz and the s ha l es  were suggested as a 

reservo i r  of mi xed ori g i n  quartz wh i ch became the source of aerosol i c  

mater i a l dur i ng g l ac i a l , fl uv i a l , aeol i a n  a nd weatheri ng processes 

( C hurchman et �. , 1 976 ) , as  has  been prev i ou s l y d i scus sed . W i nd eros i on 

of the f i ne s i l t frac ti on of  sandy soi l s  wa s a l so found to contri bute to 

aerosol i c  dusts ( G i l l ette et �. , 1 978 ; Sr i dhar et �. , 1 978) . 

The i ntermed i ate temperature of formati on of aerosol i c  quartz 

i nd i cated by i ts oxygen i soto pe rat ios  i s  due to the m i xed ori g i n  of the 

quartz , i ncl ud i ng both h i g h  a nd l ow tempera ture materi a l  from di verse 

sources ( Mokma et �. , 197 2 ;  Sri dhar et �· , 1 975) . The presence of 

chert part ic l es , compri s i ng a l ow tempera ture component ,  has been 

demon strated i n  s ha l es by both se l ecti ve d i sso l uti on i n  HF  and by di rect 

observati on by Sca nn i ng E l ectron Mi croscope ( SEM)  ( Sri dhar et �. , 1 975 ) . 

I ntermed i a te 18o;16o rati os  of quartz i n  the 50 - 20 �m s i ze fracti on of  

a s.oi l  deve l oped on cherty dol omi te were c l earl y s hown to be deri ved from 
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mi x i ng of l ow temperature cherty aggregates from the do l omi te and h i gher 

tempera ture quartz from l oess ( S a yi n  and Jac kson , 1975 ) . I n  g enera l , 

a erosol i c  quartz i s  deri ved from more di verse sources than quartz i n  

coarser s i ze fracti ons and con sequentl y has a hi g her 18o; 16o ra tio  s i nce 

i t  conta i n s  a h i gher proporti on of l ow temperature quartz . 

Atmosph eri c Du st i n  Deep-Sea Sediments . 

The  accumu l a t i on of atmo s pheri c du sts i n  deep-sea sed iments was 

fi rst  i nves t igated i n  the equa tori a l  Atl ant ic  ( Radczews ki , 1939 ) . 

Subs equ ent stud i es of  the exi s ti ng d i s tri b uti on of mi nera l s i n  deep-sea 

sed iments has been i n  rel a t i o n  to current cl imati c  zones ( B i scaye ,  1 965 ; 

Gr i ffi n et �. , 1 968 ; Gri ffi n and Gol dberg , 1 970 ;  P i per and S l att ,  1 9 77 ) . 

Of the mi nera l s deri ved by aeol i an transport ,  on l y  quartz s hows a 

s ystemati c var i ati on wi th c l i mate ( and t ime ) , the rema i nder bei ng more 

c l ose l y re l a ted to so i l s  and l i thol og i ca l  changes i n  sou rce area s 

( Bowl es , 1 975 ;  P i per and S l att ,  1977 ; Prospero et �. , 1981 ) . 

Much of the quartzose  component of pel agi c and hemi pe l a g i c  sed i ments 

can be attri buted to du st trans port (W i ndom , 1969 ; Johnson , 1976 ; W i ndom 

and Chamberl a i n ,  1978 ; Pro s pero et �. , 1981 ) . The d i stri buti on of  th i s 

quartz component appea rs to s how a concentrati on i n  the trade wi nd bel ts 

and westerl y wi nd sys tems of both hemi s pheres ( Chester and Johnson , 1971 ; 

Johnson , 1976 ) . For exampl e ,  i n  the eastern equatori a l  Paci fi c ,  an  

i ncrea sed abundance of quartz was demonstrated i n  sed iments from the  same 

l ati tude as the westerl y w i nd system at about  30°N .  Th i s  was con s i dered 

to i ndi cate t hat  quartz was transported i n  the tropospheri c westerl y j et 

s tream of  th i s  reg i on ( Rex and Gol dberg , 1958) . 

I n  the sou thwest  Paci fi c the transport of l arge amounts of dust  from 

the ari d and semi -ari d reg i ons  of Aus tra l i a  by tropospher i c  wi nds has  been 

reported ( Marsha l l ,  1 929 ; K idson , 1 929 ; 1 930a ; 1 93Gb ;  Mokma et �. , 1972 ; 
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Thompson et a l . ,  1975 ; Rognon and W i l l i ams , 1 977 ) . Here , the d i s tr i b u tion 

of quartz i n  Ho l ocene pel ag i c and hemi pel ag i c sediments shows a pattern of 

a bundance extend i ng i n  a broad zone southeast  of  Austra l i a ,  at  about 40 °S ,  

cons i s tent wi th the present tropospher i c wi nd system . However ,  a t  

1 8 , 000 years B . P .  ( the he i ght of the l ast  g l ac i a l ) a narrower zone of  

aeol i an q uartz d i s tr i but i on  extended a further 20 ° l ongi tude ea s t  than 

at  present and was centred further north at  about 30 °S .  Th i s  i nd i cates 

a northerl y s h i ft of an  i ntens i fi ed westerl y tropospheri c wi nd sys tem 

( Thi ede, 1979 ) . Such i ntens i f i ca ti on of wi nd sys tems , together wi th thei r 

expan s i on from present l ocati ons towards the equa tor , have been prev i ou s ly  

s uggested from cha nges i n  b i ol og i ca l  a nd  detri ta l components i n  deep-sea 

sediments ( Mclntyre et �. ,  1972 ; 1976 ; Rudd iman  and Mclntyre , 1 973 ; 

CL IMAP , 1976 ) and from a tmospher i c model l i ng ( Lamb , 197 2 ;  Lamb a nd 

Woodruff , 1 970 ;  Ga tes , 1976 ) . 

Latera l s h i fts i n  q uartz depos i t i on wi th c l imate changes  are a l so 

a pparent i n  Atl anti c sed iments ( Mol i na-Cru z ,  1977 ; Mol i na -Cruz  and Pri ce , 

1 977 ; D i ester-Haa s s  and Chaml ey ,  1978 ) . Such  s h i fts are confi rmed by 

the changes i n  abundance of quartz i denti fi ed a s  1 1 desert11 quartz , 

correl ated wi th g l a c i a l  and i ntergl ac i a l  fl uc tuati ons ( D i es ter-Haas s ,  

1 976 ) . S imi l ar c hanges i n  the pattern of quartz di s tr i but i on wi th 

changes i n  the pos i ti on and s trength of the monsoon wi nds through g l ac i a l  

and i n terglac i a l  peri ods h a s  been found i n  t he  northern I nd i an Ocean 

(Ol aus son and Ol s son ,  1969 ; Kol l a  and B i scaye , 1977 ) . 

I n  mar i ne s ed iments at  h i gh l a ti tudes , coarse detr i tus from g l ac i a l  

processes  dom i nates sedimentati on . Th i s  i s  a ttri buted to i ce raft i ng i n  

both the Arcti c a nd Antancti c reg i ons ( Cono l l y  and Ewi ng , 1 965 ; Kent et 

�. , 1 97 1 ;  Rudd iman  and Mclntyre , 1 976 ; Rudd iman , 1977a ; 1977b ; 

Anderson et �. ,  1 980 ) . The l im i ts of i ce -rafted parti c l es i s  bel i eved 

to correspond to the l im i ts of sea i ce a t  i ts�ax imum extent (Mul l en et �. ,  
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197 2 ;  Ruddi man a nd Mc i ntyre , 1 976 ; Rudd iman , 1977b ; Ko l l a  et �. , 1 978 ) . 

I ce rafti ng i s  therefore an  add i t ional  factor i n  transporti ng  coarser 

materi a l to h i g h  l a ti tude deep -sea sediments . 

I f  areal c hanges i n  aeol i a n  quartz d i str i bu ti on i n  deep-sea sed i ments 

occurs between g l ac i a l  and i ntergl ac i a l  peri ods , then vari a t i ons  i n  q uartz 

accumul at ion rates wi th t ime at any one  l oca ti on mus t occur . Such  

var i a ti ons were detected i n  sed iment cores from the  eas tern equatori a l  

Atl anti c where h i g h quartz/ i l l i te rat i os  are corre l ated wi th g l ac i a l s and 

l ow rat ios  wi th i nterg l aci a l s ( Bowl es , 1975 ) . S i mi l ar i ncreases  i n  d u st  

accumu l at ion i n  i ce cores from Antarct i ca occur i n  strati graph i c  pos i t i ons  

wh i c h  can be  correl ated wi th major g l oba l g l ac i a ti ons ( Thompson et �. , 

1975 ) . 

Au th i gen i c  Quartz i n  Soi l s .  

The neoformati on of quartz i n  so i l s  has been the subject of much 

debate . I n  records of such occurrences i n  the l i tera ture the term 

"quartz " i s  s ometimes a ppl i ed to a l l forms of crystal l i ne s i l i ca , i nc l ud i ng 

chal cedony , cri s toba l i te and q uartz ( Eswaran , 1 972 ;  Eswaran and Stoops , 

1979 ) . Au th i gen i c s i l t- and sand - s i zed q uartz was reported from a so i l  

devel oped on quartz free nori te i n  Georg i a ,  U . S . A .  ( Rob i nson , 1 980) . 

The q uartz wa s thought to have been formed i n  the so i l because of i ts 

assoc i at i on wi th Fe hydrox i des a s  i nc l us i ons  a nd coati ngs , an  i nterpreta ti on 

sugges ted by experiments s howi ng an  assoc i at ion  of amorphous  meta l 

hydrox i des w i th quartz crysta l l i za ti on at  earth-surface cond i t i on s  

( Harder and F l e hm i g ,  1970 ) . However , ev i dence presented by Robi nson 

( 1 980)  to d i scount a wi nd-bl own or i g i n for the quartz , wi th a poss i b l e  

source i n  quartzo-fel dspa th i c  metamorph i c  rocks surrou nd i ng the nori te 

p l uton , i s  not suff i c i ently s trong . W i thout  corrobora ti ng ev i dence , such 

as that of quartz oxygen i sotope ana lys i s ,  an  au th i gen i c  ori g i n  for the 



1 2  

quartz must b e  cons i dered not proven . 

S i l i ca crysta l l i s at ion  has been recorded i n  ba sa l t i c  so i l s .  

Chal cedony s p heru l es were reported from a poorl y-dra i ned basa l t i c  so i l 

i n  Au stra l i a  ( Cra i g  and Loughnan , 1964) . Var i ou s  forms of s i l i ca ,  a l l 

descri bed a s  q uartz , have been reported from trop i ca l  so i l s  on basa l ts 

( Eswaran a nd de Con i nck , 1971 ; Eswaran , 1 97 2 )  and i n  saprol i tes on more 

s i l i ceous  rocks ( Eswaran and S toops , 1 979 ) . However , i dent i f i cat i on  of 

quartz was made by XRD and th i s  i s  not ab l e to d i sti ngu i s h a -quartz from 

forms such a s  chal cedony ( e . g .  F i el des , 1 952 ) . Quartz , i n  Hawa i i an 

ba sa l t i c  so i l s ,  prev i ou s ly  thought to be  a u th i gen i c ,  ( Juang and Ueha ra , 

1 968 ) has been s hown to be deri ved from tropospher i c  aerosol i c  dust  by 

i ts gra i n  s i ze d i s tr i but i on and oxygen i sotope compos i ti on ( Rex et a l . ,  

1 969 ; Jackson et a l . ,  1971 ) .  

A range of forms of s i l i ca have been recorded from many New Zea l a nd 

soi l s  ( F i e l des and Swi nda l e ,  1 9 54 ; N . Z .  So i l  Bureau , 1 968 ;  Mokma et �. , 

1 972 ; C l ar i dge a nd Weatherhead , 1 978 ) . Au th i gen i c  quartz has  been 

postu l ated to have formed the s i l i ceou s , a l b i c  hori zons of Northl and Kaur i  

podzo l s ,  formed under i ntens i ve ac id  l each i ng beneath i nd i v i dua l  Kaur i  

(Agathi s austra l i s )  trees ( F i e l des  et �. , 1 956 ; Sm i dt  et �. , 1 977 ) . 

Another form of s i l i ca of l ow s tructura l  order , termed cha l cedon i te ,  

ha s been descri bed from New Zeal and so i l s ,  parti cu l ar ly  those formed i n  

s i l i ceou s  parent mater i a l s ( F i el des , 1 952 ; F i e l des and Swi nda l e ,  1 954 ; 

F i e l des and W i l l i amson , 1 955 ; F i el de s  et �. , 1956 ) . Cha l cedon i te i s  

thought to be an  i ntermed i ate s tage between col l o i dal  s i l i ca and a -quartz . 

The XRD propert i es are s im i l ar to those of a -quartz but the refracti ve 

i ndex i s  reported a s  l ower than tha t of cha l cedony and the t hermal  

properti es are anoma l ou s  ( F i e l des a nd' Swi nda l e ,  1 954 ; F i e l des and 

W i l l i amson , 1 955 ) . 
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Oxygen I sotope Fracti onati on 

As a resu l t  of i n i ti a l work on the thermodynam i cs of i sotopi c 

sys tems , i t  wa s pred i cted that var i at i ons i n  temperature of prec i p i tat ion  

o f  Caco3 from water s hou l d l ead to  measurab l e var i a t i ons i n  the 18o; 1 6o 

rat io  of carbonate and therefore measurements of  the 18o; 16o rat io  of 

fos s i l carbonate wou l d a l l ow determi nat i on of pa st ocean temperatures 

( U rey , 1947 ) . Pr ior to thi s ,  vari at ions i n  18o; 16o rati os i n  natura l , 

terrestri a l  mater i a l s were known bu t the re l at i onsh i p  to tempera tures of 

formati on had not been el uci dated . 

After the advent of  sen s i ti ve ma s s  spectrometers su i tabl e for 

measuri ng sma l l ma ss  d i fferences ( N i er ,  1947 ; McKi nney et �. , 1 950 ) , 

extens i o n  of  the s tud i es of oxygen i sotopi c  fracti onati on i n  carbonates 

l ed to the esta bl i shment of a pal eotemperature sca l e ( McCrea , 1950 ; Urey 

et �- · 1 951 ; Epste i n et �. , 1953 ) . Carbona te pal eotemperatures were 

subsequently u sed i n  a number of important  s tud i es on pa st  c l imates and , 

ba sed on the work of Emi l i an i  ( 1 955a ; 1955b ; 1957 ; 1966 ) , oxygen i sotope 

pa l eotemperature curves are now u sed a s  a s tandard means  of correl a ti ng 

deep-sea cores ( S ha c kl eton and Opdyke , 1973 ) . 

Stud i es were a l so ca rri ed out on the oxygen i sotope geol ogy of 

s i l i cates and s i l i cate rocks ( S i l verman , 1 951 ) . Deta i l ed i nvesti gati ons 

fol l owed on  oxygen i sotope geochemi stry of  i g neous ( Tayl or and Eps te i n ,  

1962 pt 1 ;  Tayl o r ,  1968 ) , metamorph i c  ( Tayl or and Epste i n ,  1 962  pt 2 ;  

Garl i c k ,  1966 ; Garl i c k  and Epstei n ,  1967 ) and sed imentary rocks  ( Sav i n 

and Epste i n ,  1970a ; 1970b ) . 

I n  cal cul at i ng tempera tures of formati on from mi neral -water pa i rs ,  

the oxygen i sotope compos i t ion  of both p hases must be known . However , 

i f  two oxygen -beari ng m i nera l phases coex i s t  i n  i sotop i c  equ i l i br i um 

wi th  water i n  a system , then oxygen i sotope ana lys i s  of both phases  ma ke 

temperature determ i nati ons poss i b l e wi thout the neces s i ty for a s s um i ng a 



compos i t i on for water ( C l ayton , 1963 ) . I t  has  been s hown that l arge 

i sotop i c  fracti onat i ons do ex i st between some pa irs of m i nera l s i n  

i gneou s , metamorph i c  and hydrotherma l rocks wh i c h vary sys temat i ca l l y  

wi th geo l og i ca l ly  i nferred crys ta l l i sation  temperatures ( Cl ayton and 

Epste i n ,  1 958 ; Engel  et � . ,  1 958 ) , and muc h  s ubsequent work has  been 

d i rected towards ca l i brat i on of s uch "mi nera l pa i r  geothermometers " 
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( O ' Ne i l and Eps tei n ,  1966 ; O ' Ne i l  and Tayl o r ,  1 967 ; Epste i n and Tayl o r ,  

1967 ; Botti nga and Jarvoy , 1 973 ; B l attner a n d  B i rd ,  1974 ) . 

Oxygen i sotope fract ionat i on i n  the sys tem q uartz-water has  a l so  

been ex tens i ve ly  stud i ed ( O ' Ne i l and C l ayton , 1964 ; Epste i n  and Tayl or ,  

1 967 ; C l ayton et � · ,  1 97 2 ;  Botti nga and Jarvoy , 1 973 ) . Th i s 

temperature rel at i ons h i p  has been extended i n  a qua l i tati ve way to 

i nd i cate provenance of quartz i n  a range of sed imentary and so i l 

envi ronments ( Rex et �. ,  1 969 ; Syers et �. ,  1969 ; Sav i n  and Epstei n ,  

1970a ; 19 70b ; Jackson et �· , 197 1 ;  1 97 2 ;  1 973 ; C l  ay ton et �· ,  1972 ; 

Mokma et �. , 1 97 2 ;  Say i n  and Jackson , 1 97 5 ;  Sri dhar et �. ,  1 9 7 5 ;  1 978 ; 

Churchman � �· , 1976 ; Le Roux et �· ,  1980 ) . 

Oxygen i sotope fracti onat i on occurs  through i sotope exchange 

reacti ons . The extent of reacti on i s  dependent on mol ecu l ar v i brat i ons  

whi ch are  i n  turn  dependent on  the  mas ses of the  atoms i nvol ved . The 

reacti on rate i s  an i ncreas i ng functi on  of temperature , pres s ure effects 

bei ng neg l i g i b l e .  At h i gh temperatures , therma l energy negates the ma s s  

d i fferences between i sotopes a nd fract i onati on approaches zero . I n  

contrast , a t  l ow temperatures the heav i er i sotope ( 18o ) exchanges l es s  

read i l y  than the l i g hter i sotope ( 1 6o ) a nd 180 wi l l  be preferent i a l l y  

enri ched i n  the phase  wi th the s tronges t oxygen bond i ng .  I n  genera l , 

the more pol ymer i sed the s i l i cate ,  the grea ter the 180 enr i c hment .  

I n  hydroxyl -beari ng mi nera l s ,  such  a s  hornbl ende and b i ot i te ,  

hydroxyl oxygen exchanges more read i l y than l a tti ce oxygen a nd th i s  resu l ts 
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i n  anoma l ou s  fracti onat i on val ues (Tayl or a nd Epste i n ,  1962a ; 1 96 2b ) . 

I n  a pure s i l i cate mi nera l s uch a s  quartz , whi ch has crys ta l l i s ed i n  

equ i l i br i um wi th water , the i sotope fract i onat i on w i l l  refl ect both the 

temperature of crysta l l i sati on and the i sotop i c  compos i ti on of the water . 

I f  the l atter i s  known then crysta l l i sat i on  temperatures can be determi ned . 

I n  many i ns ta nces , the i sotop i c  compo s i ti on of water i n  the system 

i s  not known . However , i n  general l ow 180 fracti o nation i nd i cates h i g h  

temperatures o f  formati on wh i l e  l ow temperatures are shown by h i gh 

fract i onati on va l ues . I n termed i ate va l ues  are found i n  metamorp h i c  roc ks 

but are a l so found i n  cl a s t i c  sed iments where quartz of m i xed or i g i n 

occurs ( Sav i n  a nd Epste i n ,  1970a ; 1 970b ) . 

Notati on 

Oxygen i sotope rat i os are reported a s  d i fferences from a n  arbi trary 

standard , rather than a s  absol ute rat i os .  The d i fferences a re reported 

as a -val ues ( E pstei n ,  1 9 59 )  are are defi ned as : 

= 
18o/ 1 6Dsampl e 
18D/ 16Ds tandard 

- 1 X 1000 

expres sed a s  parts per m i l ( 0/oo) . 

Common standards u sed are Standard Mean Ocean Water or SMOW ( Cra i g ,  

1961 ) ,  a foss i l  carbonate PDB - 1 ( Urey et �· · 195 1 ) and NBS - 1 20 

(Sol enhofen l i mestone d i str i buted by the U . S .  Nati onal  Bureau of Standards ) .  

For oxygen i sotope ana lys i s  of s i l i cates , SMOW has been g eneral l y  adopted 

as a sta ndard . 

Objecti ves of thi s study . 

The primary objecti ves of th i s research  were : 
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1 .  To i nvesti ga te the accumul ati on  of  aerosol i c  dust ,  l oes s ,  and 

other ma teri a l s i n  New Zea l and so i l s ,  parti cu l ar ly  those devel oped i n  

vol can i c  as h ,  u s i ng the mi nera l ogy of sand and s i l t  frac tions and the 

oxygen i sotope compo s i t i on of the marker mi nera l quartz . 

2 .  To determi ne i f  neoformati on o f  a -quartz i s  a process wh i ch 

i s  active i n  New Zea l and soi l s  and to determi ne i f  i t  wa s res pon s i b l e  for 

the forma t ion o f  a l b i c  hori zons i n  kaur i  podzo l s .  

3 .  To i nvesti ga te the accumu l a ti o n  of aerosol i c  quartz wi th t ime 

i n  so i l s  and on  surfaces of  known age and to i nvest i gate the potenti a l  of 

u s i ng aerosol i c  dust  accumu l ation  to determi ne the s trati graphy of 

accumul at i ng so i l s  on u nda ted surfaces .  

4 .  To determi ne the accumul a t i on of aerosol i c  quartz i n  a mari ne 

sed iment core , dated by the presence of known tephras , wh i c h  has a 

compl ete a nd regu l ar  sedi mentary record preserved . 

Methods 

The s amp l es were proces sed accordi ng to the methods of Jackson 

( 1956 ) . So i l  s ampl es were treated wi th 1M NaOAc-HOAc buffer at  pH 5 

to remove carbonates and 30% H 2o2 to remove organic  matter . Amorphous, 
0.1"\d.. some c.r'O"'i>�0..\1 ' ;....e 

s hort-range order) i ron oxi des and hydrox i des  were removed by c i tra te-

bi carbonate-d i th i on i te ( CBD )  a t  80°C .  Th i s  was  fol l owed by wash i ngs wi th 

sa turated NaCl and acetone . The d i spersed sampl es ( d i s persed wi th 

NH40H , not cal gon a s  descri bed by Jackson , 1956 )  were fract i onated at  

63  �m by wet s i ev i ng ,  20 �m by sed imentati on , and 5 �m a nd  2 �m by 

centr i fugati on . D i s pers i on wi th NH40H was found by experiment to be 

more s ucces sfu l for di spers i ng sampl es  wi th a high a l l o phane content .  

For rock and mar i ne sediment sampl es  the NaOAc-HOAc treatment wa s 

omi tted . Carbonate wa s removed by trea tment wi th 3M HC l  and the CBD 
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trea tment omi tted s i nce the amorphous and s hort-range order i ron ox ide  

content of  these samp l es was very l ow .  

1 7  

To i so l ate quartz for oxygen i sotope ana l ys i s  the procedure of  

Syers � �· ,  ( 1 969 ) , a s  modi fi ed by Sri dhar et �. , ( 1 975 ) , was fol l owed . 

Approx i mate ly  200 - 400 mg of sampl e was fused wi th 12  g of powdered 

Na2s2o7 . W here thi s wa s not ava i l abl e ,  20 g of NaHS04 was used . The 

cool ed mel t wa s d i sso l ved i n  50 ml  of  3M HCl then transferred to a 

100 ml tapered g l a s s  centri fuge tube ,  wa s hed once wi th 3M HC l  and 3 t imes 

wi th d i s ti l l ed wa ter . The sampl e wa s then tran sferred to a 20 ml  

pol ypropyl ene tube and 10  ml of  H 2S i F6 added . The H2S i F6 had been 

stored under refri gerati on i n  con tact  wi th ground 63 - 20 �m quartz to 

remove free H F .  The quartz wa s reacted wi th H 2S i F6 at 1 9°C for 3 days , 

wi th a mi n imum of twi ce da i l y mi x i ng .  I t  wa s fou nd tha t frequent mi x i ng 

wa s req u i red over the fi rst s i x  hours to prevent the samp l e from ca ki ng 

i n  the bottom of the tube . 

At the end of three days the sampl e wa s centri fuged , wa s hed once 

wi th O . lM HF and 4 times  wi th H 2o .  Puri ty of the i so l a tes wa s then 

checked by XRD . Cr i stobal i te wa s often found to be present after one ,  

three-day treatment but coul d be  removed by 2 o r  3 and rarely 4 X 3 -day 

treatments wi th H 2S i F6 . Once the XRD pattern i nd icated a sampl e free 

of fel dspar and cri s tobal i te ,  i t  wa s trea ted overn i g ht wi th 5 ml of 

saturated bori c ac i d ,  wa shed 4 t imes wi th H 20 ,  dri ed at 1 05°C and wei ghed 

( S r i d har et �. , 1975 ) . For observa ti ons of parti c l e morphol ogy wi th 

a scann i ng el ectron mi croscope , qua rtz parti cl es were mounted on a l umi n i um 

stubs and coated wi th Au/ Pd . 

Oxygen wa s extracted from quartz by reaction w i th BrF5 ( C l ayton and 

Mayeda , 1963 ) . I n  a mod i f i cat ion  of the ori g i na l  techn i que of C l ayton 

and Mayeda , the oxygen i s  puri fi ed and converted to co2 i n  1 0  - 1 5  m i nutes  

u s i ng one Toepl er pump ( B l attner and B i rd ,  1974) . The oxygen i sotop i c  



compos i ti ons were determi ned on an  NAA 6-60 RMS , 1 5  cm radi u s , 60° 

sector doubl e-col l ect i ng mass  spectrometer .  I sotop i c  compo s i t i on i s  

reported rel at i ve t o  Standard Mea n Ocea n Water ( SMOW of Cra i g ,  1961 ) .  
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ABSTRACT 

Quartz was extracted from se l ected s i ze fractions of a range of  
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soi l s  and sediments from the North I s l and of  New Zea l and . Most  of  the 

q uartz i n  soi l s  deve l oped pr imari l y  from vo l can i c ash was found to be 

in the 63  - 20 J..lm s i ze fracti on  and of detri ta l , aeol i an ori g i n  wi th 

o 18o va l ues of 1 2  - 14°/oo . Sma l l amounts of aeroso l i c  dus t ,  

represented by the 5 - 2 J..lm s i ze fracti on  q uartz wi th a o 18o va l ue of  

13 - 1 5°/oo , wa s found i n  a l l the soi l s  exami ned . Coarse gra i ned 

q uartz ( > 125 J..lm ) , found i n  s ome basa l ti c so i l s  and compos i ng many 

North l and Beach s ands , s hows a18o va l ues of 8 . 2  - 8 . 7°/oo , comparab l e 

wi th quartz obta i ned from rhyol i ti c  tephras s uch as  the Oh i newai Tephra , 

wh i ch has  a· o
.1 8

o va l ue of 8 . 4°/oo and i s  cl early of h i gh temperature 

ori gi n .  H i gh temperature q uartz , wi th a o18o va l ue of 9 . 0  - 9 . 3°/oo , 

was a l so found i n  a so i l devel oped from rhyo l i te i n  North l and and 

confi rms prev i o u s ly  pub l i s hed data on the oxygen i sotope compos i ti on of  

q uartz from th i s  s oi l . Q uartz from the a l b i c  hori zon of a Wharekohe 



s i l t  l oam was s hown to be detri ta l  and not: Jpedogeni t ,  s i nce o 1So 

va l ues of  1 2 . S0/oo and 1 3 . 4°/oo were obta i ned for the 63 - 20 �m . 

and 5 - 2 � m s i ze fracti ons respecti vel y .  Low temperature q uartz was 
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found i n  two North I s l and mari ne sha l es . I n  the Cretaceous Whangai 

Formati on quartz has a o1So va l ue of  25 . 6  - 26 . 6°/oo and i s  present 

l arge ly  as chert gra i ns i nheri ted as  c l a sti c materi al from pre-exi sti ng 

rocks . I n  the Terti ary Mangakah i a  Group s ha l e SEM studi es s how quartz 

wi th overgrowths mos t  abundant  i n  the 5 - 2 �m s i ze fracti on (w i th a 

;so va l ue of 25 . 7°/oo ) and none i n  the 6 3  - 20 �m s i ze fract ion  (wi th 

a o1
So val ue of 1 2 . 0°/oo ) . I n  both s ha l es l ow temperature q uartz 

formati on a ppea rs to be due to geo l ogi ca l proces ses . A l though previ ous 

work has shown the presence o f  chal cedon i te ,  a form of chal cedony , i n  

soi l s  wi th s i l i ceous parent materi a l s , the ;so va l ues obta i ned for 

q uartz i n  th i s  s tudy s hows that neoformati on of a -quartz i s  not a 

process operati ng  i n  the so i l s  exami ned .  

I NTRODUCTION  

The  crys ta l l i ne forms o f  s i l i ca found i n  nature a re q uartz , 

cri s toba l i te ,  tri dymi te , coes i te and s ti s hovi te ( Frondel , 1962 ) . 

Coes i te and s ti s hovi te are h i gh pres s u re polymorphs whi ch are formed 

by h i gh press ure s hock events on the earth ' s  s urface , s uch as meteori te 

i mpacts . They are not con s i dered further i n  th i s  pape r .  Non-

crys tal l i ne forms o f  s i l i ca a re amorphous s i l i ca and an  hydrated form , 

opa l ( b i ogen i c opal  i f  formed by p l ants and  an ima l s ) . 

Of the crys ta l l i ne forms , q ua rtz i s  the mos t  aoundant  and  i s  

found i n  a wi de range of rocks .  Beca use of  i ts res i s tance to both 

phys i ca l  and chemi cal  weath eri ng i t  i s  the mos t abundant  mi neral found 



i n  sedi ments . Tri dymi te and cri s toba l i te a re l es s  common than q ua rtz 

but are wi del y  di str i buted i n  vol can i c  and b i ogeni c sedi mentary rock s . 
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Both q uartz and cri s toba l i te h ave very fi ne  gra i ned ( c rypto­

crys ta l l i ne )  phases of l ower s tructura l  orde r ,  referred to as  chal cedony 

and l ow cri stobal ite res pecti vel y .  These phases are found i n  l ow 

press ure and  temperature envi ronments and mark the early stages i n  

crys ta l l i s ati on from amorphous s i l i ca and opal  to q uartz . 

been reported from both s o i l s  ( Crai g and Loughnan , 1964 ; 

They have 

W i l d i ng et  a l . ,  - - --
1977}  and s ed iments ( Mi zutan i , 1970 ; Kas tner e t  �· , 1977 ) . 

PROPERTI ES AND B EHAVIOUR OF S I L I CA 

Quartz , tri dymi te and  cri' s toba l i te shou l d a l l have an i dea l 

compos i ti on of  100% S i 02 ( opal  = S i 02 . nH20 ) . However ,  due to the 

decreas i ng dens i ty ( as a res u l t of  i ncreas i ng m i cro poros i ty wi th 

decrea s i ng c rys tal l i n i ty }  from q ua rtz to opal , i ncreas i ng  amounts of 

impuri ti es a re found (W i l di ng et �. , 1977 ) . The mos t  common impuri ty 

i s  Al 3+ , wi. th l esser s ubs ti tuti. on of other i' on s  ( Deer et �. , 1966 ) . 

The more open framework of  tri dymi te and cri s toba 1 i te a 1 1  ows much 

freer entry o f  impuri ti es and th i s  may be the reason for the metastabi l i ty 

of these s i l i ca po lymorphs bel ow thei r phase equ i l i bri um condi ti ons of  

pres sure and temperature . The opa l s tructure i s  so open that a range 

of i mpuri ti es may be p resen t ,  i nc l udi ng N and C ( Jones and  Beavers , 

196 3} , · a nd the compos i ti on i s  often onl y 85 - 95% S i 02 ( W i l di ng et �· , 

19 77 ) . 

S i  1 i. ca Sol ubi l i ty 

The so l ub i l i ty o f  s i l i ca i s  rel ated to the degree of l ong range 

crys tal order wi th the most  dense ,  crystal l i ne phases bei ng the l ea s t  

so l ub l e .  The order of  so l ub i l i ty i s :  



amorphous s i l i ca > opa l  > cri s toba l i te � q uartz 

( W i l d i ng et �. , 1977 ) . Mos t val ues for the s o l ub i l i ty o f  q uartz l i e 

between 3 and 7 mg 1- 1 S i  ( Krauskop f ,  1959 ) and approximatel y 

3 mg 1- 1  S i  i s  though t to be mos t  probab l e ( Wi l d i ng et �. , 1977 ) . 

Because the acti va ti on energy i nvol ved i n  a l teri ng the S i  - 0 - S i  

bond i s  h i gh ( S tobe r ,  1967 ) , a t  room temperature and pres s ure q uartz 

eq u i l i brati on i s  very s l ow and concentrati ons of  3 mg 1- 1  S i  ca n be 

mai n ta i ned for l ong peri ods i n  s ol uti on  i n  contact wi th quartz before 

reach i ng equi l i bri um (H i l di ng et �. , 1977 ) . 

Quartz whi ch has  been fresh ly  ground or conti nuous l y  agi tated i n  

s us pens i on s hows a much h i gher s ol ubi l i ty than un ground q uartz ( Morey 

et �. , 1962 ; McKeague and Cl i ne ,  1963b ; Henderson et �. , 19 70 ) . 

3 5  

Th i s  i s  thought  to be due to the format i on of a di s turbed s u rfa ce l ayer ,  

bel i eved to be amorphous ( Nagel s chmi dt et �. , 1952 ) . The thi ckness 

of the di s turbed l ayer i s  though t to be a functi on of gri ndi ng  ti me or ,  

i n  natura l  s amp l es ,  the envi ronmental condi ti ons the q uartz h a s  been 

s ubjected to ; h owever , 0 . 0 3  J.l m i s  commonly  reported ( Nagel schmi dt et  

�. , 1952 ; Gordon a nd  H arri s ,  1955 ) . Th i s  l ayer can be removed by 

treatment wi th H F ,  H 2S i  F 6 or  NaOH ( Henderson et �· , 1970 ) . The 

s o l ub i l i ty of q uartz i s  therefore a functi on of temperature , pH , gra i n  

s i ze and s tructura l  modi fi cati ons to the s u rface l ayers o f  the q uartz 

gra i ns . However , q uartz so l ubi l i ty i s  i ndependent of tempera ture up  

to  145°C and i s  therefore not affected by tempera ture i n  s o i l s  

( Kra us kopf , 1959 ; l i ds trom , 1968 ) . The s ol ubi l i ty of both quartz and 

amorphous s i l i ca i s  i ndependent of pH bel ow pH 9 ,  that i s ,  i n  the pH 

range of mos t  s oi l s  ( Al exander et �· , 1954 ; Kra us kopf ,  1956 ; 1959 ; 

196 7 ;  Wh i te , e t  �· , 1956 ; McKeague and  Cl i ne , 1963a ; Jones and 

Handreck , 1967 ; L i dstrom , 1968) . There i s  a s trong rel ati onsh i p  

between i ncreas i ng q uartz so l ubi l i ty and decreas i ng gra i n s i ze 



( I l er ,  1955 ; L i ds trom , 1968) . I n  one experi ment there was v i rtua l l y  

no so l ubi l i ty i n  water o f  q uartz 2 5 0  - 500 �m i n  s i ze a fter 200 days 

wh i l e  gra i ns -< 5  � m i n  s i ze resu l te d  i n  concentrati ons of 3 mg 1- 1 i n  

so l uti on after 43 days ( S i ffert , 1967 ) . There i s  a rap i d  i ncrease 

i n  so l ub i l i ty as gra i n s i ze decreas es be l ow 0 . 0 1  �m ( L i dstrom , 1968 ) . 

The s o l ub i l i ty of  opal i s  more vari ab l e ( Krauskopf , 1959 ; 

Lewi n ,  196 1 ; S i ffert ,  1967 ) . Geo l ogi cal  opal  commonl y  has  a 

so l ubi Hty of 10 - 1 5  mg 1- 1 S i  and  p l ant  opal  has much h i gher 

so l ubi l i ty ,  s imi l ar to  that of amorphous s i l i ca (W i l di ng et �. , 

1977 ) . O l d p l ant opa l i n  soi l s  i s  pos s i b ly  more res i s tant  and a 

decrease  i n  so l ubi l i ty of th i s  materi a l  wi th t ime may be expected 

( Huang and Vog l er ,  1972 ) . The vari abi l i ty o f  the structure , occl uded 

crys tal con tent and orga n i c  C content of p l ant  opa l wi l l  a l so affect 

so l ubi l i ty ( W i l d i ng et �· , 1977 ) . 

The s o l ubi l i ty o f  amorphous s i l i ca at  room tempera ture and  pH 7 

l i es wi th i n the range 50 - 65 mg 1 -1 ( A l exander et �. , 1954 ; Whi te 

et �. , 1956 ; Krauskop f ,  1956 ; 1959 ; 1967 ; Morey et �. , 1962 ; 

I l e r ,  1973 ) . Amorphou s  s i l i ca p reci p i ta tes more rap i dly than  quartz 

from s upersatu rated so l uti ons and even though i t  i s  more so l ubl e than 

q ua rtz , the equ i l i bri um i s  s ti l l  very s l ow ( Krauskopf ,  1959 ) . The 

s ol ub i l i ty of amorphous s i l i ca i ncreas es l i nearly wi th tempera ture 

from 0°C ( Al exande r et �. , 1954 ; Krau s kopf , 1959 ; L i ds trom , 1968 ) . 

S i l i ca Mi nera l Stabi l i ty 

Severa l factors h ave been s hown to a ffect th.e di s so l uti on  of  

s i l i ca i n  natura l  systems . The p resence of  polyva l en t  meta l oxi des 

and hydrox i des , parti cu l arly tho se  of Al , has been s hown to depres s 

the sol ub i l i ty of s i l i ca ( Kraus kopf ,  1959 ; Lewi n ,  1961 ; Beckwi th and 

Reeve , 196 3 ; Jones and Handreck , 196 3 ;  L i dstrom ,  1968 ;  I l er ,  1973 ) . 
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Th i s  i s  thought to  be a res u l t of  the  formati on of  an Al  s u rface l ayer 

and e ven a 5% coverage of Al wou l d  reduce the amount of s ol ubl e Si i n  

amorphous  s i l i ca ( I l er ,  1973 ) . I n  systems conta i n i ng parti cu l a te 

meta l oxi des , a dsorpti on of s o l uti on S i  i ncreases the di s s o l uti on of 

s i l i ca ,  parti cu l ar ly between pH 8 - 10 ( Jones and Handre ck , 1963 ;  

McKeague and Cl i ne ,  1963c ; B eckw i th and Reeve , 1964 ) . I t  i s  un l i ke ly 

that q uartz wi l l  be a ffected by th i s  mechan i sm un l ess i t  h as a d i s turbed 

s urface l ayer ,  because quartz has s uch a l ow so l ubi l i ty and  preci p i tati on 

rate . S i l i ca i n  s o l uti on wi l l  then probably be contro l l ed by i ron or  

a l umi n i um s i l i cate s urfaces ( Wi l d i n g  et �. , 1977 ) . 

The d i s so l uti on of b i ogeni c s i l i ca i s  more vari ab l e .  A l ka i 

di s s o l uti on of  p l ant  opal  from tree l eaves and grasses  ran ges from 

35 - 80% duri ng  a 2 . 5  mi nute di gest i on i n  boi l i ng 0 . 5  M NaOH ( W i l di ng 

and Drees , 1974) . I n  contra s t ,  o n ly  33% of  b i ogeni c opa l  from a gras s -

l and s o i l wa s di s s o l ved duri n g  a 20  mi n ute di ges t under the s ame 

cond i ti ons ( Jones , 1969) . The d i fference was attri buted to the rapi d 

d i s so l uti on of the more so l ub l e  forms of bi ogen i c  s i l i ca wh i ch had 

occured i n  the so i l . Organ i c  carbon and  a n i s otropi c  crys tal phases 

occ l uded wi thi n the opal can a l s o decrease  s i l i ca sol ub i l i ty ( W i l di ng 

and Drees , 1973 ; 1974 ) . 

The concentrati on of s i l i ca i n  groundwaters l i es i n  the range o f  

5 - 30 m g  1- 1  S i  ( Kraus kopf , 1967 ) . The l ow concentrat i on  i n  natura l  

waters i s  attri buted to the rapi d d i l uti on by i nfi l trat ion  rel ati ve to 

s l ow rates of s i l i ca di sso l u ti on ( Krauskopf , 1959 ) . I n  so i l so l uti ons , 

the concentrat i on l i es i n  the 1 - 40 mg 1 - 1 S i  range ( Jo nes and Handreck , 

196 3 ;  1967 ; McKeague and C l i ne ,  1963b ; E l gawhary and L i ndsay , 1972 ) , 

wi th 1 5  - 20 mg 1 - 1 be i ng mos t  common a t  f ie l d capaci ty ( Jones and 

Handreck , 1967 ) . The concentrati on of s i l i ca i n  so i l s  l i es between 

the equ i l i bri um so l ubi l i ty of quartz and amorphous s i l i ca .  I n  th i s  
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s i tutati on q uartz s hou l d prec i p i tate and a morphous s i l i ca d i s so l ve ,  

wi th the equi l i bri um s i l i ca concentrati on fa l l i ng  eventua l ly to that  

of  q ua rtz ( Wi l d i ng et �- , 1977 ) . Th i s  i s  not often the cas e .  

The probab l e  factors contro l l i ng the so i l s i l i ca concentrat i on are 

phases w i th so l ub i l i ti es i ntermedi ate between amorphous s i l i ca and quartz 

( El gawhary and L i ndsay ,  1972 ) , weatheri ng  of pri ma ry mi nera l s ( Ke l l er 

and Reeseman , 196 3 ;  Ki ttri ck , 1969 ; Rou tson et �. , 1977 ) , equ i l i bri um 

wi th c l ay mi nera l s ( Ki ttri ck , 1969 ; 197 1 ;  Mari on et �. , 1 976 )  a nd  

adsorpti on/desorpti on by meta l oxi des ( McKeague and  Cl i ne ,  1963c ; 

Beckwi th and Reeve , 196 3 ;  1964 ) . Leach i ng and  p l ant uptake a l so 

affect s i l i ca l evel s i n  the s o i l so l uti on ( Ki ttri ck , 1969 )  and i t  i s  

l i ke ly  that equi l i bri um concentrati ons a re reached i n  soi l so l uti ons 

on ly  i n  excepti ona l  ci rcumstances ( Wi l d i ng et �. , 1977 ) . 

Amorphous s i l i ca a l s o  p l ays a rol e i n  contro l l i ng s i l i ca 

concentrati ons i n  s o i l s o l uti on . Oversa turati on wi th res pect to 

s i l i ca l eads to pol ymeri c s i l i ca formati o n  and  the stab i l i ty o f  amorphous 

s i l i ca for l ong peri ods ( Harder and Fl ehro 1� , 1970 ) . Oversatura ti on 

coul d eas i ly ari s e  i n  the s i tuati on where wetti ng and dryi n g  occ urs and  

prec i p i tati on of s i l i ca proceeds fas ter than  adsorpti on by metal  oxi des . 

Once dri ed , the amorphous s i l i ca has a l ower so l ub i l i ty than undri ed 

ge l , l eadi ng to l ower s i l i ca l evel s i n  s o l uti on ( E l gawhary and L i nds ay ,  

1972 ; Harder ,  1977 } . Changes i n  mo i sture status are therefore though t 

to i n fl uence s i l i ca concentrati on i n  s o l uti on fas ter than other processes 

wh i l e  sorpti on/desorpti on reacti ons l ead  to eq ui l i brat ion fas ter than 

the very s l ow s o l u ti on/preci p i tati on reacti ons n�i l di ng et  a l . '  1 977 ) . - --

S i l i ca Mi nera l  Synthes i s  

The synthes i s  of  s i l i ca mi nera l s a t  e l evated temperatures  has  

been s tudi ed extens i ve ly  i n  both the l aboratory and the f i e l d ( e . g .  
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Fenne r ,  19 13 ; Tuttl e and Bowen, 19 58 ; Morey et �. , 196 1 ;  196 2 ;  

Chesworth , 1 9 75 ; Fourn i er and Rowe , 1977 ) . However, because  of the 

s l ow rate of a tta i n i ng equ i l i bri um at room temperature ( 25°C ) , there i s  

on ly  sparse  ev i dence for the di rect prec i pati ti on of q ua rtz a t  l ow 

temperatures . Morey et �. , ( 1962 )  i n ferred that  quartz p rec i p i tated 

because of the decrease  i n  s i l i ca concentrati on of a so l uti on over a 

30 day peri od  but  di d not record the formati on of  quartz . Di rect 

prec i p i tati on of  quartz onto the s urfaces of  quartz gra i ns from sea 

water has been recorded . Quartz g ra i n s  were free of sorbed materi a l  

and the s i l i ca s teady state concentrati on wa s approximate ly  2 mg 1- 1  S i  

at  20°C ( MacKen z i e  and Gi es , 19 71 ) . P rec i p i tat ion i n  natural 

envi ronments was thought to be i nh i b i ted by the presence of  organ i c and 

meta l oxi de coati ngs ( MacKenz i e  and  Gi es , 1971 ) . 

Quartz synthes i s  has  been reported from so l uti ons unders aturated 

wi th res pect to amorphous s i l i ca ;  at  h i gher concentrati ons the 

prec i pi tates rema i n amorphous ( H arder and F l ehmi g ,  1970 ; Harde r ,  19 77 ) . 

Quartz synthes i s  can a l so occur by sorpti on of s i l i ca from q ua rtz 

undersatura ted so l uti ons onto amorphous hydroxi des of Al , Fe and Mg 

( Harder , 1 971 ) . 

Tri dymi te and cri s toba l i te h ave genera l ly  been con s i dered as  l a te 

crysta l l i sat i on phases i n  i gneous rocks , pa rti cu l arly l a vas and  

pyrocl asti cs ( Deer et �. , 1966 ; Mi zota and Aomi ne , 19 75 ) . Howeve r ,  

the presence of  cri s toba l i te i n  bentoni tes , deep sea cherts , c l aystones 

and l acus tri ne cl ays s ugges ts a l ow temperature paragenes i s  ( Peterson  

and von der Borch , 1965 ; Henderson  et �. , 197 1 ; W i se  et �. , 1972 ; 

Weaver and W i se , 1972 ; 1974 ; W i s e  and  Weave r ,  1973 ; 1 974 ) . Both 

tri dymi te and cri stoba l i te have been s uggested as precu rsors of  q uartz 

i n  the convers i on of  e i ther b i o ge n i c  opa l  or amorphous s i l i ca to q uartz 

( Deer et �. , 1966 ; Ernst and Cal vert , 1969 ; Mi zutan i , 1 970 ; 



Buurma n ,  1972 ) and th i s  i s  thought  to expl a i n  the vi rtua l absence of 

tri dym i te and cri s toba l i te from rocks ol der than Cretaceous . 

Crysta l l i sati on of S i l i ca i n  Natura l  Envi ronments 

The a ge i n g  o f  s i l i ca hydrogel s  i s  u sua l l y  regarded a s  bei ng  the 

proces s  by wh i ch q ua rtz forms under earth s urface condi ti ons ( Wi l di ng 

et �. , 1977 ) . The sequence : 

opal - - - - - -+ cha l cedony --- - - -+ q uartz 
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has b een reported for duri pans  and s i l i ca -cemented soi l s  ( Fl a ch et �. , 

1969 ; B rewer et �· , 1972) . Other pathways are : 

opal - - - - - -+ tri dymi te - - - - - -+ q uartz 

i n  fos s i l i s ed wood ( Buurman , 1972 ) , and :  

amorphous s i l i ca - - - - - -+  cri s toba l i te - - - - - -+ q ua rtz 

( Ernest  and Ca l ve rt ,  1969 ; Mi zutan i , 1970 ) . 

Al though the trans formati on of  bi ogen i c  opal  to cha l cedony/q uartz 

has been s uggested ( Beavers and Stephen , 1958 ) , l a ter work has shown that  

the b i refri ngent phases i n  p l ant  opa l  are coprec i p i tated wi th the opal  

( Wi l di n g  and Drees , 1974)  and are a l s o  parti a l ly  an a �ti fact  of  dry 

as h i ng and wet aci d-di ges ti on  methods of  ana lys i s  (W i l d i ng et �. , 

1977 ) . The opal to chal cedony trans formati on i s  gi ven a ti me s ca l e  

o f  mi l l i ons  o f  years ( Mi zutan i , 1970 ) , s ugges ti ng that th i s  may not be 

an i mportant pathway i n  soi l s  ( Wi l d i n g  et �. , 1977 ) . 

Under geo l og ica l  condi ti ons , prec i p i tati on of q uartz i s  faci l i tated 

because : 

( i )  neoformat i on of quartz occurs under condi ti ons of  e l evated 

tempera ture and pres s ure wh i ch i ncrease  reacti on rates 

( i i ) i n  h i gh ly  s i l i ceous rocks , s uch as q uartz i tes , the eq ui l i bri um 

concentrat i on of s i l i ca i s  l i ke ly  to be l ow ,  con tro l l ed by the 
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d i s so l uti on o f  q uartz rather than  amorphous s i l i ca .  Under 

s uch condi ti ons of l ow s i l i ca concentrati on i n  so l uti on ,  q uartz 

preci p i tati on i s  fac i l i tated ( Harder a nd Fl eh mj� , 1970 ) . I n  

contra s t ,  where there are s u ffi c i ent a l um i nos i l i cates present  

to ma i ntai n a h i gher s i l i ca concentra ti on than the  q uartz 

equ i l i bri um concentrati on , cementati on  wi th opal or  amorphous  

s i l i ca wi l l  occur rather than  wi th q uartz . Th i s  has  been 

reported from s i l cretes i n  Aus tra l i a  where amorphous s i l i ca 

cement i s  a s soc i ated wi th c l aystones , whi l e  quartzose cements 

are assoc i a ted wi th Terti ary q uartz s a ndstones ( Watts , 1978) . 

A s i mi l ar rel a ti onsh i p  between l i thol ogy and type of  s i l i c a  

prec i p i tated wa s  noted i n  s urfi ci a l  materi a l s i n  the Sahara 

desert ( Mi l l ot ,  1970 ) . 

I n  deep sea s edi ments , trans formati ons  o f  opal -A ( b i ogen i c  opa l ) 

to opal - CT ( d i sordered l ow cri s toba l i te wi th tri dymi te doma i ns )  to 

chal cedony , or cryptocrysta l l i ne q uartz ( chert ) , have been recogn i sed 

( Heath and Moberl y ,  1 97 1 ; Kas tner et �. , 1977 ) . A number o f  factors 

affect the sequence , s uch  as  presence of c l ay mi neral s ,  carbonate , and  

i ons s uch a s  Mg2+ At h i gher temperatures opa l -CT recrysta l l i ses  to 

quartz ( Weaver and W i s e ,  1972 ) . The s i l i ca concentrat i on rel ati ve to 

the equi l i bri um sol ubi l i ty of  opa l -CT i s  a n  i mportant control on the form 

of s i l i ca crys tal l i s a ti on , i n  tha t  quartz can on ly  crys tal l i s e  from 

sol uti on i f  the s i l i ca concentrati on i s  l es s  than the eq u i l i bri um 

so l ubi l i ty of opal - CT ( Murata and Levson , 1975 ) .  Because i n  mos t  

s i l i ceous oozes the concentrat i on o f  s i l i ca i s  greater than th i s  

( G i es kes , 1975 ) , opa l - CT i s  the s tab l e pha se  and the sequence 

opa l -A - - - - - + opal - CT - - - - - +  quartz 

predomi nates ( Heath a nd Mober ly , 197 1 ) . 



S i l i ca i n  New Zea l and  Soi l s  

A range  of forms of  s i l i ca have been reported from many New 

Zea l and  soi l s  ( Fi e l des  and Swi nda l e ,  1 954 ; N . Z . So i l  B ureau ,  1968 ; 

Mokma et �. , 1972 ; C l ari dge and Weatherhea d ,  1978) . Auth i gen i c 

q uartz was postu l ated to have formed i n  the h i gh ly  s i l i ceous a l bi c  

hori zons of the North l and Ka uri podzo l s ,  formed under i ntense  ac i d  

l each i ng  beneath i nd i v i dual kauri ( Aga th i s  austra l i s ) trees ( Fi el des 

et �· , 1956 ; Smi dt et �· , 1977 ) . Th i s  q uartz was thought to have 

been reworked to form some of the q uartz i n  North l a nd beach sands 

( Sc hofi el d ,  1970 ) . 
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Another form of s i l i ca of l ow structura l order, termed 

chal cedon i te ,  has been descri bed from New Zea l and  so i l s ,  parti cul ar ly  

those formed i n  q uartzose parent mater i a l s ( Fi e l des , 1952 ; Fi el des and 

Swi ndal e ,  1954 ; Fi el des and  Wi l l i amson , 195 5 ;  Fi el des et �. , 1956 ) . 

Chal cedon i te i s  thought to be an  i n termedi a te s tage between col l o i da l , 

or amorphous  s i l i ca and a-q uartz . The X-ray di ffracti o n  ( XRD )  

properti es are s i mi l ar to those of a-quartz but the refracti ve i ndex 

i s  reported as l ower tha n that  of chal cedony and the di fferenti a l  therma l 

ana lys i s  ( DTA) patterns  are anoma l o us ( Fi e l des a nd  Swi ndal e ,  1 9 54 ; 

Fi e l des and Wi l l i amson , 1 955 ) . A s i l i ca phase wi th s i mi l ar properti es 

has  been descri bed from fos s i l wood ( Kei th and Tuttl e ,  1952 ) . 

Rel ati vely young rhyol i ti c  and  a ndes i ti c  tephras cons ti tute a 

s i gn i fi cant  component of many of the s o i l parent  materi a l s i n  the 

North I s l and  of New Zea l a n d .  The rate o f  rel eas e  of s i l i ca duri ng  

weatheri ng  of s uch tephra s  i n  temperate to tropi ca l  cl i mates can  be 

rap i d ,  bei ng due l a rgely to weatheri n g  of the vol can i c g l a s s  component 

( Hendri cks and Wh i tti g ,  1968 ; Ruxto n , 1968 ;  Nea l l ,  1977 ) . Th i s  l eads 

to h i gh concentrations  of  s i l i ca i n  so l uti on · whi ch favour the 

prec i p i tati on of  amorphous  s i l i c a . The presence of amorphous · s i l i ca 
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p l ates has been reported i n  both New Zea l and ( e . g .  Ki rkman ,  1977 ) 

and Japanese s o i l s  ( Shoj i and Mas u i , 1 969a ; 1969b ) wi thout the format i on 

of q uartz ( Stewart et �. , 1977 ) . Cha l cedon i te i s  a l so absent from 

so i l s  devel o ped i n  young vol can i c  ashes  ( F i e l des , 1955)  a nd basa l t i c  

parent materi a l s  ( F i el des et �. , 1956 ) . 

I n  so i l s  devel oped from ba sa l t i c  parent materia l s weatheri ng i s  

often very rap i d  a nd the weatheri ng s equence : 

primary m i nera l s - - - -+ montmori l l on i te - - - -+ kao l i n i te - - - -+  g i bbs i te 

ha s frequent ly  been recorded i n  wel l -dra i ned so i l s  (Cra i g  a nd Loughnan , 

1 964 ; S i nger , 1966 ) . Th i s  process  i nvol ves progress i ve des i l i ca t i on 

and l eachi ng of  s i l i ca .  I n  poorl y dra i ned basa l t i c  soi l s  the 

weather i ng sequence i s  l es s  wel l devel oped because  si l i ca i s  not 

removed from the system by l each i ng to the same extent as i n  the wel l ­

dra i ned ca se . Pedogen i c  chal cedony has been recorded from a so i l i n  

such  an envi ronment i n  Austra l i a  ( Cra i g  and Loughnan , 1964 ) . 

The purpose of th i s paper i s  to report on  a n  i nvesti gat ion  i nto 

the l i ke ly  ori g i n  of quartz i n  a range of so i l parent mater i a l s from 

the North I s l and of New Zea l a nd us i ng the oxygen i sotope abundance of 

the marker m i nera l quartz . 

MATERIALS AND METHODS 

A w ide  range of North I s l and so i l s  and so i l  parent mater i a l s 

were exami ned for th i s s tudy ( Tab l e 2 . 1 ) . A kauri podzol 

( Wharekohe seri es ) was f i rst i nvesti gated because  these so i l s  were 

reported as ev i dence of pedogen i c  quartz crysta l l i sat ion  duri ng 

podzol i sati on ( F i e l des  et � . •  1956 ; Smi dt et �· · 1977 ) . So i l s  



Tabl e 2 . 1  Oxygen i sotope abundance of quartz from sel ected 

s i ze fracti ons of some New Zea l and soi l parent 

materi a l s and  sed iments . 

Sampl e 

Manga kah i a Group ( s hal e )  

Whanga i Format ion ( s ha l e )  

Oh i newa i Tephra Forma t i on 
( rhyo l i t i c  tephra ) 

Wa imamaku ( quartzose beach  sand , 
west coast , Northl a nd ) 

Rarawa ( quartzose beach  sand , 
east coast ,  Northl and ) 

Te Aute L imestone ( Coqu i na )  

* 

S i ze Fract i on (Jl m)  

63  - 20 
5 - 2 

63 - 20  
5 - 2 

1 000 - 500 
63 - 20 

500 - 250 

250 - 1 25 
1 25 - 63 

63 - 20 
20 - 5 
5 - 2 

Rel at i ve  to Standard Mean Ocean Water , SMOW ( C ra i g ,  1 961 ) .  
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*a18o ( 0/oo ) 

1 2 . 0  
25 . 7  

25 . 6  
26 . 6  

8 . 4  
8 . 4  

8 . 7  

1 1 . 7  
1 1 . 5  

13 . 9  
14 . 5  

1 5 . 3  



devel oped i n  basal t ,  a ndes i te and rhyol i te were exami ned to cover 

a range of vol can i c  parent materi a l s from l ow to h i g h  s i l i ca 

content respecti vel y .  Some non-vol can i c  parent mater i a l s ( sha l e ,  

quartose beach sands a nd l imestone ) were a l s o  i nc l uded ( Tabl e 2 . 2 ) . 

So i l  sampl es were treated wi th 1M NaOAc-HOAc ( pH 5 )  and H2o2 
to remove carbonate and orga n i c  matter ( Jackson , 1 956 ) . The Te 

Aute L imes tone sampl e was treated wi th 1M HC l  to d i sso l ve the 

s hel l mater i a l . Mangaka h i a Group and Whanga i Formati on s ha l es were 

d i saggregated by gentl e cru s h i ng wi th mortar and pestl e ,  care bei ng 

ta ken to avo i d  gri ndi ng . The quartzose beach  sands were treated 

wi th 6M HC l  to remove carbonate a nd any i ron ox i de coat i ng s  present ,  

were then dry s i eved a nd quartz gra i ns were hand p i cked from the 
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s i ze fracti ons for ana l ys i s .  Al l other sampl es were s i ze fracti onated 

by s i ev i ng� sedimentat i on and centri fugati o n  ( Jackson , 1 9 56 ) . 

Quartz was i so l ated from the sampl es by Na2s 2o7 fu s i on a nd H2S i F6 
d i gesti on ( Jac kson , 1 956 ; Sri dhar et �- , 1 975 ) . H2S i F 6 was fou nd 

to remove ch�cedon i te a nd , wi th  repeated treatments , most 

cri stoba l i te from these sampl es .  Th i s  i s  probab ly  a resu l t  of both 

the very f i ne gra i n  s i ze and the l ower degree of s tructural  order of 

these two phases rel ati ve to q uartz . 

For oxygen i sotope ana lys i s ,  oxygen wa s l i berated from the 

quartz by reaction  wi th  BrF5 ( C l ayton and Mayeda , 1963 ) . I sotope 

rat i o s  were determi ned wi th a doubl e col l ect i ng mass s pectrometer 

and are reported as  o 18o parts per thousand ( 0/oo ) rel ati ve to 

Sta ndard Mean Ocean Water , SMOW ( C ra i g ,  1961 ) .  



Tabl e 2 . 2  

Soi l Ser i es 

Paraha ki  

Wharekohe 

Te Kopuru 

Kara 

Egmont 

North l and 
Basa l t i c  

Ruatangata 

* Rel at i ve  

Oxygen i sotope abundance of quartz from sel ected 

s i ze fracti ons of a range of New Zeal and so i l s .  

S i ze Fracti on 
Depth ( m )  Hori zon ( fl m )  

0 - 0 . 1  Ap 63 - 20 
5 2 

0 . 1  - 0 . 2  Bw 63 - 20 
5 - 2 

E 63 - 20 

5 - 2 

E ::> 63 
63 - 20 

5 - 2 

0 . 2  - 0 . 3 E 63 - 20 
5 - 2 

0 . 3 5  - 0 . 45 Btg 63 - 20 
5 - 2 

0 . 4 - 0 . 5  Bwl 63 - 20 
20 - 5 
5 - 2 

1 . 1 - 1 . 2 2Cu2 63 - 20 
20 - 5 

5 - 2 

So i l s  (mean of 2 so i l s )  > 125  
(mean of 6 soi l s )  63 - 20 
(mean of 5 soi l s )  5 - 2 

0 . 2  - 0 . 3  Bt 2 - 1 

to SMOW . 
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*c; 180 ( o/oo ) 

9 . 0  
9 . 3  

9 . 2  
9 . 1  

1 2 . 8 
1 3 . 4  

8 . 9  
10 . 9  
14 . 2  

1 2 . 1  
1 5 . 6  

1 2 . 0  
1 5 . 1 

13 . 9  
14 . 0  
1 5 . 0  

13 . 9  
14 . 5  
1 5 . 2  

8 . 2  
12 . 0  
13 . 9  

1 3 . 6  



RESULTS AND D I SCUSS ION 

The res u l ts o f  oxygen i sotope ana l ys i s  are summari sed i n  

Tabl e 2 . 1 and 2 . 2 .  The o18o va l ues for 63 - 20 �m and 5 - 2 �m 

quartz from the a l b i c  hori zon of the Wharekohe s i l t  l oam i nd i cate 

i ntermed i ate temperature or m i xed or i g i n ,  detri ta l  quartz ( Tabl e 2 . 2 ) . 

Scann i ng e l ectron m i croscope ( SEM ) exami nati on s hows both fracti ons 

to con s i s t  of angu l ar quartz g ra i ns wi th no ev i dence of s econdary 

quartz . Th i s  c l earl y suggests that the quartz i n  the Wharekohe 

s i l t  l oam i s  not auth i gen i c  a nd that quartz crysta l l i sa t i on has not 

been a s i g n i f i cant process d ur i ng podzol i sat ion . 

The Te Kopuru sand i s  a nother podzol from Northl and , that has 

an a l b i c  hori zon s trong ly  cemented wi th s i l i ca .  The o18o va l ues for 

sel ected s i ze fract i ons from the a l b i c  hori zon ( Tab l e 2 . 2 )  s how that 

the q uartz i n  the sand fract i on and part of the s i l t  s i ze fracti on  i s  

of h i g h  temperature ori g i n .  Qu artz i n  the 5 - 2 �m s i ze fract i on i s  

of l ower temperature ori g i n  a nd has o18o val ues s im i l ar to those  

obta i ned for quartz from thi s s i ze fracti on i n  a range of other soi l s  

and sediments ( Tab l e 2 . 1 ; 2 . 2 ;  Mokma et � . •  1972 ) . A th i n  

sect ion  from a cemented hori zon w i th i n  a Te Kopuru sand s hows that 

i t  cons i sts predomi nantl y of angu l ar  quartz gra i ns i n  a l arge ly  

s i l i ca matri x .  S i l i ca prec i p i tati on  i n  the Te Kopuru sand a ppears 

to be l arge ly  i n  the form of  amorphou s s i l i ca and crysta l l i sati on to 

quartz ha s not occurred . 

The subsoi l of a soi l bel ong i ng to the Kara seri es , a g l eyed 

podzo l , wa s a l so i nvesti gated . The parent materi a l  i s  a s i l i ceou s , 

Hol ocene l acustri ne sed iment . The o18o val ues of the q uartz i n  

thes e  sampl es i nd i cate that there may b e  a sma l l component of l ow 

temperature quartz present on ly  i n  the 5 - 2 �m s i ze fracti on where 
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o18o va l ues of 15 . 1°/oo a nd 15 . 6°/oo were obta i ned , these bei ng 

h i g her tha n  thos e  obta i ned from the same s i ze fra et i on of other soi l s  

i n  the same reg i on ( Tab l e 2 . 2 ) . Th i s  cou l d  be a resu l t  of quartz 

conta i n i ng a l ow temperature component bei ng deri ved from Cretaceo u s  

mari ne s h a l es w h i c h  o c c u r  i n  t h e  l ake catchmen t , rather than 

pedogen i c  quartz formi ng i n  the so i l . 

Two mari ne s ha l es were anal ysed , these s howi ng the h i g hest 

o18o v a l ues  of a l l the sampl es exami ned ( Ta b l e 2 . 1 ) .  The 5 - 2 � 

s i ze fract i on of the Terti ary Mangaka h i a  Group  s h a l e ,  from Northl and , 

appea rs to have a l arge component of l ow temperature quartz . 

However , the 63 - 20 � s i ze fra c t i on shows quartz gra i ns that a re 

a l most  enti rel y angul a r , detri ta l  monocrysta l l i ne fragments , wh i c h  

s how marked l y  l ower o18o v a l ues ( Tabl e 2 . 1 ) .  These val ues are 

s imi l ar to other o18o va l ues of quartz i n  s i m i l ar s i ze fracti ons  from 

Northl and so i l s  ( Ta b l e 2 . 2 ) . I n  contra s t ,  t he Cretaceou s  Whanga i 

Forma t i o n  s ha l e ,  from Hawkes Bay ,  appears to have predom i nant l y  l ow 

temperature quartz i n  a l l of the s i ze frac t i o n s  analysed ( Tabl e 2 . 1 ) .  

Th i n  s ecti o n  exam i na t i on does s how some detr i ta l quartz present ,  wh i c h  

i s  most common i n  the coarser s i ze fracti o n s . Th i s  wou l d  expl a i n  

the s l i ghtl y l ower ;80 val ues  obta i ned for the 63 - 20 pm s i ze 
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frac t i o n  ( Tabl e 2 . 1 ) .  Mos t  of the gra i ns , however , cons i st of detri ta l  

chert i n  a wea k l y  to moderatel y c emented ma tr i x . The Wha nga i 

Format i o n  s ha l e  c l early  had a predomi nantl y c hert-beari ng source , the 

c hert bei ng respons i bl e for the h i g h  �80 va l ues , s i m i l ar to thos e  

fou nd for c herts el s ewhere ( Churc hman et �. , 1976) .  The Whanga i 

Format i o n  i s  wi des pread , extend i ng from Eas t  Cape i n  the north to 

Marl boroug h i n  the south . I t  i s  l i ke l y  that s everal source areas 

contri buted to the s ed i ments ma pped wi th i n  the Forma t i on and not a l l 

of these may have been c hert-beari ng .  As a resu l t ,  some geog ra ph i c  
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vari a t i on i n  the 0 180 val ues for quartz wi thi n the Formati on i s  

expected . 

Quartz i n  the ac i d- i nsol ub l e res i dues from the l a te P l e i s tocene 

Te Aute L imestone has 0180 va l ues i ndi cati ve of a detri ta l  ori g i n  

( Tab l e 2 . 1 ) . The gra i n  s i ze characteri s t i c s  of the res i due  (wel l -

sorted , p redomi nantly coarse s i l t to very fi n e  sand mater i a l ) are 

s imi l ar to other l imestones from the North I s l and ( Nel son , 1 97 7 ) . 

The quartz i n  the 5 - 2 �m s i ze fracti on has a o18o va l ue of 1 5 . 3°/oo , 

wh ich  may wel l i nd i ca te the presence of aerosol i c  dust i n  th i s mari ne 

sed iment , as has been suggested for quartz i n  pel ag i c  sed iments of 

the Pac i fi c  Ocean ( Rex and Gol dberg , 1 958 ;  C l ayton et .!!._. ,  1972 ) . 

The a18o val ues  for the quartz from the Northl and ba sa l t i c 

soi l s a re reported a s  mean va l ues  for the s i ze fracti ons i nvesti gated 

( Tab l e 2 . 2 ) . Deta i l s  of oxygen i sotope ana l ys i s  of quartz from eac h 

i nd i v i dua l  so i l are presented i n  C hapter 4 .  Quartz i n  the sand fract ion  

i s  c l earl y of  h i gh  temperature ori g i n  wi th a o18o val ue  of  8 . 2°/oo . 

I n  contra s t ,  the o18o va l ues for the s i l t  fract i ons are s im i l ar to 

va l ues obta i ned for q uartz i n  other soi l and sediment s i l t  fract ions  i n  

New Zea l and , for whi c h  a detri ta l  ori g i n  ha s been postul ated ( Mokma et 

.!!._. ,  1972 ) . The 2 - 1 � s i ze fracti on of one of the o l der basa l t i c  

soi l s  ( Ruatangata seri es ) has a o18o va l ue o f  1 3 . 6°/oo , i nd i cati ng 

that the quartz i s  not of l ow temperature ori g i n ,  and i s  s imi l ar to 

the mean va l ue of the 5 - 2 �m s i ze fracti o n  for the basa l ti c _ soi l s  of 

13 . 9°/oo ( Tabl e 2 . 2 ) . Th i s s uggests that the two s i ze fracti ons  have 

s im i l ar ori g i n  and a re probabl y part of a 10 - 1 �m tropospheri c 

aerosol i c  dust  fract i on ( Rex et .!!._. ,  1969 ; Syers et .!!._. ,  1 969 ; 

Mokma et �· , 1 972 ; Jackson et .!!._. ,  1973 ) . No quartz was fou nd i n  

the < 1 �m s i ze fracti ons of these soi l s ,  compati bl e wi th the 1 � 

l ower l im i t for aeroso l i c  d u s t .  I n  o n e  of  the soi l s  there i s  c l ear 
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ev i dence of l ow temperature quartz present i n  the 5 - 2 �m s i ze fracti on 

but th i s  was s hown to be due to l ocal  add i t i ons  of mater i a l from a 

Terti ary mari ne sha l e ,  i nd i cati ng that the 5 - 2 �m s i ze fract ion  does 

not con s i st  excl u s i ve ly  of tropospher i c  aerosol i c  dust ( C hapter 4 ) . 

The absence of  chal cedony or chal cedon i te ( F i el des et .!}__. ,  1 956 ) 

i s  probab ly  due to the free dra i n i ng nature of the ba sa l t i c  so i l s  

exami ned .  I n  a free-dra i n i ng basa l t i c  s o i l , l each i ng of the 

i n i t i a l l y  l ow-s i l i ca parent materi a l  i s  thought to rap i d l y  remove 

s i l i ca rel eased dur i ng weatheri ng ( Cra i g  and Loughnan , 1 964 ) . Some 

s i l i ca i n  sol uti on i s  thought to react wi th  a l um i na to form hal l oys i te 

( F i e l des  et .!}__. ,  1 9 56 ) . XRD analyses of the Northl and basa l t i c  s o i l s  

s how the presence of  ha l l oys i te ,  i n  addi ti o n  to kaol i n i te ,  goeth i te 

and g i bbs i te ,  confi rmi ng that th i s reacti on i s  pos s i b l e .  Under these 

free-dra i n i ng cond i t i on s  the formati on of q uartz or  chal cedon i te i s  

cons i dered un l i ke ly .  Recent stud i es of s o i l s  devel oped on bas i c  

vol can i c  roc ks overseas have a l so reached th i s concl u s i on ( J ackson 

et .!}__. ,  1 972 ; S i nger and Navrot , 1977 ) . 

No ev i dence o f  pedogen i c  quartz format i on was found i n  the 

andes i t i c  Egmont soi l  from Taranak i , New Zea l a nd ,  a l l quartz bei ng 

of aeo l i an ori g i n  ( S tewart et .!}__. ,  1 977 ) . 

The Oh i newa i Tephra Format ion i s  a rhyo l i t i c  tephra erupted 

from the central  North I s l a nd ( Vuceti c h  et .!}__. ,  1978 ) . The o18o 

va l ue of 8 . 4°/oo for quartz from thi s tephra ( Tabl-e 2 . 1 )  i s  typ i ca l  

o f  h i g h  temperature i g neou s  quartz ( Churc hman e t  a l . ,  1976 )  and i s  

s im i l ar to the va l ues  of 9 . 0  - 9 . 3°/oo obta i ned for quartz i n  a so i l  

devel oped from a Para ha ki  rhyo l i te ( Tab l e 2 . 1 ;  Mokma et .!2_. , 1972 ) . 

The s l i g ht l y  h i g her  o18o va l ue  for t he  rhyo l i te quartz probab ly  

refl ects d i fferent  coo l i ng rat@s of rhyol i te l ava versu s  tephra , the 

more s l owl y cool ed rhyol i te record i ng a l ower temperature oxygen 

i sotope fractionat i on than the more rap i d l y  cool ed tephra . 



CONCLUS IONS 

The ori g i n  of quartz i n  soi l s  and  sediments can  often be 

determi ned by i ts oxygen i sotope compo s i t i on . I n  parti cu l a r ,  the 

presence of l ow temperature quartz formed i n  s ed imentary or soi l 

envi ronments can be determi ned by i ts h i g h  o18o val ues . I n  th i s  

s tudy we have s hown that p e d o � e�t t� a-quartz was not present i n  

the range of soi l s  exami ned .  The rap i d  rel ease  of s i l i ca duri ng 

weatheri ng l eads to the prec i p i tat i on of amorphous s i l i ca i n  andes i t i c  

and rhyol i t i c  vol can i c  a s h . I n  free dra i n i ng basa l ti c s o i l s  l each i ng 
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o f  s i l i ca a nd reacti on w i t h  a l um i na t o  form ha l l oys i te probabl y accounts 

for most of the s i l i ca rel ea sed dur i ng weatheri ng . On ly  i n  h i g h ly  

quartzose parent mater i a l s i s  the concentrati on of  s i l i ca i n  so l ut i o n  

apparent ly  l ow enough  to  form the c ha l cedon i te reported i n  the 

l i terature . Low temperature q uartz from the Terti ary Mangaka h i a Group 

and Cretaceous Whanga i Formati on s ha l es i s  c l early of geol og i ca l  ori g i n .  
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PARENT MATERI AL STRAT I GRAPHY OF AN 

EGMONT LOAM PROF I L E , TARANAKI ,  NEW ZEALAND 

R . B .  Stewart , V . E .  Nea l l ,  J . A .  Po l l ok and J . K . Syers 

Department of Soi l S c i ence , Mas sey Uni vers i ty ,  
Pal mers ton North , New Zea l and . 

P ub l i s hed i n  Austra l i an Jo urna l 
of  Soi l Research , vol ume 1 5 , 1 9 77 : pages 1 77 - 1 90 .  

ABSTRACT 

The Egmont  l oam of Tarana k i , New Zea l and , i s  regarded as a 

cl ass i c  a ndoso l  deve l oped i n  andes i ti c  tephra ( a yel l ow-brown l oam i n  

the N . Z . geneti c soi l c l ass i fi ca ti on or an enti c dystrandept i n  the 

U . S .  Soi l Taxonomy ) . Vari ati ons  i n  gra i n s i ze d i s tri b uti on and 
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mi nera l ogy wi th i n  a representati ve profi l e  s how i t  to cons i s t  of two 

di s ti nct un i ts ,  an upper uni t of andes i ti c  tephra and a l ower uni t 

conta i n i ng u p  to 30% q uartz , wh i ch i s  i nterpreted as a tephr i c l oess . 

Corre l ati on  of  peaks i n  andes i ti c  g l ass  di s tri bution  wi thi n the profi l e  

wi th erupti ons from Mt Egmont s uggest  an  accumul a ti on peri od of  c i rca 

1 0 , 000 years for the tephra un i t ,  whi l e  the presence , i n  pl aces 

conduci ve to i ts preservati on , of the Aokautere Ash , a rhyol i ti c  ash 

of wi despread di s tri bution  i n  the central North I s l and , dates  ( NZ1 056A ) 

the base of  the profi l e  at  l es s  than 1 9850 ± 310 years B . P .  Peaks i n  

d i s tri buti on of  the mi nor rhyo l i ti c  g l as s  component i n  the tephra uni t 



are corre l ated wi th three major pos t-g l aci a l  rhyol i ti c  erupti ons from 

the centra l N orth I s l an d ;  the Taupo erupti on of 1840 ± 50 years B . P .  

( NZ1 548A ) , the Wa i mi h i a  erupti on of  3440 ± 70 years B . P .  ( NZ2A) , and 

the Rotoma erupti on of  7330 ± 235 years B . P . ( NZ1 1 99A) . 
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Vari ati ons i n  the rate of q ua rtz accumu l ati on i n  the s i l t  fracti on 

of  the Egmont  profi l e  are correl ated wi th c l i ma ti c  changes , a h i gher 

rate of q uartz accumu l ati on occurri ng duri ng the col der c l i mate of the 

l as t  s tadi a l , i n  contrast  wi th a l ower rate of  q uartz accumul ati on 

occurri ng duri ng the warmer c l i mate of pos t-g l aci a l  ti me . 

I NTRODUCTI ON 

The vol cani c ash  so i l s  of  Taranak i ,  New Zea l and , are typi ca l  

andoso l s of  the Ci rcum- Paci fi c  reg i on ( Fi tzpatri ck, 1 97 1 ) . Thei r dark  

topso i l overlyi ng a yel l ow-brown s ubsoi l ,  h i gh  a l l ophane content ,  

fri abl e cons i s tency ,  h i gh poros i ty a nd  h i gh permeab i l i ty show a s tron g  

s i mi l ari ty t o  represen tati ve andoso l s of  Japan ( Mi n i s try of Agri cul ture 

and Forestry, 1 964 ) . A c l ass i ca l  andoso l  i n  Taranaki  i s  the Egmont 

l oam , a ye l l ow-brown l oam in  the New Zea l and geneti c so i l c l a s s i fi cati on 

( Tayl or, 1 948 )  or  an enti c dys trandept i n  the U . S .  Soi l Taxonomy ( So i l 

Survey Staf� 1 973 ) . Tradi ti ona l l y  i t  has been cons i dered to h ave 

deve l oped i n  • Egmont Ash • ( Fl emi ng , 1 953 ) , a l ate Quaternary vol cani c 

ash  mant l e whi ch covers much o f  the s ou·thern part of the Taranaki  

reg i on .  Th i s  ash ori g i nated as  a seri es of andes i ti c  erupti ons from 

Mt . Egmont , a 25 18m h i gh s tratovol cano s i tuated i n  the centre o f  

Taranaki  provi nce ( Fi g .  3 . 1 ) . 

The Egmont l oam was fi rst recogni zed by Grange and Tayl or ( 1 9 33 )  

i n  southern Taranaki  a nd  mapped a s  two soi l types o n  the bas i s  of the 

topso i l col ours . W i th i n  4 km of  the coas t ,  b l ack topsai l s  predomi nate 

due to an i n i ti a l nati ve scrub vegetati ve cove r ,  l a rgel y  compri s i ng 
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Phormi um tenax and Pte ri di um acgu i l i n i um var .  escu l entum , pri or to 

the ni neteenth century European occupati on of New Zea l a n d .  I n l and  of  

th i s  zone predomi nantl y brown topsai l s  were formed under a Podocarp-

Hardwood forest cover .  The Egmont  l oams occur  o n  a terra i n that 

s l opes  gently towards the coast  and cons i s ts o f  easy-ro l l i ng s u rfaces 

cons tructed from terres tri a l  sand , l i gn i te ,  tephra , l oess  and 
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a l l uvi um overlyi ng a s equence of l ate Quaternary upl i fted mari ne benches 

( Fl emi ng, 1 9 53 ) . Pos t-g l aci a l  andes i ti c  vo l ca n i sm has spread a 2 - 5m 

th i ck ash  cover over a l l but the youngest terres tri a l  depos i ts .  

Sma l l ri vers , many wi th thei r headwaters on the south-eas tern s l opes 

of Mt Egmont , a re i nci s ed wi th i n s teep-wal l ed ,  box-shaped gu l l i es as 

they cros s the Egmont l oam l andscape , parti cu l ar ly  near the coa s t .  

Ra i nfa l l vari es both wi th a l ti tude and pos i t i on  re l ati ve to M t  Egmont ,  

from 1 020 mm year- 1 at  the coa st  to 7000 mm year- 1  at 900m a l ti tude . 

Mean annua l  temperatures are 1 1 - 12°C i n  the s o uth Taranaki  reg i on . 

Severa l s tudi es on the Egmont l oam h ave been concerned wi th the 

unusual ly  h i gh al l ophane content of the so i l and i ts associ ated 

phys i ca l  and chemi ca l properti es  ( B i rrel l , 1 9 5 1 ; B i rre l l and Fi el des , 

1 9 52 ; Saunders , l 9 56 ; 1 96 3 ;  New Zea l and Soi l B ureau, 1 968) . However 

l i ttl e research has been di rected towards determi ni ng the age and 

provenance of  the Egmont l oam parent materi a l s .  

Th i s  paper descri bes a deta i l ed s trati g raphi ca l and mi nera l ogi ca l 

study of  a representati ve Egmont  l oam profi l e .  

MATERIALS AND METHODS 

A representati ve sampl e s i te ,  l ocated 7 km south of  Hawera 

( Fi g .  3 . 1 ) , was se l ected for deta i l ed s tudy .  The s i te i s  on the 

Ngari no upl i fted mari ne bench ( Di ckson et a l . , 1 9 74 ) and cons i s ts of  a 

4m h i gh road secti on i n  wh i ch the s trati graph i c  re l ati ons h i ps of the 
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colou r  and texture 

very da rk g rey l oa m 

da r k  ye l low ish  b rown loa m 

ye l lowish brown g r i tty  s i lt l oam 

o l i ve yel lowish b rown sandy 
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o l ive yellowish  brown teph r ic  
l oess wi th  andes i te pebb les 

on andes i t t c  sand 

F i gure 3 . 2  Strati graph i c  and pedo l og i c  hori zons wi th i n  the 
Egmont b l a c k  l oam . So i l hori zon nomencl ature 
i s  accord i ng to the FAO-UNESCO ( 1 974 ) system . 



cover beds are c l early di s pl ayed , together wi th a profi l e  p i t i n  a n  

adjo i n i ng paddock . Samp l es were co l l ected at  10 cm i nterva l s from 

the s urface to the under ly i ng dune s ands . The profi l e  i s  des cri bed 

ful ly  i n  Appendi x 1 .  

Three gra i n s i ze p arameters a re used to di sti ngui sh  gra i n s i ze 

changes wi th depth , and therefore wi th t ime , i n  the accumu l ati ng  

E gmont l oam parent materi a l s .  These  parameters are the gra ph i c  mean 

( Mz ) ,  i nc l us i ve graph i c  s tandard dev i ati on (cr r ) and graph i c  kurtos i s  

( KG ) of Fo l k , ( l 968 ) . The s and fracti on s i ze l i mi ts ( >  6 3  ]..l m o r  4 cp ) 

a re those of Wentworth , ( 1922) . Howeve r ,  coarse , medi um and  fi ne s i l t  

fraction  s i ze l i mi ts are those defi ned i n  Ja ckson , ( 1956 ) . 

Mi nera l ogi ca l data were obta i ned by poi nt  counti ng gra i n  mounts 

o f  the very fi ne sand and coarse s i l t  fracti ons . The di s tri buti on 

and amount of  q ua rtz i n  the profi l e  was determi ned as an a i d to traci ng 

the non-andes i ti c  component i n  the so i l parent  materi a l s .  Quartz s i ze 

di stri buti on was obtai ned by the q uartz i s o l ati on methods of  Syers 

et al . ,  ( 1968) , as modi fi ed by Sr i dhar et a l . ,  ( 1975 ) . 

EGMONT LOAM : STRATI GRAPHY 

The ' Egmont Ash ' overl i es a range of  parent  materi a l s ,  from 
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aeol i an dune s ands near the coas t to l oess on the upl i fted mari ne benches  

and o l der tephras further i n l and . The ' Egmont  As h '  i s  common to a l l 

secti ons exam i ned and i s  cons i dered to be the materi al  i n  whi ch the 

Egmont l earns h ave deve l oped . Two l i tho l ogi ca l  un i ts wi th i n  the 

' Egmont Ash ' are here recogn i zed and referred to as the upper and l ower 

uni ts . The Ap , Bw1 and  Bw2 hori zons of  the Egmont l oam a re devel oped 

wi th i n  the upper uni t ,  whi l s t the 2Cu1  and 2Cu2 hori zons are deve l oped 

i n  the l ower un i t ( Fi g .  3 . 2 ) . The upper un i t  thi ckens cons i derab ly  
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towards Mt Egmont , accompan i ed by an i ncreas i ng abundance and s i ze of  

l api l l i .  The l ower un i t  does not appear to thi cken appreci ab ly  

towards Mt  Egmont .  Few l api l l i  occur wi th i n  the l ower un i t ,  except 

for an unnamed l ap i l l i  preserved at  the base of the uni t ,  whi ch i s  

an i mporta nt marker hori zon throughout the H awera reg i on ( Fi g .  3 . 2 ) . 

Th i s  marker l ap i l l i  res ts on a 2m th i ck ' s peck l ed ash ' near 

Mt Egmont , wh i ch th i ns rap i dl y  towards Hawera ( Fi g .  3 . 1 )  and i s  absen t  

from the s ampl e s i te south-east o f  Hawera . Here the marker l ap i l l i  

rests on l oess - l i ke materi a l  whi ch becomes i ncreas i ng ly more sandy 

towards the underlyi ng  dune sand . I t  i s  wi th i n  th i s  sandy materi a l , 

( and  unde r  the ' s peckl ed ash ' where present )  that the Aokautere As h 

dateq ( NZ 1 056A) at  1 9850 ± 310 years B . P . i s  preserved ( Fi g .  3 . 3 ) . 

The presence of the Aokautere Ash shows that accumul ati on of the 

underlyi n g  col d c l i mate dune sands ceased approximately 20 , 000 years 

ago i n  the Hawera regi on . Rel ati vel y  th i n  tephra and l oess  un i ts 

wi th i n  the dune s ands i ndi cate that there may have been s everal dune 

s and advances before 20 ,000 years B . P .  Wood , i denti fi ed as e i ther 

Podocarpus totara , P .  h a l l i  o r  Dacrycarpus dacrydi oi des , from a l i gn i te 

beneath the dune sands , has been dated ( NZ39 70B ) at > 43 , 900 years B . P .  

The dune sands are absent from the o l d mari ne terraces , and the , 

marker l api l l i  rests on e i ther a th i n  uni t of ' s peck l ed as h ' o r  l oess  

whi ch i n  turn overl i es a <1 m th i ck pal eoso l  ( Fi g .  3 . 3 ) . 

Parameter Vari ation  W i th Depth 

Vari ati ons i n  the grai n s i ze paramete rs wi th depth ( Fi g .  3 . 4 )  

confi rm the exi stence of the two l i thol ogi ca l  un i ts recogn i zed on 

macroscop i c  phys i ca l  features . Parameter val ues remai n  un i form 

throughout the upper un i t  to 75 cm depth . Bel ow 75 cm depth the re i s  

a marked change i n  parameter va l ues across  the boundary i nto the l ower 

un i t  where mean grai n-s i ze decreases , sort i n g  i mproves and kurtos i s  
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val ues  become much h i gher . I n  the l owermost 30 cm of the l ower uni t ,  

there i s  evi dence o f  mi xi n g  wi th the coarser ,  un derl yi ng  dune sand to 

produce a poor ly  sorted end-product wi th a di s ti nctly b i modal  character 

s hown by the much l ower k u rtos i s  val ues . 

The c umul ati ve curves for s ampl es from the upper and  l ower uni ts 

and the dun e sand are compa red , together wi th curves from a North 

Ameri can and a New Zea l and  l oes s i n  Fi g .  3 . 5 .  A representati ve 

cumu l ati ve curve for the l ower uni t ( curve B )  i s  · s i mi l ar i n  s hape to 

both l oess curves ( C , D) and the dune sand curve ( E ) , i ndi cati ng  thei r 

cognate aeol i an o ri g i n .  I n  contra s t ,  the representati ve cumul ati ve 

curve for the upper uni t ( A ) s hows that i t  i s  much more poorl y sorted , 

i s  polymoda l and has a coarser  gra i n  s i ze more cons i s tent wi th near­

source vol can i c l asti c depos i ts s uch as , for examp l e ,  the I ng l ewood 

Tephra ( curve F) , a 4000- 5000 years B . P .  tephra - fa l l from Mt Egmont .  

Q ua rtz 

Tota l quartz conten ts wi th i n  the Egmont pro fi l e  vari ed from 30% 

i n  the l ower un i t  to 3% i n  the upper uni t .  There was a marked change 

i n  q uartz abundance i n  the s i l t  fra cti ons across  the boundary between 

the two uni ts ( Fi g .  3 . 6 ) . The boundary i s  i n te rpreted as refl ecti ng 

a change from condi ti ons of  rel ati ve l y  ab undant i nter-regi ona l quartz 

s upp ly  duri n g  the accumul at ion  of the l ower uni t to a very restri cted 

i n ter-regi ona l quartz s upp ly  duri ng  the a ccumul at i on of the upper un i t .  

I n  contrast  to the s i l t  fra cti ons the very fi ne s and fracti on 

s howed no marked change i n  quartz ab undance and th i s  was un i formly l ow ,  

< 1% ( Fi g .  3 . 6 ) . Quartz was rare or abs ent  i n  the coarser s and 

fract i ons . Thes e data s uggest that the sand-s i ze fracti ons have been 

conti nuous l y  i ncorporated i nto the profi l e  from an i n tra- regi ona l , 

q ua rtz defi c i ent source , p robab l y  andes i ti c  tephra domi nated . 

7 1  
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The q ua rtz gra i n-s i ze cumu l ati ve curves for a l l s amp l es from the 

Egmont profi l e  fe l l  wi th i n a narrow fi e l d ( curve G ,  Fi g .  3 . 5 ) . They 

are s i mi l ar i n  s h ape and  s how a s i mi l ar grai n-s i ze di s tri buti on to 

the l oess  curves , i ndi cati ng  that the quartz was trans ported i nto 

the profi l e  by aeol i an processes . The s i mi l ari ty of a l l q ua rtz 

c umu l ati ve curves throughout the profi l e  s how that thi s trans port 

mechan i sm operated unchanged duri ng the accumu l ati on of the enti re 

profi l e ,  be i ng i ndependent of both the vo l can i c i nfl uences  and changes 

i n  q uartz s upp ly . 

Oxygen I s otope Abundance and Quartz Provenance 

Oxygen i s otope ab undance of  q ua rtz from representati ve s amp l es 

of the upper and l ower uni ts was determi ned i n  an attempt to defi ne the 

provenance of the q uartz i n  the profi l e .  S i mi l a r o 18o val ues were 

obta i ned for the coarse and medi um s i l t  fra cti ons i n  both s ampl es 

( Tab l e  3 . 1 ) . 

Tab l e 3 . 1 

The pri nci pa l  d i fference occurs between the fi ne s i l t  

Oxygen i sotope abundance of  quartz i s o l ated 
from sel ected s i ze fracti ons , Egmont  l oam 

Upper un i t  Lower uni t 
( teph ra ) ( tephri c l oess) 

*o 18o 0/oo o 18o 0/oo 

Coarse  s i l t  1 3 . 6  ± 0 . 3  13 . 9  ± 0 . 3  
Medi um s i  1 t 13 . 9  % 0 . 3  1 4 . 0  ± 0 . 3  
Fi ne  s i l t  14 . 5  ± 0 . 3  1 5 . 0  ± 0 . 3  

Quartz from Parahak i  rhyo l i te ( vo l can i c )  9 . 6 
Cretaceous chert ( auth i geni c )  32 

* Re l ati ve to s tanda rd mean  o cean water .  
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fra cti on and the other two s i l t  fra cti ons . The data s u ggest  that  the 

fi ne s i l t  fracti on , a mi nor component of the q uartz content of the 

profi l e ,  i s  o f  aeroso l i c  o ri g i n  ( Rex  et al . ,  1 969 ) , whi l e  the coars e 

and medi um s i l t  fracti ons are predomi nantly deri ved from more restri cted 

reg i ona l s o urces , refl ected i n  the l ower o 18o val ues . 

The oxygen i sotope abundance data s how tha t  the q uartz i n  a l l 

s i ze fracti ons ana lysed has  nei ther  an i gneous ( cf .  Parahak i  rhyo l i te ,  

Tab l e  3 . 1 ) , nor an  auth i gen i c ( cf .  Cretaceous che rt , Tabl e 3 . 1 ) o ri gi n .  

Th i s  precl udes  the quartz bei ng  e i ther deri ved from andes i ti c  teph ra 

or by � s i tu formati on i n  the s oi l .  

Fe l dspar 

Most of  the fe l ds par  present is  a ca l c i c  andes i ne ,  p robab ly  

de ri ved from Mt  Egmont .  The coarse  s i l t fra cti on  s hows fl uctuati ons 

i n  fe l ds par  content i n  the upper un i t  ri s i ng to a h i gher ,  un i form l evel  

i n  the l ower un i t  ( Fi g .  3 . 7 ) . The peaks i n  the upper un i t  are 

s uggesti ve o f  major  andes i ti c  erupti ve epi sodes . The l es s  vari ab l e  

fe l ds par  content i n  the l ower un i t  i ndi cates l i tt l e materi a l  bei ng  

d i rectly i ncorporated from erupti ons . 

I n  the very fi ne sand  fracti on there i s  l i ttl e fe l ds par  vari ati on  

wi th depth , i ndi cati n g ,  as  i n  the q uartz , th at th i s  fract i on was deri ved 

i n tra- reg i ona l ly  and i ncorporated at  a s teady rate i n to the pro fi l e .  

Andes i ti c  Gl ass  

' Andes i ti c  g l ass ' w i th i n  the  Egmont profi l e  cons i s ts o f  mi cro l i tes 

of fe l ds pa r ,  mafi c mi neral s and t i tanomagneti te i n  a g l assy matri x .  

I t  approxi mates to the g roundmas s  i n  andes i ti c  rocks . 

Andes i ti c  g l ass abundance i n  the l ower un i t  i s  at a cons i s tently 

1 ow 1 eve 1 ( Fi g .  3 .  7 )  . I n  the upper uni t there i s  a s teady i ncrease i n  

abundance overpri nted by major peaks i n  both the coarse s i l t  and very 
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fi ne  s and fracti ons ( Fi g .  3 . 7 ) , whi ch represent s peci fi c erupti ve 

epi sodes . Di ffe rences i n  peak pos i ti ons between the two s i ze 

fracti ons probab ly  refl ect vari ati on i n  gra i n  s i ze di s tri buti on of 

e rupted materi a l s .  A po i nt on the axi s of  teph ra di s pers a l  woul d tend 
ra.ther one o'"' 

to be domi nated by coarser  teph ra�than �the l ateral and termi na l  ma rgi ns 

of  di s persa  1 .  

Mafi c Mi nera l s 

Th ree mafi c mi neral s occur i n  s i gni fi cant amounts ; augi te , 

hornb l ende and hypers thene .  I n  the coarse  s i l t  fracti on both augi te 

and  hornb l ende s how a h i gher  abundance i n  the l ower un i t ,  p robab ly  as  

a res ul t of  h i gher res i s tance to weatheri ng re l at i ve to andes i ti c  g l ass  

i n  the  source area pri or to the  acc umul ati on of  the l ower uni t .  Both 

mi nera l s  show on ly  one major  erupti ve peak i n  the upper un i t  ( Fi g .  3 . 8 ) , 

corres pond i ng to the l owermost  peak i n  the fe l ds par  and andes i ti c  gl a s s  

abundances . Augi te and hornbl ende show l i ttl e va riati on i n  the very 

fi ne  s and  fracti on . Hypersthene h as a s i mi l ar d i stri buti on pattern 

to the andes i ti c  g l ass ( Fi g .  3 . 8 ) . 

Rhyo l i ti c  G l ass  

Rhyol i ti c  g l as s i s  a mi nor component of  the mi nera l s presen t ,  

b u t  i ts vari at i on wi th depth i s  a record of the i n fl uence of  rhyo l i ti c  

teph ras from the Centra l North I s l and . Two rhyo l i ti c  g l ass  abundance 

peaks occur  i n  the coarse s i l t  fraction , both wi th i n  the upper un i t ,  

wh i l st on ly  one peak i s  p resent , at the top o f  the upper un i t ,  i n  the 

very fi ne  s and fract i on ( Fi g .  3 . 7 ) . 

Mi nor Mi nera l  Consti tuents 

Apart from q uartz , s evera l mi nor ( < 1%) mi n era l s occur wh i ch are 

fore i gn to andes i ti c  rocks and are s i gn i fi cant i nd icators of  provenance . 
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The most  abundant mi ca present i s  mus covi te . I t  may form up to 

5% i n  s ome of  the sand  fract i ons , but i t  i s  present i n  on ly  sma l l 

amoun ts i n  the s i l t  fra cti ons of the l ower un i t  and i s  absen t  from 

s i l t  fracti ons of the upper un i t .  The most common s ed iment fo rmi ng 

materi a l s  i n  the H awera regi on , after andes i ti c  teph ra , a re P l i ocene 

mudsto nes , whi ch contai n abundant mus covi te and bi oti te . These may 

be s upp ly i ng s ome materi a l  to the sand  fracti ons , but  appear to 

79 

contr i b ute l i ttl e to the s i l t  fracti ons . B i oti te i s  rare i n  the Egmont 

profi l e  but may have a l tered to ch l ori te , wh i ch is present i n  greater 

amounts . Ch l ori te i s  a l so  more abundant i n  the s i l t  fracti ons of the 

l ower un i t  than those of the upper un i t .  

Mi nera l s o f  the epi dote group present are epi dote , c l i nozo i s i te 

and zo i s i te .  Al l a re present i n  the l ower un i t  but are rare i n  the 

upper un i t .  Epi dote and c l i nozoi s i te have a s i mi l ar  para genes i s .  

Both are common i n  i gneous rocks , where they form as deuteri c or  l ate 

magma ti c phases , and i n  metamorph i c  rocks , where they occur  i n  the 

epi dote-amph i bo l i te faci es of reg i ona l  metamorph i sm .  They may a l so  

form from the sauss eri ti zati on or  hydrothermal a l terat i on of  p l ag i oc l ase  

( Deer et a l . ,  1 969 ) . However ,  the coarsenes s of  the grai n s i ze , 

together wi th gra i n  roundi ng and  absence of  evi dence of  sausseri ti zati on 

of associ ated p l agi ocl ase ,  s uggest that the epi dote group mi nera l s i n  

the p rofi l e  a re detri tal . Zoi s i te has  a mo re res tri cted paragenes i s ,  

bei ng  formed on ly  i n  metamo rph i c  rocks . 

Mi crocl i ne o ccurs i n  trace amounts throughout the l ower un i t ,  

but i s  vi rtua l l y  absent from the upper un i t .  Because mi croc l i ne i s  not 

known to occur i n  vol can i c  rocks a s  a pri mary mi nera l , i ts presence 

i ndi cates that one of  the u l t imate sources o f  the non-andes i ti c  materi a l  

was i n  an  aci d p l uton i c  or h i gh - grade metamorph i c  terra i n ,  fore i gn 

to the Taranaki  reg i on . 



D I SCUSS ION  

The  s trati gra ph i c  co l umn o f  unnamed erupti ons from Mt  Egmont 

preserved wi th i n  peat i n  the Ngaere Swamp ( Fi g .  3 . 1 ) , 21  km NNW of 

the Egmont l oam s ampl e s i te ,  s hows a l l the major  pos t-gl ac i a l teph ras 

erupted to the eas t  and south-east of Mt Egmont ( Fi g .  3 . 7 ) . A radi o-

carbon a ge ( NZ3153 B )  from near the bas e  o f  the co l umn dates a major  
+ s eri es o f  erupti on s  at 10450 - 100 years B . P .  Th i s  s eri es of  

erupti ons i s  correl ated wi th peaks i n  the  andes i ti c  gl ass , fe l ds par  

and  mafi c mi nera l  abundances at the bas e o f  t he  upper un i t  i n  the 

Egmont profi l e  ( Fi gs .  3 . 7  and 3 . 8 ) . Th i s  i ndi cates an  age of  

10- 1 1 ,000 years B . P .  for the boundary between the two un i ts . 

Pa l eocl i mati c and  pal eogeograph i c  ev i dence s ugges ts a s i mi l a r  

a ge for the upper to l ower un i t  boundary .  The change from accumul ati on 

of predomi nantly l oess i c  to predomi natly tephri c materi al  across  the 

boundary i ndi cates a major  envi ronmental  change at th i s  ti me .  Pri or 

to 10- 1 1 , 000 years B . P .  s ea l eve l was s ome 90 m l ower than at pre s ent 

and ev i dence from offshore Taranaki  s uggests that not only di d the 

Egmont ri ng  pl a i n extend wel l beyond the present s hore l i ne ,  but a l so  

that  there was a l and bri dge ( Fi g .  3 . 1 ) e xtendi ng from north -west  

Ne l son to Taranak i  at th i s  ti me ( Lewi s and Eade, 1 9 74 ) . S uch a n  a rea 

i s  a l i ke ly  source for the l ower un i t .  Tephra fa l l i ng o n  th i s  l and 

bri dge was s ubj ected to weatheri ng befo re bei ng transported and  

depos i ted i n  the  southern Taranaki  regi on by aeo l i an proces ses . 

Evi dence for . rede pos i t i on i s  s hown by the g ra i n  roundi ng and the 

concentrat ion  o f  mafi c . m i nera l s re l ati ve to pri mary andes i ti c  materi a l  

i n  the upper un i t . The decreas ed abundance of  a ndes i ti c  gl a s s  i n  the 

l ower un i t  and the i ncreased abunda nce of  fe l ds par , s how that g l ass  

was bei ng prefe rent i a l l y  removed i n  the source area , i n  contra s t  wi th 
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the abundance of andes i ti c  g l a s s  and fe l ds par  i n  the upper un i t  wh i ch 

vary sympatheti ca l l y ,  i ndi cat i ng that both are bei ng i ncorporated 

di rectl y from erupti ons . I n  addi t i on , q uartzose  s edi ments from the 

predomi nantly gra n i ti c and h i g h -grade metamorph i c  Nel son  a rea carri ed 

north a l ong  the wes tern shore l i ne of the l and b ri dge p robab l y  s uppl i ed 
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the substanti a l  non-andes i ti c  component of the l ower un i t .  At ci rca 10 -

1 1 , 000 yea rs  B . � the post-g l ac i a l  ri s e  i n  s ea l evel i n undated th i s  

area a nd e l i mi nated the conti nenta l she l f reg i o n  as a source of  aeol i an 

materi a l . 

The occurrence of  the Aoka utere As h dates the base of  the profi l e  

at approx imately 20 , 000 years B . P .  The bounda ry between the upper and 

l ower un i ts i s  dated at  appro x i mate l y 10 , 000 year B . P . , s howi ng  that 

the two uni ts h ave each accumu l ated over a 10 , 000 year peri o d .  S i nce 

the two un i ts are of  eq ua l th i ckness at  the Moko i a  s i te ,  a s i mi l ar 

mean rate of  accumu l at i on i s  i mp l i ed for both un i ts . 

The mi nera l ogi cal  evi dence i s  i nterpreted to i ndi cate a ch ange 

from ( 1 ) l oes s i a l materi a l  h a vi ng a s ubstanti a l  q uartz component and 

a major  reworked tephra componen t ,  hereafter referred to as the • teph ri c 

l oess  un i t • , to ( 2 )  a materi a l  cons i s ti ng al most  enti re l y  o f  a i rfal l 

tephra , hereafter  referred to as the • teph ra un i t • . Because  both 

uni ts a ppear to h ave a s i mi l a r mean rate of accumul at ion , desp i te the 

remova l of the l oes s source by the pos t-g l aci a l  ri se i n  s ea l evel , i t  

fo l l ows that to compensate for the decrease  i n  the l oes s component 

there must have been a correspondi ng i ncrease i n  the amo unt o f  tephra 

accumul ati ng  i n  the upper un i t  ( Fi g .  3 . 7 ) . Th i s  i n  turn s uggests 

that  tephra emi s s i o n  from Mt Egmont h as i ncreased duri n g  the Ho l ocene . 

A l though  i nputs of  maj or components to the tephra u n i t ,  

parti cu l arly andes i ti c  g l a s s , a re epi sodi c  ( Fi g .  3 . 7 ) , a mea n  rate of  

accumu l ati on can  be deri ved . W i th i n  the l i mi ts of the reso l ut ion o f  



the sampl i ng i nterva l s approxi mate maxi mum ages for peaks i n  the 

rhyo l i ti c  g l a s s  abundance can be as s i gned . The i nferred maxi mum age 

fo r the peak i n  the very fi ne s an d  fracti on i s  2000 year? B. P., whi l e  

those for the upper and  l ower peaks i n  the coarse s i l t  fra cti on are 

3500 years and  7500 years B . P .  respecti vel y  ( Fi g .  3 . 7 ) . Thes e 

i n ferred ages agree remarkabl y  we l l  wi th rad iocarbon ages of  the three 

l argest  pos t- g l ac i a l rhyol i ti c  erupti ons i n  the centra l  North I s l and : 

the Taupo erupt i on o f  1840 � 50 years B . P .  ( NZ1 548A ) , the Wa imi h i a  

erupt ion  o f  3440 ± 70 years B . P .  ( NZ2A ) and the Rotoma erupti on of 

7330 ± 235  years B . P .  ( NZ1 199A ) . 

CONCLUS I ONS 

1 .  On the bas i s  o f  the mi nera l ogi cal data presented i n  th i s  paper 

two uni ts wi th i n  the Egmont profi l e  can be characteri zed . The upper 

uni t ,  or  • tephra un i t • ,  cons i s ts of  s ucces s i ve i ncrements of  a ndes i ti c  

tephra from Mt Egmont ,  wi th a m i nor component ,  parti cu l arl y i n  the 

s and  fracti on , deri ved i ntra - reg i ona l l y  and a sma l l i nter-regi ona l  

rhyo l i t i c  component from the centra l  North I s l an d .  

2 .  The l ower un i t  or • tephri c l oess un i t •  a l so has a l arge ( 70% ) 

andes i ti c  component , but thi s i s  probab ly reworked materi a l  deri ved 

from pre-ex i s ti ng tephra depos i ts .  The l ower un i t  i n  the Egmont 

profi l e  has a s i gn i fi cant ( 30% ) i nter-regi ona l  q uartz component ,  

probab l y  deri ved a s  l oes s from sedi ments o f  metamorph i c  and p l uton i c  

ori g i n whi ch formed a l and  b ri dge l i nk i ng Taranaki and north-west  

Nel son . However , the reworked teph ra component i s  su ffi c i ently l arge 

to warrant ca l l i ng the l ower u n i t  a tephri c loess uni t .  

3 .  Vari at ions  i n  the rate o f  q uartz accumu l at ion i n  the s i l t  

fracti ons o f  the Egmont l oam profi l e  can be correl ated wi th c l i mati c 
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changes , a h i g h  rate o f  q uartz accumu l ati on occurr i ng duri ng the co l der 

c l imate of the l ast  s tad i a l , whi l e  a l ow rate of quartz accumul at i on 

occurred dur i ng the warmer c l imate of the post-g l ac i a l  peri od . 

4 .  Pea ks  i n  rhyol i t i c  g l a s s  abundance wi th depth are correl ated 

wi th three major rhyo l i ti c  erupt i ons  from the centra l North I s l and . 
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APPEND I X  3 . 1  

Locat ion  

Parent Materi al s 

S l ope 

E l evat ion  

Topography 

Dra i nage 

Vegetati on 

C l i mate 

SO I L  PRO F I L E  DESCRI PT ION ; 

EGMONT BLACK LOAM 

Moko i a , i n  a paddock besi de State H i ghway 3 ,  

7 km south of H awera . N ZMS 1 .  N 129/93123 7 .  

Post-gl aci a l  andes i ti c  teph ra over teph ri c 

l oes s , on aeol i an s ands 

61 m 

Gently undu l ati ng tephra covered , up l i fted 

mari ne terrace ( Ngari no Terrace ) . 

We 1 1  dra i ned 

Pres ent : pas ture compri s i ng perenn i a l  

ryegrass  ( Lol i um perenne ) ,  cocks foot ( Dactyl i s  

gl omerata ) ,  Yorks h i re fog ( Hol cus l anatus ) , 

wh i te cl over ( Tri fo l i um repens ) ,  red c l over 

( Tri fo l i um praten se ) , and vari o us fl a tweeds . 

Pas t :  coa sta l  s crub , l arge ly  nati ve fl a x  

( Phormi urn tenax )  and bracken fern ( Pteri d i  urn 

agu i l i num var .  e scu l enta um ) . 
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Humi d-temperature c l i mate ; mea n  annua l  rai nfa l l :  

1016 mm . Mean annua l  tempera ture :  0 10- 12 . 5  c .  

Prevai l i ng wi nd : wes terl y .  Fros t :  10-20 

screen frosts per year .  



Pro fi l e  

Ap 0- 15  cm 

Bwl 1 5-40 cm 

Bw2 40-75 cm 

2Cu 1  75 - 1 10 cm 

2 Cu2 1 10- 150 cm 

3C onwards 

Between very dark grey ( 10YR3/ 1 )  and  very dark 

grey i s h  b rown ( lOYR3/ 2 )  l oam ; very fri ab l e ;  

s trong ly  deve l oped fi ne nutty and very fi ne crumb 

s tructure ; abundant roots ; sharp , even bounda ry 

Dark yel l owi s h  b rown ( 10YR3/4 ) l oam : fri ab l e ;  

weak l y  deve l oped medi um b l ocky ,  b rea k i ng down 

to fi ne crumb s tructure ; many roots ; i ndi s t i nct 

re l ati ve ly  even  boundary 

Dark yel l owi s h  b rown ( 10YR4/ 4 )  s i l t  l oam wi th 

gri tty component ; fri abl e -fi rm .  moderatel y 

deve l oped coarse b l ocky , b reak i ng  down to fi ne 

crumb structure ; few roots ; fai r ly di s ti nct 

and even boundary i n  profi l e  but reveal ed as  

wavy i n  adjo i n i ng roads i de cutti ng  

Between yel l owi s h  brown ( 10YR5/4 ) and l i ght 

o l i ve b rown 2 . 5Y5/4 )  sandy c l ay l oam wi th a few 

andes i ti c  pebb l es appeari ng  bel ow 100 cm ; fi rm ;  

weak ly  devel o ped coarse  b l ocky tendi ng  to mas s i ve 

s tructure , b reak i ng to fi ne b l ocky then to fi ne 

crumb ; i ndi s ti net boundary 

Between yel l owi s h  brown ( 10Y R5/4 ) and  l i ght  o l i ve 

brown ( 2 . 5Y5/4 ) s andy cl ay l oam wi th s cattered 

a ndes i te pebb l es ;  fi rm ; weak ly deve l oped coarse 

b l ocky tendi ng to mas s i ve structu re , b reak i ng 

to fi ne b l o cky then to fi ne crumb ; di s ti nct , 

wavy boundary 

Aeo l i an andes i ti c  s ands . 
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CHAPTER 4 

OCCURRENCE  AND SOURCE OF  QUARTZ 

I N  S I X  BASALTI C  SOI LS FROM 

NORTHLAND ,  NEW ZEALAND 

ABSTRACT 

The amoun t ,  d i s tri buti on  and oxygen i sotope abundance of q uartz 

from s i x  basal ti c soi l s  i n  a soi l deve l opment  seq uence from North l and , 

New Zea l and , were determi ned . Monomi nera l i c  q uartz i n  the > 250 � m  

s i ze fracti on o f  two o f  the soi l s ,  K i r i paka and Ruatangata , have mean 

8 18o va l ues of 8 . 2  °/oo , i nd i cati ve of  a h i gh temperature ori gi n .  

Quartz i n  the 250 - 125  �m s i ze fracti on of the Ruatanga ta soi l h ad a 

8 18o va l ue of 8 . 1  °joo and 8 . 4  °/oo , a l s o  i ndi cati ng a h i gh quartz 

crysta l l i s at ion  temperature . The sand  s i zed q uartz i s  thought to be 

deri ved from both a i rfal l rhyol i ti c  tephra from the centra l North 
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I s l and , s uch as Kaharoa Ash , or by aeo l i an redepos i ti on from the 

q uartzose beach sands of the west  coas t of North l and . The l atter have 

a 8 18o va l ue of 8 . 7  °joo , a l so  i ndi cati ng the i r probab l e  deri vati on 

from central North I s l and rhyol i ti c  vo l can i cs . Beach s ands from the 

east coast of  North l and have a l ower 818o val ue of  1 1 . 7  °/oo , i ndi cati ng 

the presence of a s i gn i fi can t  component of  l ower temperature , l oca l l y  

deri ved q uartz . 

Quartz i n  the 63 - 20 um s i ze fract ion  of  the soi l s  had a mean 

818o val ue of  1 2 . 0  °/oo , more typ i ca l  of a sedi mentary ori g i n .  Th i s  

s i ze fract i on represents a l oes s i a l component ,  the l ower 818o val ues 



i nd i cati ng the m i xed nature of l oca l  sources of th i s  materi a l , probab ly  

from both Mesozo i c  and  Terti ary s ediments . Quartz i n  the 5 - 2 �m 

s i ze fract ion has  a h i g her mean o 18o va l ue of 13 . 9  °/oo i n  the basa l t i c  

so i l s ,  s i mi l ar to that o f  aerosol i c  dusts prev i ou s ly  reported from 

th i s  l a ti tude of the South Pac i fi c  reg i on . 

The Ki ri pa ka soi l has anoma l ou s l y  h i gh o 18o va l ues  i n  i ts fi ne 

s i l t fract ion of 1 7 . 3  °/oo and 19 . 6  °/oo . Th i s  wa s due to a n  

addi ti ona l  component , contri buti ng approxi matel y 50% of the f i ne s i l t  

fract i on , o f  l ow temperature quartz ori g i nati ng from l oca l Tert i a ry 

mari ne s ha l es .  Th i s  data s hows that l oca l source components occur 

i n  the 1 0  - 1 �m ( aeroso l i c  dust) fract i on of  so i l s  and s ed iments i n  

addi t ion to tropospher i c  aeroso l i c  dust . 

I NTRODUCTION  
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The presence of quartz i n  basa l t i c  s o i l s  has been reported from 

many l ocal it i es a round the worl d ,  from a s  far a part as I srael  ( S i nger , 

1967 ) , Au stra l i a  ( N i cho l l s ,  1 936 ; S imonett and Baul e ke ,  1 963 ; Corbett , 

1968;  Jac kson et �· , 1 972 ; Mokma et �· , 1972 ) , Hawa i i  ( Sherman  et �. , 

1 964 ; Rex et �. , 1 969 ; Jackson et �. , 197 1 ) and New Zea l and 

( Swi nda l e ,  1 966 ; F i el des and Weatherhead , 1 966 ; Campbel l ,  1 97 1 ; Mokma 

et �· , 1 972 ) . The ori g i n  of the quartz has  been wi del y a ttri buted 

to depos i ti on  by aeo l i an processes  ( N i chol l s ,  1936 ; G i l l , 1 964 ; F i el des 

and Weatherhead , 1 966 ; S i nger , 1 967 ; Rex et �. , 1969 ; Br i ner and 

Jackson , 1970 ; Jackson et �· , 1972 ; Mokma et �· , 1 972 ) . However , 

i t  has been suggested that fl uv i a l  proces ses may a l so be i nvo l ved 

( Gi l l ,  1 964 ; Corbett , 1 968) . To expl a i n  quartz found a t  depth i n  

Austral i an basa l t i c s o i l s ,  i t  ha s been postu l ated that quartzose 

ma ter i a l , once depo s i ted on a so i l  s urface , wa s wa shed down cracks  that 



ori g i nated from dryi ng  i n  fi ne textured soi l s  ( N i chol l s ,  19 36 ) , by 

mi xi ng due to g i l ga i p rocesses o r  by depos i ti on i n  cracks between 

b l ocks on young basa l t l ava fl ows ( J acJ<son . et �· , 1972 ) . 

I n  H awai i an a uth i geni c ori g i n  for the quartz i n  bas a l ti c so i l s  
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was pos tu l a ted by Sherman et �· ( 1964 ) . However ,  th i s  q uartz was 

s ubsequently s hown to be l argel y  a res ul t of aeroso l i c  dus t depos i ti on 

( Rex et � . •  1969 ) . Aeroso l i c  dust i s  di s t�i buted by the tropospheri c 

wi nd sys tem and has  a characteri s ti c parti c l e s i ze di s tri but ion  of 

10 11m  - 1 "Jlm w i th a mode at approx imate ly  4 11m  ( Jackson et �· , 1971 ; 

Wal ker and  Cos ti n ,  1971 )  and a di s ti ncti ve oxygen i sotope compos i ti on 

( Rex et �· , 1969 ; Syers et �· , 1969 ; Cl  ay ton et �· , 1972 ) . The 

oxygen i sotope compo s i ti on of aeroso l i c  q ua rtz has al s o  been shown to 

vary w i th l ati tude i n  samp l es from pe l agi c sedi ments i n  the South 

Paci fi c Ocean but  s amp l es from the North Paci fi c Ocean do not appear to 

show a s imi l ar vari a t i on ( Cl ayton et �· , 1972 ) . 

Addi ti ons of aeol i an qua rtz , i ncl udi ng aeroso l i c  dus t ,  to a range 

of New Zea l and so i l s  was fi rs t demonstra ted by Mokma et �· ( 19 72 ;  

19 73) . The s urface hori zons o f  two bas a l ti c s oi l s  from North l and , 

representi ng the Ruatangata and Oka i ha u  s oi l seri es , were s hown to have 

greater amounts of  q uartz than the deeper hori zons . The  q uartz 

parti c l e s i ze di s trib uti on s ugges ted that i t  had been added to the soi l 

l arge ly  as l oess  and i t  was pre s umed that  the q uartz h ad been deri ved 

from basement Mesozo i c greywackes ( Fi e l des and Weatherhead , 1966 ) . 

The a 18o va l ues for quartz i n  the 20 - 5 "Jl m  fracti on o f  both so i l s  

i ndi cated th at the q uartz was ne i ther i nheri ted from the parent  

bas a l t i c parent materi a l  ( Mokma et �· , 1972 ) , nor was i t  deri ved from · 

accreti ons of rhyol i ti c  tephra from the centra l  North I s l and ( Swi nda l e ,  

1966 ) . S i gn i fi can t  amounts o f  q uartz were a l so shown to be  present 

in  the 5 - 2 11m fracti on , i ndi cati ng  presence of  aeros o l i c  dus t i n  



these so i 1 s ( t�okma et  �· , 1972 ) . However , no q uartz o f  aeol i an 

ori g i n  was found i n  a nearby so i l deri ved from rhyol i te ,  the o 18o 

va l ues i ndi ca ti ng th at the q uartz was i nheri ted from the underly i ng 

parent materi a l  ( Mokma et �. , 1972 ) . 

These  i nves ti gati ons draw a ttenti on to the anomal ous  presence of  

aeroso l i c  and l oes s i a l q uartz i n  the bas a l ti c soi l s  of North l and . 

The purpose of  the present study was to further e l uci date the s peci fi c 

ori gi n of  the q uartz i n  a seq uen ce of  basal ti c soi l s ,  of  varyi ng  

degrees o f  s o i l devel opment ,  from North l and . 

of these so i l s  i s  reported i n  Chapter 5 .  

MATERIALS AND METHODS 

Materi a l s .  

The deta i l ed mi nera 1 ogy 

S i x basal ti c soi l s  from a North l and basa l t so i l s eq uence were 

se l ected for th i s  study ( Fi g . 4 . 1 ) . Sampl es were co l l ected of  

representati ve soi l seri es th at are con s i dered i mportant  s tages i n  a 

so i l  deve l opment  "maturi ty "  sequence ( Wi l l i ams , 1965 ; W i l l i ams and 

Wal ker ,  1969 ) , cons i dered by s ome to form a chronosequence ( Wa l ker ,  

1965 ) .  Al l of the s o i l s  s amp l ed were cons i dered to h ave devel oped 

i n  basa l t i c parent materi a l s .  S amp l e  s i tes were sel ected where so i l 

eros i on was thought to be mi n i ma l  and the mos t  compl ete s trati graph i c  

h i story p reserved . I n  addi ti on , preference was g i ven to s i tes near 

l oca l i ti es where radi ometri c dates on s ubs urface l ava fl ows were 

avai l ab l e  ( Tab l e  4 . 1 ) . Consequentl y ,  of the previ ous l y  p ub l i shed 

so i l  reference s i tes ( N . Z . Soi l B ureau ,  1968) , on ly the Ki ri paka and 

Ruatangata s i tes s ui ted these cri teri a .  I t  s hou l d be noted that at  

most l oca l i ti es dated l ava fl ows l i e  at  cons i derab l e  depth bel ow the 

present g round s urface and we con s i der the fl ows to be much o l der than 

the parent materi a l s of  the pres ent so i l s .  

9 1  



Fi gure 4 . 1  

NORTH ISLAND 

�· ,.,o 

� 

WHANGAREI 

BASALT F I ELD 

KAIKOHE - BAY OF ISLANDS 
BASALT FIELD 

\J if  

� 
Map s howi ng the di s tri bution  of  ba sa l ti c soi l s  i n  North l and and the l ocati ons 
at  whi ch the s i x  so i l s  were samp l ed . The l ocati on of  the source of  rhyo l i t i c  
tephra , the Ta upo Vol can i c Zone , i s  shown o n  the i nset .  
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Tab l e 4 . 1 Radi ocarbon and K/Ar ages of l ava fl ows con s i dered 

to be associ ated wi th each s o i l seri es . 

Soi l Seri es Basa l t Forma ti on Age 

Ki ri paka Taheke Kawi ti . 2 1 , 600 ± 380 yr B . P .  
( NZ390A ) 

Whangare i , 35 , 500 + 2600 yr B .  P .  
( NZ 172 1A )  

W h a  t i  t i  r i  Horeke Edge • s  Quarry ,  0 . 521 x 106 yr B . P .  

Wa i o tu Horeke Ka i kohe Q uarry ,  1 . 27 x 106 yr B . P .  

Keri keri Horeke * 

Ruata nga ta Horeke * 

Oka i hau  Horeke * 

* No date avai l ab l e .  



Methods . 

Approximately  80 g s ampl es were treated wi th 1M NaOAc - HOAc at  

pH  5 and then 30% H 2o2 to remove o rga n i c  matter ( Jackson , 1956 ) . 

Free i ron oxi des were removed wi th c i trate - bi carbonate - di th i on i te 
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( CB D ) . Sampl es were then washed wi th s aturated NaCl , fo l l owed by 

di sti l l ed water ,  and  di s persed at pH 10 wi th NH40H . The s amp l e was 

sp l i t  at 63 �m by wet and dry s i evi ng , and the s and fracti o ns dry 

s i eved at  1 <I> i nterva l s ( <I> = - l og2 mm , Krumbei n and Petti joh n ,  1938) . 

The s i l t  and c l ay fracti ons were s p l i t  at  20 �m ,  5 �m and 2 �m by a 

comb i nati on of sedi mentati on and centri fugati on  ( Jackson , 1956 ) . 

Qu artz was i so l ated from s e l ected s i ze fracti ons by fus i on wi th 

Na2s2o7 and treatment wi th H2S i F6 ( Syers et �. , 1968 ; Sri dhar et �. , 

1975 ) . Oxygen was l i berated from the q uartz by react i on w i th B rF5 , 

converted to co2 and anal ysed by a doub l e-co l l ecti ng mas s  s pectrometer 

( C l ay ton and Mayeda , 1963 ) . 

RESULTS AND D I SCUSS ION 

Val ues for s18o for three s i ze fracti ons were determi n ed ;  a s and  

fracti on ( > 125  �m) , a coarse s i l t  fracti on ( 6 3 - 20 �m) and  a fi ne 

s i l t  fracti on ( 5 - 2  �m) . These represent l ocal l y-deri ved i n traregi onal  

materi a l s ,  i nterregi onal l y-deri ved l oess , and aerosol i c  dus t respecti ve ly  

( Syers , et �. , 1969 ; Stewart et �. , 1977 ) . No s i gni fi cant 

di fferences were found between s 18o val ues for q uartz of  a g i ven s i ze 

fraction from di fferent depths i n  any one pro fi l e .  

Quartz was present i n  the > 125  � fracti on of  on l y  two of the s oi l s ,  

the Ki ri paka and the Ruatangata ( Tab l e 4 . 2 ) . The o18o va l ues of  th i s  

quartz have a mean of 8 . 2  °/oo ( Tab l e 4 . 3 ) , s i mi l ar to s18o va l ues o f  

6 - 10  ° loo for q uartz of  h i gh tempera t u  re ori gi n ( Ch urchman et �· , 19 76) . 



Tab l e 4 . 2  Oxygen i sotope abundance o f  quartz from sel ec ted s i ze 
fracti ons o f  s i x  North l and basa l ti c so i l s .  

S i ze 
fracti on 

( �m )  

> 250 

2 50-1 25  

63-20 

5-2 

2 - 1  

So i l 
ser i es 

Depth Soi l % s i ze % Quartz 
hori zon fracti on  i n  s i ze 

(m )  i n  sampl e fraction  

Ki r i paka 
Ruatanga ta 

0-0 . 3  Ah l -Ah2 compos i te 
0-0 . 1 Ah 9 

Rua tanga ta 0 . 2 -0 . 3  
Ruatangata 0 . 6 -0 . 7  

Ki ri paka 0 . 2 -0 . 3  
Ki r i paka 0 . 7 -0 . 8  
Whati ti ri  0 . 3-0 . 4  
Whati ti r i  0 . 6 -0 . 7  
Wa i o tu 0 . 4-0 . 5  
Wai otu  0 . 7-0 . 8  
Keri keri 0 . 2 -0 . 3  
Rua tanga ta 0-0 . 1 
Rua tangata 0 . 6-0 . 7  
Oka i hau  0 . 2 -0 . 3  

Ki r i paka 0 . 2 -0 . 3  
K i r i paka 0 . 7 -0 . 8  
Wha ti ti ri  0 . 3-0 . 4  
Whati ti ri  0 . 6 -0 . 7  
Wai otu  0 . 4-0 . 5  
Ker i keri 0 . 2 -0 . 3  
Ruata nga ta 0-0 . 1  
Ruata ngata 0 . 6 -0 . 7  
Oka i hau  0 . 2-0 . 3  

Rua tangata 0 . 2-0 . 3  

Bt l  
B t2 

Ah2 
BC 
Bw1 
Bt  
Bw2 
Bw3 
Bw 1 
Ah 
B t2 
Bcs  

Ah2 
BC  
Bw 1 
B t  
Bw2 
Bw 1 
Ah 
Bt2  
B cs 

Bt1  

1 
0 . 6  

9 
4 
3 
2 
2 
3 
5 
9 
3 
6 

6 
8 
2 
2 
3 
7 
3 
2 
2 

n . d .  

n . d .  

12  
1 8  

1 4  
46 
49 
29 
36 
6 
9 

59 
54 
74 

6 
2 1  
23 
8 

16  
4 

37  
14 
1 7  

7 

* 0 18o; 16o 0joo re l ati ve to S tandard Mean Ocean Water ( SMOW ) . 

NBS - 28 
R41 50 ( I nsti tute of Nuc l ear Sci ences Standard ) 
M1 ( Massey Un i vers i ty Quartz S tandard ) 

0 10 . 0  joo . 
0 8 . 5 /oo . 
0 12 . 2  /00 . 

8 . 2  
8 . 2  

8 . 1  
8 . 4  

1 1 . 8  
11 . 6  
12 . 2  
12 . 3  
1 1 . 7  
1 1 . 8  
12 . 2  
12 . 7  
1 1 . 9  
12 . 2  

17 . 3  
19 . 6  
14 . 3  
13 . 7  
13 . 9  
13 . 4  
14 . 6  
13 . 7  
13 . 4  

13 . 6  
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I t  may have ori g i nated as  di rect a i rfa l l materi a l  from central North 

I s l and rhyo l i ti c  teph ras ( Sw i nda l e ,  1966 )  or from beach s ands on the 

wes t coast  of North l and ,  pres umed to be  at  l eas t i n  part u l timate ly 

deri ved from central North I s l and  vo l cani cs ( Schofi e l d ,  19 70 ; 

Ri cketts , 1979 ) . 

Quartz i s  present i n  the s i l t  fracti ons of  a l l the s o i l s  exami ned . 

I n  the coarse s i l t  fracti on , o 18o val ues are q ui te un i form ( Tab l e 4 . 2 ) 

but h ave a mean val ue  o f  1 2 . 0  °/oo wh i ch i s  greater than that of the 

sand fracti on ( Tabl e 4 . 3 ) , i ndi cati ng q uartz of s i gni fi cantly l ower 

temperature formati on . These o 18o va l ues a re i ndi cati ve of q uartz 

of mi xed ori g i n  from sedi mentary rocks ( Jackson et �. , 1971 ; 1973 ; 

Chu rchman et �· , 1 9 76 ) . 

I n  the fi ne s i l t  fracti ons , s ti l l  h i ghe r  o 18o va l ues  were obta i ned 

( Tabl e 4 . 2 ) wi th a mean for fi ve of the s oi l s  of  1 3 . 9  °joo ( Tab l e 4 . 3 ) . 

Th i s  i s  cons i s tent wi th va l ues obta i ned for q uartz i n  aerosol i c  dusts 

in  other New Zea 1 and so i  1 s (t.1okma et �· , 1972)  and pe 1 ag i  c sed iments 

of the South Paci fi c Ocean ( Cl ayton et �. , 1972 ) . o 18o va l ues for 

q uartz i n  the fi ne s i l t  fracti on of  the Ki ri paka soi l a re excepti ona l ly 
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h i gh ( Tabl e 4 . 2 ) and the reason for these h i gh va l ues i s  d i s cussed l a ter .  

OR I G I N  O F  TH E QUARTZ 

There are four pos s i b l e ori g i ns for the q uartz found i n  the bas al ti c 

soi l s  exami ned i n  th i s  s tudy .  They are :  

i )  as an ori g i na l  cons ti tuent of the parent bas a l t or  

basa l ti c teph ra , e i ther as a pri mary phase or a s  i ncl us i ons 

i i )  as an auth i gen i c  mi nera l  crys tal l i s i ng i n  the so i l from 

s i l i ca re l eased duri ng  weatheri n g  of the pa rent materi a l s 

i i i )  as di rect a i rfa l l materi a l  from rhyo l i ti c  tephras 

ori g i nati ng  from the central North I s l and 



Tab l e  4 . 3  Oxygen i sotope abundance of q uartz from se l ected 

North l a nd so i l s  and sedi ments . 

Samp l e 

Basal t So i l s  

Mangakah i a  Group sha l e 

Beach Sands , west  coas t  
eas t coa st  

Ohi newa i Tephra Formati on 

** 
Rangi ora So i l  

* 

S i ze Fracti on ( �m )  

> 250 (mean ) 
63 - 20 ( mean ) 

5 - 2 ( mea n )  

6 3  - 20 
5 - 2 

500 - 2 50 
250 - 125  

1000 - 500 
63 - 20 

20 - 5 ( 0  - 1 0cm depth ) 

8 . 2  
12 . 0  
1 3 . 9  

12 . 0  
25 . 7  

8 . 7  
1 1 . 7  

8 . 4  
8 . 4  

1 5 . 3  
< 1 50 ; ( 3 . 3  m depth ) 15 . 4  
< 1 50 ( 18 m depth ) 1 5 . 0  

: ·Re l a ti ve to Standard Mean Ocean Water ( SMOW ) . 
** 

Mokma et �· , 1972 . 
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i v ) as detri ta l materi a l  bro ught i nto the profi l e  by aeol i an 

or  f l uvi a l  processes . 

Each o f  these a l ternati ves i s  cons i dered i n  turn . 

i ) .  The predomi nant rock types i n  the Whangare i  and Bay of 

I s l ands basa l t fi el ds a re o l i vi ne basa l t and o l i vi ne-bea ri ng  augi te 

bas al ts ( Hemi ng , 1980 ) . I t  has  been shown that  magnes i an o l i vi ne 

and quartz do not coexi st  i n  eq ui l i b ri um i n  a mel t at l ow press ure 

( o • Hara , 1968 ) . Furthermore , the o 18o va l ues of  q uartz i n  the s i l t  
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fracti ons of these soi l s  i ndi cate that i t  formed at too l ow a temperature 

to h ave been an equi l i b ri um phase i n  a basa l t l ava . Xeno l i ths of  

quartzofe l dspath i c  materi a l  have been reported from basa l ts i n  the 

North l and  and Auck l and regi ons and these are commonl y po l ycrys ta l l i ne ,  

and s how reacti on r ims o f  pyroxene ( Searl e ,  196 2 ;  Mu l he i m ,  1973 ; 

Rafferty , 1977 ; Hemi n g , 1980 ) . Quartz from a xeno l i th i n  basa l t from 

the South Auck l and bas a l t fi e l d was found to h a ve a o 18o va l ue of 

13 . 9  ± 0 . 0 5  °joo ( Rafferty ,  1977 ) . The quartz  was therefore i n terpreted 

as crustal contami nati on ( Hemi ng , 1980 ) . Th i s  val ue i s  l ower than the 

o
18o va l ues o f  1 5 . 0  - 1 5 . 4  °/oo obta i ned for q uartz from a North l and 

so i l  devel oped i n  Mesozoi  c greywacke ( Mokma et  �· , 1972 ) . I f  q uartz 

in the ba sa l ti c soi l s  exami ned were deri ved from ei ther  xenol i th s  or 

l oess de ri ved from greywacke , then oxygen i sotope compos i ti on woul d not 
18 di fferenti ate thei r transport mechan i sm i nto the soi l . However , o 0 

va l ues of  the coarse s i l t  fracti on from the basa l ti c soi l s  a re cons i s tently 

l ower than  that obtai ned for the xenol i th and  the greywacke , s ugges t i n g  

a more uni form source , s uch a s  mi xi ng i n  a l oe s s i al envi ronment .  The 

angu l ar  morpho l ogy of the quartz particl es i n  the soi l s  a l so s ugges ts a 

detri tal , aeo l i an ori g i n .  Quartz i n  the xeno l i ths  tends to have 

reacti on ri ms of pyroxene or g l a s s  and tends to become rounded as 



reacti on advances ( Searl e ,  1962 ) , con trasti ng wi th the angu l a r  q uartz 

i n  the basa l t i c soi l s .  

Geomorph i c  evi dence a l so s ugges ts that the q uartz was not deri ved 
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from the basa l ts .  To ach i eve the concentrati on of quartz found i n  the 

so i l s ,  weath eri ng of  the basa l ts wou l d req ui re consi derab l e  l andscape 

l oweri ng and l each i ng of  the basa l t  weatheri ng products . Wh i l e  s uch 

a process may be argued for the s urfaces on wh i ch the pedo l ogi cal l y  

wel l devel oped so i l s  h ave formed , the l east  devel oped soi l s  ( Ki ri paka  

and  Whati ti ri ) a l so  conta i n abundant  q ua rtz i n  thei r sand  and  s i l t  

fracti ons . These l atter so i l s  a re di rectly underl ai n by unweathered 

basal t and occur i n  the v i ci n i ty of wel l preserved cones and other 

vol can i c fea tures wh i ch s how l i ttl e evi dence of advanced weatheri ng or 

eros i on ( Kear ,  1961 ) . H i gh ly  weath ered materi a l s sampl ed beneath the 

wel l -devel oped so i l s  i n  most  cases h ave l i ttl e or  no q uartz i n  them , 

further suggesti ng that res i dual concentrati on o f  quartz from basa l t 

as a resu l t o f  i ntense wea theri ng  i s  un l i kel y .  

i i ) .  The 818o va l ues s how tha t  a l l the quartz i s  cl ear ly  not 

auth i gen i c  ( Tab l e  4 . 2 ) . The on ly  excepti on i s  the Ki ri pa ka profi l e ,  

wh i ch h as unus ua l ly  h i gh 818o val ues of i 7 . 3  and 19 . 6  °/oo for fi ne 

s i l t  q uartz from two depth s wi th i n the profi l e  ( Tabl e 4 . 2 ) . These 

8 18o va l ues i ndi cate the presence of  a s i gn i fi cant  component of  l ow 

temperature q uartz . Scanni ng e l ectron mi croscope ( S EM ) exami nati on  

of  the fi ne s i l t  fracti ons  shows that  two morpho l ogi ca l l y  di s ti. nct 

types of q ua rtz are present .  The fi rs t type ( Pl ate 4 . 1 ) compri ses clean 

s u rfaced , angu l ar  fragments , s i mi l ar to those found i n  aeroso l i c  dus ts 

from a w i de range of envi ronments ( J ackson et �· , 197 1 ) , whereas gra i ns 

of  the second type are i rregul ar  wi th s urfa ce overgrowths ( Pl ate 4 . 1 ) . 

Th i s  s ugges ts that the two types of  q uartz are from separate sources . 

The i rregu l ar  quartz was not found i n  any of  the other so i l s  and i s  

.MASSEY UNIVERSITY 
. .klBRARY 
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P l a te 4 . 1  SEM photomi crograph of  quartz i n  the K i ri paka s oi l ; 
a ) 5-2  � m  s i ze fracti on s howi ng  the pres ence of  both 
angu l ar  quartz and quartz g ra i ns wi th overgrowths . 
b ) 5-2  � m  s i ze fracti on from the Okai hau  s o i l 
compri s i ng angu l ar parti c l e s  wi th no overgrowths .  
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there fore thought to  be of l ocal ori gi n .  A re-exami nati on  of  the area 

i n  the vi ci n i ty of  the Ki ri paka p rofi l e  s i te res u l ted i n  the l ocati on 

of outcrops of a Terti a ry mari ne sha l e  bel ong i ng to the Mangakah i a  

Group ( Kear and Hay ,  1 96 1 ) wi thi n 0 . 5  km of  the s ampl e s i te .  Quartz 

gra i n s  i n  the fi ne s i l t  fraction  of the s h al e exh i b i t  a s i mi l ar 

mo rpho l ogy to the i rregu l ar q uartz gra i ns i n  the Ki ri paka ( P l ate 4 . 3 ) . 

A o 18o va l ue of 2 5 . 7  °/oo fo r the fi ne s i l t-s i zed quartz s eparated from 

the s ha l e confi rms i ts l ow temperature crysta l l i s ati on ( Tab l e  4 . 3 ) . 

Vi s ua l  esti mates from S EM photographs i ndi ca te approxi mate ly  equal  

amounts of the two types of q uartz i n  the Ki ri paka fi ne s i l t  fracti on 

( P l ate 4 . 1 ) . I f  an  oxygen i s otope compos i ti on for the i rregu l ar  

quartz of  25 . 7  °/oo i s  as s umed and  a va l ue o f  1 3 . 9  °/oo for the angul ar  

quartz i s  ass umed ( th ese  are va l ues obtai ned for the q uartz i n  the sha l e 

and the mean of  the fi ne s i l t  quartz fracti ons i n  the other  bas a l t i c  

so i l s  exami ned respect i ve ly ) , then eq ua l amo unts of both types o f  q uartz 

wo ul d g i ve a res u l tant  compos i ti on of 19 . 8  °/oo . Th i s  i s  very s i mi l a r 

to the o 18o va l ues obtai ned for the q uartz i n  the two fi ne s i l t fra cti ons 

of the Ki ri paka and i s  s trong ev i dence i n  s upport of the two proposed 

sources of  quartz . 

Med i um s i l t  and coarse s i l t  fracti ons o f  the Ki ri pa ka were a l so  

exami ned by SEM .  There i s  a marked decreas e  i n  the i rregu l ar  q uartz 

wi th i ncrea s i n g  grai n s i ze and on ly  a trace rema i ns i n  the coarse s i l t  

fracti on ( P l ate 4 . 2 ) . The o 18o val ues decrease from 1 7 . 3  °/oo and 

19 . 6  °/ oo i n  the fi ne s i l t  fracti ons to 1 1 . 8  °/oo and 1 1 . 6  °joo i n  the 

coarse s i l t  fracti ons , respecti vel y ,  i n  good  agreement w i th the v i s ua l  

evi dence from the SEM .  It  i s  a l so noted that  a s imi l a r decrease i n  

o 18o va l ues occurs i n  the mari ne s h a l e from fi ne si l t  ( 25 . 7  °/oo ) to 

coarse s i l t  ( 12 . 0  °/oo ) . Contami na ti on of  fracti ons coarser than fi ne 

s i l t  wi th quartz from the s hal e s  cannot therefore be di s ti ngu i s hed .  



a 

b 

P l a te 4 . 2  SEM photomi crographs of  q uartz a ) i n  the 20-5 �m 
s i ze fracti on and b )  the 63-20 �m s i ze fraction  of  
the  Ki ri paka so i l . I rreg u l ar  gra i ns i n  these 
s i ze fracti ons appear to h ave resu l ted from chemi ca l  
etc h i ng rather than q uartz formati on . 
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P l ate 4 . 3  SEM photomi crographs o f  the  5 -2  �m s i ze fracti on of 
Mangaka h i a  s ha l e .  Quartz overgrowths a re wel l�defi ned 
as  termi nated crys ta l s  o n  s urfaces of l arger grai ns . 
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Parti cl es >125  �m i n  s i ze are absent from the s ha l e .  

Quartz h as been reported from the c l ay ( < 2 �m) fracti on o f  

North l and bas a l t i c  s o i l s  b ut becau se  i t  was found to b e  l a rgely res tri cted 

to the 2 - 1 � m part i cl e s i ze range the abs ence of smal l er parti c l es was 

attri buted to di s so l uti on ( Fi el des and Wi l l i amson , 1955 ) . A s i mi l a r 

di s tr ibuti on of  quartz i n  the < 2 � m fracti o n  was found i n  the so i l s  

exami ned i n  th i s  s tudy ( Chapter 5 ,  th i s  thes i s ) . The 2 1 �m s i ze 

fracti on o f  a Ruatangata so i l  contai ned 7% q uartz wi th a o 18o val ue of  

13 . 6  °/oo , not  s i gn i fi cant ly  di fferen t  from the o 18o va l ues of 13 . 7  °/oo 

and 14 . 6  °/oo obtai ned for the q uartz from the 5 - 2 �m s i ze fracti ons 

of the s ame so i l ( Tab l e  4 . 2 ) . We con s i der that the 2 - 1 �m q uartz i s  

therefore part o f  the 10 - 1 �m aeroso l i c  dus t component ( Jackson et �. , 

197 1 )  and i s  cl early not authi gen i c .  

i i i ) .  Q uartz i s  present as c l ean , angu l a r  gra i ns , someti mes as  

b i  pyrami ds , i n  the > 250 m fracti o n  o f  the s o i  1 s from the Ki ri paka and 

Ruatangata seri es .  The o 18o va l ues i n  both so i l s  of  8 . 2  °/oo i s  

s im i l ar to that of q uartz phenocrys ts i n  the rhyol i ti c  Oh i newai Tephra 

( 8 . 6  °/oo ) and i ndi cates a h i gh temperature ori g i n .  Th i s  quartz may 

have ori g i nated a s  di rect a i rfa l l materi a l , because  i t  i s  known  that 

rhyo l i ti c  teph ras  from the central North I s l and were depos i ted i n  

North l and i n  l ate Quaternary t ime . Not a l l conta i n  quartz but  the 

Kah a roa As h ,  known to contai n q ua rtz phenocrysts ( Co l e ,  1970 ) , i s  wel l 

recorded i n  North l and ( P u l l a r et �· , 19 7 7 )  . Further , b i oti te i s  a 

cha racteri sti c mi neral i n  the Kaha roa Ash ferromagnes i a n mi nera l  

as s emb l age and the presence o f  bi oti te was noted i n  the s urface hori zons 

of  both the Ki ri paka and Ruatangata s oi l s .  I t  therefore seems l i k e ly  

that  th i s  quartz was de ri ved i n  part from the Kaharoa As h ( Chapter 5 ,  

thi s th es i s ) . 

I n  the rema i n i ng so i l s  the l a rges t  q ua rtz grai ns occur i n  the 
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125 - 63  �m s i ze fracti on . Some o f  these are non -frosted and  angu l ar  

a nd  oth ers appear froste d .  I n  the Ruatangata so i l , q uartz i n  the 

125 - 63 �m fract ion  i s  l a rge ly non- frosted and the o 18o va l ue o f  

8 . 1 °/oo i ndi cates i t  i s  s i mi l ar to the coarser grai ned q ua rtz . The 

frosted q uartz grai ns i ndi cate a l ong peri od i n  a weatheri n g  envi ronment 

and are probab ly  o f  more l ocal  o ri g i n .  Pos s i b l e l oca l  s o urces a re the 

extens i ve q uartzose beach sands i n  North l an d .  I t  has been s u gges ted 

that the quartz i n  the beach sands h as been deri ved i n  part from centra l 

North I s l an d  rhyol i ti c  vo l cani cs , carri ed to the coas t by ri vers and 

di s persed northwards by coastal currents ( Schofi e l d ,  1970 ) . The s ands 

may have s ubseq uent ly  provi ded a s o urce of q uartz i n  many North l and 

s o i l s  and s ed iments . o 18o va l ues o f  wes t coas t beach s an ds o f  8 . 7  °/oo 

i n di cate a h i gh temperature ori g i n  and confi rm a probab l e  centra l  North 

I s l and rhyo l i ti c  s ource . The o 18o va l ues are a l so s i mi l ar to those of  

the  sand  s i zed quartz i n  the bas a l t s o i l s  and  s ome of the q ua rtz , 

pa rti c u l ar ly  the frosted grai ns , may have u l t imately come from th i s  

source , l yi ng wi ndward from the bas a l t so i l s i tes i nves ti gated wi th 

res pect to the prevai l i ng westerly wi nds of the regi on ( Fi g .  4 . 1 } .  

I t  i s  i n teresti ng to note tha t a o 18o val ue of q uartz from beach  

s a nds on  the east coas t  of No rth l and of 1 1 . 7  °joo i s  con s i derab ly  h i gher 

than  sand s i zed quartz i n  wes t coa s t  beach sands and i n  the basa l ti c  

so i l s  ( Tab l e 4 . 3 ) . The h i gher o 18o va l ue i s  cons i s tent wi th mul ti p l e  

quartz sources , s ome l oca l , a s  s u ggested by Ri cketts ( 19 79 ) . 

i v ) . Most  of the q uartz i n  the bas a l ti c  soi l s  exami ned l i es i n  
see C h .  5 ,  F 1�s ; . 1 1  to 5 . J t.  

the s i l t  fracti ons . The parti c l e s i ze di s tri b ution ( A ) of much 

of  the quartz i s  s i mi l ar to that  of l oes s depos i ts ( Smi th , 1942 ; 

Swi neford and Frye , 1945 ; I ves , 1973 ) . The o 18o va l ues of  q uartz i n  

the coarse s i l t  fracti on i ndi cate that i t  i s  not of h i gh temperature 

ori gi n ( Tab l e 4 . 2 ) wh i l s t bei ng l ower than  o 18o va l ues o f  q ua rtz from a 



so i l  deve l o ped i n  greywacke parent materi a l s U1okma et �· , 1972 ) . 

Th i s  probab l y  refl ects the mu l ti p l e sources of  l oes s i a l  materi a l s 

wi th i n the reg i on . 
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Quartz from the fi ne s i l t  fracti ons of th ese soi l s  has  o18o val ues 

s i mi l ar to that of fi ne s i l t  s i zed q uartz from a wi de range of  s o i l s  and 

sed iments i n  the New Zea l and regi on ( Cl ayton et �. , 1972 ; Mokma et �. , 

1972 ; Stewa rt et �. , 1977 ) . The s i mi l ari ty of o18o val ues for the 

fi ne  s i l t quartz , both amongs t the s o i l s  exami ned ( Tab l e 4 . 2 ) and wi th 

pub l i s h ed data , s upports the v i ew of  a common ori gi n for q ua rtz i n  th i s  

s i ze fracti on , be i n g  l a rgely der i ved from g l oba l ly  transported aeroso l i c  

dusts . Th i s  has been demons trated fo r soi l s  and sed iments th roughout 

the Paci fi c ( Rex et �· , 1969 ; C l  ay ton et �· , 1972 ; Mokma et  �· , 

19 72 ) . 

CONC L US I ONS 

The res u l ts of th i s  s tudy h ave s hown that i n  a l l the bas a l ti c 

s o i l s  exami ned from North l and th ere i s  a di s ti ncti ve mi nera l ogi ca l  

component o f  non-bas a l ti c ori g i n ,  best i n di cated by the presence o f  the 

marker mi neral  q ua rtz . Th ree popu l ati ons of q uartz have been 

di s ti ngu i shed  by oxygen i sotope abundance , S EM and grai n s i ze 

di s tri buti on . The fi rs t i s  a h i gh tempera ture q uartz i n  the s and 

fra cti ons ori gi nati ng from rhyol i ti c  tephras from the centra l North 

I s l and s uch as Kaharoa Ash . Some frosted q uartz grai ns pos s i b ly  

ori g i nate from the west  coast bea ch sands of  North l a nd wh i ch h ave 

i so topi ca l l y  s i mi l a r quartz , i ndi ca ti ve of  u l ti mate deri vati ons from 

rhyo l i ti c  vo l ca n i cs of the centra l  North I s l and . The s econd popul ati on 

cons i s ts of  l oess-s i zed materi a l  of  mai n ly  l oca l ori gi n  brought  i nto the 

profi l es by aeol i an trans port and represented by the coars e s i l t  fracti on 



i n  t h i s  s t udy . The th i rd popu l ati on  i s  an aeroso l i c  dus t popu l ati on ,  

repres ented by the fi ne s i l t  fract i o n , deri ved l a rgely from g l obal l y  
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ci rcu l ati ng tropos pheri c dusts . Anoma l ous o 18o val ues i n  the fi ne s i l t  

fract i on q ua rtz from the Ki ri pa ka s o i l are due to aeol i an contami nati on 

wi th l ow temperature quartz from nearby Terti ary mari ne s h a l es and 

i n di cate that materi a l  from l oca l so urces may be pres en t i n  th i s  s i ze 

fra cti on as  wel l . 
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CHAPTER 5 

SAND AND S I LT M I NERALOGY OF A BASALTI C  SO I L  

DEVELOP�ENT SEQUENCE FROM NORTHLAN D ,  N EW ZEALAND 

I NTRODUCT ION  

1 1 2  

The m i n eral ogy o f  the sand and s i l t  fracti ons of most  soi l s  

cons i s ts of pri mary m i nera l s .  I n  youthfu l s o i l s ,  unstab l e pr imary 

mi nera l s  may dom i nate but i n  the majori ty of so i l s  the s and and s i l t  

fract i ons common l y  conta i n  mi nera l s res i s tant to weatheri ng , and  these 

are frequent ly  q uartzofel dspath i c .  Often these  mi nera l s are i nheri ted 

from the so i l parent materi a l , a l though aeri a l  or downs l ope add i ti ons 

( the 1 1dri ft reg i me 1 1 of Tayl or  and Poh l en ,  1 962 )  may al so  be present .  

Soi l s  deve l o ped from rocks o f  basa l ti c compos i ti on usua l l y  conta i n  

mi nera l s  whi ch are unstab l e i n  a weatheri ng envi ronment and from s tud i es 

of pri mary m i nera l s wi th i n  basa l ti c  so i l s ,  weath er i n  the fo l l owi ng 

order of o l i v i n e ) l abradori te > aug i te ( Sm i th , 1957 ) , o l i v i ne bei ng  

therefore absen t  from a l l but  the  mos t  recent of  ba sa l ti c so i l s .  W i th 

ti me these pr imary m i nera l s rap i d ly  weather to c l ay mi n eral s and  i ron  

and  a l umi n i um oxi des . These weatheri ng  products frequentl y form 

aggregates wh i ch a re di ffi cu l t to di s perse and may occur i n  a l l s i ze 

fract i on s  (Smi th , 1 9 57 ) . The aggregates contri bute s i gn i fi ca ntly to 

the c hemi ca l  acti v i ty of  a s o i l and a s i g n i fi cant  proportion o f  the 

cati o n  exchange  capac i ty of  some basa l t i c  so i l s  i s  due to thes e 

aggregates i n  the non-c l ay fract ion ( McConaghy and McAl e ese , _ 1957 ; 

McAl eese and McConaghy , 1 957 ) . 
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Where more than one component has  contri buted to so i l  parent 

materi a l s ,  sand and s i l t  mi nera l og i ca l  s tudi es  are paramount  i n  

determ i n i ng the provenance of the components , prov i d i ng they a re 

di st i ngu i shab l e ( S i nger , 1967 ; Marchand , 1970 ; S tewart et �. , 1977 ) . 

Studi es  of s o i l s devel oped i n  bas a l ti c parent mater i a l s have shown that 

non-basa l ti c  components are common ly  present ( Sm i th , 1957 ; S i nger , 

1967 ; Rex et �· , 1969 ; Jackson et �· , 1972 ; Mokma et �· , 1972 ) . 

The most  common of th ese non-basa l ti c components i s  qua rtz , a m i nera l  

h i gh l y  res i s tant  to weatheri ng . Provenance of  much of th i s  q uartz 

can be determi ned , by both gra i n  s i ze and oxygen i sotope ana l ys i s ,  to 

be 1 1 a eo l i an  dust 11 ( S i nger ,  1967 ; 1978 )  whi ch may compri se  tropospheri c 

aeroso l i c  dust  ( Rex , et �. , 1969 ; Mokma et �. , 1 972 ) and/or  wi nd-

b l own  s i l t  and sand ( Jackson et �. , 1 9 7 2 ) . Quartz from these  sources 

has a l so been i denti fi ed i n  non-basa l ti c  soi l parent materi a l s ( Syers 

et �· , 1969 ; Jack son et �· , 1973 ; S tewart et �· , 1 9 7 7 ) . The 

abundance of quartz i n  basa l ti c  so i l s  has been s hown to be time 

dependent .  I n  basal t i c s o i l s  from I s rae l  the aeo l i an quartz component 
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i ncreases wi th t ime unti l i t  becomes the major  component o f  the sand and 

s i l t fract i ons  of very o l d ,  " s en i l e 1 1  s o i l s ( S i nger ,  1967 ) . A s im i l ar 

i ncrease  i n  quartz content wi th i nferred age was d i scovered i n  the 

s u rface hori zons of the basa l t soi l s o f  North l and , New Zea l and ( Mokma 

et � . , 1972 ) , cons i s tent wi th the concept of  a chronosequence i n  these 

so i l s ( Wa l ker ,  1965 } . 

C l i mate change i s  a further i nfl uence on the accumu l a t i on of  

aeo l i a n  quartz i n  soi l s  and s ediments . I n  deep-sea s ediments i t  has  

been recogn i sed that greater amounts of  quartz accumu l ated duri ng 

Quaternary g l ac i a l s than duri ng i nterg l ac i a l s ( Bowl es , 1 9 75 } . On  l and , 

i n  a so i l  from Taranak i , New Zea l and , g reater amounts of aeol i an quartz 
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have b een s hown to h ave  accumu l ated duri ng last g l ac i a l  ( Oti ra n  S tage )  

times than i n  po st-gl a c i a l  ( Ara n u i an S tage ) t ime ( S tewart et �. , 1977 ) . 

Rhyol i t i c  tephra i n  non-rhyo l i ti c  so i l  parent mater i a l s i s  one 

wi despread proces s wh i c h  has  been s hown to contri bute primary mi nera l s 

to ex i s t i ng  so i l s i n  Ameri ca ( Ma rchand , 1970)  a nd Europe ( J uv i gne , 1977 ) . 

I n  New Zea l and , add i t i ons o f  rhyol i ti c  tephra to a wide range of  so i l s  

are known ( Cowi e ,  1964 ; F i e l des and Weath erhead , 1 966 ; Vuceti ch and  

Kohn , 1 973 ; P u l l ar et �· , 1977 ; Stewart et �· , 1977 ) . I n  

Northl a nd , Kaharoa As h ,  dated ( NZ872A ) a t  850 t 54 years B . P .  occurs 

i n  pea t swamps and a s  sea -ra fted pumi c e  i n  coa sta l  sand dunes , the 

l atter i n  a s soc i at ion  wi th Taupo Pum i ce , dated ( NZ1 548A )  at  1840 � 
50 years B . P .  ( Wel l man , 1962 ; Pu l l a r et �. , 1 9 7 7 ) . Prev i ous  attempts 

have b een made to i denti fy the source of  rhyo l i ti c  g l a s s  i n  so i l s  from 

North l and by means  of m i croel ement compos i ti on but no pos i t i ve 

i dent i fi cat i on s  cou l d be  made ( Rank i n ,  1973 } . Where pos i ti ve 

corre l at ions  can be made on mi nera l ogi ca l  or chemi cal evi denc e ,  the 

tephras become va l uab l e time markers for determi n i ng rates of  so i l  

form i ng proces ses and sed iment accumu l at i on . 

The purpos e  of th i s  s tudy was to determi ne the k i nd and  ori g i n  of  

the  various  components present wh i ch made up the  parent materi a l s of s i x  

so i l  s eri es devel oped i n  ba sal t i c  mater i a l s i n  Northl and , New Zea l and , 

from the sand a nd s i l t m i n era l ogy of  each so i l . The s i x  so i l s  a re 

thought  to form a s o i l devel opment sequence ( W i l l i ams , 1965 ; W i l l i ams 

and Wa l ker , 1 969 ) of i ncrea s i ng weatheri ng wi th age ( Wa l ker , 1 965 ) . 



MATERIALS 

Sampl e s i te l ocat ions  for the s i x  ba s� Jt i c  s o i l s  s tudi ed are 

s hown i n  F i g .  5 . 1 .  Deta i l s of so i l s and  sampl e s i tes are a s  fo l l ows : 

Ki r ipa ka s i l t  l oam , compact  s ubso i l  var i a nt  ( Typ i c  Dystrandept )  

Th i s  so i l wa s sampl ed  at the  N . Z .  So i l  B ureau  reference s i te 

( N . Z .  So i l  B ureau , 1968) . The s i te i s  l ocated near the present marg i n  

of a ves i cu l ar  basa l t l a va fl ow ,  the s o i l bei ng devel oped i n  1 . 1m of 

basa l t i c  tephra a nd weathered basa l t o n  the f l ow surface . The fl ow i s  

a member of the Ta heke Basa l t Format ion , wi th i n  the Ka i ko8e  - Bay of 

I s l ands  basa l t fi e l d and fa l 'l s  wi th i n  the· ' porphyri tic basal t group of  

Hemi n g  ( 1980 ) . The s urface of the fl ow i s  not i n tense l y weathered . 

Scor i aceous , g ravel - s i zed p i eces of basa l t ,  cons i s ti ng of  una l tered 

roc k  wi th a thi n weatheri ng  ri nd , are s cattered throughout a zone 
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wi th i n  0 . 1 5m from the under l yi ng fl ow s urface . A di sti ncti ve  

s tra t i graph i c  boundary at  0 . 4m depth i s  v i s i b l e i n  the fi el d and s epara tes 

a l ower ,  more compact hori zon from an upper fri ab l e hori zon . The u pper 

hori zon i s  more suscepti b l e to ero s i on when exposed , l ead i ng to the 

forma t ion of a d i sti nct l edge at 0 . 4m depth i n  road cutti ngs . 

Whati ti ri s i l t  l oam ( Typi c Dystrandept )  

Th i s  so i l was sampl ed from a profi l e  i n  a road cutti ng deve l oped 

i n  1 . 1m of s u rf i c i a l  materi a l  overl yi ng a l ava fl ow of the Horeke 

Format ion on the fl anks of  the Whati t i r i  vo l cano i n  the Whangarei basa l t 

fi el d ( Hemi ng , 1980 ) . Wea theri ng i s  evi dent i n  the round i ng of basa l t 

bou l ders at  the  base of the profi l e  and  s ubdued surface  features on  the 

fl ow .  There i s  l i ttl e phys i ca l  ev i dence of  d i fferenti a ti on w i th i n the 

prof i l e  but  at 0 . 8m depth there i s  an hori zon i n  wh i ch poc kets of moa 

cropstones occ u r .  Th i s  hori zon can b e  traced l atera l l y  a l ong  the road 
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cutt i ng  i n  a s i m i l ar s trati graph i c  pos i t i o n . The s tones cons i s t of  

rounded , po l i sh ed s i l i c i fi ed s i l tstone ,  an  exoti c l i tho l ogy wi th i n  the 

ba sa l t i c  ' so i l  parent materi a l . 

Wa i o tu friab l e c l ay ( Typi c  Hapl ohumu l t ) 

Th i s  soi l was sampl ed from a pl anar surface  on  ba sa l t  l ava fl ows 

of the Horeke Format i on i n  the Ka i kohe - Bay of I s l ands basa l t f i el d .  

At the sampl e s i te there i s  a pprox imate ly  30m of l ayered Quaternary 

accumu l ati ons that overl y the o l i v i ne basa l t f l ows whi c h  have been 
6 . 

K - Ar dated at  1 . 2 7  x 10  years B . P .  ( St i pp a nd Thompson , 1 9 7 1 ) . 
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The prof i l e  was sampl ed to 1 . 3m depth a nd two further sampl es were taken 

at  1 . 5m a nd 2 . 4m depth . No rock fragments were found i n  the profi l e , 

a l l mater i a l  be i ng s trong ly  weathered . C l ay ,  g i bb s i te and  i ro n  oxi de 

g l aebu l es  are present ,  the f i rst  two i ncrea s i ng i n  frequ ency towards the 

base of the prof i l e . No other v i s i b l e textura l changes were ev i dent 

i n  the profi l e .  

Keri keri fri ab l e c l ay ( Typi c  Hapl ohumu l t ) 

Th i s  so i l was sampl ed on a basalt i c  l ava fl ow of the Horeke 

Format ion i n  the Ka i kohe - Bay o f  I s l ands basa l t fi el d .  The s o i l  

prof i l e  wa s samp l ed to 0 . 8m depth , where sapro l i te was encountered . 

No u nweathered basa l t wa s found above 0 . 8m but  some occur between 

1 - 2m depth . There i s  a gradual i ncrease  i n  c l ay and g i bbs i te 

g l a ebu l es wi th depth to the sapro l i te but  no sys temati c vari a t i on wa s 

noted wi th i n  the saprol i te .  The so i l  has  a s i l t  l oam texture to 0 . 4m 

but bel ow thi s depth i t  becomes more compact  wi th a c l ay l oam texture . 

Rua tangata fri abl e c l  ay ( Typi c Hapl ohumul  t ) 

Th i s  prof i l e  i s  l ocated on a surface formed on the o l der ba sa l t 

l ava fl ows of  the Horeke Formati on i n  the Whangarei basa l t fi e l d .  
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None of  the fl ows were encountered dur i ng  sampl i ng to 1 . 5m depth . 

Marked weather i n g  of  the so i l parent mater i a l  i s  ev i dent .  Textura l 

d i fferenti ati on o f  hori zons i s  not pronounced but there a re marked 

co l ou r  di fferences between hori zons . G i bb s i te and goeth i te g l a ebu l es 

are present ,  the former predomi nati ng . Goeth i te g l aebu l es are mos t  

abundant  near the s urface and decrease i n  abundance wi th depth , wh i l e  

the a bundance of g i bbs i te g l aebu l es i ncrea ses wi th depth . 

O ka i h a u  gravel l y  c l ay ( Orthox i c  Pa l eh�mu l t ) 

Th i s  so i l  was sampl ed from a profi l e  l ocated on a s urface  over­

l y i ng deepl y-wea thered o l i v i ne ba sa l t l ava f l ows of the Horeke Format i on 

i n  the  Ka i kohe - Bay of I s l ands basal t f i e l d .  I n  a nearby road 

cutti n g , i so l ated o l i v i ne basa l t bou l ders a re s een to be sphero i da l l y  

weatheri ng from a n  apparentl y ori g i na l l y  conti nuous l ava fl ow .  The 

so i l  parent materi a l  i s  extremel y wea thered and wi th i n  the profi l e  there 

i s  a marked accumu l at ion of goethi te g l aebu l es i n  the Bcs hori zon from 

O . lm to 0 . 4m depth ( Gra ng e ,  1 934 ) . Be l ow 0 . 4m there i s  a decrea se  i n  

goeth i te g l aebu l es and a n  i ncrease  i n  g i bbs i te g l aebul es . 

METHODS 

Al l profi l es were conti nou s l y  s ampl ed over 0 . 1-m i nterva l s ,  wi th 

spot  sampl es ta ken at  greater depth s were neces sary .  Sampl es were 

trea ted wi th ' NaOAc-HOAc at pH 5 ,  orga n i c  matter removed wi th H 2o2 , and 

free i ron oxi de s  removed wi th c i trate - b i carbonate - d i th i on i te 

( Jackson , 1956 ) . S i ze fracti onation wa s carri ed out by wet s i ev i ng a t  

63 � m and dry s i ev i ng o f  the sand fract i ons . S i l t  and c l ay fracti ons  

were determi ned by a comb i na tion  of s ed imentat ion  and  centri fugat i on . 

Sand  a nd s i l t m i nera l ogy was determi ned by opti ca l m icroscopy and  X-ray 
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d i ffract i on . Quartz was i so l ated from the var i ous  s i ze fract ions  by 

pyrosu l phate fus i on and d i gest ion  wi th H 2S i F6 ( Syers et �. , 1 968 ; 

Sri dhar et �· · 1 9 7 5 ) . Opt ica l  ana l ys i s  wa s carri ed o ut  i n  deta i l  on 

the very f i ne sand ( 1 25 - 63 J.l m )  a nd coarse  s i l t ( 63 - 20 J.l m )  s i ze 

fract i ons a s  representi ng sand and s i l t ,  respecti vel y ,  wi th s u pp l ementary 

examinat ion  of other s i ze fracti ons , where a ppropr iate .  

Gra i n  s i ze d i str i but ion  on a c l ay-free bas i s  was measured u s i ng 

two of the parameters of Fo l k and Ward ( 1 957 ) for characteri s ati on . 

They were ; 

Gra ph i c  Mean ( Mz ) a s  a meas ure of  mean gra i n  s i ze , and 

I nc l u s i ve Graph i c  Standard Dev i a ti on (cr i )  as  a mea sure of sorti ng . 

For each  profi l e  these parameters were p l otted a s  a fu ncti on of  depth 

to i nvest i gate d i fferences between hori zons and compared amongst  so i l 

profi l es i n  order to rel ate c hanges i n  texture wi th the degree of  so i l  

devel opment .  

S i ze fract i on i nterva l s are at  1 � i n terva l s  for the most  part 

and ,  a l though th i s  is  not con s i dered s u ffi c i entl y c l ose  for stat i sti ca l 

work , i t  was fel t that the s ampl i ng i nterva l wa s s uffi c i ent for the 

purpose  of thi s s tudy .  

RESULTS 

Mi nera l ogy 

Quartz - · - Th i s  occurs i n  a l l  s i x  profi l es and i s  mos t  abundant i n  the 

s i l t fracti ons . I t  cons i s ts predom i nantly of angu l ar , monocrysta l l i ne 

gra i ns wh i c h  are rarely sta i ned or  rounded . Some gra i ns occurri ng i n  

the > 250 J.l m  s i ze fract ion have crysta l  faces and  have a b i pyram i da l  

form wh i l e  others are occa s i ona l l y  sub-rounded wi th frosted s urfaces 

( Pl a te 5 . 1 ) . 
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P l a te 5 . 1  SEM photomi crograph of a ) a q uartz  b i pyrami d from the 

Ruatangata so i l . The occurrence of q ua rtz i n  th i s  form 
i nd i cates crysta l l i zat ion  a t  temperatures  greater than 
573°C .  b ) s urface of l arge detri ta l quartz gra i n  of  a 
s im i l ar s i ze to tha t i n  a ) , show i n g  a rounded gra i n  
shape and s u rface frosti ng . 
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P l agi ocl a se  fel d spar Two popu l a t i on s  of pl agi oc l ase  fel dspa r  wi th 

d i fferi ng degrees of s uscepti b i l i ty to wea theri ng are recogn i sed :  

a .  a cal c i c  pl ag i oc l ase , genera l l y  l abrador i te ,  and 

b .  a sodi c p l ag i oc l a s e ,  genera l l y  o l i gocl a s e .  

The cal c i c  p l a g i oc l ase  i s  zoned wi th c a l c i c  cores  and most  gra i ns have 

been weathered wi th rectangu l ar  etc h  p i ts ,  contro l l ed by c l eavage 

d i recti ons , on thei r externa l s urfaces . The degree of weatheri ng 

i ncreases  wi th both depth i n  the profi l e  a nd i ncreas ing s o i l devel opment . 

The etch i ng i ncrea ses to a po i nt where the gra i ns become s ke l eta l  

( Pl ate 5 . 2 ) and  eventua l l y weather compl etel y .  

I n  con tras t ,  the sod i c  pl ag i oc l a se  i s  frequently strong l y  zoned 

and occas i ona l gra i ns have rhyol i ti c  g l a s s  sel veges . Gra i ns are genera l l y  

u n sta i ned , s how l i ttl e s i gn o f  etch i ng and are most abundant  i n  the 

s urface hori zon s  of each profi l e . I n  the h i gh l y-weathered so i l s  th i s 

may be the most  abundant fel dspar present . On l y i n  the O ka i ha u  profi l e , 

the most  devel oped i n  the s equence , does the sodi c pl ag i oc l a s e  a ppear to 

s how evi dence of i ncrea s ed weather i ng wi th  depth i n  the profi l e .  

Rhyol i t i c  gl a s s  - - Th i s  forms a major component o f  the sand and s i l t 

fractions  i n  the upper 0 . 3m of a l l s i x  profi l es .  I t  con s i s ts of  both 

shards a nd f i ne pumi ce . Weather i ng becomes more pronounced wi th  depth , 

preferenti a l l y  remov i ng h i gh l y ves i c u l a r  gra i ns . Bel ow 0 . 5m depth , 

gra i ns  are predomi nantl y rounded by weather i ng a nd have a l ow ves i cl e  

dens i ty .  I nc l u s ions  common i n  the rhyo l i ti c  g l ass  were hypersthene 

and pl a g i oc l a se  w i th l es ser amounts of aug i te , hornbl end e ,  b i oti te , 

sa n i d i ne ,  magneti te ,  a nd  rare q uartz . 

Magnet i te - - Th i s  term i s  u sed to descri be a l l opaqu e ,  magneti c i ro n  

oxi des . Mag neti te occurs i n  a l l s i x  profi l es and s hows more pronounced 



a 

b 

P l ate 5 . 2  Form of weatheri ng of p l a g i o c l ase  fe l ds pars i n  the 
basa l ti c  so i l  sequence a )  p l a ne po l ari sed l i g h t ,  
b )  cross  pol ari sed l i g h t .  Note the square etch 
pattern wh i ch fo l l ows c l eavage di rections . 
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weatheri ng wi th depth a s  the degree of so i l  devel opment  i ncreases . 

Magneti te of basa l t i c  ori g i n i n  these so i l s  occurs as  s i l t-s i zed , 
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i rregu l ar or s kel eta l gra i n s . Eu hedra l to subh edra l magneti te gra i ns ,  

occa s i ona l l y  wi th  rhyo l i ti c  g l a s s  sel veges , are most  abundant i n  t he 

sand fract i ons . 

Augi te Th i s  occurs in a l l profi l es ,  ma i n l y  as rou nded and weathered 

gra i ns i n  whi c h  the degree of etc h i ng i ncreases wi th  depth i n  the profi l e . 

Rel at i ve l y  fres h aug i te occurs i n  the uppermos t  0 . 3m of the Whati t i r i 

profi l e ,  where i t  forms part of  an  o l i v i ne - aug i te - ca l c i c  pl ag i oc l a se  

- roc k fragment a s s embl age . Euhedra l and subhedra l  aug i te i s  more  

common i n  t he  sand fractions  a nd  rarel y has  rhyo l i t ic  g l a s s  sel veges . 

I n  the  more devel oped so i l s th i s  i s  the o n l y  form of a ug i te present . 

Hypersthene - - Th i s  i s  present i n  sma l l amounts i n  a l l s i x  profi l es 

and i t  u sua l l y  forms  euhedra l , pri smat i c  crysta l s wh i c h  are often broken 

and , rarel y ,  subrounded . There i s  l i ttl e evi dence tha t the gra i ns have 

undergo ne c hemi cal  weatheri ng i n  contras t  to the often se�erel y etched , 

coex i s ti ng augi te . Some hypersthene gra i ns have rhyo l i t i c  g l a s s  

sel veges and i t  i s  o n e  of  the most  common i nc l us i ons found i n  rhyo l i ti c  

gl a s s . 

Hornb l ende - - Green hornb l ende occurs i n  trace amounts i n  a l l profi l es 

and i s  general l y  most abundant i n  the sand fract ions . I t  a l so occurs 

as  rare i nc l u s i ons  i n  rhyol i t i c  g l a s s  a nd i ts d i stri but ion i s  s i m i l a r 

to that of the g l a s s , i nd i ca t i ng a common deri vat i on . 

Ol i v i ne Thi s m i nera l i s  on l y present i n  the Whati ti ri  profi l e ,  to 

a depth of  0 . 3m .  I t  i s  most  abundant a t  the surface and forms pa rt of 

an u nweathered o l i v i ne - cal c i c  pl a g i oc l a se - roc k  fragment a s semb l age , 

occurri ng both a s  d i screte gra i ns and a s  a consti tuent of the roc k 



fragments . I n  the rema i n i ng s o i l s  no o l i v i ne i s  present , due to i ts 

i nstab i l i ty i n  strong weatheri ng  env i ronments . 

B i o t i te - - Thi s i s  present i n  the surface hori zons of the Ki r i pa ka , 

Keri keri , Ruatangata and Okai hau so i l s ,  occurri ng as  fl a kes and 

i nc l u s i ons  i n  rhyol i t i c  g l a s s , a nd i s  attri buted to the pres ence of 

Ka haroa As h .  

Roc k  fragments - - These a re present ma i n l y  i n  the l es s-weathered 

Ki r i pa ka and Whati t i r i profi l es .  The gra i ns cons i s t of pl a g i oc l ase  

fel !dspar  and magnet i te ,  wi th or  wi thout a ug i te and  ol i v i ne .  

Other pri mary mi nera l s - Mi nera l s occurr i ng rarely are tourma l i ne ,  

epi dote , m i croc l i ne ,  and muscov i te ,  probab ly  deri ved a l ong wi th the 

quartz a s  l oess from ol der Tert i ary and Mesozo i c  rocks i n  the reg i on .  
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Secondary mi nera l s - - Thes e i ncl ude cl ay m i nera l s ,  g i bbs i te and 

goeth i te i n  the form of g l aebu l es  whi ch form a l a rge part of the sand 

and s i l t fractions of the more-weath ered so i l s .  Most of the g l aebu l es 

con s i s t of ( i )  g i bbs i te wi th a trace of goeth i te and ( i i )  goeth i te 

wi th  traces of hemat i te ,  g i bbs i te and quartz . A sma l l proport ion  o f  

the goeth i te gl aebu l es are magnet ic  and conta i n  unal tered o r  parti al l y  

al tered magneti te . 

Prof i l e  M i neral ogy and Parti cl e-S i ze D i s tr i buti on 

Ki r ipaka Th i s  so i l  i s  the l ea st  wea thered i n  the devel opment sequence 

and g i bbs i te and goeth i te g l aebu l es are rare . There i s  some ba sa l t i c  

mater i a l  present but i t  s hows the greatest degree o f  weatheri ng of  the  

parent materi a l s present and i s  i ncreas i ng l y  weathered wi th depth . 

Rhyol i t i c  g l a s s  forms the major non-basal t i c  component of the sand 



and s i l t  fract ions  i n  the u pper part of the profi l e .  Above 0 . 3m i t  

forms up  to 40% of each s i ze fract i on but bel ow th i s  depth , abundance 

decreases rap i d l y  to fa l l  bel ow 1%  at  0 . 5m ( F i g . 5 . 2 ) . 

1 2 5  

Quartz forms the s econd most important  non -ba sal ti c component of  

the  s a nd a nd s i l t  frac t i ons  throughout the  profi l e , onl y decrea s i ng 

marked ly  i n  abundance i mmed i ate ly  above the basa l l ava f l ow ( F i g .  5 . 2 ) . 

Most  of the quartz l i es i n  the s i l t fract i o n  but angu l a r ,  monocrysta l l i ne 

gra i n s , up  to 3 - 4mm i n  s i ze wri th some crystal faces , are present i n  the 

cora ser  sand fracti ons . 

G i bbs i te g l aebu l es are the most abundant secondary materi a l s i n  

the sand  and coarse s i l t fract i ons , i ncrea s i ng i n  abunda nce wi th depth . 

Gi bbs i te wa s detected i n  the cl ay fracti on ( < 2 � m )  of th i s  so i l , from 

XRD , but i s  more abunda nt i n  the s i l t and sand fractions ( F i g . 5 . 3 ) . 

Gi bbs i te appears to form ear ly  duri ng wea th eri ng i n  the Ki r i pa ka so i l  

but e i th er nucl eates on gra i ns coarser than cl ay s i ze or forms di screte 

gra i n s coarser than c l ay s i ze and i s  therefore a s i gn i fi cant component 

of non-c l ay s i ze fracti ons . Under the petrol og i ca l  m i c roscope g i bbs i te 

g l aebu l es appear to be i ntergrowths of g i bb s i te crystal s rather than 

aggregates ( P l ate 5 . 3 )  and therefore are l i ke ly  to res i s t  most means  of 

di saggrega t ion  s hort of parti a l  chemi ca l  d i s so l uti on . 

B i oti te occurs i n  the top 0 . 3m of the profi l e  as fl a kes and , 

rarel y ,  a s  i nc l u s i on s  i n  rhyo l i t i c  g l ass  parti c l es .  These i nc l u s i ons  

are  ev i dence for the bi oti te bei ng part of the  maf i c  m i neral  a s sembl age 

of a rhyol i t i c  tephra . 

The part of the profi l e  s howi ng the l argest mean gra i n  s i ze a nd 

poorest sort i ng i s  from 0 m to 0 . 3m depth correspond i ng to the Ap 

hori zon ( F i g .  5 . 2 ) . Th i s  i s  due to three factors ; the presence of a 

rhyo l i t i c  tephra wh i c h contri butes g l ass  to most s i ze fracti ons _ and some 

• 



I 

a 

b 

P l a te 5 . 3  G i bbs i te g l aebu l es i n  a )  pl a n e  po l ari sed l i g ht  and 
b) cross po l ari sed l i g h t .  The g i bbs i te occurs a s  
h i gh rel i ef ,  h i gh ly  bi refri nge nt ,  fi brous , i nterl ock i ng 
crysta l s wh ich  form gra i ns s tab l e to most forms of 
di saggregati on . 
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Fi gure 5 . 3  
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XRD pa tterns of mi nera l s i n  Ki ri paka < 2 �m( c l ay )  
and 1 2 5  - 63 � m ( very fi ne saAd )  s i ze fracti ons . 
d-s paci ngs are i n  Angstroms ( A ) . Quartz and 
g i bbs i te occur  i n  a l l s i ze fractions i n  th i s  so i l . 
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quartz to the  sa nd  fract i ons , the presence  o f  detri ta l  quartz  a nd roc k 

fragments , a nd  the  presence  o f  g l aebu l es . A l l three c ompo n e n ts , of  

d i ffer i n g  g ra i n - s i ze c h a ra c ter i s t i c s , have  l ed to a coa rser part i c l e ­

s i ze d i s tr i bu t i on and  poorer sort i ng  than the  rest of the prof i l e .  

1 29 

From 0 . 3  to 0 . 6m ,  mea n g ra i n  s i ze i s  l ower , a nd s orti ng i s  better , 

tha n i n  t he  u pper 0 . 3m ( F i g .  5 . 2 ) . Th i s  i s  a s soc i a ted w i t h  a ra p i d  

decrease  i n  r hyo l i t i c  g l a s s  a n d  a n  i ncrea s e  i n  q ua rtz content  be l ow 

0 . 3m dept h , i nd i ca t i ve of a maj o r  change  i n  pa rent ma teri a l  provena n c e  

a t  t h i s depth . B e l ow 0 . 6m there i s  a marked  decrea se  i n  mea n g ra i n  

s i ze a n d  a n  i nc rease  i n  sorti ng  ( F i g .  5 . 2 ) . Here the qua rtz content  

i s  h i g h e s t  a nd rhyol i t i c  g l a s s  i s  a b s ent . The  qua rtz , be i ng of  

predom i n a n t l y  a eo l i a n  o r i g i n  ( r1o kma et �. , 1 97 2 ; see Cha pter 4 ,  t h i s 

thes i s )  h as  a wel l -so rted part i c l e s i ze d i s tr i but i on wi th a mean i n  

the s i l t  fra c t i o n  ( S i nger , 1 96 7 ;  S tewa rt et �. , 1 977 ) . Therefore , 

a s  the qua rtz content  of  the s o i l parent materi a l  i ncreases  the  g ra i n 

s i ze d i s tr i bu t i on o f  the s o i l beg i n s to a p proach  that o f  the quartz  

c ompo n en t .  

What i t i r i Of the s i x  s o i l s  i nv e s ti gated t h i s s o i l i s  u n i que  beca u s e  i t  

i s  t he  o n l y one  conta i n i ng o l i v i ne .  Th i s  m i n era l i s  mos t  abundant  i n  

the upper  0 . 2m of  the profi l e  a n d  i s  v i rtua l l y  absent  bel ow 0 . 3m depth  

( F i g .  5 . 4 ) . Other m i nera l s a s so c i a ted wi th  the o l i v i ne are  a ug i te ,  

l abradori t e  and  magnet i te ,  a l so occurri ng  a s  c ompos i te roc k  fragment s . 

B e l ow 0 . 3m d epth , ba s a l t i c  m i nera l s are  marked l y  weathered , suggest i ng  

that  the  o l i v i ne a s s emb l age  i n  the  surface hor i zons  was der i ved  from a 

d i fferent s ource to t h e  basa l t i c  component  i n  the l ower part  o f  the  

profi l e . 

R hyo l i t i c  g l a s s  i s  o n e  o f  the most  a bu ndant  non-bas a l t i c c om ponents  

i n  the  u ppermo st  0 . 3m of  the  prof i l e  ( F i g .  5 . 4 ) . A sma l l i ncrea s e  i n  
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the  amoun t  o f  g l a s s  i n  the  coarse  s i l t fra c t i o n  wa s noted a t  0 . 7m 

d e p th but  th i s  wa s not  refl ected i n  the  sand  fra c t i on ( F i g .  5 . 4 ) . 

Quartz  i �the  mos t  a bu ndant  o f  non -ba sa l t i c  m i nera l s  and  occurs 

throughout  mos t of  the  pro f i l e .  I t  i s  abunda n t  i n  bot h  sand  a n d  s i l t  

fra c t i ons  to 0 . 8m depth , b e l ow wh i c h  i t  decrea ses  to a l ow l eve l  

( F i g .  5 . 4 ) . I n  the  u p permo s t  0 . 3m o f  the profi l e  the q u artz  content  

1 3 1  

i s  s l i gh t l y  l ower than  i n  t h e  i mmed i a te l y  u nderl y i ng B w  hor i zo n , a l t hough  

s t i l l  rema i n i ng rel a ti ve l y  h i gh . Assoc i a ted detri ta l mi n era l s  foun d  i n  

trac e  amo unts  were mi croc l i ne a n d  tou rma l i ne .  G i bbs i te ,  c l ay m i nera l , 

a nd goeth i te g l a ebu l es are prese n t  i n  a l l s i ze fra c t ion s . C a l c i c  

p l a g i oc l a s e  h a s  a l mo s t  ent i re l y  been  wea thered , pa rti cu l a r l y  be l ow 

0 . 8m depth , w i th  one  excep t i on a nd t ha t  i s  the rel a t i v e l y  fresh 

l ab ra do r i te a s s o c i a ted wi t h  the o l i v i ne a s s emb l a ge i n  t h e  s u rfa c e  

hori zons . At  0 . 8m a n  hor i zon  occurs i n  wh i ch moa cro p  s to n es ( J . E .  C ox , 

pers . c omm . ) a re d i str i buted . Th i s  hori zon  a l so i s  tho u g h t  to s e pa ra te 

a n  o v erl yi ng s o i l  parent m a ter i a l  c o n ta i n i ng non -basa l t i c components  

from under l y i ng  mater i a l  w i th a very l ow a bu nda n c e  of non-basa l t i c  

m i nera l s .  

The  pres ence  o f  rhyo l i t i c  tep h ra , ba sa l t  tep h ra , a n d  quartz  i n  t h e  

s u rfac e  hori zons  of  t h e  profi l e  h a s  res u l ted i n  a n  i nc re a s ed mea n gra i n  

s i ze a nd dec rea sed sort i ng va l ue s  re l a t i ve to the l ower part  o f  the 

profi l e  ( F i g .  5 . 4 ) .  Be l ow  0 . 2m t here i s  l i tt l e c hange  i n  g ra i n- s i ze 

parameters , except t hat  t h e  presence  o f  wea theri n g  ba s a l t  roc k fragmen ts 

has  res u l ted i n  a n  i ncrea s e  i n  mea n g ra i n  s i ze a n d  decrea sed  sort i ng . 

Wa i otu  I n  t h i s so i l  the  basa l t i c  component  ha s l arge l y been weat hered 

to g i bb s i te ,  goeth i te ,  and c l ay m i nera l s . As  a resu l t ,  the  s a nd and  

s i l t  fract i o n s  a re dom i nated by non - ba sa l ti c  components , ma i n l y  rhyol i t i c  

g l a s s , qua rtz , a nd g l aebu l es . P l a g i oc l a s e  fel d s pars o f  ba sa l t i c  or i g i n  



have l a rg e l y been weathered , l ea v i ng  o n l y  s l i g ht ly-weathered , s od i c  

p l ag i oc l a s e  o f  rhyo l i t i c  or i g i n  i n  the  u p per part of the  profi l e .  

132  

Rhyo l i t i c  g l a s s  i s  most a bu ndant to 0 . 2m depth , d ecrea s i ng to  be 

absent bel ow 0 . 7m ( F i g .  5 . 5 ) . The  g l a s s  becomes i ncrea s i ng l y  wea thered 

wi th d e pth , gra i n s w i th a l ow ves i c l e dens i ty bei ng  the mos t  res i s tan t . 

There i s  no ev i de nc e  of  d i screte tephra events . 

Qu artz i s  most  a bundant  i n  the  u ppermost 0 . 7m of the  prof i l e  where 

i t  forms a pprox i mate l y  40 to 5 0% of the s a n d  and  s i l t  fra c t i o n s  b u t  i t  

then d ec rea ses  to l . lm depth  ( F i g .  5 . 5 ) .  

G i bbs i te a nd c l ay m i nera l g l a ebu l es  i nc rease  i n  a bu ndance  wi th 

depth but  goeth i te g l aebu l es are  more abundant  n ea r  the  s u rfa c e . 
gr-e at e s +  

Wea t h eri ng has  beenA bel ow l . Om w i th the  o n l y  non-ba sa l t i c  pr imary 

m i n era l present be i ng  traces  o f  q ua rtz . 

T h e  rhyol i t i c  tephra a n d  d etri ta l q u a rtz components  i n  t h i s so i l  

are sma l l a nd  hence  there i s  l i tt l e corre s pondence between changes  i n  

gra i n  s i ze parameters a nd c ha ng e s  i n  these  components . Of g reater 

i nf l uence  i s  the  i nc rea s i ng g l aebu l e component . The  a bs en c e  of  a 

d i st i n c t i ve  d i fference i n  mea n gra i n  s i ze a nd sort i ng between  the  su rface  

hori zons  a n d  the  underly i ng  p a rt of the profi l e  ( F i g .  5 . 5 ) i nd i c a tes 

that t h ere  i s  o n l y  re l a t i v e l y  mi nor goeth i te g l aebu l e  d eve l o pment and 

tha t g i bbs i te and c l ay mi nera l g l a ebu l es  a re even l y  d i s tr i bu ted . 

Be l ow 0 . 9m i n crea se  i n  mea n g ra i n s i ze i s  d u e  to a n  i nc rea s ed abu ndance  

of g i b bs i te a nd c l ay m i n era l g l a ebu l es . 

Keri keri  Th i s  s o i l i s  devel o ped i n  surfi c i a l  materi a l  over weat heri ng 

o l i v i ne basa l t .  T h e  basa l t  c omponent  i s  ex tremel y  weathered ; a l mo s t  

a l l of t h e  p l a g i oc l a s e  fel d s pa r  present  i s  s od i c  and  of  rhyo l i t i c  or i g i n .  

The  sand  fra c t i on m i nera l ogy of th i s  s o i l i s  dom i nated by rhyo l i t i c  

g l a s s . Max i mum a bu ndance  of g l a s s  occurs  a t  0 . 3m depth , d ecrea s i ng 



depth 

Ap 
!"" 

Bw1 
-

i-
Bw2 

1-

� 
Bw3 

-

-

BC 
� 

t-

�-

F i g u re 5 . 5  

(m) 
1 

0 ·5-f 

I 
1·0 

I 
I 

I 
I 
I 
' 
' 
' 
' 
' 
I 
I 

I 
I 

I 
I 

. 
I 
I 
I 

I 
I 

I 
I 

I 
I 

I 

I 
I 

I 
I 
I 

I 
I 
I 
• 

I 
I I I 
1 I 
I 
I I .' I . 
I .\ 1:' I 
I '  
: I 
".1 

i 

I 

I 
, 

, 

5 10 
Q UARTZ 0/o 

1 2 5  - 63  JJm  
63  - 20  JJm 
20 - 5 JJm 

5 - 2 JJm 

\ 
\ 
I 
I 
I 

I 
I 

5 
RHYOLITIC GLASS 

o/o 

Mz 

,.. I 

5 
M z 

' 
' 

\ 
\ 

\ 
I 
I 
I 
\ 

\ 
\ 

I 
I 

I 
I 

I 
I 

,.. 

.... , 
\ 

\ 
\ 

/ 
/ 

, "' ,..0! 
I 

10 
+ <>I 

\ 
\ 
I 

I 
I 

( 0l 

Wa i o tu s o i l - d i s tr i b u t i o n  o f  q uartz and rhyo l i ti c  g l a s s , and  gra i n 
s i ze parame ter vari a ti ons , wi th p rof i l e  depth . Mi nera l  contents  are 
expre s s e d  as  % of the non-c l ay fract i on of the so i l . 

....... 
w w 



abru p t l y  to become a bsent  be l ow 0 . 6m ( F i g .  5 .6 ) . 

I n  the  s i l t  fract i on  mag net i te i s  the  mos t  a bunda nt  c omponent  

w i t h  l es ser amou nts  of rhyo l i t i c  g l a s s  and  q ua rtz . I n  contra s t , o n l y 

1%  - 2% of  the  s a nd fra c t i o n  a ssembl a g e  i s  mag net i te . 

1 34 

Quartz o ccurs  predom i nant ly  i n  the  s i l t  fra c t i on but  some rare , 

fractured g ra i ns were noted i n  the coarse  s a n d  fra c t i o n s  > 1 mm . The  

abundance  o f  quartz  i s  h i g h e s t  i n  the  m i d  to l ower pa rt of  the  profi l e ,  

decrea s i ng ra p i d l y  be l ow 0 . 7  to be v i rtua l l y  a b s ent  be l ow 0 . 8m ( F i g .  5 . 6 ) . 

G i bbs i te ,  c l ay m i nera l a nd goeth i te g l a eb u l es are a bu nd a n t  i n  t h e  

sand  fract i o n ,  the  f i rst two types i nc r ea s i ng i n  a bunda nce  towa rd s  t h e  

ba s e  of  t h e  profi l e .  Ma f i c  m i nera l s pres en t a re hypers then e ,  

horn b l e nde , b i o t i te ,  a nd  aug i te ,  a l l a ttr i b u ted to a rhyo l i t i c  tephra  

o ri g i n .  

The g l a e bu l es i n  t h i s  so i l  prof i l e  are  o n e  of the ma i n  factors 

govern i ng the  gra i n  s i ze parameter va ri a t i on s . The rel a ti ve l y coarse­

g ra i ned , poor l y - sorted nature  of the  parent mater i a l  to 0 . 2m depth  i s  d u e  

t o  the  presence  of goeth i te  g l aebu l es a n d  rhyo l i t i c  g l a s s . Be l ow 0 . 2m 

quartz  and  mag net i te , both ma i n l y  of  s i l t  s i ze ,  i ncrea s e  i n  abu nda nce  

and  together a re respons i b l e  for the  decrea s ed mean gra i n s i ze and  

improved sort i ng i n  the  l ower part  of  the  profi l e  ( F i g . 5 . 6 ) . 

Rua ta nga ta The  basa l t i c  c om po n ents  i n  th i s  s o i l  have been wea thered 

a l mo s t  c omp l etel y to  c l ay m i nera l s  a nd i ron a n d  a l umi n i um ox i des . 

Traces of ca l c i c  p l a g i oc l a s e  fel d spa r occur  i n  t he  surface h o r i zon s  b u t  it 

h a s  been weat hered at depth . Mos t  of  the p l ag i oc l a s e  pre s en t  i s  s od i c  

i n  c ompos i t i on a nd of rhyo l i t i c  or i g i n .  

Rhyo l i t i c  g l a s s  i s  a bundant  0 . 3m depth  a nd i s  a bs e n t  be l ow 

0 . 7m ( F i g .  5 . 7 ) . As soc i a ted wi t h  i t  a re hyp er s thene , hornbl end e ,  a u g i te ,  

a nd  i n  the s u rfac e  hori zon , b i ot i te . The  a ug i te becomes i nc r ea s i ng l y  
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c orroded w i t h  depth  a n d  by 0 . 4m depth  h a s  been comp l ete l y  weat hered . 

Quartz i s  most  a bu ndant  between 0 . 3  a n d  0 . 7m depth  ( F i g .  5 . 7 ) ,  

occurri ng  ma i n l y  i n  t he  s i l t  fra c t i o n . Qua rtz content fa l l s  b etween 

0 . 7  a nd 0 . 9m , then  i ncrea ses  a g a i n  be l ow 1 . 0m .  Conti n u o u s  sampl i ng 

c ea s ed a t  1 . 1m depth  b u t  a samp l e from 1 . 4m d epth  a l so conta i ned  quartz . 

Larg e  qua rtz c rys ta l fragments o cc u r  i n  the  coa rse sand  frac t i o n s  

> 1 mm i n  t h e  upper  p a r t  of the  prof i l e . 

Goeth i te g l aebu l es a re a b u ndant  i n  t he  u ppermo st 0 . 2m of the  

profi l e  a nd decrease  i n  frequency wi th  depth . C l ay m i n era l a n d  g i bbs i te 

g l aebu l e s  a re prese n t  throug ho u t  the prof i l e  and  i ncrea s e  i n  a bu nd ance  

to a max imum between 0 . 7m to  0 . 9m .  Goet h i t e  g l aebu l es are  the  maj or  

con tro l on  g ra i n  s i ze pa rameter var i a ti on s  i n  th i s  so i l . T h ey are  

most  a bu ndant  i n  t he  u pper par t  of the profi l e  and  th i s  refl ects  the  

coarser gra i n  s i ze a nd poorer s o rt i n g  of the  s o i l a bove 0 . 7m ( F i g . 5 . 7 ) .  

T h e  sand  fract i on content  of  the s o i l  i s  very sma l l be l ow 0 . 7m 

depth  a n d  mo s t  of the  s i l t- s i zed  materi a l  cons i s ts of c l ay m i n era l 

g l a eb u l e s . T h e  presence  of a s i ng l e ,  rel a ti ve ly  u n i fo rm l y  s i z ed 

c omponen t  has  g i ven  r i se  to the  better sorted mater i a l  of f i ner  g ra i n  

s i ze i n  the l ower p art o f  the  profi l e  ( F i g .  5 . 7 ) . 

O ka i hau  T h i s s o i l i s  the  end member of the  so i l  d eve l o pment  sequence . 

A l mo s t  a l l of  the p r i ma ry basa l t i c  c omponents  a re wea thered . Ca l c i c  

p l a g i o c l a s e  i s  represented by rare , corroded g ra i n s i n  t he  u p per  part  of 

the profi l e  on l y ,  wh ere t hey m ay be red epo s i ted from younger  basa l t i c  

mater i a l  a s  part of a l oc a l  a eo l i a n  compo n e n t .  Magnet i te i s  part i a l l y  

wea t hered , t h e  deg ree of  wea ther i ng i ncrea s i ng towa rds t h e  b a s e  of  t he 

profi l e .  

R hyo l i t i c  g l a s s  i s  mos t  a bu nd a n t  i n  t h e  u ppermos t 0 . 3m of  the 

prof i l e  but  decrea s e s  ra pi d l y  to be ab sent  be l ow 0 . 7m .  I t  form s  u p  to 
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60% of the  very f i ne sand  fra c ti o n  to 0 . 3m depth  ( F i g .  5 . 8 ) . B i o t i t e  

a nd b i o t i te i nc l u s i o n s  i n  rhyo l i t i c  g l a s s  o c c u r  i n  sma l l amo u nts to 

0 . 3m d epth . 

1 38 

Quartz  i s  a bu nd a nt i n  t h i s profi l e  to 0 . 7m depth , be l ow w h i c h  o n l y  

trace  amoun ts a p p ea r , a nd mos t  of  the q ua rtz l i es i n  the s i l t  fra c ti o n  

( F i g . 5 . 8 ) .  The  h i g h  qua rtz c o n tent  a nd ex treme wea th er i ng i nd i cates  

a s l ow a ccumu l a ti on  of  s u rfi c i a l  ma teri a l s .  T he  c omb i na ti o n  of t h i s 

fac tor  w i t h  the  l i m i ted reso l ut i on  of  a O . lm sampl i ng i nterva l  a nd  

b i o l og i ca l  m i x i ng h a v e  obscu red s tra ti g ra ph i c  re l a t i ons h i ps o n  a l l but 

a broad s ca l e .  

Goeth i te concreti o n s  a re mos t  a bu nd a n t  a t  0 . 3m depth  i n  t he  B c s  

hori zon  and  decrease  i n  freq u e ncy towa rds t h e  base  o f  t h e  profi l e .  

G i bbs i te g l a e bu l e s o cc u r  throughout  the profi l e  but  a re mos t  a bu nda n t  

a t  d epth . There i s  a ma rked i ncrea se  i n  a bu nda n c e  of g i bbs i te g l a e bu l es 

i n  t he  very f i ne  s a n d  a n d  coarse  s i l t  fra c t i o n s  bel ow 0 . 8m . 

Th i s profi l e  i s  extreme ly  weat hered a n d  gra i n  s i ze d i s tri b u t i o n  i s  

contro l l ed by the  o cc u rrence o f  g l a ebu l es .  Quartz i s  a bundant  to 0 . 7m 

depth  a n d  r hyol i t i c  g l a s s  to 0 . 3m depth , bu t ne i ther appear  to have  

more t ha n  a m i nor effec t o n  gra i n - s i ze d i str i but i on . T h i s  i s  c l ear l y  

s hown by t h e  very coarse  mean gra i n  s i ze a n d  very poor sorti ng  a t  0 . 3  -

0 . 4m depth  due  to t h e  presence  of  a d i s t i nc t  hor i zon  of  goeth i te 

gJ aebet es�  ( F i g .  5 . 8 ) . 
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D I S C US S I ON 

M i nera l ogy 

The  m i nera l s  present i n  t he  s a n d  a nd s i l t  fracti o n s  of these  

s o i l s  can  be  a s s i g ned to fou r c omponents ; basa l t i c ,  secondary ,  

rhyo l i t i c ,  a nd  detri tal . T he s e  are s ummari sed  i n  F i g .  5 . 9 .  

B a sa l t i c  c omponent  - - These  m i nera l s are recog n i s ed from t he i r  

occu rrence  i n  u nwea thered b a s a l t l ava  f l ows a n d  tep hras . An hedra l 

g ra i n s of a u g i te a re a l so i nc l uded , wi t h  o l i v i ne a n d  c a l c i c  p l ag i oc l a s e , 

a s  basa l t i c  where the l ac k  o f  cryst a l  form i s  not  d ue to weather i ng . 

Eu hedra l or  wea t hered eu hedra l a ug i te i s  c l a s sed a s rhyo l i t i c ,  because  

s ome of  t hese  gra i ns h ave  r hyo l i t i c  g l a s s  se l veges . F i ne-g ra i ned , 

u s ua l ly s i l t- s i z ed , s ke l e ta l  magnet i te  i s  c l a s sed a s  basa l t i c  and  i s  

mos t  abundant  i n  s aprol i te wea theri ng  from basa l t .  

S ec onda ry c omponent  - - S econd a ry m i nera l s i nc l u d e  c l ay m i nera l s ,  

g i bb s i te ,  a nd i ron  ox i des wh i c h  form s i l t- ,  sand- , and g rave l - s i zed 

part i c l es i n  most of the basa l t so i l s .  XRD ana l ys i s  of  the  g rave l ­

s i zed  i ron ox i de g l aebu l es from the  O ka i hau so i l s how them to compri s e  

goeth i te wi t h  traces o f  q u a rtz , g i b bs i te ,  a n d  h ema t i te .  A few g l aebu l es 

were magne t i c a n d  i n  these  magneti te wa s i denti f i ed from the  X RD 

pattern s ( F i g .  5 . 10 ) . G i bb s i te g l a ebu l es from t h e  same so i l cons i st 

of g i b bs i te wi t h  o n ly  a trac e  of goet h i te .  The  g l aebu l es were the  ma i n  

components  of the  sand  and  s i l t  fra c t i o n s  of the more weathered so i l s  

and  s trong l y  i nf l uence t he part i c l e s i ze d i str i bu t i on of  these  s o i l s ,  

a n  i nf l uence  w h i c h  has  been n o ted i n  strong l y  wea thered s o i l s  e l sewhere 

( E swaran and  B i n ,  1 978 ) . 

Rhyo l i t i c  tephra component R hyol i t i c  m i nera l s  are  i dent i f i ed from 



BASAL T I C  

C a - p l a g i oc l a s e  

mag ne t i te 

a ug i te 

o l i v i ne* 

S ECONDARY 

g i  bbs i te 

i 

kao l i n i te 

h a l l oys i te 

h ema ti te 

DETRI TAL 

q ua rtz 

muscov i te 

p l a g i o c l a s e  

mi croc l i ne* 

tou rma 1 i ne* 

* Mi nera l s i ch occur  i nfrequ e n t l y o r  i n  tra c e  amounts . 

Fi gure  5 . 9  M i nera l ogy of i 

1 2 5  63  � m  a n d  63  - 2 0  �m  s i z e  

RHYOL I T I C  

g l a s s  

N a -p l ag i oc l a s e  

the ne  

a ug i te 

h o rnb l ende  

san i d i ne* 

q ua rtz 

t i tanomagnet i te 

z i rcon 

b i ot i  

fra c t i ons  of  s i x  North l a n d  b a s a l  c s o i l s .  
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1 4 3  

thei r a c i d  i gneou s c haracter . G l a s s  s h a rd s  ha v i ng a refra c t i ve  i ndex 

of  1 . 49 - 1 . 50 a r e  cons i s tent wi th  a rhyo l i t i c  c ompos i t i on ( Hodder , 1 97 8 ) . 

O l i go c l a s e , hypers t hene , ca l c i c  hornbl ende , a u g i te , ti tanomag net i te ,  

san i d i ne ,  and  q u artz a l l form phenocrys t s  i n  rhyol i t i c  erupt i ves  from 

the  Taupo  Vo l ca n i c Zone ( Ewart , 1968 ) . The  rhyo l i t i c  or i g i n  o f  these  

m i nera l s  i s  conf i rmed by the  pres ence of  rhyo l i t i c  g l a s s  a tta c he d  to a l l 

p henocrysts except  q uartz . However , oxyg en  i sotope ana l yses  o f  qua rtz 

g ra i ns i n  the > 2 5 0  Ym s i ze fra c t i on  i nd i cate  o 18o va l ues  of 8 . 2°/ oo ,  

cons i stent wi t h  a h i g h  tempera tu re or i g i n  for t h i s  quartz ( Chapter  4 ) . 

I n  add i t i on ,  b i p_yra m i d a l  form s  a fter a-quartz i nd i cate c rysta l l i s at i on 

at  temperatures g rea ter than  573°C ( Fron d e l , 1 962 ) and  th i s  q uartz  i s  

accord i ng l y  i nc l u ded i n  the  rhyol i t i c  tephra c omponent . 

Detri ta l  m i nera l  c omponent  - - Quartz i s  the  dom i nant  d e tri t a l  m i nera l 

presen t , accomp a n i ed by trace amounts  o f  e p i dote , musco v i te , tou rma l i ne ,  

and  m i c roc l i ne .  Oxygen  i sotope a n a l ys i s  of q ua rtz has  s hown t h a t  the  

> 125  ym  q uartz i s  n e i t her h i g h tempera ture ( i g neous ) nor  l ow temperature 

( au t h i g en i c )  but  wa s proba b l y  deri ved from pre-ex i s t i n g  sed i ments  ( Mo kma 

et �· , 1 97 2 ; s e e  C h apter 4 ) . The  rema i n i ng detri tal  m i nera l s a re 

more typ i ca l  p r i mary m i nera l s  i n  p l uton i c  a nd metamorp h i c roc k s  bu t s i n c e  

these  roc k typ e s  a re rare i n  North l and , i t  i s  more proba b l e tha t the  

mi nera l s  have  been  recyc l ed from ex i s t i ng Tert i a ry and Mesoz o i c  sed i ments  

a l ong wi t h  the  quartz . 

The occurrence  of  eac h  mi nera l  c om ponent  i n  the bas a l t i c s o i l s  i s  

dependent on  t h e  env i ronmenta l  c i rcumstances  that  l ed to  t he i r 

preservat i on or forma t i o n  i n  these  s o i l s .  The  s i gn i f i ca n c e  o f  these 

env i ronmenta l c i rcum s ta nces  vari es , t h e  r hyo l i t i c  and detri t a l  components  

be i ng the  most  u sefu l . These  two c omponents  pre s erve the  reco rd o f  a ny 

stra t i g ra p h i c h i story and  mater i a l  add i t i ons  a t  each  s o i l s i te a s  we l l a s  

show i ng the  effects o f  s u bs equent  s o i l - fo rm i ng processes . 



S i gn i fi ca n c e  of  the B a sa l t i c  C omponent 

M i n e ra l s of  the  basa l t i c  c omponent o n l y  occur  i n  s i gn i f i ca n t  

amou nts  i n  t h e  Ki r i p a ka and  What i t i r i so i l s .  I n  a l l o f  the  rema i n i ng 

so i l s  o n l y  tra ces of ca l c i c  fe l d s pa r  rema i n .  O l i v i ne occurs o n l y  i n  

the  What i t i r i  so i l . T h e  d i str i but i on  of o l i v i ne ,  occu rr i ng i n  t he  

u p pe rmost  0 . 3m of th i s  profi l e ,  ma kes i t  u n l i ke l y  to  have  been  der i ved  

from the  u nderl y i ng basa l t .  W i t h i n 2 km of  the  W hati t i r i s i te i s  

Maungata pere c i nder c on e ,  thou g h t  to be muc h  younger  bec a u s e  of  i ts 

l es s e r  d eg ree of d i s s ect i on than  the  Whati t i r i  cone  ( Kear , 1 9 6 1 ) .  T h e  

eru p t i on o f  Maungata pere i s  c on s i dered t o  be t he most l i ke l y  source o f  

t h e  o l i v i n e - beari ng  c omponent i n  t h e  s u rface  hor i z on s  o f  the  W h at i t i ri 

profi l e .  

1 44 

I n  t he  K i r i pa k a  so i l , a u g i te and  c a l c i c p l a g i oc l a s e  are common ,  

s omet i mes  w i th i n roc k  fragments . O l i v i ne i s  absent . G i ven  t hat  

o l i v i ne ba sa l t  i s  t he  ma i n  bas a l t  type pre s e n t  i n  t he  reg i on ,  o l i v i n e 

s hou l d  be present i n  t h e  sand  and  s i l t  frac t i on s . I ts absence  s uggests  

that  rap i d  weather i n g  of  o l i v i ne has  occu rred i n  t h i s  env i ronmen t . An 

i mp orta n t  imp l i cati on  of  th i s  obs erva ti on  i s  that  a l thou g h  the W h a t i t i r i 

s o i l i s  con s i dered to  be more deve l oped t h a n  the K i ri paka , the  s u rface 

hori z on s  conta i n a n  i nfl ux of  younger and  l es s -weathered materi a l s t han  

the parent  materi a l s o f  the  K i r i p a ka . T h i s  suggests  that  the  Mau ng a ta pere 

c i nder  cone i s  muc h  younger  t h a n  the  erupt i o n s  of  the  l ava f l ows on wh i c h  

the  K i r i paka  s oi l s  h ave  formed . 

The  K i ri paka  and  What i t i r i s oi l s  over l y  basa l t  l ava fl ows . I n  

both c a s e s  u nweathered and  parti a l l y-weathered basa l t  fragments  are  

present  i n  the base  of the  s o i l profi l es .  I n  the  Ki r i p a ka s o i l , q ua rtz 

and other  non-ba s a l t i c materi a l s are c ommon ,  even i n  the l owermost  

s amp l e  i mmedi ate ly  above the f l ow s u rfac e  ( F i g . 5 . 2 ) . I n  contra s t ,  i n  



t h e  What i t i ri s o i l a 0 . 3m zone  extend s  up  from t he fl ow s u rface i n  wh i ch 

non - basa l t i c  c omponents a re neg l i g i b l e  ( F i g . 5 . 4 ) . T h i s  s uggests that  

t he parent materi a l s of the  Ki ri paka  so i l are l arge l y  der i ved by 

rede pos i t i on o f  l oca l materi a l , der i ved from both  basa l t i c  and  q u a rtzose  

s ou rces . I n  c ontra s t , i n  t he  What i t i r i  s o i l t h e  detr i ta l - free zone  

p roba b l y  repres ents  more  ra p i d  a ccum u l at i on of  b a s a l t teph ra on  the  

f l ow dur i ng  f l ow emp l acement . 

Both the  Keri keri a n d  O ka i h a u  s o i l s  have  formed i n  a parent  

materi a l  over  s a p ro l i te a nd here i nterpreta t i o n  i s  amb i g uous . I n  both  

cases  there i s  a decrea s e  i n  t he  detri ta l c omponent  of  samp l es 

i mmed i a t e l y  a bove the s a prol i te .  T h i s  c ou l d  represent  a th i n  ( < O . lm )  

tephra l ayer but  i t  i s  more l i ke l y  t o  represent  i ncorpora t i on  o f  the 

quartz -free upper part o f  the  s apro l i te i n  t he  b a s a l  s o i l hori zon s . 

The  rema i n i ng two s o i l s ,  the  Wa i otu  and  Ruata ngata , a ppea r to have  

formed i n  a t h i c k  s equence  of s urfi c i a l  materi a l s over l y i ng  basa l t  fl ows 

at > l Om depth . Strat i fi cat i on a p pa rent  i n  t h e  materi a l  u nder ly i ng  

the  Wa i otu p rofi l e  ( P l a t e  5 . 4 )  s ug g e s ts that  i t  represents  a l ong  h i s tory 

of accumu l at i on of bas a l t i c  and  non-basa l t i c  materi a l s overpri n ted by 

i ntense  weather i ng . 

S i gn i f i cance  of the  Secondary C omponent  

One  of the  notab l e featu res of  th i s  s o i l s equence  i s  t he deve l o pment  

of g i bbs i te and  goethi te  g l aebu l es . Even  i n  t h e  l ea s t -wea t hered s o i l s ,  

the  K i r i pa ka and  the What i t i r i , sma l l i ron  ox i de g l a ebu l es occur  i n  t he  

fi ner-s i ze fracti on s  and  i ron-ox i de coat i ng s  a re formed on  roc k  fragmen ts 

throu g hout t h e  p rofi l e .  G i b bs i te g l aebu l es are  not v i s i bl e  macro­

scop i c a l l y i n  the  K i r i paka  but s how i ncreas i ng deve l opment  thro u g h the 

res t  of the  s o i l dev e l o pment  sequence . They have  a marked effect on  

g ra i n - s i ze d i stri but i on s uch  that  i n  the  o l d er s o i l s  t he  g ra i n -s i ze 



Pl ate 5 . 4  Sect i on s how i ng s ubsurface l ayeri ng bel ow the surface 
on w h i ch Wa i otu soi l s  occur . The l ava fl ow ,  K/Ar 

6 dated at  1 . 27  x 10 years B . P . , occurs at  more than 
30 m depth . 
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characteri st i c s  are l arge ly  determi ned by the presence and devel opment 

of g l aebu l es .  They occur through a l l g ra i n  s i ze fracti ons >2  �m, and 

pos s i b ly  sma l l er ,  and form the greater part of the most devel oped 

so i l s . S i nce t hey are g l aebu l es and not aggregates they are not 

eas i ly d i spersed i nto sma l l er parti c l es . The overa l l gra i n- s i ze 

d i str i but ion of the soi l i s  therefore a ref l ecti on of the s i ze 

d i str i buti on of the secondary component part i c l es  and does not s imp ly  

represent a pri mary di stri buti on . Th i s  a l so has impl i cati ons for the 

chemi ca l i nteracti ons i n  these soi l s .  The presence of goeth i te and 

g i bbs i te g l aebu l es throughout a l l s i ze fracti ons means that the s i l t  

and s and fracti ons  wi l l  have a s i g n i fi cant i nf l uence on the chem i ca l  

react i v i ty o f  the soi l ( McAl eese and McConaghy , 1 957 ; McConaghy and 

McAl eese , 1 957 ) . 

S i g n i fi cance of  the Rhyol i ti c  Component 

A s im i l ar d i stri buti on of rhyo l i t i c  g l a s s  was noted i n  a l l 

profi l es .  Most of the g l ass  occurs w i th i n  0 . 2m of the so i l s urface . 
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In  the Ki ri paka i t  pers i s ts i n  trace amounts to the base  of the profi l e  

( F i g .  5 . 2 )  but i n  the rema i n i ng soi l s  i t  se l dom persi sts be l ow 0 . 6m .  

I n  the K i r i paka , Keri keri , Ruatangata , and Okai hau soi l s  bi oti te 

occurs i n  the top 0 . 2m .  I t  i s  more abundant i n  the Ki r i paka and 

Ruatangata t han in  the Keri keri and O ka i hau so i l s .  S i g n i f i cant bi oti te 

i n  the mafi c m i nera l a ssembl age of a rhyo l i t i c  tephra i n  New Zea l and 

i nd i cates a probabl e source i n  the Okata i na Vo l cani c Centre ( Ewart , 1 968 ) . 

S i n ce the b i oti te occurs i n  the surface hori zons of each s oi l , i t  i s  

probabl e that i t  i s  from one of the more recent b iot i te-bea ri ng tephras . 

The  youngest tephra of t h i· s type i s  Kaharoa Ash , dated ( N Z872A ) at  

850  ± 54  years B . P .  More recent ev i dence s uggests that the Ka haroa As h 

may be even younger , havi ng been erupted about 700 years B . P .  ( McGl one , 1 981 ) . 
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Th i s  tephra i s  known to occur el sewhere i n  North l and , preserved i n  peat 

swamps and coasta l s and dunes ( Pu l l a r et �. , 1 977 ) . Kaharoa As h 

a l s o  conta i ns qu artz phenocrysts ( Co l e ,  1 970 )  and i s  t herefore a l i ke l y  

source for t h e  l arge quartz gra i n s  wh i ch are most abundant i n  soi l s  

conta i n i ng the most bi oti te ( Ki r i pa ka and Oka i hau ) .  I n  contrast , no 

coarse-grai ned q uartz was found i n  the surface hori zons of e i ther the 

What i t i ri or Wai otu s oi l s ,  nei ther of wh i ch conta i n bi oti te .  

Rhyo l i t i c  g l as s  i s  common to a l l profi l es ,  i ndi cati ng that 

teph ras  other than Ka haroa Ash are a l so present . The l arge rhyo l i t i c  

erupt i ons from the centra l North I s l and are shown i n  Tabl e 5 . 1 .  

Apart from Ka haroa Ash , Taupo Pum i ce ,  dated ( NZ 1 548A ) at  1840 ± 50  years 

B . P .  was an erupti on of 1 1 U l trap l i n i an 11 proporti ons  (Wa l ker ,  1 980 ) of 

wi despread di s tri but i on i n  the North I s l and of New Zea l and ( Vu cet i ch 

and Pu l l ar ,  1 973 ) and i s  present as  sea-rafted pumi ce i n  coasta l  s and 

dunes  i n  North l and ( Wel l ma n , 1962 ; Pu l l ar et �- , 1977 ) . The  mafi c 

mi nera l  as sembl age of Taupo Pumi ce i s  not i ncompat i bl e  wi th the 

rhyo l i t i c  component of the s urface hori zons i n  the basa l t i c  so i l s  and 

i s  a probabl e source of some of the abundant rhyol i ti c  g l as s . 

Kawakawa Tephra i s  extreme ly  wi despread i n  d i stri buti on throug hout 

the North I s l and  and northern South I s l and . I ts mafi c mi nera l 

assemb l age of hypersthene , hornb l ende , and aug i te ( Howorth ,  1 980 ) i s  

not d i sti ncti ve  and the poss i b l e  presence of th i s  tephra has been 

postu l ated i n  the s urface hori zons of the Oka i hau soi l ( Rank i n ,  1973 ) . 

The h i g h quartz contents of both the Ruatangata and Oka i hau so i l s  

suggests that t hey have accumu l ated s l owly and Kawakawa Tephra cou l d 

reas onably be expected to be found i n  thei r surface hori zons . Howeve r ,  

the remai n i ng s oi l s  have much l ower quartz contents and appear t o  have 

accumu l ated more rapi d l y .  I n  th i s s i tuati on , ev i dence o f  the presence 

of Kawakawa Tephra wou l d  occur deeper i n  the prof i l e ,  parti cu l ar ly  i n  



Tabl e 5 . 1  Major erupti ons  from the centra l North I s l and i n  the l ast  c i rca 40 , 000 years 

Tephra Format i on 

Kaharoa Ash ( 0 )  

Taupo Pum i ce ( T )  

Wa imi h i a  Ash ( T )  

Wha katane Ash ( 0 )  

H i nema i a i a  Tephra ( T )  

Motutere Tephra ( T )  

Rotoma Ash ( 0 )  

Wa i ohau As h ( 0 )  

Rotorua Ash ( 0 )  

Rerewhakaa i tu Ash ( 0 )  

Kawakawa Tephra ( T )  

Rotoehbl Ash ( 0 )  

14c Age 

850 ± 54 

1870 ± 60 

4600 ± 90 

4650 � 80 

5370 ± 90 

9 1 20 ± 130 
9080 ± 100 

1 1 250 ± 200 

1 3450 ± 250 

14700 t 200 

1 9850 t 3 10  

4 1 700 t 3500 

NZ 14c No . 

NZ872A 

NZ1 059A 

NZ3948A 

NZ4574A 

NZ4876A 

NZ1945A 
NZ 1943A 

NZ568A 

NZ161 5A 

NZ716A 

NZ1056A 

NZ1 1 26A 

( T  = Taupo Vol can i c  Centre , 0 = Oka i ta i na Vol can i c  Centre ) 

" 

Mafi c Mi nera l ogy 

bi oti te ,  hypersthene , aug i te 

hypersthene , aug i te ,  hornbl ende 

hypersthene , aug i te ,  hornbl ende 

hypersthene , aug i te ,  hornbl ende , cumm i ngtoni te 

hypersthene , hornbl ende , aug i te 

hypersthene , hornbl ende , aug i te 

hornb l ende , hypersthene , cummi ngton i te 

hypersthene , hornb l ende 

hypersthene , hornb l ende , bi oti te 

bi oti te ,  hornbl ende , hypersthene 

hypersthene , hornbl ende , augi te 

cummi ngton i te ,  hypersthene , hornbl ende 

....... 
� 1.0 



1 50 

the Ki r i pa ka a nd Whati t i ri so i l s .  Onl y i n  the Whati t i r i i s  there 

ev i dence deep i n  the profi l e  of an i nf l ux of rhyol i t i c  g l a s s  ( F i g .  5 . 4 ) . 

Th i s  i s  pre served becau se : 

( i )  th i s s i te i s  the southernmost  sampl ed and i s  therefore l i ke ly  to 

have recei ved more rhyo l i t i c  a s h  than the more d i sta nt soi l s ,  and 

( i i )  i t  i s  one of the younger soi l s  and has accumul ated rap i d l y  enough 

for the record of erupti ons to be d i fferenti ated . T h i s  i s  u n l i ke 

the nearby , s l owl y-accumu l ati ng Ruatangata soi l i n  wh i ch Kawakawa 

Tephra i s  more l i ke ly  to be present i n  the surface hori zons . 

The fourth major tephra l i ke l y  to have been recorded i n  North l a nd 
+ i s  Rotoehu  Ash  ( Tab l e 5 . 1 ) , dated ( NS 1 1 26A ) a t  4 1 700 - 3500 years  B . P . 

Th i s  tephra has  a d i s ti ncti ve maf i c m i nera l assembl age , cons i st i ng pre-

dom i nantl y of  the amph i bo l e cummi ngton i te ( Kohn , 1970) . S i nce 

cumm i ngton i te wa s not found i n  any of  the soi l s  exami ned , i t  s uggests 

that ei ther : 

( i )  depos i ti on of Rotoehu Ash d i d  not occur ,  or  

( i i )  the cummi ngton i te has been wea thered , or 

( i i i )  the surfaces on wh i ch the so i l s formed are e ither < 4 0 , 000 years 

o l d or have been eroded after the ash  wa s depos i ted . 

The Rotoehu Ash erupti on d i stri buted tephra i n  a broad l y  s im i l ar 

pattern to the Kaharoa Ash ( Vucet i ch a nd Pu l l ar ,  1964) and , s i nce the 

Rotoehu wa s the much l arger erupt ion  of  the two , i t  wou l d be u n l i ke ly  for 

it to have not reached North l a nd . I t  wou l d  a ppear that both the 

Ki r i pa ka and W hat i t i r i soi l s  are proba b l y  on surfaces younger than 

40 , 000 years B . P .  However , the absence of Rotoehu Ash i n  the rema i n i ng 

so i l s  i s  i nterpreted as  e i ther a resu l t of weather i ng or eros i on because  

these so i l s  appear to  be  on  surfaces > 40 , 000 years ol d .  There i s  a 

decrease i n  rhyol i t i c  g l a s s  content wi th depth i n  each soi l wh i c h 
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suggests a weatheri ng decay curve . Th i s s uggests , a l ong wi th evi dence 

of i ncreas i ng weatheri ng of g l a s s  parti c l es wi th depth , that o l der 

rhyol i ti c  g l ass  has been enti re ly  weathered i n  these so i l s .  

The abundance of  g l as s  i n  the u ppermost  0 . 2m of the younger soi l s  

i s  attri buted to accumu l at i on of primari ly  Ho l ocene tephras , i n  

parti cu l ar Kaharoa Ash and Taupo Pumi ce . I n  t he ol der soi l s ,  wh i ch 

h ave accumu l ated more s l owly ,  the g l as s  i s  part i a l ly attri buted to 

o l der tephras whi ch may a l so be present i n  the surface hori zon s . 

S i g n i fi cance of the Detri tal Component 

as  Ev i denced by Quartz Accumu l ati on 

Grai n s i ze d i stri buti on - - More than 80% of  the quartz i n  each prof i l e  

l i e s  i n  the < 63 �m s i ze fracti on ( Tab l e 5 . 2 ) . On ly traces of quartz 

appear i n  the < 2 �m s i ze fracti ons of the s oi l s  and previ ou s  work has  

s hown that i n  the Ruatangata soi l a l l of the < 2 �m quartz l ay i n  the 

2 - 1 �m s i ze range . Th i s  quartz had an oxygen i sotope abundance 

i nd i sti ngu i s hab l e from the 5-2 �m quartz present in the same sampl e  

( Ch apter 4 )  and i s  con s i dered to be part of the 1 0-1  �m tropospheri c  

aeroso l i c  du s t  component i n  the soi l . 

Gra i n -s i ze d i stri but i on curves for two s amp l es from each profi l e  

are shown i n  F i gs . 5 . 1 t - 5 . 1 6 .  I n  three of the s oi l s ,  K ir i paka , 

Keri ker i , and Ruatangata , the samp l e from near the surface conta i n s  a 

h i g her amount of sand- s i zed quartz . These three soi l s  a l so s how the 

h i g hest amounts of bi oti te , presumab ly  from the Kaharoa Ash  erupti on ,  

i n  thei r topsa i l s .  Further , l arge, fractured q uartz gra i n s  a l s o  occur 

in the > 250 �m s i ze fracti on of these three so i l s .  I t  ha s prev i ou s l y  

been s hown that th i s quartz i s  o f  h i g h-temperature ori g i n  and i s  probab ly  

part of the Ka haroa Ash  phenocryst assembl age ( Chapter 4 ) . I n  t he 
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Tab l e  5 . 2  Tota l amounts of q uartz present i n  samp l es  from 

upper and l ower parts of the profi l es of the 

s i x  basa l t i c  soi l s  

% quartz , % quartz , 
So i  1 ser i e s  Depth (m ) c l ay free tota l s amp l e 

K i r i paka 0 . 20 - 0 . 30 10 . 50 4 . 33 
0 . 70 - 0 . 80 26 . 6 1 7 . 07 

What i ti ri 0 . 1 0 - 0 . 20 23 . 7 1 4 . 76 
0 . 70 - 0 . 80 9 . 22 1 . 57 

Wa i otu  0 . 20 - 0 . 30 22 . 90 5 . 32 
0 . 50 - 0 . 60 1 2 . 62 2 . 00 

Keri  keri 0 . 10 - 0 . 20 4 . 76 1 . 82 
0 . 50 - 0 . 60 4 . 29 1 . 30 

Ruatangata 0 . 20 - 0 . 30 47 . 21 1 4 . 28 
0 . 60 - 0 . 70 39 . 54 6 . 43 
1 . 30 - 1 . 42 1 3 . 04 1 . 48 

Oka i ha u  0 . 1 0 - 0 . 20 31 . 45 1 0 . 83 
0 . 30 - 0 . 40 22 . 29 6 . 72 



rema i n i ng so i l s  there are on ly  sma l l amou nts of quartz i n  the sand 

fract i ons . I n  the Whati ti ri and Oka i hau  s oi l s  there i s  l i ttl e 
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d i fference i n  gra i n  s i ze d i stri but i on wi th depth for quartz . However , 

i n  t he Wa i otu so i l the l owe� samp l e conta i ns a hi gher proporti on of 

sand - s i zed quartz ( F i g . 5 . 1 3 ) . 

The tota l q uartz content decreases w ith  depth i n  a l l of the soi l s  

except the Ki r i paka (Tab l e  5 . 2 ) . Th i s i s  thought to refl ect the s l ow 

accumu l at i on of these profi l es ;  any vari at i ons i n  quartz accumu l at i on 

cau sed by factors such  as  c l imate c hange ( Stewart et �. , 1 977 ) cannot 

be resol ved because the 0 . 1m sampl i ng i nterva l u sed i s  too coarse to 

detect them . 

Quartz Accumu l at i on - - I n  the so i l s  s amp l ed qu artz accumu l ati on and 

the presence of i denti f i ab l e rhyo l i t i c  tephras a l l ows some t ime constra i nts 

to be p l aced on so i l formi ng processes . Where aeol i an q uartz accumu l ates 

over l ong peri ods of t ime , soi l s  on o l der s urfaces wi l l  s how evi dence of 

greater amounts of quartz than soi l s  on younger surfaces . A rap i d ly  

accumu l ati ng profi l e  s hou l d  s how a l ower concentrati on of quartz than a 

more s l owly accumu l at i ng profi l e  of the same age but s i nce i t  has  

accumu l ated to a greater depth it  wi l l  st i l l  conta i n  a s im i l ar amount 

of quartz . Factors wh i c h wi l l  cause changes i n  th i s  pattern a re 

eros i on , overthi cken i ng ,  l oca l changes i n  aeo l i an i nputs , and chemi ca l  

di s sol u t i on of  quartz duri ng weatheri ng . A l l s i tes were chosen to 

mi n im i s e  the f i rst  two factors . There i s  no evi dence of e i ther 

di sso l uti on or  pedogen i c  crysta l l i s ati on of  quartz in any of the s o i l s  

and SEM photom i crographs s how angu l ar  gra i n s  wi th  no s i gn of etch i ng 

typ i ca l  of d i s so l ut ion  processes ( Chapter 4 ) . Therefore , for any g i ven 

time per i od the mai n cause of vari ati on i n  quartz accumu l at i on s hou l d  

be factors re l ati ng to the l ocal  env i ronment .  
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Quartz accumu l ati on wi th t ime has been s hown to vary wi th c l i mate 

change i n  deep- sea sedi ments ( Bowl es , 1 975 )  and i n  an ! andes i ti c  so i l from 

Taranak i , New Zea l and ( Stewart et �- , 1977 ) . Lower rates of quartz 

accumu l ati on have been s hown to occur in post-g l ac ia l  ( Aranu i an )  t ime 

compared wi th g l ac i a l  ( Ot i ran ) t ime . Of the North l and basa l t i c  so i l s  

exam i ned ,  on ly  the Ki ri paka s hows a quartz d i stri but i on wi th depth 

con s i s tent w ith  th i s  concept . However , i n  compari son wi th the Egmont 

l oam profi l e  ( Stewart et �- , 1 97 7 )  there i s  a much  h i g her amount of 

aeroso l i c  q uartz i n  the K i ri paka , th i s be i ng attri buted to an addi ti ona l  

component of l ocal ly-deri ved quartz ( C hapter 4 ) . 

The K i r i paka s i te l i es  on the down-wi nd· =edge of the Ka i kohe basa l t  

fi e l d ( F i g .  5 . 1 )  and i t  a l so has the h i g hest ba s a l t component of any of 

the s oi l s  exami ned . However , a l l o l i v i ne has been weathered out so  

that an i n i t i a l stage of weather i n g  has been pas sed . T h i s  s i te a ppears 

to be  one i n  wh i ch aeo l i an materi a l s were remobi l i sed from the rest  o f  

the basa l t  fi e l d  t o  the west , a l ong wi th non-ba s a l t ic  materi a l  from 

l oca l sedimentary rocks . Th i s wou l d  exp l a i n  the apparent rap i d  

accumu l ati on of th i s  s oi l , i n  rel ati on to the other ba sa l t i c  soi l s  

s tud i ed .  

The remai n i ng soi l s  are progres s i ve ly  more strong l y  weathered . 

Quartz contents are h i ghest i n  the surface hori zons , decreas i ng wi th 

depth .  Th i s imp l i es very s l ow accumu l at i on of materi a l  i n  the profi l e .  

Where such s l ow accumu l ati on has occurred the O . lm samp l i ng i nterval 

has proved i nadequate to s how c l i mate- i nduced changes i n  quartz 

accumu l ati on , a l though  ev i dence of vari ation  on s uch a fi ne sca l e i s  

a l s o  l i ke ly  to be destroyed by mi x i ng as  a res u l t of b i ol og i ca l 

acti v i ty .  
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I nferred Rel ati ve Ages of  Soi l Parent Materi a l s 

I t  has been demonstrated that where there i s  a common ori g i n  for 

quartz wi th i n  a reg i on ,  i t  may be poss i bl e  to determi ne  the re l at i ve 

ages of s oi l profi l es by the accumu l at i on of aerosol i c  q uartz ( Chapter 

3 ,  6 ) . I n  the Taranak i  reg i on i t  wa s cons i dered that q uartzose source 

areas  were restri cted upwi nd of the depos i ti on a l  s i tes and most of the 

5 - 2 �m q uartz was of aerosol i c  dust  ori g i n .  A s imi l ar s i tuati on was 

tho ught to ex i s t i n  North l and . However , exami nat i on of the Ki ri paka 

soi l ( Chapter 4) has shown the anoma l ous  presence of a l a rge component 

of 5 - 2 � q uartz from l oca l s i l i ceous sediments , deri ved as  l oca l 

aeo l i an materi a l . I t  therefore appears that i n  the North l and 

env i ronment l oca l ly-deri ved aerosol i c  quartz i s  cons i derab ly  more 

abundant than i n  Taranak i .  Th i s  i s  probab ly  due to the l arge areas 

of Mesozoi c  and Tert i a ry sediments acti ng as  an aeol i an quartz source 

i n  re l at i on to comparati ve ly  l oca l i sed areas of basal t soi l s  i n  North l an d .  

The domi nant  materi a l  subj ect to wi nd eros i on i n  N orth l and  i s  probab ly  

h i g h ly  q uartzose . I n  contrast , i n  Tarana ki the domi nant s urf i ci a l  

materi a l  i s  quartz-free andes i t i c  ash  and wou l d thus be expected to 

dom i nate the s o i l  parent materi a l s of that reg i on . On l y  sma l l areas 

of p os s i b ly  quartzose sediments can have exi sted u pwi nd  of Taranaki 

and thus the ma i n  sou rce of  5 - 2 �m q uartz there has been aeroso l i c  

dus t . 

The rel ati ve amounts of 5 - 2 �m quartz have been l i s ted for each 

of the bas a l t s o i l s  ( Tab l e 5 . 3 ) . I t  can be s een that a l though there 

i s  a genera l  tendency for the most devel oped soi l s  to have the greater 

amoun t  of quartz ( Ruatangata and Oka i hau ) , there i s  no obv i ous  re l ati on­

sh i p between aeroso l i c quartz content and soi l deve l opment .  

Ki r ipaka Accumu l ati on of quartz i n  th i s soi l i s  s imi l ar to that preserved 
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i n  the Egmont l oam ( Chapter 3 )  and wh i ch i s  i nterpreted a s  a record of 

post- 2 0 , 000 years B . P .  c l i mate change . There i s  n o  i nf l ux of rhyol i t i c  

g l a s s  towards the base o f  the profi l e  wh i ch cou l d b e  attri buted to the 

c i rca 20 ,000 years B . P .  Kawakawa Tephra . Th i s s hows that ei ther the 

Kawakawa Tephra did not contri bute measurabl e quant i ti es of g l ass  to 

t h i s  p rofi l e  or that i t  has l a rge ly  been weathered out . 

I f  the accumu l at i on of  5 - 2 �m quartz i n  the Ki r i paka so i l  i s  

compa red wi th that of the E gmont l oam profi l e ,  i t  can be seen that the 

Ki ri paka  soi l wou l d  have an estimated age of ci rca 64 , 000 years B . P .  

(Tab l e 5 . 3 ) . . However , i f  the estimated 50% contam i nat i on wi th l ow­

temperature quartz i s  con s i dered , an estimated age of 32 , 000 years B . P .  

i s  o bta i ned ( Tab l e 5 . 3 ) . Th i s i s  more con s i s tent wi th  prev i ou s  

radi o carbon ages for a s im i l ar basa l t  f l ow dated ( NZ1721 ) at 35 , 000 ± 

2 , 600 years B . P .  

Whati t i ri Th i s  soi l does not conta i n  demonstrabl e l oca l l y-deri ved 

q uartz i n  the 5 - 2 �m s i ze fract i on . The on ly  l oca l l y-deri ved 

addi t i ona l materi a l  appears to be basa l t i c  tephra i n  the surface hori zons 

from the erupti on of Maungatapere c i nder cone . The presence of 

unweathered o l i v i ne i n  th i s materi a l  suggests a re l ati ve ly  young age for 

the e rupti on of Maungatapere . 

The overa l l d i stri but i on of quartz i n  thi s profi l e  shows an i ncrease 

w i t h  depth ( F i g .  5 . 4 ) , pos s i b ly  refl ect i ng  a pal eocl i mat i c  effect.  

Between 0 . 50 - 0 . 60m depth a sma l l i nfl ux of rhyol i t i c  g l ass  i s  recorded . 

I f  the  amount of 5 - 2 �m quartz accumu l ated to 0 . 5m depth i s  compared 

wi th that of the Egmont l oam , an estimated age of 25 , 500 years B . P .  was 

obta i ned for the rhyol i ti c  g l ass  i nf l ux . Th i s i s  not 

i ncon s i s tent wi th the presence of  Kawakawa Tephra , gi ven that any 

contami nati on wi th non-aeroso l i c  quartz wi l l  cause an overestimati on of 

the age . 
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The total amount  of 5 - 2 �m quartz present i n  the Whati ti ri  soi l 

g i ves  an  estimated age of ci rca 39 , 000 years B . P .  (Tab l e  5 . 3 ) , s l i ghtl y 

o l de r  than that of  the K i r i paka . The d i fferences i n  so i l  devel opment 

between the two so i l s  are therefore l i ke ly  to be due to factors i n  soi l 

formati on other than time . The Whati t i ri soi l parent mater i a l s appear 

fi ner g ra i ned than the Ki ri paka ( F i g .  5 . 2 and F i g .  5 . 4 )  and l es s  

scori aceous . Th i s  may have l ed to i n creased weather i ng  of the Whati ti ri . 

Wa i otu  Thi s s o i l s hows a decreas i ng quartz content wi th  depth a nd  thi s 

cannot be d i rect l y  attri buted to pal eocl imat i c  change ( F i g .  5 . 5 ) .  T he 

soi l a l so s hows an unusua l l y  l ow rhyo l i ti c  g l a s s  content i n  the s urface 

hori zons of < 2% and < 1% i n  the 63 - 20 �m and 125  - 63 � m s i ze fracti ons , 

respecti ve l y  ( F i g .  5 . 5 ) , compared wi th  approx imate l y  6% and 3% for the 

correspond i ng s i ze fracti on s  in most of  the rema i n i ng so i l s .  

When the 5 - 2 �m quartz accumu l ati on i n  the Wa i otu so i l i s  

compared wi th the Egmont l oam , and other basa l ti c  soi l s ,  an  estimated 

age of 38 , 000 years B . P .  i s  deri ved , s im i l ar to that of the Whati ti ri 

and on ly  s l i g ht ly  o l der than the Ki r i pa ka .  However , the degree of 

deve l opment of g i bbs i te and  goeth i te g l aebul es , together wi th the degree 

of weatheri ng  of primary m i nera l components i n  the prof i l e ,  s uggests a 

much l onger peri od of so i l  deve l opment .  No b iot i te- bear ing  g l ass  was 

noted i n  the s urface hori zons and th i s  suggests that Kaharoa Ash i s  no t 

present .  T h i s i s  cons i dered un l i ke ly  i n  an  u ndi sturbed profi l e  as  

Kaharoa Ash wa s found in  the K i r i pa ka , Keri keri , and  Okai hau so i l s ,  a l l 

l ocated i n  the Ka i kohe - Bay of  I s l ands basa l t  fi e l d .  Thus  truncati on 

of the profi l e  i s  s uggested that post-dates the Kaharoa Ash at c i rca 

850 years B . P .  I t  seems pos s i b l e  that th i s  reference s i te on the 

bou n dary of an a i rfi e l d  has been truncated recent ly .  I t  seems l i ke l y  

that th i s  truncat i on occurred dur i ng constructi on of the a i rf i e l d .  



Keri keri  Th i s so i l i s  s i mi l ar to the Wa i otu in  that i t  s hows no 

vari at i on in  quartz content wi th depth whi ch cou l d  be attri buted to 

pal eoc l i mat i c  change . I t  s hows an anoma l ous l y  l ow quartz content for 

the degree of so i l  devel opment .  T h e  rhyo l i t i c  g l ass  content of  the 

s urface hori zons i s ,  however , s i g n i f i cant ly h i gher than i n  the Wai otu 

( F i g .  5 . 6 ) . 

The 5 - 2 �m  quartz content of th i s  profi l e  g i ves an  estimated 
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age o f  18 , 000 yea rs B . P .  when compa red wi th the Egmont l oam ( Tab l e  5 . 3 ) , 

much younger than woul d be anti c i pated from compari son wi th the 

Ki ri p a ka and Whati t i r i  so i l s .  C l early some so i l  e ros i on has occurred 

here i n  the pa s t .  The presence o f  Kaharoa Ash and re l at i ve ly  abundant 

rhyo l i ti c  g l a s s  i n  the surfa ce hori zons shows that thi s eros i on mu st 

have occurred pr i or to ci rca 850 years B . P .  The degree of  weather i ng 

i n  the B hori zons of th i s  so i l  i s  thus thought to be an i n heri ted factor . 

The B hori zons conta i n  rel a t i ve ly  l arge amounts of magneti te i n  the 

63 - 20 �m s i ze fracti on , a s im i l ar s i ze di s tri but i on to the magneti te 

i n  the  underl yi ng sapro l i te .  Th i s  suggests that much of  the present 

soi l has  weathered from ba sa l t fl ow materi a l  and that a major di sconformity 

exi st s  i n  t h i s  profi l e .  Loss o f  part o f  the s trati gra ph i c  record from 

the u pper part of th is  pro fi l e  wou l d  exp l a i n  the unusua l l y  l ow 5 - 2 � m  

quartz content . 

Ruatangata I n  th i s soi l the 5 - 2 � m quartz content s hows l i ttl e 

con s i s tent vari a ti on wi th depth ( F i g .  5 . 7 ) . I f  5 - 2  � m quartz 

accumu l ati on rates are extrapo l ated from the Egmont l oam to thi s profi l e ,  

then 0 . 2m of mate ri a l  wou l d  have accumu l ated i n  20 ,000 years , sugg esti ng 

that  if the Kawakawa Tephra were presen t , i t  wou l d be in the surface 

hori zons . Th i s  means that post-20 , 000 years B . P .  vari at ions  i n  q uartz 

accumu l ati on are not ab l e to be resol ved . The to ta l  5 - 2 � m quartz 



content of th i s  so i l  i s  the g reatest of the ba sa l ti c  soi l s  exami ned 

and by compari son wi th known rates in the Egmont profi l e  wou l d  g i ve 

th i s  pro fi l e  an estimated age of ci rca 95 , 000 years B . P .  (Tabl e 5 . 3 ) . 

Oka i hau  The concentrati on of  5 - 2 �m q uartz in  the s urface hori zons 
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of t h i s  soi l i s  s im i l ar to that i n  the Ruatangata . Thus  there i s  a l so 

no reso l uti on of events < 20 , 000 years B . P .  The estimated age of th i s  

profi l e ,  from a compari son w i th the Egmont l oam , i s  ci rca 83 , 000 years 

B . P .  (Tabl e 5 . 3 ) . However , wi despread eros i on i n  the Oka i ha u  so i l  

terra i n  has been prev i o u s ly  recogn i sed ( Grange , 1934) . The re l ati on s h i p  

between quartz content and t ime can on ly  present ly  be based on 

extrapo l at ion of aeroso l i c  quartz accumu l at i on rates backwards i nto t ime . 

Unt i l  more deta i l ed s o i l or  mari ne core sect ions  h ave been s tudi ed the 

accumu l at i on rate pri or to 20 ,000 years  wi l l  be poorly understood . 

However , the much h i gher concentrati on  of quartz i n  both  the Ruatangata 

and Oka i hau so i l s  i s  i ndi cat i ve  of  the i r  advanced stage of weatheri ng . 

Soi l Parent Materi a l  Accumu l at i on and So i l  Devel opment 

The sedimentati on rate for four of  the soi l s  based on estimated 

ages from quartz accumu l at i o n  has been ca l cu l ated ( Tabl e 5 . �) .  Two of 

the s oi l s  (Wa i o tu and Keri keri ) appear to conta i n  d i s conformi ti es a nd 

are thus excl uded from th i s  cal cu l at ion . 

From Tab l e 5 . 4  i t  can be seen that the degree of so i l  devel opment 

i s  c l earl y rel ated to the sed imenta ti on rate , that i s , the s l ow ly  

accumu l ati ng so i l s  undergo more i ntens i ve weatheri ng than rapi d ly  

accumu l at ing  so i l s .  One cou l d s pecu l ate that , a s sumi ng there i s  no 

ero s i on i n  e i ther profi l e ,  the Ruatangata so i l  i s  ol der than the Oka i hau 

but h as accumu l ated more rapi d ly  and therefore does not s how the same 

i n tense g i bbs i te and goeth i te g l aebu l e deve l opment .  Further ,  the c l ay 



Tabl e 5 . 3  

Soi  1 

Egmont 

Ki ri pa ka 

Whati t i ri 

Wa i otu 

Keri  keri 

Ruatangata 

Okai hau 

Compari son  of the aeroso l i c  quartz (5 - 2 � m )  i n  the 

Egmont l oam wi th the North l and ba sal t i c  so i l s  and 

age estimates ba sed on the rel ati ve quartz contents 

5 - 2 � m  Quartz 
{ gm cm- 2 ) 

0 . 1 8 

0 . 29 

0 . 58 
( uncorrected ) 

0 . 3 5  

0 . 34 

0 . 1 6 

0 . 86 

0 .  7 5  

I nferred Age@ 

(years B . P . ) 

20 , 000 

32 , 000 

64 , 000 

39 , 000 

38 , 000 

18 , 000 

95 , 000 

83 , 000 

@ I nferred age rel ati ve to the Egmont l oam wi th 
-2 0 . 18 gm cm quartz at  20 ,000 years B . P .  
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TABL E  5 . 4  Sedimentati on rates for fou r  soi l s  of the basa l ti c  

soi l s equence 

SO I L  RATE (mm ka - 1 ) 

Ki ri paka ( l east  devel oped ) 355  

Whati ti r i  289 

Ruatanga ta 1 20 

Oka i hau (most deve l oped ) 99  
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mi neral ogy of the Ruatangata i s  predomi nantly hal l oysi ti c ,  parti cu l arl y 

at  depth , whereas  that of the Oka i hau i s  domi nant ly  gi bbs i te and 

goeth i te .  Thi s s uggests i mperfect dra i nage i n  the Ruatangata wh i ch 

may a l so hel p expl a i n  the fewer and sma l l er g i bbs i te and goethi te 

g l aebu l es i n  th i s  so i l . 

CONCLUS I ONS 

Four m i nera l og i ca l  components a re recogn i sed in the basal t i c  

so i l s :  basal ti c ,  secondary , rhyol i t i c ,  and detri tal . 

1 .  Basa l ti c component Th i s conta i ns primary m i nera l s s imi l ar to 

those occurri ng in unweathered basa l t  or  ba sa l t tephra . I t  i s  most  

abundant i n  the two l ea st  devel oped soi l s ,  Ki r i paka a nd  Whati t i ri , 

but on ly  traces are present i n  the rema i n i ng , h i g h ly-weathered so i l s .  

I n  the Whati ti ri s o i l an  o l i v i ne-beari ng assemb lage i n  the s urface of 

the so i l  i s  a res u l t of accreti on of a very young ( poss i b ly  l es s  

than 1000 - 2000 years B . P . )  basa l t tephra from the erupti on of  the 

nearby Maungatapere cone . 

2 .  Secondary component - - Th i s con s i sts o f  g l aebul es  of  g i bbs i te ,  

goeth i te ,  and c l ay mi n era l s .  These become i n crea s i ng l y  abundant 

through the soi l deve l opment sequence , reach i ng a peak expres s i on i n  

the Oka i ha u  soi l . They compri se  over 50% of the sand and s i l t  

fracti ons  of  most s oi l s  and , i n  the deeper parts of  the more devel oped 

profi l es ,  may compri se > 90% of the non-c l ay fracti on . The g l aebu l es  

cannot be d i saggregated by ro uti ne d i s pers i o n  methods . The i r 

presence contro l s the gra i n - s i ze d i stri buti on characteri sti cs of 

these s oi l s .  

3 .  Rhyo l i t i c  component I n  a l l so i l s  th i s component i s  most  a bundant  

in  the  u ppermost 0 . 2m of the  profi l e .  B i oti te i n  four of the so i l s ,  
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Ki r i paka , Ker i keri , Ruatangata , and Okai hau , i ndi cates the presence 

of Kaharoa Ash  dated at  c i rca 850 years B . P .  However , the presence 

of  abundant g l as s  i n  the s urfaces of the remai n i ng soi l s  wi th no 

bi oti te i ndi cates that other tephras , parti cu l arly Taupo Pumi ce and  

Kawakawa Tephra , a re a l so l i ke ly  to  be present . The presence of 

even o l der tephras , such as the ci rca 42 , 000 year B . P .  Rotoehu  Ash , 

i s  cons i dered pos s i bl e  i n  some of the so i l s  on o l der surfaces but no 

trace of them was found . Th i s i s  i nterpreted as  an i nd i ca t i on they 

have been weathered out i n  the strong weatheri ng  envi ronment o f  these 

so i l s .  

4 .  Detri tal component - - Th i s  component co n s i s ts predomi nantl y of the 

marker m inera l  q uartz . Three so i l s  wi th a s i gn i fi cant b i oti te 

content i n  the rhyo l i t i c  component a l so conta i ned fragments of  quartz 

i n  the > 250 �m s i ze fracti ons , some of wh i ch showed ev i dence of  

b i pyrami dal crystal form , i nd i cat i ng h i g h  temperature crysta l l i sa ti o n . 

T h i s corre l a t i on w i th the bi oti te abunda nce s uggest the quartz i s  

deri ved from phenocrysts i n  Kaharoa As h and i s  part of the rhyo l i t i c  

a s sembl age . 

6 3  and 1 � m .  

However , most of the q uartz present l i e s  between 

Two popu l at ions are recogn i sed , ( i ) a l oess  popu l at ion  

deri ved from reg i ona l quartzose Mesozo i c  and Tert iary sed iments and  

( i i ) a 10  - 1 � m  aeroso l i c  dust  component , i n  part deri ved from 

tropospheri c aerosol i c  du s t .  

On l y  i n  t h e  K i r i paka so i l wa s s trat i g raph i c  ev i dence of  i ncreased 

q ua rtz accumu l at i on dur i ng l ate g l ac i a l  t imes detected , a pa rt from post­

g l a c i a l  accumu l at i on rates . T h i s  i s  due to the rel ati ve ly  rap i d  

accumu l at ion o f  the Ki ri pa ka so i l  parent ma teri a l s .  I n  the rema i n i ng 

so i l s wh ich  have not been modi f i ed by ero s i on (Whati ti r i , Ruatangata , 

and Oka i hau ) , the accumu l a ti on has been too s l ow for change from g l aci a l  

to post-g l ac i a l  cond i t i on s  to b e  reso l ved . 
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The accumul at i on of aeroso l i c  quartz i n  each of the profi l es wa s 

com pared wi th that of the Egmont l oam profi l e  from Tara nak i . A genera l 

trend was noted for the more deve l o ped s o i l s  to have grea ter amou nts of  

quartz than the  l es s-devel oped soi l s .  However , two of the so i l s  

(Wa i otu and Keri keri ) have anoma l ous l y  l ow amounts of quartz for the i r  

degree of so i l  deve l o pment .  Th i s i s  a ttri buted to stri pp ing  of the 

s urface materi a l  from the Wa i otu s i te by man very recentl y ,  and pre­

Kaharoa Ash eros i on at  the Keri keri  so i l  s i te .  

I n  compari son w i th the Egmont aeroso l i c  quartz accumu l at i on , 

aeroso l i c  quartz l eve l s  i n  the Ki ri paka i nd i cate an age of  c i rca 

3 2 ,000 years B . P . , after correct i on for contami nation wi th  l ocal  qu artz . 

Th i s  i s  co ns i stent wi th the c i rca 35 , 000 years B . P .  age of  a rad i ocarbon  

dated fl ow con s i dered to be  o f  s imi l ar age  to the  fl ow underl yi ng the 

Ki r i paka so i l sampl ed . The Whati ti ri  aeroso l i c  quartz accumu l at i on 

i ndi cates an age of c i rca 39 , 000 years B . P . , on l y  s l i ght l y o l der than the 

i nferred age of the Ki r i pa ka .  The d i fference i n  so i l  devel opment , 

assum i ng no so i l  eros i on , must therefore be due to so i l -form i ng factors 

other than t ime . Us i ng the i nferred age s ,  the Whati ti ri  so i l  appears 

to hav e accumu l ated at a s i g n i fi cantl y l ower ra te than the Ki ri pa ka .  

T h i s  may ex pl a i n the pedol og i ca l  d i fference between the two profi l es .  

The  Ruatangata so i l  s hows the h i ghest aeroso l i c  qu artz content of  

a l l the  so i l s exami ned and  i n  compari so n  wi th the  Egmont ,  a n  age of 

c i rca 95 , 000 yea rs B . P .  wa s i nferred . I n  compari son , the i nferred age  

of the more devel oped Oka i ha u  so i l  i s  c i rca 83 , 000 years B . P .  Th i s 

may refl ect the i ncreased l i ke l i hood of  ero s i on at  Oka i hau so i l  s i te s  

i n  t he  past . Both the i nferred accumu l at i on rates and the c l ay 

m i neral ogy of the Ruatangata and Oka i ha u  so i l s  d i ffer . The Ruatangata 

soi l accumu l ated faster than the Oka i ha u , perhaps l ead i ng to l es s  

i n ten se weather ing  d i fferenti atio n .  I n  add i t i on , the Ruatangata 
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conta i ns a s i g n i f i ca nt proport i on of ha l l oys i te and i s  ev i dence of a 

l es s  wel l -dra i ned profi l e  tha n the Oka i ha u , where g ibbs i te i s  more common . 

Th i s  may have contri buted to the fewer and sma l l er goeth i te and g i bbs i te 

g l aebul es i n  the Ruatangata . 

The prev i ou s  concept of  con s i deri ng  each soi l a s  hav i ng l arge ly  

deve l o ped from the  underl yi ng ba sa l t f l ows has  been re- i nter preted as  

an accumu l at i ve succes s i on of surf i c i a l  i ncrement s  of  basa l t i c  and  non­

ba sa l t i c  addi t ions  to a succes s i o n  of "accreti ng " so i l  profi l e s ,  each 

i n d i v i dual l y  d i sti nct for a number of d i fferi ng s i te characteri sti cs .  
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ABSTRACT 

176  

The  q uartz content of four  Andi so l s ,  formi ng a chronosequence on 

andes i Uc ash i n  the Taranaki  reg i on of the North I s l and of  New Zea l and , 

shows that q uartz accumu l ati on i n  the soi l profi l es was much h i gher i n  

g l ac i a l  ( Oti ran )  than i n  post-g l a c i a l  ( Aranu i a n )  time . Quartz i s  

confi ned a l most  excl us i vely to the s urfi c i a l  materi a l  overlyi ng the 

radi ocarbon dated tephras and l ahars , whi ch form the s urfaces on 

wh i ch the so i l s  h ave deve l oped . 

The q uartz gra i n  s i ze d i s tri buti on , whi ch i s  fi ner than 1 25 �m 

wi th a mode i n  the s i l t  fract i on , s ugges ts an  aeo l i an ori g i n  for the 

quartz . I n  a s o i l from the central North I s l and , deve l oped i n  rhyo l i ti c  

tephra , q uartz di s tr i buti on i s  b imoda l . Coarse gra i ned quartz 

> 125  � m  i n  s i ze i s  consi dered to be phenocrysts from the parent materi a l  

whi l e  q uartz < 1 2 5  � m  i n  s i ze ,  i s  predomi nantly i n  the � 20 ll m fracti on , 

and a ppea rs to l argely have a n  aerosol i c  dus t ori g i n ,  cons i s tent  wi th 

the l ocati on of  th i s  so i l i n  a reg i on i n  wh i ch l i ttl e quartzose l oess 

has accumu l ated s i nce the parent tephra was depos i ted . 

• 



The con tent  of  aeros o l i c  q uartz i n  the s oi l s ,  represented by the 

5 - 2  �m s i ze fract i on , s hows a sys temati c i ncrease wi th i ncreas i ng age 

of  the s urfaces on wh i ch the soi l s  h ave devel oped , s uggesti ng  that 

i n  reg i ona l  s tud i es rel ati ve ages of so i l s  can be esti mated from the 

aeroso l i c  q uartz content of the accumul ati ng  materi al . However ,  i n  

a mari ne sedi ment core , l ocated 1 10 km to the eas t of the southern 

No rth I s l and , a much g reater accumul a ti on rate for aeroso l i c  q uartz i n  

a correspond i n g  t ime peri od  was noted and th i s  was attri buted to 

addi ti ons of q ua rtz of more l oca l ori gi n ,  i ts s o urce bei n g  the 

extens i ve former  aggradati onal  ri ver fl ood p l ai ns of the sou thern . 

North I s l an d .  These have g i ven ri s e  to extens i ve l oess depos i ts 

duri ng  g l ac i a l  peri ods when q uartzose dust was transpo rted eas twards 
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i n  the South Paci fi c by the pre va i l i ng wes terly wi nd .  I n  contras t ,  

the l oca l source a rea for quartz i n  the Taranak i  s oi l s  i nves ti gated 

was more res tri cted and was l arge ly  i n undated by the post-g l aci a l  ri s e  

i n  sea l evel at  ci rca 1 1 , 000 years B . P .  The magni tude o f  the effect 

of  th i s  l ocal  component on  the aeroso l i c  q uartz fl ux i s  much greater 

than that of  ra i nfal l vari ati ons previ ous ly  reported i n  the l i terature . 

I t  i s  therefore ev i dent that us i ng re l ati ve amo unts o f  aeroso l i c  

q ua rtz to esti mate ages o f  accumul ati ng  so i l parent materi a l s  can on l y  

b e  used wi th i n  a regi on where there i s  some degree of cons tancy o f  

q uartz accumul ati on a t  a g i ven t ime a n d  that not al l 10 - 1  � m  q uartz 

can be ass i gned to a tropospheri c ,  aeroso l i c  dust  ori gi n .  

Qu artz accumul ati on  rate changes i n  both the so i l s  and  core 

i ndi cate th at the change from h i gher g l aci a l  aerosol i c  q ua rtz 

accumul ati on rates to l ower , pos t-g l aci a l  rates had ended by about 

7 ,000 years B . P .  The onset of  th i s  change i s  recorded on ly  i n  the core , 

at ci rca 1 4 , 700 years B . P . , because there was i ns uffi ci ent  strati graph i c  

control on the soi l data to s how th i s  change . W i th i n  the l i mi ts of  
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reso l uti on of th i s  i nfo rmat i on ,  i t  appears that  l ate P l e i s tocene c l i mate 

changes , as i n di cated by changes i n  aerosol i c  q uartz accumul at i o n  rates , 

are recorded as synch ronous events i n  both soi l s  and mari ne s edi ment 

at these l ati tudes . 

I NTRODUCTI ON 

The addi ti on of aeo l i an materi a l  to so i l s  h as l ong been  es tabl i shed , 

the c l ass i c examp l es bei ng the l oess de ri ved so i l s  of North Ame ri ca ,  

Europe , and Chi na . Quartz i s  the most  abundant consti tuent of  thes e  

aeol i an materi al s and a s  s uch i s  a useful  marker mi nera l . I t  has  a l so 

been noted that i n  Paci fi c Ocean pe l agi c s edi men ts , quartz occurs wi th 

a characteri s ti c grai n s i ze di s tr i b ut ion  o f  20- 1 f.! m ,  as cri bed to 

tropos pheri c w i n d  trans port . Subsequent ly  i t  h as been s hown that mos t 

of  th i s  q uartz i s  10- 1  f.l ffi i n  s i ze ,  wi th a mode at  4 f.l m  ( Cl ayton et �. , 

19 72 ) , and i s  part of  the i nso l ub l e  fracti on of  tropos pheri c aerosol i c  

dus t ( Syers et a l . ,  1 969 ; Jackson et �· , 1 973 ) . 

Based on parti c l e s i ze di s tri buti on and oxygen i s otope compos i ti on ,  

the presence o f  quartz from aeroso l i c  dus t has been es tab l i shed i n  the 

5-2 f.l m  s i ze fra cti ons of b as a l ti c  s o i l s  i n  H awai i ( Rex et �. , 1 969 ) , 

Paci fi c Ocean pel agi c s edi ments ( Cl ayton et al . ,  1 972)  and l oes s -deri ved 

soi l s  i n  the centra l and eas tern Uni ted S tates ( Syers et �. , 1 969 ) . 

I n  th e South Paci fi c reg i o n ,  q uartz from both l oca l and aerosol i c  

sources i n  basa l ti c  soi l s  i s  s uggested wh i l e  mai n ly  aeroso l i c  q uartz 

has been added to pe l agi c s edi ments ( Mokma et �. , 1 9 72 ; C l ayton et �. , 

1 9 72 ; Stewart et �· , 1 9 7 7 ) . 

Quartz accumul ati on i n  pe l agi c s edi men ts h as not rema i ned cons tant 

wi th time and vari ati ons appear to refl ect cl i mati c os ci l l ati ons ; h i gh 

l eve l s  of  q uartz corres pondi ng to col d peri ods , l ow l evel s correspondi ng  
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wi th warm peri ods ( Bowl es , 1975 ) . A s imi l ar correl ati o n  was noted i n  

a deta i l ed i nvest i gation  of the parent materi a l s of a Typi c  Dys trandept 

i n  Taranak i , New Zea l and ( Stewart et �. , 1977 ) . There appear to be 

two causati ve factors . Fi rs tl y ,  a l though s imi l ar modes of  quartz 

transport operate duri ng g l aci a l  and non-g l ac i a l  condi ti ons , an  i ncreased 

i n tens i ty and expans i on of g l oba l wi nd systems , coupl ed wi th i ncreased 

ari d i ty duri ng g l aci a l  peri ods , l eads to trans port of greater amounts of  

quartz g l oba l ly  ( Ko l l a  et �. , 1979 ) . Secondly ,  i t  has  been s ugges ted 

that the formati on of parti c l es of s i l t  s i ze i s  l arge ly  res tri cted to 

g l aci a l  envi ronments ( Sma l l ey ,  1 966 ; Sma l l ey and Vi ta - Fi nz i , 1 969 ; 

Vi ta- Fi n zi and Sma l l ey ,  1970 ) . Near so urce th i s  materi a l  i s  depos i ted 

as l oess  but  i t  may a l so be transported downwi nd of l arge l and-masses 

to be depos i ted i n  the mari ne envi ronment ( Bowl es , 1975 ; Ko l l a  et �. , 

1979) . The 10 - 1 )..I m s i zed parti c l es  a re i nj ected i nto the tropospheri c 

wi nd sys tem , ma i n l y  by col d fronts ( J ackson et �· · 1973 ) and a re 

trans ported and depos i ted g l oba l ly  i n  a wi de range of s o i l s  and sedi ments 

( Rex and  Gol dberg , 1958 ;  Syers et �· , 1 969 ) . Conseq uentl y ,  the 

vari ati on i n  quartz content i n  accumu l ati ng s ediments and so i l s  wi l l  

refl ect to a degree the cl i ma ti c vari ati ons s i nce the t ime of  parent 

ma teri a l  formati on or mari ne sedi ment depos i ti on .  Th i s  i s  bes t recorded 

where the ra tes of a ccumu l ati o n  are h i gh ,  and the samp l i ng i nterva l s are 

cl ose . 

I n  th i s  paper we present the res ul ts of an  i nves ti gati on of the 

quartz contents of four soi l s  deve l oped i n  andes i ti c  a s h , from Taranaki  

and of one soi l devel oped i n  rhyo l i ti c  ash  from the centra l North 

I s l a nd . The fi rs t four soi l s  form a chronoseq uence deve l oped on 

vo l can i c ( l ahar and  tephra ) s urfaces , the ages of  wh i ch have been 

determi ned by radi ocarbon dati ng . The objecti ve of th i s  paper i s  to 

show the degree of  corre l ati on between aeroso l i c  quartz accumu l a ti on 

and both the age of  the soi l parent materi a l s and the age of  sed iment 
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Present ex tent of > 1m l oess cover , southern North I s l and . Much of 
the �es t  of  the reg i on has  a d i sconti nuous l oess  cover < 1m thi c k .  

� Coasta l  dune sands o f  Hol ocene and Upper Pl e i s tocene age . 

F i gure 6 . 1 Location  map . 

I 
I 

The dotted l i ne represents the s horel i ne at  c 1 8 , 000 years B . P .  
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i n  a mari ne core from the New Zeal and  reg i on .  

MATERIALS AND METHODS 

Pro fi l es from fo ur so i l seri es ( the  Burre l l ,  I ng l ewood , Opua , 

and Egmo nt )  i n  Taranak i  and one from the centra l North I s l and 

( Oruan ui seri es )  were se l ected on the bas i s  o f  di fferi ng ages o f  the 

s urfaces on whi ch they formed . Detai l s  o f  the s o i l s ampl es ( i n  the 

order of soi l seri es ,  s ubgroup , accordi ng to U . S . Soi l Taxonomy , and 

s ubgroup , accordi ng to Leamy et £1. ( 1 980 ) , a re as fol l ows : 

B urrel l Seri es :  Typi c Vi trandept , Typi c Vi trudand . A s o i l 

de vel oped on andes i ti c ,  p umi ceous B urre l l Lap i l l i , an  erupti ve 

from Mt Egmont dated by dendroch rono l ogy at 1655 A . D .  ( Druce , 

1 966 ) . 

Oruanui Seri es :  Typi c Vi trandept , Enti c Vi trudand .  A s o i  1 

deve l oped on rhyol i t i c  Ta upo Pumi ce Formati on ,  an erupti ve from 

the central North I s l and  radi oca rbon dated ( NZ1 548A ) at  

1 , 840 ± 50 years B . P .  

I n gl ewood Seri es :  Typi c Vi trandept , Typi c Hapl udan d .  A so i l 

deve l oped on the andes i ti c ,  pumi ceo us I ng l ewood Teph ra , rad i o­

carbon dated ( NZ3352B and NZ3353B ) at  between 5 , 140 ± 1 50 years 

B . P .  and 4 , 030 ± 1 10 yea rs B . P . , res pecti vely .  

181  

Opua Seri es :  Typi c Vi trandept , Typ i c Hap l udand . A s o i l deve l oped 

on l ahari c brecci a ( Opua Formati o n )  radi ocarbon dated ( NZ 176 1C )  at 

7320 ± 1 10 years B . P .  

Egmont Seri es : Typi c  Dystrandept , Typi c  Hapl udand .  A s o i l 

deve l oped i n  andes i ti c  " Egmont  As h "  and dated by the presence 

n ear the base  o f  the so i l profi l e  o f  the rhyol i ti c  Aokautere As h 



( S tewart et  Ql. , 1 9 7 7 )  an erupti ve from the centra l North 

I s l and  wh i ch has been radi ocarbon dated ( N Z1 056)  at  1 9 , 880 ± 

310 years B . P .  
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A mari ne sediment core , P69 , was obtai ned from a s i te at  l ati tude 

40° 2 3 1  S ,  l o�i tude 177° 59 . 8 1  E ,  1 10 km to the east of southern 

North I s l an d .  The age o f  the core sediment was determi ned from the 

p resence of rhyol i ti c  teph ras from the centra l North I s l and whi ch h ave 

been radi ocarbon dated i n  terrestri a l  s eq uences . A more deta i l ed 

s trati graphy and  i nterpretati on of  the core data i s  to be p ub l i s hed 

e l sewhere . 

Parti cl e s i ze fracti ons were separated by decantati on and 

centri fugat ion , after remova l of organ i c  matter w i th H 2o2 and free i ron 

oxi des wi th c i trate-bi ca rbonate-di th i oni te ( Jackson , 1 9 56 ) . Q uartz 

was i s o l ated by Na2s2o7 fus i on and H 2S i F6 di gest i on and the puri ty of 

the i so l ates moni tored by XRD ( Syers et �· , 1 96 8 ;  Sri dhar et �· , 

1 97 5 ) . 

RES ULTS AND D I S CUSS I ON 

The q uartz i n  a l l the soi l s  exami ned occurs i n  the s urfi c i a l  

materi a l  overl yi ng the da ted s urfaces . No 5- 2 �m quartz , representi ng 

aeroso l i c  q uartz , occurs i n  underly i ng  andes i ti c  or  rhyol i ti c  tephra 

and  on ly  trace amounts occur i n  the underl yi ng l ahari c materi a l s 

( Tab l e 6 . 1 ) . Q uartz i s  l a rge ly  res tri cted to < 1 2 5  ]lm i n  s i ze and mos t 

occurs i n  the < 63 ]lm fracti on ( Tab l e 6 . 1 ) . A s imi l a r  q uartz parti cl e 

s i ze di s tr i b uti on was previ o us ly noted i n  soi l o f  the E gmont seri es ,  

and was attri buted to the effects of  an aeol i an transport mechan i sm 

( S tewart et �· , 1 9 7 7 ) . 

The amo unt  of  q ua rtz i n  the < 6 3  �m fracti o n  of the Egmont so i l 

was found to be greater i n  the l ower ,  tephri c l oess un i t  than  the uppe r ,  



TABLE  6 . 1  Quartz di s tri b uti on i n  ch ronoseq uence so i l s  

Quartz content % of  s i ze fracti on (� m)  Quartz i n  s i ze fracti on (� m)  
as % Total q uartz 

Soi l s eri es Depth ( cm )  > 125 125-6 3 6 3- 20 20-5 5- 2  > 125 125-63 63-20 20- 5 5-2  

Burre l l 0 - 10 0 0 . 003 0 . 1 1 0 . 86 0 . 4 1  0 1 . 5  5 7 . 6  36 . 4  4 . 5  

Oruan ui 0 - 15 - tr* tr* 0 . 90 1 . 06 - tr* tr* 66 . 7  33 . 3  

l ng l ewood 0 - 1 5  0 0 . 16 2 . 00 2 . 40 2 . 1 5 0 3 . 1 4 1 . 7  43 . 1  12 . 1  
15  - 25 0 0 . 26 1 . 10 1 . 20 0 . 08 0 5 . 0  5 1 . 9  42 . 4  0 . 7  

Opua 0 - 10 0 0 . 1  3 . 3 1 . 6  0 . 9 1  0 0 . 7  48 . 0  42 . 7  8 . 6  
10 - 20 0 1 . 1  4 . 7  1 . 5  0 . 83 0 10 . 6  59 . 7  2 3 . 2  6 . 4 
20 - 30 0 0 . 2  4 . 1  1 . 3  0 . 96 0 9 . 4  40 . 9  40 . 0  9 . 7  
30 - 40 0 0 . 1  3 . 5  1 . 3  0 . 9 1  0 2 . 2  64 . 7  25 . 5  7 . 6  

Egmont tephra 
( representati ve 
s ampl e )  4 5  - 5 5  2 5 . 8  13 . 4  1 1 . 1  0 . 1  4 . 2  8 . 6  22 . 9  63 . 2  1 . 1  

Egmont tephri c l oess 
( representati ve 
s ampl e )  1 1 5  - 125 0 . 69 0 . 59 1 2 . 22 4 . 24 0 . 22 3 . 8  3 . 3  68 . 1  2 3 . 6  1 . 2  

P unga reh u Fonnati on > 40 tr 
....... 
CO w 

* H2S i F6 res i due i s  ma i n ly  cri stoba l i te .  
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tephra uni t ( S tewart et �. , 1 97 7 ) . I t  h as been postul ated that th i s  

was due to the presence of  a l and bri dge extendi ng  from northwest  

Ne l son to wes tern Taranaki  duri ng Oti ran ti me ( Lewi s and  Eade , 1 9 74 ) , 

provi di ng a q uartzose source area to the wes t of  Taranaki . The 

s ubseq uent rap i d  pos t-g l a c i a l  ri s e  i n  sea- l evel at  ci rca 1 1 , 000 years 

B . P .  ( Cu l l en ,  1 967 )  covered th i s  s o urce and caused the rapi d decl i ne 

i n  q uartz accumul ati on i n  the upper part of  the Egmont soi l . The 

remai n i ng s o i l s  h ave a l l accumul ated on s urfaces l ess than 1 1 ,000 

years o l d and the i r  < 10 �m  q uartz conten ts are s i mi l a r to these 

p rev ious l y  obtai ned for the Egmont l oam ( S tewart · et �· , 1 9 7 7 ) . I n  

one so i l from the Oruanu i  seri es , there i s  on ly  a trace o f  q uartz i n  

the coarse s i l t  ( 6 3- 20 � m )  fracti on , most  of the q uartz l yi ng  i n  the 

< 20 �m fracti on ( Tab l e  6 . 1 ) . Th i s  pauci ty o f  coarse s i l t  q uartz i s  

i ndi cati ve o f  the l ack of  quartose l oess i n  the reg i on of the so i l  

s i te i n  the l as t  1 ,800 years , and any q uartz present i s  therefore 

probably of  tropospheri c ori g i n .  Quartz crys ta l s  i n  the > 1 25 � m s i ze 

fracti on a re predomi nan tl y phenocrys ts from the rhyol i ti c  parent materi a l . 

The accumu l ati on of  aeroso l i c  q uartz wi th time , as s hown by the 

q uartz con tents of soi l s  i n  th i s  chronosequence i n  Taranak i , i s  re l ati ve ly  

uni form from 7 , 000 years B . P .  t o  the present ,  i n  contrast  to a h i gher 

accumu l at ion  rate pri or  to 7 , 000 years B . P .  ( Fi g .  6 . 2 ) . These data 

i ndi cate that the change i n  aeroso l i c  q uartz accumu l ati on from g l aci a l  

to pos t- g l aci a l  times was comp l ete by ci rca 7 , 000 years B . P .  A h i gher 

rate of  q uartz accumu l at ion  occurs i n  the Egmont  soi l pri or to 1 1 ,000 

years B . P .  but the s o i l da ta do not a l l ow reso l uti on of  the commencement 

of pos t-g l aci a l  aeroso l i c  q uartz accumul ati on  ra tes . 

Aeroso l i c  q uartz accumul a ti on i n  the Oruanui s eri es s oi l , from the 

centra l North I s l an d ,  i s  cons i s tent  wi th the amount of  q ua rtz predi cted 

from the Tarana k i  chronoseq uence data over the l as t  ci rca 1 , 800 years 
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( Fi gure 6 .  2 )  . The cons i s tency o f  the data s uggests th at , wi th i n a 

general  reg i on i n  wh i ch ra i nfal l regi mes a re s i mi l ar ,  q uartz accumul ati on  

rates can g i ve an approxi mati on of  the rel ati ve ages of  accumul a ti ng  

s urfi c i a l  materi a l s .  The effects of rai n fa l l  were not s tudi ed here 

but e l sewhere h ave been s hown to i n fl uence aeroso l i c  quartz accumul a ti on 

( Jackson et a l . ,  1 9 7 1 ) . The s i tes used i n  th i s  s tudy have s i mi l ar - -
ra i nfa l l and th i s  h as mi n imi sed vari at ions  caused by th i s  facto r .  

The aeroso l i c  quartz accumul ati on curve deri ved from the soi l 

data has  been compa red wi th tha t  recorded i n  the mari ne core ( Fi g .  6 . 2 ) . 

The accumul a t i on i n  the core i s  cl early much h i gher than that i n  the 

No rth I s l and soi l s  over the same ti me peri od . Th i s s ugges ts e i ther  

a rea l d i fference i n  g l oba l ly  deri ved tropospheri c ,  aerosol i c  q ua rtz or  

a l a rge addi ti onal component o f  q uartz from another , pos s i b ly  l ocal  

source . Because the core and  the soi l s  a re from s i mi l ar l ati tudes , i t  

i s  u n l i kely th at there wou l d be so l arge a d i fference i n  the g l oba l ly  

de ri ved aeroso l i c  quartz fl ux . The Taranak i  reg i on l i es on the 

wes tern s i de of  the North I s l and wh i l e  the core s i te l i es to the east  o f  

the southern North I s l and  ( Fi g .  6 . 1 ) . Because the preva i l i ng wi nd  

di recti on i s  wes terl y ,  any dust  componen t of  l oca l ori g i n i s  most  l i ke ly  

to accumul ate downwi nd , i . e . , to the eas t ,  of  any l andmass . The re a re 

severa l l arge ri ver fl ood p l a i ns i n  the southern North I s l a nd wh i ch have 

been the source o f  quartzose  l oess duri ng  g l aci a l  peri ods of the l ate 

Quaternary ( Cowi e ,  1 964 ; Mi l ne ,  1 9 73 ) . These areas are cons i dered to 

be the most l i ke ly  s ource o f  a l ocal dust  component carri ed downw i nd 

i nto the ocean s edi ments . I n  contras t ,  the so i l s  of  the North I s l and 

wou l d record mai n ly  the g l obal ly deri ved aeroso l i c  dus t accumul ati on 

wi th perhaps very l ocal components from the re l a ti ve ly  sma l l q ua rtzose 

source area to the wes t of  the l andmas s  ( Fi g .  6 . 1 ) .  Quartz accumu l ati on  

i n  the  Egmont so i l for exampl e ,  after the  ci rca 11 , 000 years B . P .  s ea 
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l eve l r i se  i s  con s i dered to be a l most  enti re ly  tropos pheri c i n  ori g i n .  

Addi ti ons of q uartz from the southern North I s l and , transpo rted 

by the preva i l i ng wes terly wi nds , are there fore cons i dered to be the 

caus e of the marked di fference i n  aeroso l i c  q uartz accumu l ati on between 

the s o i l s  and the mari ne core . Th i s  l oca l effect on the pattern of 

di stri but ion  of  aeroso l i c  dus t i s  addi ti onal  to , and much l a rger than , 

the effects of  vari a ti ons i n  ra i nfa l l recorded i n  Hawa i i by Jackson 

et .tl_. ( 1 9 7 1 ) . 

A ra te of  q uartz accumu l ati on a pproach i n g  that of  the present day 

i s  s uggested from c i rca 9 , 000 years B . P .  from the mari ne core and ci rca 

1 1 , 000- 7 , 000 years B . P .  from the so i l data ( Fi g .  6 . 2 ) . I n  addi ti on , 

the mari ne core data i ndi cate that  the decrease from g l aci a l rates of 

quartz accumu l ati on began at  c i rca 1 4 , 700 years B . P .  but  l ack of  

s trati graph i c  control i n  the soi l data over  th i s  peri od has  meant that 

no s i mi l ar change i n  q uartz a ccumul ati on rates h as yet been observed . 

However , the l i mi ted data from the soi l s  do i ndi cate that there i s  a 

synch rone i ty of  c l i mate changes , as  s hown by vari ati on i n  q uartz 

accumul ati on , p reserved i n  both terres tri a l  and mari ne envi ronments . 

CON CL US IONS 

1 .  The occurrence of on ly  trace amounts of  q uartz i n  teph ras and 

l ahars unde rlyi ng soi l s  se l ected i n  th i s  s tudy i ndi cate that much 

o f  the quartz content  of the se l ected soi l s  h as accumu l a ted i n  

the s urfi ci a l  materi a l  i n  wh i ch the upper soi l h ori zons deve l oped . 

Gra i n s i ze di s tr ib uti on of the q uartz i s  cons i s tent wi th an 

aeo l i an ori g i n .  I n  the Oruanu i  seri es so i l , mos t  o f  the quartz 

i n  the � �25  J.l m s i ze fracti on i s < 20 J.lffi i n  s i ze ,  s ugges ti ng that 

the q uartz  is  l argel y aeros o l i c  dust .  Th i s  i s  cons i s tent wi th 



the soi l s i te bei ng i n  a reg i on where no q uartz l oess has  

accumul a ted pos t 1 , 800 years B . P .  

2 .  Large amounts of  aeroso l i c  q uartz  were depos i ted i n  accumu l ati ng 

so i l  p rofi l es pri or to ci rca 1 1 , 000 years B . P . ,  w i th a change to 

l ower accumul ati on rates endi ng at  c i rca 7 , 000 yea rs B . P .  
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Data from the mari ne core s ugges t that the onset of  change from 

h i gh g l a ci a l  accumul ati on rates occurred at c i rca 1 4 , 700 years 

B . P .  The t imi ng of cl i mate changes , as  i ndi cated by the 

vari ati ons i n  q ua rtz accumul ati on rates , i s  s imi l a r i n  the s oi l s  

and mari ne s ediments , wi th i n  the reso l uti on of the ava i l ab l e data . 

3 .  Aeroso l i c  q uartz , as represented by the 5-2  � m  s i ze fracti on , 

shows a systemati c i ncrease i n  abundance wi th i ncreas i ng age of  

s urfaces on wh i ch the so i l s  a re devel oped . Th i s  systemati c 

i ncrease i ndi cates tha t ,  wi th i n a regi on , the aeroso l i c  q ua rtz 

content  can be used to est imate re l a ti ve a ges of accumu l ati ng  

materi a l . 

4 .  A much h i gher rate of accumul ati on o f  aerosol i c  q uartz i n  the 

mari ne sed iment core i s  due to l a rge addi ti ons of a l oca l ly  

deri ved q uartz component , i n  a ddi t ion  to tropospheri c ,  aeroso l i c  

dus t .  I t  i s  proposed that the source areas for th i s  l oca l  

component were the ri ver fl ood p l a i ns of the southern North 

I s l and , wh i ch l i e upwi nd of the core s i te .  The quartzose source 

area for Taranaki  soi l s  of  thi s age was much sma l l er and was 

i n undated by the pos t- g l aci a l  ri s e  i n  sea l eve l . 

5 .  The l o ca l  e ffect o f  the south ern North I s l and q uartz s ource areas 

on q uartz accumul ati on i s  add i ti onal to, and much greater than , 

� I  



the effect  o f  rai nfa l l vari ati ons whi ch h ave been p revi o us ly  

noted i n  the l i terature . Th i s  s uggests that attri b uti ng  a l l 

10 - 1  � m  q uartz i n  soi l s  and sedi ments to an aeroso l i c  dus t 

ori g i n  s hou l d be approached ca uti o us ly , un l es s  the abs ence of 

any l oca l i n fl uence can be uneq ui voca l ly demonstrated . 
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CHAPTER 7 

TEPHROSTRATI GRAPHY AND PALEOCL I MAT I C  I NTERPRETAT ION OF 

CORE P69 , OMAKERE DEP RESS I ON , NORTH I SLAND, NEW ZEALAND 

I NTRODUCT ION  

I norgan i c compon ents in  mar i ne  sediments may record : 

( i ) g l obal  cl i mat i c  change , a s  i ndi cated by the s i ze ,  abundance , 

surface textures , and mi n eral ogi ca l compos i ti on o f  terri genous  

materi a l s ;  

( i i )  g l oba l dust depo s i ti on re l a ted to l ati tudi nal  atmospheri c 

c i rcu l ati on zones , and 

( i i i ) tephra depos i ted down wind of acti ve vol canoes prov i d i ng un i que 

marker hori zons . 
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One of  the pri nci pal  i norgan i c  components of hemi pel a g i c and abys sal  

sed iments i s  quartz . Quartz occurs predomi nantl y i n  the <20-�m s i ze 

fraction of  these sedi ments , w i th a substanti a l  proporti on bei ng i n  the 

1 - 10-�m s i ze fracti on ( Rex and Go l dberg , 1 958 ; 1962 ; Arrheni us , 1959 ; 

Rex et �. , 1969 ; Mokma et �- · 19 72 ; Cl ayton et �. , 1972 ) . Quartz 

i n  th i s  s i ze range i s  thought to have been formed l a rge l y  by g l ac i a l  

gri ndi ng ( Smal l ey ,  1 966 ; Sma l l ey and V i ta -F i nzi , 1968 ) a n d  has  

subsequently been trans ported from terrestr i a l  depos i ts to  the oceans  by 

tropospheri c w i nd  systems a s  a component of  aerosol i c  d ust  ( Rex and  

Go l dberg , 1968 ; W i n dom , 1969 ; C l ayton et �. , 1972 ) . 

I n  sedi ment cores from the eas tern equatori a l  Atl an ti c ,  a s trong  

corre l a ti on has  been establ i s hed b etween i n creased amounts of  l argel y 

s i l t-s i zed quartz and the co l der peri ods o f  the Quaternary ( Bowl es , 1975 } . 
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A s i mi l ar rel a ti onsh i p  has been found between the occurrence of dust i n  

i ce co res from Antarcti ca i n  strati graph i c  pos i ti ons  corre l a ted wi th major  

g l obal g l aci at ions  ( Thompson et �. , 1975 ) . 

Mi nera l og i cal s tud i es of  deep sea sediments have tended i n  the 

pas t to deal ma i n l y  wi th the exi s t i n g  m i nera l  di s tr ibut ion and how i t  

re l ates to current cl imati c zones ( B i scaye , 1965 ; Gri ffi n and Gol dberg , 

1970 ;  P i per and  S l att ,  1977 ) . The d i str i bution  of mi neral s wi th depth , 

and therefore t ime ,  has  been the s uject of more recent i nves ti gat ions  

( Bowl es , 197 5 ;  Di ester-Haas s  and  Chaml ey , 1978 ; Kol l a  et �. , 1979 ; 

Th i ede , 1979 ) . Of the pri nci pa l  sed i ment components , c l ay mi nera l 

producti on , transport and depos i ti on does not appear to have been great l y 

affected by c l i mati c changes i n  the Atl anti c ( Murray , 1970 ; Bowl es , 1975 ; 

P i per and S l att , 1977 ) but  q ua rtz contents vary i n  bo th area l d i stri b uti on 

and depth , i nd i ca ti ve of  a c l ima te-contro l l ed ori g i n  ( B i scaye , 1965 ; 

Bowl es , 197 5 ) . Quartz i n  pel a g i c  sed i ments off equator i a l  Wes t Afri ca 

show a decrease i n  mean gra i n  s i ze and concentra ti on wi th i ncreas i ng 

d i stance from the Afri can coa st ,  s trong l y  s ugges ti ng they have ori g i nated 

from the Afr i ca n  conti nent ( B i scaye , 1965 ; De l aney et �. , 1967 ; Park i n  

et �. , 1970 ; Be l tagy et �. , 1972 ) . The h i ghest concentra t ions  of  

quartz are thought  to be due l arge l y ,  but  not  enti rel y ,  to i ncreased 

i ntens i ty of the trade w i nds dur ing  col d peri ods ( Bowl es , 1975 ) . I n  the 

Pac i f i c  l esser  amounts of  terri genous  materi a l  have been supp l i ed to 

pel a g i c sediments than i n  the Atl anti c ( Hayes and Peruzza , 1 9 7 2 )  and i t  

appears that most of  the q uartz i n  Pa c i fi c  deep-sea sediments i s  a resu l t 

of aeroso l i c  dust  transport and depos i ti on ( Rex and Go l dberg , 1958 ; 

Rex et �· , 1969 ; C l ayton et �· , 1972 ) . These dusts have been recorded 

from a wi de range of envi ronments , i nc l ud i ng g l ac i a l i ce ( Thompson et �. , 

1975 ) , permanent snowfi e l ds ( W i n dom , 1969 ) , and s o i l s ( Rex et �. , 1969 ; 

Mokma et �. , 1972 ) . 



194  

Organ i c components of  mari ne sed iments may a l so be parti cu l ar ly  

u seful fo r determi n i ng pal eoc l imati c i n formation . Deep sea organ i sms 

are i ns ul ated from condi t ions  i n  the atmos phere by the overl yi ng co l umn 

of water . I n  contra st ,  s urface-dwe l l i ng  organ i sms ( es pec i a l ly  p l an kton ) 

are sens i t i ve to c l imati c change because t hei r envi ronmen t i s  contro l l ed 

by the p hys i ca l  condi t ions  i n  the a tmosphere ( McManus , 1970 ) . Thus  the 

pl an kton i c  organ i c  detri tus i n  deep sea sedi ments can be a good i n di cator  

of  cl i mati c change . The carbona te and s i l i ca tes ts of pl an kton i c  

organ i sms ma ke up a s i gn i fi cant  proporti on  of deep-sea sed iments and 

may therefore be u sed to determ i ne the produ cti v i ty of ocean s urface 

waters ( E l l i s and Moore , 1 973 ; Mo l i na -Cruz , 1977 ; Di es ter-Haass  and 

Schrader ,  1979 ) . By measuri n g  vari at ions  i n  ca rbona te and b i ogen i c  

s i l i ca wi th depth , fl uctua ti ons i n  b i o l og i ca l  producti v i ty may be 

determi ned , wh i c h  are a record of envi ronmenta l changes i n  s urface wa ters 

wi th  t ime ( Eri cson et �· , 1961 ; Hays et �. , 1 969 ; Duncan et �. , 

1970 ; H ays and P erruzza , 1972 ; Sancetta et �· , 1972 ; Prel l et �· , 

1980 ) . 

The producti v i ty of  organi sms formi ng carbonate tests i s  pri ma ri l y  

a funct i on o f  nutri ent content ,  parti cu l arl y phos phorus , i n  surface 

waters ( B roeker , 197 1 ; Mo l i na -Cru z ,  1977 ) . Duri ng g l ac i a l peri ods the 

i ntens i fi ed wi nd systems and changed ocean current c i rcu l at ion patterns 

i n  mi ddl e to l ow l a ti tudes resu l ted in a sh i ft towards the equator  of  

upwel l i ng of col d ,  nutri ent-ri ch bottom wa ters ( CL I MAP , 1976 ) . Th i s  

res u l ted i n  enhanced surface water producti v i ty a t  l ower l a ti tudes . 

Thus i n  col d peri ods , ocean sediments i n  l ower a nd mi ddl e l a ti tudes 

con ta i n  more carbonate than s edi ments depos i ted i n  warm peri ods ( Adel sec k 

and Anderson , 1 978 ) . Th i s  i s  c l a ss i ca l l y  shown i n  deep-sea sed iments of 

the northern Pac i fi c  Ocean ( Arrhen i us , 1 9 52 ) , but  in the Atl ant i c ocean 
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the s i tuati on  i s  more comp l ex .  Un l i ke much of the Pac i fi c ,  terri genous  

sediment  is  a s i gn i fi cant component in  Atl anti c sed iments ( D i es ter-Haass , 

1 976 ; Ko l l a  et �· , 1979 ) . Th i s  l eads to a d i l ut ion  of  the carbonate 

component  and , because detri tal  i nput i s  grea ter duri n g  g l ac i a l  peri ods , 

th ere i s  a res u l tant  decrease  i n  the concentrati on of carbonate i n  the 

sed ime nts ( Hays and Perruzza , 1972 ) . Other factors that affect the 

bi ogen i c carbonate and s i l i ca content of deep-sea sed iments i n cl ude 

di s so l uti on of carbonate duri ng  settl i ng bel ow the carbonate compensat ion 

l evel ( B raml ette , 1 951 ) , d i s s o l ut i on of both s i l i ca and carbonate duri ng 

and a fter depo s i t i on and di l u ti on by non -b i ogen i c mi n era l s ( Thunel l ,  

1976 ; Adel seck  and Anderson , 1978 ; Vol at  et �. , 1980 ) . 

I n ves ti ga ti ons of pa l eoc l i mati c vari ations  i n  deep-sea sediments 

have l arge ly  been concerned wi th gross c l i mati c changes from the Hol ocene 

back through the P l e i s tocene and i n to Terti ary times . The most  deta i l ed 

strat i graph i c records are currently corre l ated on the bas i s  of oxygen 

i soto pe vari a t i ons  i n  p l an kto n i c  forami n i fera and geomagneti c reversa l s 

( Emi l i an i , 1 966 ; S hackl eton and Opdyke , 1 973 ; 1976) . However ,  more 

detai l ed t ime contro l  i s  d i ffi c u l t when i nterva l s of t ime such as the 

Hol ocene are bei ng exami ned .  Rad i o i s otope dati ng i s  o f  some use  but 

di ffu si on  by ei ther bi oturba ti on or  redepos i ti on l i m i t the usefu l ness  

of  1 4c and U/Th dating  ( Bowen , 1 966 ; Berger and Johnson , 1978 ; Peng 

et �. , 197 9 ;  Berger and Ki l l i ng l ey ,  1982 ) . A more useful t ime 

strat i g raph i c marker i s  the occurrence of a un i q ue chrono-hori zon , such 

as a l ayer of tephra , depos i ted over a re l at i ve ly  short ti me peri od . 

I n  the New Zea l and reg ion , tephra l ayers are recorded i n  deep sea 

sediments and have been corre l ated wi th radi ocarbon dated tephras i n  

onshore sequences , a l l owi ng  determi nati on o f  sed imentat i on rates ( Lewi s  

and Kohn , 1973 ; Kohn and G l a sby , 1 978 ) . Th i s  knowl edge can a l l ow 



resol uti on of the timi ng  of  cl i ma ti c events wh i ch s hou l d bes t be 

determi ned i n  areas w i th rel ati ve ly  h i g h  hemi pel agi c sedimentat ion , 

numerous i nterbedded and dated tephras , and mi n ima l  turb i d i ty current 

eros i on or depo s i ti on . 
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The purpose of  th i s  study was to exami ne the strat i graphy of  a 

hemi pel a g i c sed iment core off the ea st  coa st  of the southern North I s l and 

of New Zea l and i n  wh i ch a sequence of Hol ocene and Upper P l e i s tocene 

rhyol i t i c  tephras i s  preserved , so  as  to establ i s h the nature of  the 

q uanti ti ve rel a ti onsh i p  between aeroso l i c  quartz accumu l at ion and 

pa l eocl i mati c vari ati ons . Mos t  of  the rhyo l i ti c  tephras  erupted from 

the central North I s l and that  a re preserved i n  the core have been 

rad i ocarbon da ted on l and back to c i rca 4 0 , 000 yea rs B . P .  ( Pu l l a r and 

Hei n e ,  1 971 ) . A l though the tephrochrono l ogy on l and i s  wel l estab l i s hed , 

the accumu l ati on of s urfi c i a l  ma teri a l s i n  the terrestr i a l  envi ronment  

i s  rare l y  conti nuous  and  i s  usua l ly  s ubject to  eros i on .  The mar i ne  

envi ronment i s  therefore l i ke l y  to have preserved a more compl ete 

sedimentary record over a s i mi l a r time peri od . I n  order to more c l ose l y 

defi ne establ i shed pa l eocl i ma ti c  f l uctuat i ons i n  the New Zea l and reg i on 

wi th t ime ( ages determi ned by the presence of radi ocarbon dated tephras ) ,  

va ri ati ons i n  total carbonate and  bi ogen i c  s i l i ca were a l so determi ned . 

MATERI ALS AND METHODS 

Core P69 wa s col l ected on  24 March , 1977 , from the R . V .  Tangaroa 

duri ng New Zea l and Oceanograph i c  I ns ti tute ( N . Z . O . I . )  cru i se no . 1059 

- 1 1 North l and P l a teau Sedi ments 1 1 • The s tat i on was l ocated at  40° - 23 ' , S ,  

1 77° 59 . 8 '  E ,  i n  the Omakere Depres s i on to the ea st of  the Wa i rarapa 

coa s t ,  North I s l and ( Fi g .  7 . 1 ) . A 6 . 63 m core was recovered by a doubl e 

l ength p i s ton corer from 2 195 m depth . The core was cut  i nto four  l engths  
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10  20 30 

k m  

25 • 

F i gure 7 . 1  Map s howi ng the l ocati on of core P69 . Numbers 14 , 1 5 ,  21  22 
and 25 are cores i nvesti gated by Lewi s and Kahn ( 1973 ) . 
Depths s hown are i n  metres . 
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and each l ength sp l i t  l ongi tud i na l l y  on board . One ha l f  of each l ength 

i s  reta i ned by N . Z . O . I .  for reference and the other hal f h a s  been 

samp l ed for mi nera l ogi cal  and gran u l ometri c ana l ys i s ,  the res u l ts of 

wh ich  are the s ubject of th i s  paper .  

I n  the l abora tory , the hal ved core l engths were sp l i t  i n to two 

further l ong i tud i na l  ha l ves , one o f  these bei n g  cut i n to 0 . 1 0 -m l ength 

sampl es . These sampl es  were homogen i sed and s ubsampl ed for further work . 

Macroscopi ca l ly  v i s i b l e  tephras were samp l ed separately .  Dry bu l k 

dens i ty measurements were determi n ed on a l l s amp l es . 

For m i nera l ogi ca l  ana lys i s  and  gra i n -s i ze determi na t i on , s amp l es  

were trea ted wi th H 2o2 to remove orga n i c  matter . Gra i n  s i ze determ i n ations 

were made on NH40H -d i spersed s amp l es by a comb i nation of  sed imentati on 

and centri fugation  ( Jackson , 1 956 ) . Sand fractions were determ i n ed by 

dry s i ev i ng . 

Quartz i n  se l ected s i ze fracti ons wa s i sol ated u s i ng pyrosu l phate 

fu s i on and  f l uors i l i c i c aci d d i gesti on ( Syers � �- ·  1968 ; Sri dhar et 

�- · 1975 ) . The oxygen i sotope ra ti os  i n  q uartz from s e l ected s i ze 

fractions  i n  sel ected s amp l es were determi ned by the methods of C l ayton 

and Mayeda ( 1 963 ) . 

M i n eral  components i n  the sand fract ions  ( >63 �m ) were determ i ned 

by counti n g  gra i n  mounts ( average 900 gra i n s per mount ) .  Mafi c 

as semb l ages of  vi s i b l e  tephras were determi ned by counti n g  gra i n  mounts 

( average 300 gra i n s )  of  the heavy fracti on after bromoform separa ti on .  

Tota l carbonate was determi ned by reacti on wi th H C l  and  back 

ti trati on  w i th NaOH ( van der L i n den , 1 968 ) . B i ogen i c s i l i ca was 

determi ned by the XRD method of E l l i s and Moore ( 1 973 ) . D i atomi te was 

used a s  a s tandard to construct a cri stoba l i te s tandard curve , u s i ng a 

cal ci te matri x .  A known amount  of caco3 wa s added to the carbona te-free 

samp l es as an i n ternal s tandard . 
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S ED IMENT CORE DESCR I PT ION 

The core was of a predomi nantly uni form texture , a c l ayey medi um 

s i l t . However ,  sandy textures were encountered i n  prox imi ty to tephra s 

and , rare ly  i n  th i n ,  fi ne  sandy hori zons compri s i ng ma i n l y  quartzo­

fel dspath i c  sediment . Col our ,  a s  determi ned i n  the fres h ly  opened 

core , var i ed from moderate ly  o l i ve brown ( 5Y 4/4 )  in the u ppermost  

0 . 4  m through  dark green i s h grey ( 5GY 4/ 1 ) , t o  greyi s h  o l i ve ( 1 0Y 4/ 2 )  

bel ow 1 . 5  m .  No v i s i b l e l ayeri ng was evi dent i n  the sedi ment and 

there was evi dence throughout the core of b i o turbati on by burrow i n g  

organ i sms . I n  the uppermos t  0 . 3  m of the core , burrows were i nfi l l ed 

wi th sed iment  s l urry .  Th i s  i n fi l l i ng was probabl y a res u l t of 

s l u rryi ng of the wa ter-ri ch surface sedi ment duri ng core col l ect i on and 

consequent i nfi l l i ng of  open burrows near the s ediment surface . 

Very l i ttl e ev i dence of  turb i d i te depo s i t i on wa s v i s i b l e i n  the 

core . At three l evel s ,  th i n  c i rca 50 mm zones  conta i n i ng non-tephri c 

sandy sed iment  occur a s  sma l l l enses wh i ch probab ly  represent b i oturbated 

th i n  d i s ta l  turb i di tes . However , together these zones represent a 

negl i g i b l e ( < 3% ) vol ume of  the core . 

Rhyol i ti c  tephras are marked by di scont i nuous l en ses of whi te to 

grey tephra , wi th l i ttl e m ix i ng  of  the s urro und i ng sedimen t .  The 

l enso i d  nature i s  tho ught  to be  due to the d i s rupti on of  ori g i na l  a s h  

l ayers by b i oturba ti on ( Kohn and  Gl asby ,  1978 ) . Some of  the thi n ,  fi ne­

gra i ned teph ras are present on l y  as i n fi l l i ng s  of fi ne ( 1  - 2 mm di ameter )  

burrows over a 10 - 30  mm th i ck sediment  i n terval . Add i ti ona l l y ,  there 

are i nterva l s i n  wh i ch concentra ti ons of ' p i n head ' s i zed pum i ce occur but 

wh ich  cannot be i denti fi ed as  primary tephra . 
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TEPHRA I DE NT I F I CATI ON 

The 500-250 � m ferromagnes i an mi nera l s i n  rhyo l i ti c  tephras  

erupted over the l as t  40 , 000 yea rs from the centra l North I s l and 

(Tabl e 7 . 1 )  can be d i v i ded i nto three domi nant mi nera l  as sembl ages 

( Ewart , 1966 ; Kahn , 1 97 3 ;  Kahn and Gl asby ,  1978) : 

1 )  hypers thene + aug i te 

2 )  hypers thene + ca l c i c  hornb l ende + c ummi ngtoni te 

3 )  b i oti te + hypersthene ± ca l c i c  hornb l ende 

201 

The ferromagnes i an a s semb l ages  i n  Ho l ocene tephras erupted from the 

Tau po Vol can i c  Centre ( Taupo Subgroup - Hea ly , 1964 ) a re of type 1 ,  wi th 

addi ti onal ra re b i oti te ,  amph i bo l e ,  and o l i v i ne ( Ewart ,  1966 ) . I n  

con tra s t ,  the tephras  from the Rotorua and Okata i na Vo l ca n i c  Centres 

( H ea l y ,  1964 ) have predomi nan tl y a s sembl ages 2 and 3 ( Toppi ng  and Kahn , 

1973 ; Kahn and G l asby ,  1 978 ) . The most useful  mi nera l s for tephra 

i denti fi cat ion are bi oti te , when i t  compri ses  more than 1 5% of  the 

ferromagnes i an a s sembl age , and the presence of cummi ngtoni te ( Kohn and 

Gl a sby ,  1 978 ) . 

Tephras 1 and 2 i n  core P69 ( F i g .  7 . 2 )  conta i n  s i gn i fi cant 

cummi ngton i te ( Tabl e 7 . 2 ) . Of the centra l North I s l and tephra s  

conta i n i ng cummi ngton i te ,  the Rotoehu Ash ferromagnes i an assemb l age i s  

dom i na ted by thi s mi nera l wh i l e  Whaka tane Ash and  Rotoma Ash  conta i n  

l esser  amounts ( Kohn , 1 970 ) . The l ow proporti ons of cummi ngton i te i n  

tephras 1 and 2 and thei r re l ati ve l y  c l ose occurrence h i gh i n  the upper 

part of the core i denti fi es  them as  Whakatane Ash and Rotoma Ash , 

respecti vel y .  These tephras  have a l so  been i denti fi ed i n  s ediment 

cores from the Bay of P l enty on th i s  bas i s  ( Kohn and Gl a sby ,  1 978) . 

Tephra 8 i s  the l a rgest  tephra preserved i n  the core ( F i g .  7 . 2 ) . 

I ts ferromagnes i an mi nera l as semb l age of  hypersthene + hornb l ende + aug i te ,  



Tab l e  7 . 1 Tephra Strati graphy i n  the Taupo Vol can i c  Zone and Core P69 , <2 5 , 000 years B . P .  

Chronostrati graph i c  Taupo and Maroa Okata i na and  Rotorua Age Radi ocarbon Sedimentati on Rate 
Uni ts Vol can i c  Centres Vol cani c Centres ( 14c years B . P . ) Number Ages , P69 

Kaharoa As h 656 ± 57 NZ4804A 
780 ± 58 NZ4993A 
937 ± 77 NZ5087A 

Taupo P umi ce 1840 ± 50 NZ1548A 

Mapara Ash 2010 ± 60 NZ1068A 
2 1 50 ± 48 NZ 1069A 

Whakai po Tephra 2670 ± 50 NZ1070A 
2730 ± 70 NZ1071A 

Waimi h i a  Ash 3440 ± 70 NZ2A 
Whaka tane Ash 4600 ± 90 NZ3948A 

4640 ± 90 NZ3949A 
H i nema i a i a  As h 4650 ± 80 NZ4574A 

Aranu i an  Motutere Ash 5370 ± 90 NZ4846A 
Mamaku  Ash c.  8000* -

Opepe Tephra 8850 ± 1000 NZ185A 
Rotoma Ash 9080 ± 100 NZ1943A 

9 1 20 ± 30 NZ 1945A 
Poronu i  Teph ra c .  9700* 

Paparetu Tephra 9780 ± 160 NZ1372A 

Karapi ti Tephra 9910 ± 1 30 NZ4847A 

Wai ohau Ash 1 1 250 ± 200 NZ568A 
Rotorua Ash 13450 ± 250 NZ1615A 
Rerewhakaa i tu As h 14700 ± 200 NZ716A N 

0 
N 



Tabl e 7 . 1  ( conti nued ) 

Tephra 5 

Okareka Ash 
Tephra 7 

Te Rere As h 
Kawa kawa Tephra 

Oti ran Poi h i p i Tephra 
Oka i a  Tephra 

*Estimated ages from Pu l l ar ( 1 980 ) . 

\ 

c .  1 7000* - -

c .  1 8000 
1 9850 ± 310  
< 25000* 
c .  2 5000* 

1 6 , 900 

1 7 , 100 
1 7 , 600 
1 9 , 100 

NZ1056A 
20 , 300 
2 1 , 200 

N 0 w 
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wi th a hypersthene : hornbl ende rat i o  of greater than 3 : 1  ( Howorth et �- · 

1 980) , i ts s i ze and i ts s trati graph i c  pos i ti on i denti fy th i s  tephra a s  

the Kawakawa Tephra Format ion ( Vuceti ch and Howorth , 1 976a ) . 

Of  the known tephras  erupted from the centra l  North I s l an d  between 

c i rca 9000 yea rs B . P .  ( Rotoma As h )  and c i rca 20 , 000 years B . P .  ( Kawa kawa 

Tephra Formati on ) ,  four conta i n  s i gn i fi cant  amounts of b i oti te i n  thei r 

ferromagnes i an mi nera l a s semb l ages . These a re the Rotorua As h ,  

Pu ketara ta Ash , Rerewhakaa i tu Ash , and Okareka Ash . Except for 

Pu ketarata As h ,  an erupt ion  from the Ma i roa Vol can i c  Centre of l i mi ted 

di s tri bution  ( L l oyd , D972 ) , a l l the tephras  were erupted from the Oka ta i na 

Vol can i c  Centre ( Rotorua Subgroup ) .  Rerewha kaa i tu Ash and Puketarata 

Ash conta i n  abundant ( 3 5 - 80% ) b i oti te ,  whi l s t Rotorua Ash and Okareka 

Ash conta i n  l esser ( 1 0 - 20% )  amounts ( Kahn a nd Gl a sby ,  1 978 ) . On l y  

tephra 4 ( F i g .  7 . 2 ) i n  core P69 contai ns abundant bi oti te and i s  therefore 

correl ated wi th the Rerewhakaa i tu As h .  

Tephra 6 l i es s trati graph i ca l l y  bel ow the Rerewha kaa i tu Ash i n  the 

core ( F i g .  7 . 2 ) and i ts ferromagnes i an mi nera l as semb l age conta i ns more 

than 1 5% bi oti te (Tab l e 7 . 1 ) . On thi s bas i s  tephra 6 i s  corre l ated 

wi th the on l y  known b i oti te-beari ng  tephra o f  th i s  genera l  age , the 

Okareka Ash ( Tab l e  7 . 1 ) . 

Tephra 3 ( F i g .  7 . 2 )  has  a ferromagnes i an mi nera l a ssembl age of 

predomi nant ly hypersthene wi th  traces of  hornbl ende and a ug i te ( Tab l e 7 . 2 ) . 

Thi s as semb l age i s  not di s ti ncti ve and can be found i n  tephras  of ei ther 

the Tau po or Rotorua Subgroups ( Toppi ng and Kahn , 1973 ) . However , no  

wi despread tephra i s  known to have erupted from the Taupo Vol can i c  Centre 

wh i c h  woul d g i ve ri se  to a tephra i n  thi s stra ti graph i c  pos i t i on i n  the 

core ( Vucet i ch and Pu l l ar ,  1 973 ) . Tephra 3 i s  therefore corre l ated 

wi th Wa i ohau  As h ,  from the Oka ta i na Vol can i c  Cen tre . The ferromagnes i an 

mi nera l a s semb l age of tephra 3 i s  compat i b l e wi th tha t  descri bed for 



Tab l e 7 . 2  Ferromagnes i an mi nera l assemb l ages of  tephra s from co re P69 
shown as % of tota l ferromagnes i an as semb l age . 

Tephra hypers thene c 1 i nopyroxene hornbl ende 

1 .  Wha katane  Ash 68 2 15  

2 .  Rotoma Ash 78 5 5 

3 .  Wai ohau Ash 93 5 2 

4 .  Rerewhakaai tu Ash 26 4 1 5  

5 .  A c c 

6 .  Okareka As h 28 4 44 

7 .  A c c 

8 .  Kawakawa Tephra 79 - 2 1  

9 .  Poi h i pi Tephra A c c 

1 0 .  Oka i a  Tephra A c c 

cummi ngtoni te b i  oti te 

1 5  

1 2  

- 55  

- 24 

Where i ns uffi ci ent  s amp l e cou l d be obta i ned for ana lys i s , rel ati ve ab undances were esti mated accordi ng to : 
A >50% 
a 30 - 49% 
c 10 - 29% 
c 5 - 9% 
s 1 - 4% 
R > 1% 

N 
0 (J1 
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Wa i ohau As h ( Co l e ,  1970 ) . 

Tephra 3 occurs i n  the core a s  a 30 - 40 mm bl ock or  l ens of  a i r 

fa l l  tephra ( F i g .  7 . 2 ) . However ,  a l a rge abundance peak i n  rhyol i ti c  

g l a s s  content i n  both 63 - 20 -�m and >63-�m s i ze fractions  i s  l ocated 

some 0 . 25 - 0 . 30 m a bove the tephra b l ock , rather than i n  the s ame 

stra ti graph i c  po s i t i on ( Fi gs .  7 . 2  and 7 . 3 ) . I t  i s  probabl e that the 

b l ock  of  tephra i s  i nf i l l i ng a burrow a nd that the true s tra ti graph i c  

po s i t i on of Wa i ohau As h i n  the core i s  more accurately s hown by the 

pos i t i on of the pea ks i n  rhyo l i ti c  g l a s s  abundance . The sedimentati on 

rate ca l cu l ated for the Rotoma Ash - Wa i ohau Ash  sediment i n terval based 

on th i s  assumpt i on i s  more cons i s tent w i th the post-Rotoma Ash sed i ment­

ati on  rate than the  rate ca l cul ated as s um i ng that the bl ock of  tephra 

marks the strat i graph i c  pos i ti on of Wa i ohau Ash ( F i g .  7 . 5 ) . I f  the age 

of the Wa i ohau Ash is  i nterpo l ated from the sedi mentati on rate ca l c u l ated 

between the Rotoma Ash and the Rerewka kaa i tu Ash , the peaks i n  rhyol i ti c  

gl a s s  abundance are more cons i s tent wi th known ages of the Wa i o ha u  Ash  

than  the age  determ i ned from the po s i ti on of the  bl ock o f  tephra 

( F i g .  7 . 5 ) . The po s i ti on of the rhyo l i ti c  g l a s s  abundance pea ks are 

therefore i nterpreted as  s howi ng the true s trat i graph i c  pos i ti on o f  

Wa i ohau Ash i n  core P69 . 

There are fewer rhyo l i ti c  tephra s recorded i n  terrestri a l  sequences 

between 25 - 1 5 , 000 years B . P .  compared wi th the numerous rhyo l i ti c  

tephras preserved i n  Aranu i an t ime . Characteri sti ca l l y ,  Oti ran-age 

tephras  are a s soc i ated wi th tephr ic  l oess depos i ts wh i c h  i nd i cate 

con s i derabl e wi nd eros i on and redepos i t i on duri ng the col d ,  dry Oti ran 

c l i mate ( Cowi e and  Mi l ne ,  1973 ; P u l l a r and Kennedy , 1 978 ) . I n  

terrestri a l  s equences i t  i s  the l arge r  tephra s that wi l l  tend to be 

preserved because  the sma l l e r  tephras , part i c u l arly i n  d i s ta l  area s ,  tend 

to be d i srupted by so i l -form ing  and eros i ona l  processes . Such  ero s i on 
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i s  s hown by the w i despread occurrence of sed i mentation brea k s  

( unconformi ti es ) i n  terrestri a l  sequences at  th i s  time ( Topp i ng a nd  Kohn , 

1973 ; Vucet i ch and Howorth , 1976 ) . I n  contra s t ,  mari ne sed i mentati on 

i n  core P69 a ppears to have been conti nuous from c i rca 14 , 700 years B . P .  

to the base of  the core and i s  more l i ke ly  to conta in  a compl ete 

s trati graph i c  record of d i s ta l  tephra s . 

I n  the core on ly  O kareka As h ( tephra b ,  Fi g .  7 . 2 ) has been 

i dent i fi ed ,  as a vi s i b l e tephra , from the Okata i na Vo l ca n i c  Centre duri ng 

l a te Oti ran ti me , cons i s tent wi th i t  bei ng the most s i gn i fi cant erupti on 

from Okata i na Vo l can i c Centre of thi s genera l  age . Two fu rther sma l l 

tephra s occur i n  the core between the Rerewhakaa i tu As h and Kawakawa 

Tephra . Tephra 5 ( F i g . 7 . 2 )  l i es  j u s t  above Okareka Ash and  has a 

ferromagnes i an assemb l age of hypers thene + aug i te + hornbl ende . The 

re l ati ve l y  h i gh aug i te content may i nd i cate Taupo Sub-g rou p a ffi n i ti es 

but  may a l s o  refl ect contami na tion w i th andes i ti c  ash . No corre l ati on 

can be made wi th  any known tephra a s  none have been recorded of th i s  

genera l  age (Tab l e 7 . 1 ) . Tephra 7 i s  s trati graphica l ly  be l ow the 

Okareka Ash ( F i g .  7 . 2 )  and i ts ferromagnes i a n  a s sembl age of  hypers thene 

+ hornbl ende + aug i te a l so suggests a Taupo Vo l cani c Centre ori g i n . 

On ly  Te Rere Ash , from the Okata i na Vo l can i c  Centre , i s  recorded l yi ng 

between Okareka Ash and Kawakawa Tephra ( Pu l l a r ,  1980) and no tephras  are 

recorded from Taupo Vol can i c  Centre a t  th i s  t ime . Howeve r ,  correl ati on 

of  tephra 7 wi th  Te Rere Ash i s  u n l i ke ly  as Te Rere As h l i e s  i mmedi a te ly  

above or  c l oser to Kawa kawa Tephra tha n Okareka Ash i n  terrestr i a l  

sequences whereas tephra 7 l i es  c l o se  beneath Okareka As h a n d  wel l above 

Kawakawa Tephra i n  the core ( Fi g .  7 . 2 ) . No pos i ti ve i denti fi cat ion of 

tephra 7 can be made at thi s t ime . 

Sma l l pa tches of tephra a ppear 0 . 1 0 - 0 . 1 5 m above Kawakawa Tephra 

but the ferromagnes i an assembl age of hypers thene + aug i te + hornbl ende 
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i s  cons i stent wi th that of Kawa kawa Tephra . 

i n terpreted a s  redepos i ted Kawa kawa Tephra . 
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Th i s materi a l  i s  therefore 

Two tephras occur between the Kawa kawa Tephra and the base  of  the 

core ( tephras 9 and 1 0 ,  F i g .  7 . 2 ) . The two youngest pre-Kawakawa Tephra 

Formati on tephra s are the Poi h i p i  Tephra Forma ti on  and the O ka i a  Tephra 

Forma tion ( Vu cet i c h  and Howorth , 1 976 ) . The estimated age of  the 

Oka i a  Tephra i s  c i rca 25 , 000 years B . P .  ( Pu l l ar ,  1980) wi th the younger 

Poi h i p i Tephra overlyi ng i t  and s eparated i n  turn from the overl yi ng 

Kawa kawa Tephra by an  ero s i on brea k on tephr i c  l oess ( Vuceti ch and 

Howorth , 1 976 ) . Tephra 9 is  therefore correl a ted wi th Poi h i p i Tephra 

and tephra 1 0  wi th Oka i a  Tephra , based on s trati graphi c occu rrence . 

The ferromagnes i a n  a s sembl age of bo th tephra 9 and 1 0  wa s d i ffi cu l t to 

determine  a s  on l y  traces of both tephras  were v i s i b l e .  However ,  i n  

both cases hypers thene and  aug i te a ppea r to be  characteri sti c ,  cons i s tent 

wi th a Taupo Vol can i c  Centre or i g i n .  

As a c heck on the above strati graphy ,  a sampl e of sed i men t was 

submi tted for rad i ocarbon dati ng of the tota l carbonate content . The 

sampl e wa s se l ected from immed i atel y  above Rerewhakaa i tu As h and i s  

da ted ( NZ5176A )  a t  1 5 , 800 ± 450 years  B . P .  Th i s  i s  s l i g ht ly  o l der than 

expected ba sed on prev i o us dates determ i ned for the Rerewha kaa i tu As h 

( Tab l e 7 . 1 )  but a s l i ght ly  o l der da te m i ght be expected i f  there i s  

contami nati on from ol der carbonate .  Further , the 0 . 1  m i n terval  samp l ed 

represents c i rca 330 yea rs i n  thi s part of the core and bi o turbat i on of 

the sediment above and benea th the tephra wou l d be s uffi c i ent to ca use  a 

d i fference o f  the amount noted . M i x i ng o f  thi s magn i tude has  been 

prev ious l y  descri bed in deep sea cores ( Berger and Johnson , 1978 ; Peng 

et �. , 1 97 9 ;  B erger and H i l l i ngl ey ,  1 982 ) . The rad i ocarbon age 

confi rms the m i nera l ogi ca l  i denti fi ca ti on of the tephra s trati graphy .  
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Other evi dence of  tephras 

Further tephras  may have a l so been present i n  the core sed i ment but 

becau s e  they were very sma l l ,  b i o turbati on obl i terated any trace of a 

coherent tephra l ayer . However , components from those tephras wou l d  

sti l l be d i s sem i nated through the s urround i ng sediment . Three parameters , 

rhyo l i t i c  g l a s s  concentrat ion , gra i n - s i ze d i s tri bu tion and bu l k dens i ty ,  

were measured i n  a n  a ttempt to determi ne the presence o f  sma l l ,  thi n 

tephras . 

1 .  Rhyo l i ti c  g l a s s  

Abundance o f  rhyo l i ti c  g l a s s  i n  t he  sand a nd  coarse s i l t  fracti ons 

was measured to c heck both for the presence of macroscop i ca l l y  i nv i s i bl e  

tephras  and to i nves ti gate vari ati ons  i n  background fl uxes i n  i ndi rectl y 

der i ved rhyo l i t i c  g l a s s  ( e . g . , vari ations  i n  tephri c l oes s producti on ) . 

C urves of rhyo l i ti c  g l a s s  con tent vs depth of the sand and  coarse s i l t  

fract i ons show peaks  wh i ch can be corre l ated wi th a l l of the macro­

scro p i ca l l y  v i s i b l e  tephra s ( F i g .  7 . 3 ) . There i s  genera l l y  a " ta i l i ng 

off" effect of g l ass  concentrat ion above each tephra , i nd i cati ng some 

mi x i ng of ash  i n  the overl yi ng sed imen t but there i s  l i ttl e evi dence of  

mi x i n g  bel ow each tephra . The  pre-Rerewhakaa i tu As h tephra s were 

depo s i ted duri ng a per i od of rapi d sed imenta ti on and . they s how evi dence 

of l esser mi x i ng wi th the overl yi ng sediment than i s  the case wi th the 

younger tephra s ( F i g .  7 . 3 ) . Th i s  i nd i cates tha t more thorough b i oturba ti on 

o f  the sed i ment occurs when sed imenta ti on rates are l ow .  L i ttl e m i x i ng 

i s  evi dent above the Kawa kawa Tephra ( F i g .  7 . 3 ) , i nd i cati ng that th i s 

tephra may have been th i c k  enough to i nh i b i t b i o turbat i on ( Kahn and 

G l a s by ,  1 978 ) . 

There i s  no d i s ti nct ev i dence for the presence of ei ther Taupo Pum i ce 

o r  Wa imi h i a  Forma t ion i n  the upper pa rt of the core , both of wh i c h  s hou l d 
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b e  present , g i ven thei r wi des pread d i s tr i bu ti on i n  terrestri a l  sequences 

( V ucet i ch and Pu l l ar ,  1 964 ) . There are three pos s i b l e expl ana ti ons ; 

i .  the tephras were eroded by currents . However , there i s  no 

ev i dence of ero s i on in th i s core . Because the core s i te i s  

on the top of a r i s e  wi th i n  a bas i n  ( Oma kere Depres s i on )  i t  

i s  el evated above the l eve l of  most  turb i di te acti v i ty 

( e . g . , Ki ng , 1975 , p . 19 3 ) . 

i i . the tephras were not depos i ted . Gi ven the wi despread 

di stri bu ti on of  both tephras i n  Hawkes Bay terres tri a l  and 

ma ri ne sequences ( V uceti c h  and Pu l l a r ,  1964 ; Lewi s and Kohn , 

1 973 ) , i t  seems un l i kel y tha t a t  l east  one or other of the 

tephras i s  not present . 

i i i .  the tephras were mi xed by bi oturba tion  and s l urry i ng i n  the 

u pper part of the core a bove the Whakatane Ash . Sed i mentat i on 

rates are l ow i n  thi s part of the core , al l ow ing  an opportun i ty 

for i ntens i fi ed b i oturbat i on , and the h i gher water content 

( l ower bul k dens i ty ,  F i g .  7 . 4 )  ha s l ed to some sed iment  

s l urryi ng and  l os s  d ur i ng core col l ection , obscu�i ng 

s trati gra p h i c  rel a ti on s h i ps . 

A s i g n i fi cant concentra ti on of  rhyo l i ti c  g l ass  i n  the >63-�m s i ze 

fracti on ,  and to a l es ser extent i n  the 63 - 20-�m s i ze fract i on , occurs 

between the Whaka tane  Ash  and the Rotoma As h ( F i g .  7 . 3 ) but  th i s  i s  not 

matched by a v i s i b l e  tephra in the core . From known strat i g ra ph i c  

rel ati ons h i ps on l and , i t  i s  l i ke ly  that th i s  g l ass concentrati on 

correl ates wi th Motutere Tephra , a wi despread tephra erupted from the 

Taupo Vol can i c  Centre a bou t 5 , 370 years B . P .  ( Frogga tt , 1 981 ) .  

The mi nor peaks i n  rhyol i ti c  g l a s s  accumu l ation  occur  at  3 . 2  and 

3 . 6  m depth , j u s t  above Okareka Ash  ( F i g .  7 . 3 ) . The pea k a t  3 . 6  m 
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corresponds to the pos i ti on of  tephra 5 and there i s  n o  known corre l a ti ve 

of ei ther tephra in terres tri a l  seq uences ( Tab l e 7 . 1 ) . 

Between Okareka Ash  and Kawa kawa Tephra two obv iou s  pea ks i n  

rhyol i t i c  g l ass  accumu l a tion occur .  The pea k a t  4 . 20 - 4 . 30 m i s  i n  

the v i c i n i ty of tephra 7 ( F i g . 7 . 2 )  but the l a rger pea k a t  5 . 1 0 m depth 

has no v i s i b l e  corre l a ti ve i n  the core . Only one tephra i s  known to 

have erupted duri ng th i s  t ime , the Te Rere Ash from Oka i ta i na Vol can i c  

Centre ( Tab l e 7 . 1 ) . Th i s  rhyo l i ti c  gl ass  abundance pea k i s  therefore 

tentati ve l y  correl ated wi th Te Rere As h .  

Be l ow Kawakawa Tephra on l y  two abundance pea ks are noted and these 

correspond to the pos i ti ons in wh i ch the two tephras a re corre l a ted wi th 

Po i h i p i  Tephra and Oka i a Tephra ( Tephras  9 and 10 respecti ve l y ,  Fi g .  7 . 2 ) . 

2 .  Gra i n  s i ze parameter vari at i ons 

I ntroducti on of  materi a l  i nto a sediment  whi ch ha s d i fferent gra i n  

s i ze characteri sti c s  w i l l  a l ways l ead to changes i n  the gra i n  s i ze 

parameters of  the res u l ti ng sed iment ,  the mag n i tude of  whi ch wi l l  be 

rel ated to the rel ati ve amounts and degree of  di fference between the two 

popul a ti on s . The i rregul ar  occurrence of rhyol i ti c  tephra s  at  di fferent 

depths i n  mar i ne sed i ment s hou l d therefore appear as  var i a t i ons  i n  gra i n  

s i ze parameters when p l o tted a s  a func tion o f  depth . However , i t  shou l d 

be noted that any coarser gra i ned sed iment i nf l ux , s uch  a s  tha t res u l ti ng 

from turb i d i te acti v i ty ,  wi l l  a l so  g i ve a s i mi l ar var i a t i on in gra i n  s i ze 

parameters of otherwi se fi ne-gra i ned hemi pel a g i c  sed imen t .  

Gra i n  s i ze fracti onati on wa s made at  63 , 20 , 5 ,  a n d  2 �m a s  

quanti ti ve yi el ds of  s pec i fi c  s i ze fracti ons were req u i red for fu rther 

ana l ys i s .  The sand fracti on was not fracti onated further as  thi s 

rare l y  consti tu ted > 5% of the to ta l sed iment and wa s for the most  part 

<3%, except immedi ate l y  above and i nc l ud i ng tephras . Two parameters were 
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pl otted , Mz and o r ( Fo l k and Ward , 1957 ) , a s  these showed the most 

cons i s tent  vari a t i ons  wi th depth i n  the core . Al l of the major  teph ras  

vi s i b l e i n  the core and some of the m i nor ones are shown by an i ncrease 

in  mean g rai n s i ze ( Mz ) in  the v i c i n i ty of  the tephra ( F i g .  7 . 4 ) . Th i s  

effect i s  s hown to occur i n  the sed iment overl yi ng each tephra where 

both have been m i xed , b ut  there i s  no evi dence of mi x i ng beneath the 

tephra ( e . g . , Kawakawa Tephra ) .  Sort i ng ( o r ) appears to be l es s  

sens i ti ve a s  a measure because on l y  Whaka tane Ash and Kawakawa Tephra 

are s hown to have a d i s ti nct decrease i n  sorti ng rel ati ve to the surroundi� 

sed iment ( F i g .  7 . 4 ) . 

The rea son for the l esser effect  of  the smal l er tephras  on gra i n  s i ze 

d i stri but ion appears to be twofo l d .  F i rs tl y ,  the sma l l er amounts of 

tephra present have a reduced effect on overa l l gra i n  s i ze d i s tr i b uti on 

and second l y ,  wi th greater di s tance from source the tephras wou l d become 

progres s i vel y  more fi ne grai ned and thei r gra i n  s i ze characteri s ti cs 

become more a functi on of the w i nd transport system they are i n  than of 

the ori g i nal  erupti on . As a res u l t the tephra may aq u i re gra i n  s i ze 

character i sti cs i nd i s ti ngu i shabl e from the f i ne gra i n ed mari ne sed iments 

in wh i ch they a re fi na l l y  depos i ted . Because of th i s ,  and  the i nabi l i ty 

of gra i n  s i ze parameters to d i s ti ngu i sh between tephras and  turbi di te s , 

gra i n  s i z e  parameters are seen a s  bei ng of l i mi ted va l ue i n  d i s ti ngu i s h i n g  

tephras  i n  mari ne  sed iments unl e s s  used i n  conj unction wi th o ther 

techni ques . 

3 .  B u l k dens i ty 

Measurements of dry bul k dens i ty were made i n  an attempt to detect 

tephra-r i c h  hori zons . Rhyo l i ti c  g l ass  has  a l ower dens i ty than most  

detri tal mi nera l s a nd  th i s  shoul d be  refl ected i n  the bu l k dens i ty of the 

whol e sampl e .  However , there i s  no systema ti c change i n  bu l k dens i ty i n  
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the core wh i ch can be rel ated to the presence of tephras ( F i g .  7 . 4 ) . 

The decreased b u l k dens i ty o f  the uppermost  30 cm i s  a refl ecti on of  the 

wa ter ri ch s ed iment at  the s u rface . 

S ED IMENTATI ON RATES 

Sed imenta t ion rates are determi ned from the thi cknesses of sed i ment 

between i denti f i ed tephras for wh i ch radi ocarbon ages are known . The 

sed i menta tion rates in core P69 are shown in F i g .  7 . 5 . There i s  a 

degree o f  uncerta i nty i n  the ca l cu l at i on of  sed imentati on ra tes because  

2 1 5  

o f  the l ack of  prec i s i on i n  l oca t ing  tephra depth i n  the core , parti cu l arl y 

where i t  ha s been d i s turbed by b i oturba ti on .  The s ed imentat i on rates 

g i ve a mean fi gure for accumu l ation  of sediment between da ted tephras  

and take no account of accel erated sedi mentati on due to resorti ng and 

mi x i ng of an underl yi ng tephra . Th i s  factor mu st  be con s i dered i n  

i nterpret i ng  sedimentati on ra tes deri ved from th i s  core . 

The mean s edi mentati on  rate pri or to 1 4 , 700 years  B . P .  ( Oti ran age 

sedi ments ) of 594 mm ka -1  i s  marked l y  greater than that of the younger 

sedi ments ( Aranu i an age ) of 156 mm ka -1  ( F i g .  7 . 5 ) .  The Aranu i an 

sed i mentat ion rate i s  s im i l a r to that obta i ned for sediments o f  th i s  age 

i n  cores ta ken from greater  than 1 500 m depth in the Bay of P l enty 

( Kahn  and Gl a sby ,  1 978) . I n  the Hawkes Bay reg i on ,  sedi mentat ion  rates 

have on l y  been determ i ned for post-Wa im i h i a  Formati on s ed i ments . These 

range from 0 - 360 mm ka -1 ( Lewi s and Kohn , 1 973 ) . F i ve cores from 

th i s  s tudy are of parti cu l ar  rel evance to the i n terpretat i on of core P69 

( F i g .  7 . 6 ) . Cores 1 4  and 1 5  were l ocated i n  the Omakere Depres s i on , 

core 2 1  i n  the Ak i ti o  Depre ss i on and cores 24  and 25  i n  the H i kurangi  

Trench ( F i g .  7 . 1 ) . The post -Whakatane Ash sed i menta t i on rate i n  core 

P69 i s  most  s i m i l ar to the po s t-Wa i mi h i a  Forma t ion rates recorded i n  
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cores 14 and 2 5 ,  a l though these ra tes were thought to be h i g h  for 

Ho l ocene sedi men ta ti on at such a d i s tance from s hore ( Lewi s and Kohn , 

1 973 ) . There i s  w i de var i ation amongst  the sed imentat ion ra tes  of the 

rema i n i ng cores ( Tabl e 7 . 3 ) . 

Because  no tephras were i denti f i ed by Lewi s and Kohn ( 1 973 ) between 

the Wa imi h i a  Forma ti on and "Oruanu i  As h "  ( Kawa kawa Tephra ) , i t  i s  not 

poss i b l e  to compare Aranu i an and Oti ran sed imentation rates wi th those 

i n  core P69 . However ,  i n  core 1 5  two tephras bel ow thei r " O ruanu i  As h "  

were i denti f i ed a s  Mangaoni  Lapi l l i  and Rotoehu Ash ( Lewi s a nd Kohn , 

1973 ) . The Rotoehu Ash to "Oruanu i  As h "  ( Kawa kawa Tephra ) s ed i mentati on 

rate of 58 mm ka - 1  determi ned for core 1 5  i s  very l ow i n  compari son wi th 
-1 the > 14 , 700 year B . P .  ra te of 594 mm ka in core P69 . 

Two rea sons are suggested for the wi de vari ation i n  sed imentati on 

ra tes i n terpreted from these cores : 

1 .  the presence of turbi di tes , as  s hown by the occurrence of 

sandy ,  non -tephr i c  hori zons  s u ggests e i ther scouri ng of  sed iment 

and an  underestima ti on of the reg i ona l  sed imenta ti on ra te or  more 

rapi d depo s i ti on of  coarse ma teri a l  l ead i ng to an  overes ti mati on 

of the reg i ona l  sed imentati on rate . Cores 2 1 , 24 and 25  s how 

evi dence of vary i ng  effects o f  turb i d i tes whi l e  cores 14 and 1 5  

are a l most  unaffec ted ( Lewi s  and Kohn , 1973 ) . Core P69 s hows 

ev i dence of l i ttl e turb i d i te acti v i ty and shows sed i mentati on 

ra tes mos t  s i mi l a r to core 1 4  but  q u i te d i fferent for core 1 5  

( Tab l e 7 . 3 ) . 

2 .  there may be a n  error i n  prev i ou s  tephra i denti f i cati on , 

parti cu l ar ly  i n  the case of  core 1 5 .  I f  core 1 5  i s  re i nterpreted 

i n  the l i ght  of the known s trati graphy of core P69 ( F i g .  7 . 6 ) , the 

sedimentati on ra te for pos t-Wa im i h i a  Forma tion sed iments i n  core 

1 5  i s  unchanged , rema i n i ng l ower than the pos t-Wha katane Ash Ra te 
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Tab l e  7 . 3  Sedi mentation rates i n  cores from th e Omakere Depres s i on reg i on 

Sedi mentati on Rates ( mm ka- 1 ) 

Core N umber post-Wa i mi h i a  pos t-Whaka tane post-Rotoma pos t-Kawakawa 

2 5  158 - - 81 

24 at  s u rface - - 25  

2 1  61  - - 63  

1 5  58 - - 60 

1 5 1 58 369 242 

14 190 

P69* - 156 1 54 272 

* Th i s  paper .  The rema i n i ng cores are from Lewi s and Kohn , ( 1973 ) . 

1 5 1 i s  core 1 5  rei nterpre ted i n  terms of the s trati graphy of core P69 . 

N ....... 
1.0 
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i n  core P69 . However , i f  " Rotoehu As h "  i n  core 1 5  i s  re i n terpreted 

as  Rotoma Ash , a sed i mentat ion rate i s  obta i ned whi ch i s  more 

cons i s tent wi th tha t of the po st-Rotoma Ash  sed imenta ti on ra te i n  

core P69 ( Tab l e 7 . 3 ) . 

AGE DETERM I NATIONS FROM SED IMENTATI O N  RATES 

Radi ocarbon ages are known for o n ly  fi ve of the tephras pos i ti ve l y  

i denti fi ed i n  core P69 ( Tab l e 7 . 1 ) . Four other tephras , Okareka As h ,  

Te Rere Ash , Po i h i p i Tephra , and Oka i a  Tephra , have esti ma ted ages based 

on s trati graph i c  re l at ions h i ps wi th o ther , dated tephra s ( Tab l e 7 . 1 ) . 

On l a nd ero s i on breaks are common , parti cu l ar ly  i n  tephra sequences of  

Oti ran age , mak i ng it  d i ff i cul t to es t ima te ages . I n  a non -eroded 

mar i ne sediment sequence more prec i se es timates o f  ages of u ndated tephras  

are poss i b l e by u s i ng the s ed imentat i o n  ra te i n terpol ated between tephras 

of  known age . Where da ted tephras a re c l ose ly  s paced i n  t ime a nd there 

i s  no evi dence of. non -un i form sedimentati on , a reasonabl e l evel  of 

accuracy i n  a ge esti mati on  cou l d be  expected . Thi s i s ,  of cou rse , very 

dependent on the accuracy of the Rad i ocarbon ages obta i ned for the tephras  

i n  terres tr i a l  sequences . 

Core P69 i s  cons i dered to have good s trati graph i c control and the 

ages of undated tephras  ba sed on i nferred sed i mentati on rates  are l i s ted 

i n  Tab l e 7 . 1 . . The sed i mentat ion  rate ( S R )  age for the Okare ka Ash of  

17 , t 00 years B . P .  i s  s im i l ar to ori g i na l  estimates from terres tri a l  

sequences of  c i rca 17 , 000 years B . P .  ( e . g . , Pu l l ar ,  1 980 )  and i s  

cons i s tent wi th i ts observed stra ti gra ph i c  pos i tion i n  tephri c l oess  

un i ts between  Rerewha kaa i tu Ash and  Kawakawa Tephra . 

L i ttl e  i s  known about the age of Te Rere Ash but  i t  i s  thought to 

be c i rca 18 , 000 years  B . P .  ( Pu l l a r ,  1980 ) . The SR age of  c i rca 1 9 , 1 00 

B . P .  determi ned from core P69 i s  s l i ght ly  ol d_er than th i s  publ i s hed 



es timate but appears cons i s tent  wi th the s trati graph ic  pos i ti on of 

Te Rere As h wi th i n  tephr ic  l oe s s  overl yi ng  Kawakawa Tephra . 

The two pre-Kawa kawa Tephra erupti ves , Poi h i p i  Tephra and Oka i a  

Tephra , are thought  to b e  l es s  than 25 , 000 years o l d ( Pu l l ar ,  1 980 ) . 
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The SR ages of 20 , 300 years B . P .  and 21 , 200 years B . P .  respect ive ly  

suggest ages  much c l oser to the  t ime of the  eruption of  Kawakawa Tephra . 

Sed imenta ti on rates have been a l so  used to date tephra s wh i ch 

ca nnot currentl y be  correl a ted wi th known tephra s i n  terres tri a l  

sequences . These e stimated ages are presented i n  Tab l e 7 . 1 .  These 

uncorrel a ted tephra s appear to have been erupted duri ng the l a ter part 

of the Oti ran when terres tr i a l  sequences i n  the centra l North I s l and 

conta i n  wi des pread tephr ic  l oess  and ero s i onal breaks . On the bas i s  

of current  work , i t  i s  i nterpreted that tephras  5 and 7 are sma l l tephras 

wh ich  have not yet been i denti fi ed i n  terres tri a l  sequences as separate 

erupti ve events . 

QUARTZ ACCUMULAT ION  RATES 

W i th i n core P69 , there i s  a marked vari at i on i n  quartz accumu l at ion 

rates i n  both 63 - 20 and 5 - 2  �m s i ze fracti ons ( F i gs . 7 . 7  and 7 . 8 ) . 

Pr i or to the erupti on of Rerewha kaa i tu Ash at  c i rca 1 4 , 700 years B . P . , 

quartz accumu l ati on rates refl ect a much h i gher fl ux of q uartz i nto the 

mari ne  depos i ti ona l  env i ronment i n  l a te Oti ran  time . At  c i rca 

14 , 700 years B . P .  there was a rap i d  and  substantia l  decrease  i n  quartz 

accumu l at i on ra tes that l eve l l ed to a un i form Hol ocene rate ( F i g .  7 . 7 ) . 

Severa l concl u s i ons can be drawn about pa l eocl i ma ti c  and 

pal eoenvi ronmenta l  changes from the q uartz accumul at ion  da ta . The h i gh 

quartz accumu l at i on i n  Oti ran time refl ects w idespread aeol i a n sed iment 

transport duri ng g l ac i a l cond i ti ons . C hanges i n  quartz accumu l ati on 
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wou l d therefore ' be  rel ated to mechan i sms wh ich d i rectl y affect the 

ava i l ab i l i ty of quartz i n  the source areas and to aeo l i an sed i ment 

transport mechan i sms ra ther than d i rect ly  to i nferred g l oba l temperature 

changes . Two mechan i sms affecti ng the ava i l ab i l i ty of  q uartz are 

changes i n  vegetat i on , both i n  cover and type , and a ri se  i n  sea l evel  

i n undat i ng coa sta l  r i ver f l ood p l a i n  source areas . The post -g l ac i a l  

ri se  i n  s ea  l evel  i s  thought to have occurred at  c i rca 1 1 , 000 years B . P . 

( Broeker et �. ,  1960 ; Cu l l en ,  1967 ) b ut  because there i s  no evi dence 

i n  core P69 of a change i n  accumul a ti on rate at th i s  ti me ( F i g .  7 . 7 ) , 

other mechan i sms mu st  be i nvo l ved . 

One of  the ma i n  s tab i l i s i ng i nfl uences aga i nst  eros i on i s  

vegetati on . I t  i s  known that c i rca 18 , 000 years B . P .  much of  the 

centra l and southern North I s l and had a gra s s l and and s hrub l and vegetati ve 

cover ( McGl one and Toppi ng , 1973 ; 197 7 ) , in contrast  to the Aranu ian  

forests . I n  r i ver val l eys aggrada tiona l  ri ver terraces were bu i l t  up  

over wi de areas a nd were the source of extens i ve l oess depo s i ts ( Cowi e 

and Mi l ne ,  1973 ; Sel by ,  1975 ) . The  h i ghes t  ra te of q uartz accumu l a ti on 

recorded i n  core P69 occurs between c i rca 1 6 , 200 - 14 , 700 years B . P .  

( F i g .  7 . 7 ) . I t  ha s been  s uggested prev i ous ly  that the l as t  g l aci a l  

max imum occurred i n  New Zea l and at  ci rca 18 , 000 years B . P .  ( e . g . , 

Suggate and Moar , 1970 ) , some 1800 - 2000 years earl i er than the h i ghest 

quartz accumu l a ti on ra tes i n  the core . The peri od 1 6 , 200 - 1 4 , 700 years 

B . P .  i s  i nterpreted as representi ng a t ime i n  the southern North I s l and 

when there was maxi mum ero s i on coup l ed wi th a strong wes terl y wi nd sys tem 

that transported aeo l i an sed iment offshore . I f  the c i rca 18 , 000 years 

B . P .  g l ac i a l  max imum i s  correct then wi th a s l i g ht amel i orat ion  i n  

c l i mate after th i s  time , a gradual i ncrease i n  prec i p i ta ti on and 

attendant i ncreased eros i on i s  most l i ke ly  ( Tonk i n  et �- ,  1974 ) . I f  the 

s trong westerl y wi nd sys tem , thought to have ex i sted duri ng the g l ac i a l  



maxi mum i s  ma i nta i ned ( Th i ede , 1 979 ) , the comb i nation of i ncreased 

sed iment s upp ly  and s trong wi nds wou l d pos t-date the g l a c i a l  max imum 

and g i ve ri se  to a h i gher quartz fl ux wh i ch i s  evi denced from 16 , 200 -

14 , 700 years  B . P .  i n  core P69 . Rapi d accumu l a ti on at  the end of a 

g l ac i a l  peri od has been prev i ou s l y  postul ated for the extens i ve l oe s s  

depos i ts of the South I s l and , New Zea l a nd as  a resu l t of  c l i mati c 

fl uctuati ons and resu l tant changes i n  vegetati on cover ( I ves , 1973 ; 

Tonk i n  et �. , 1 974 ) . 
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Al ternati vel y ,  the  pos s i b i l i ty mu st be cons i dered that the 

max imum quartz accumu l a ti on rates i n  core P69 i nd i cate tha t the g l ac i a l  

max imum i n  the North I s l and wa s between 1 6 , 200 - 1 4 , 700 years B . P .  

However , th ere i s  no unequ i voca l ev i dence to s u pport such  an  hypothes i s  

known at  presen t .  

The rap i d  decrease i n  quartz accumu l ati on at  c i rca 14 , 700 years 

B . P . i s  seen as  the res u l t of two factors . F i rs tl y ,  the i n tens i ty 

of s trong wes terl i es mu st  have decrea s ed at  th i s  time , thus decreas i ng 

the amount  of  aeol i an sed iment eroded and transported . Second l y ,  

s tab i l i sat ion  o f  the source areas i s  i ndi cated and th i s  i s  evi denced by 

the rapi d expans i on of  fores t cover over much of  the area ( McGl one and 

Toppi ng , 1973 ; 1977 ) . Th i s  i s  cons i s tent wi th the sou thward movement 

of the westerl y wi nd sys tem a s  the pol ar wi nd  and ocean c i rcu l at ion  

sys tems contracted to  h i gher l a ti tudes at  the end of  Oti ran t ime 

( Lamb and Woodroffe , 1970 ;  Gardner a nd Hays , 1976 ) . 

CARBONATE AND B I OGEN I C  S I L I CA ACCUMULATI ON RATES 

The carbonate d i s tri buti on i n  core P69 s hows a h i g her concentrati on 

in sed iments of pos t-g l ac i a l  age than i n  Oti ran -aged sediments ( F i g . 7 . 7 ) . 

However , the pos t-g l ac i a l  carbona te accumu l a ti on i s  l ower than tha t  duri ng 
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Oti ran time due to the markedl y l ower post-g l a c i a l  sedimentat ion  rates . 

A s i mi l a r d i s tri but ion  of carbona te has been recorded from Atl anti c 

deep-sea cores where d i l u t i on of carbona te by a h i gh i nfl ux o f  detri ta l  

sed iment occurred duri ng g l ac i a l peri od s  ( Hays and Perruzza , 1972 ) . 

Di sso l uti on of  carbonate i s  cons i dered to be un important i n  core P69 

because of the rel a ti ve ly  sha l l ow depth ( 2195  m i s  above the carbona te 

compensati on  depth ) and l ack  of evi dence of forami ni feral tes t  

corro s i on .  

The causes of c hange i n  the producti vi ty of biogen i c  s i l i ca are 

s i mi l ar to those for b i ogen i c  carbona te ( Mol i na -Cruz , 1977)  and thi s i s  

refl ected i n  the c l ose s imi l ar i ty o f  the two accumul ati on ra te curves 

( F i g .  7 . 7 ) . The accumu l a ti on rates  at  the beg i nn i ng of Aran u i a n  t ime 

are c l early s hown to have decreased marked ly  from the Oti ran ra tes . 

There i s  a sugges ti on that  i ncrea sed amounts of b i ogen i c  s i l i ca 

occur i n  portions  of the core i n  prox im i ty to the tephra hor i zons  
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( F i g . 7 . 7 ) . Th i s  may i mp ly i ncreased b i ol og i ca l  ac ti v i ty but a l terna ti vely 

i t  may refl ect a sma l l component of  cr i s toba l i te ei ther conta i ned wi th i n  

the rhyo l i t i c  mater i a l , or cri stoba l i te form i ng from rhyol i ti c  g l a s s  

duri ng hea t i ng for b i ogen i c  s i l i ca determ i nati o n .  No cri s toba l i te wa s 

detected i n  the sampl es pri or to heati ng , i nd i cati ng that ,  i f  present ,  

the amount of i nheri ted cri stoba l i te i s  sma l l .  

Carbonate and s i l i ca producti v i ty duri ng the Oti ran  S tage , a s  

i ndi ca ted by the accumu l ati on rate curves , appears to have been re l ati ve ly  

uni form ( F i g .  7 . 7 ) . The decrease  i n  accumu l a ti on ra te a t  the end of 

the Oti ran commences at c i rca 1 4 , 700 years B . P .  and fa l l s  to a rel ati ve ly  

uni form post-g l ac i a l  l eve l a t  c i rca  1 2 , 000 years B . P .  ( F i g .  7 . 7 ) . The 

change occurs more rap i dly  than the t ime s pan  i nd i cated by the quartz 

accumu l a t i on rates ( F i g .  7 . 7 ) . The reason for thi s l i es  i n  the d i fferi ng 



response of the respecti ve producti on mechan i sms  to cl i ma te cha ng e .  

Quartz i s  l a rge ly  genera ted o n  l a nd from e i ther outwash  or r i ver fl ood 

p l a i ns and may conti nue to be transported l ong after c l i ma ti c  c ha nges 

have occurred . On the other ha nd , the b i ogen i c  s i l i ca and carbonate 

i s  dependent on phys i ca l  and chem i ca l  factors rel a t i ng to the nutri ent 

supply at  a g i ven l ocati o n .  Nutri ent ri ch waters are brought to the 

surface by upwel l i ng ,  the i ntens i ty of wh i c h  i s  d i rectly proporti ona l 

226 

to wi nd i ntens i ty i n  a g i ven peri od of time ( Qu i nn ,  197 1 ; Mol i na-Cruz ,  

1977 ; Val enci a ,  1 977a ; 1977b ; D i ester-Haass  and Schrader , 1 979 ) . 

I ncreased b i o l og i ca l  producti v i ty i n  such nutri ent r ich  waters i s  

recorded by an i ncrea se i n  the bi o l og i ca l  component of sed iments 

accumul ati ng beneath ( Burck l e� 197 2 ;  E l l i s and Moore , 1973 ; D i e ster­

Haa ss , 1 97 6 ;  Mol i na-Cru z ,  1977 ; Ade l s eck  and Anderson , 1 978 ; Di ester­

Haas s  and Schrader , 1979 ) . 

New Zea l and i s  a t  present s i tua ted i n  the northern part of the 

wester ly  wi nd bel t of the Southern Hem i sphere and the S ubtrop i ca l  

Convergence l i es approx ima tely  across the centre o f  New Zea l and ( H eath , 

1 975 ) . I t  i s  bel i eved that the centra l gyres i n  the subtro p i ca l  

Atl anti c ,  Paci f i c  a nd I nd i an Oceans have rema i ned stab l e i n  pos i t i on and 

temperature and that i n  the Pac i fi c  the Subtropi cal Convergence has not 

s h i fted a pprec i ab l y ( CL IMAP , 1 976 ) . Th i s  has  l ed to a compres s i on of 

the area of Subantarcti c water by expans i on of the pol ar  front and an 

i ncrease  i n  wi nd ve l oc i ty due to the s teeper therma l grad i ent  i n  the 

atmosphere ( C L I MAP , 1 976 ; Gates , 1 976 ) . Ev i dence of i ncreased wi nd 

vel oc i t i es i n  the southwest  Pac i fi c  i s  reported from Austra l i a  ( Bowl er , 

1 978 ) a nd from quartz d i s tri buti ons  i n  the Tasman Sea and New Zea l and 

reg i ons  ( T h i ede , 1979 ) c i rca 18 , 000 years B . P .  

The synchronous  decrease  of s im i l ar magni tude i n  bo th carbonate 
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and b i ogen i c  s i l i ca accumu l at i on i n  core P69 ( F i g .  7 . 7 )  s ugges ts a 

comm on causati ve factor , a c hange i n  nutr i ent supp l y bei ng mos t  probab l e .  

B i o l og i ca l l y  producti ve zones tend to be e l ongate para l l e l to the zones 

of u pwel l i ng of  nutri ent ri c h  wa ter ( E l l i s a nd Moore , 1973 ) . For 

examp l e ,  a 5° s h i ft i n  l a ti tude for a l a ti tudi na l l y  el ongate zone wou l d  

be s uffi c i ent to cause a 5 -fo l d decrease  i n  accumu l a ti on of opa l 

( es timated from the data of E l  l i s and Moore , 1 97 3 ) . The abrupt 

decrease i n  the accumu l ati o n  rates of both carbona te and b i ogen i c  s i l i ca 

i n  core P69 i s  therefore s een a s  res u l t ing  from the southward m i grati on , 

and probab l e decrease i n  i ntens i ty ,  of the wes terl y wi nd sys tem i n  l a te 

g l a c i a l  and pos t-gl a c i a l  t ime . 

The b i o l og i ca l  components s how no i ncreased accumu l ati on i n  the 

per i od ci rca 1 6 , 200 - 14 , 700 years B . P .  as s hown by quartz accumu l ati on 

( F i g .  7 . 7 ) . T h i s confi rms the s ugg estion that  the i ncreased q uartz 

accumu l ati on wa s due to processes i n  the so urce a rea rather than i n  the 

wi nd transport system , because i ncreased wi nd ve l oci ti es wou l d resu l t 

i n  i ncreased ocean i c u pwel l i ng and res u l tant  b i o l og ica l  producti v i ty .  

N o  evi dence for i ncreased b i o l ogi ca l acti v i ty dur ing thi s time per i od 

wa s found i n  core P69 . 

B i o l og i ca l  acti v i ty may a l so  i nf l uence the accumu l at ion  of f i ne­

g ra i ned parti c l es i n  deep- sea s ediments . A probl em ar i ses i n  sed imenti ng 

f i ne parti c l es through a water col umn k i l ometers deep wi thout  wi de 

d i s persa l . I t  has been sugges ted that  these pa rti c l es are i ncorporated 

i nto faecal pel l ets by zoop l ankton a nd nekton i n  surface waters and 

thereby more rap i d ly  depos i ted ( De l  any et �· , 1 967 ; McCave , 197 5 ;  

Honjo and Roma n ,  1 978 ; Schei degger and Kri s sek , 1982 ) . Such  a mecha n i sm 

i nf l uenci ng depos i t i on i n  core P69 wou l d contri bute to the s harp decrease 

i n  quartz accumu l ati o n a t  1 4 , 700 years B . P .  I n  add i ti on ,  i f  bi ol og i ca l  



acti v i ty was respon s i b l e for the transfer of f i ne parti c l es to the sea 

fl oor , then the i ncrea se i n  quartz accumu l ati on between 1 6 , 200 - 1 4 , 700 

years  B . P .  i s  c l early i ndependent of b i o l og i ca l  producti v i ty and i s  

further ev i dence for changes i n  the qu artz source area s bei ng the ma i n  

control on quartz accumu l a ti on  a t  th i s  t ime . 

RHYOL I TI C  GLASS ACCUMULATION RATES 

The rhyol i ti c  g l ass  component i n  the core has a comp l etel y 

d i fferent ori g i n  from the quartz and b i ogen i c  components . Obv i ou s  

l arge i npu ts of rhyol i t i c  g l a s s  co i nc i de wi th each tephra hori zon 

( F i g .  7 . 8 ) , but the l ow background g l ass  accumu l at i on ra tes s how no 

response to known pal eoc l ima ti c  changes . The > 63 �m rhyo l i ti c  g l a s s  

bac kground accumu l ati on a pparent ly  i ncreases throughou t pos t-g l ac i a l  

sediments but th i s  i s  cons i d ered to b e  d u e  to the i ncreased i nfl uence 

of tephra dur i ng s l ow sed imentat i on and hence l es s  d i l u ti on by 

terri genous materi a l . 
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The non-carbona te component of the > 63 �m s i ze fract ion  i n  the 

core i s  l argel y vol cani c-deri ved , apart from rare , sa ndy , probab ly  d i s ta l  

turbi d i te l ayers ( F i g .  7 . 2 ) . The vo l can i c-deri ved gra i ns cou l d have 

been depos i ted e i ther a s  d i rect a i r  fal l materi a l , by the eventua l  

s i nk i ng o f  fl oati ng parti c l es , o r  by offs hore current transport .  The 

l a tter seems u n l i kel y ,  g i ven the l ac k  of turb i di te acti v i ty evi dent i n  

the core . The coi nci dence of accumu l a ti on peaks  i n  both the >63 · and 

63 - 20-�m s i ze fracti ons of rhyol i ti c  g l a s s  su gges ts s im i l ar trans ­

portati on and time of  depo s i t i on  for both fracti ons ; i f  the coarser 

parti c l es f l oated for a t ime an  out of phase  rel at ionsh i p  wou l d be 

expected . W i th i n  the tephras themse l ves , the l ack  of adm ixed hem i pe l a g i c  

sed i ment i nd i cates rap i d  s ed i mentati on  o f  vo l ca n i c  mater i a l  wi th n o  

redepos i ti on .  
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The l ack of  res pon se to pa l eoc l i mati c changes shown by the 63 -

20 �m rhyol i ti c  g l a s s  accumu l a ti on rate i nd i cates that th i s  was not a 

major component of  l oess i a l  add i ti ons to the sed iment i n  l a te Qua ternary 

time . Tephri c l oe s s  has been descri bed from the central North I s l and 

( Cowi e and  Mi l ne ,  1973 ; Pu l l a r and Kennedy , 1978)  duri ng  the Oti ran 

Stage and i ts absence from the l oess  component here i s  s urpri s i ng .  

However , core P69 i s  s i ted j u s t  to the south of the l a ti tudes i n  wh i ch 

tephri c l oess  i s  abundant i n  the centra l North I s l and and , g i ven the 

preva i l i ng west to north -wes t wi nds of the reg i on , is downwi nd of the 

major greywacke r i ver fl ood p l a i ns of the southern North I s l and  

( F i g .  7 . 1 ) . I n  th i s s i tuati on the i n put of  vol can i c  mater i a l  other than 

d i rectl y from an eruption wou l d be l ow .  

QUARTZ OXYGEN  I SOTOPE ABUNDANCE 

The oxygen i sotope abundance of quartz from both the 63 - 20 �m 

( representi ng l oes s i a l  quartz ) and 5 - 2 �m ( representi ng aeroso l i c  

quartz ) s i ze fract ions  wa s determ i ned a t  se l ected i nterva l s from core 

P69 (Tabl e 7 . 4 ) . There wa s no cons i s tent d i fference amongst  o 18o 

val ues wi th depth i n  e i ther s i ze fracti on . The o 18o va l ues  of  5 -

2 �m quartz of 1 3 . 6  - 14 . 8°/oo are con s i s tent wi th those  prev i o u s l y  

determi ned for aero so l i c  quartz from pel a g i c  sediments i n  s im i l a r 

l ati tudes i n  the Pac i fi c  ( C l ayton et �· · 1 972 ; Mokma et �· · 1 972 ) . 

The o 18o val ues of 63 - 20 �m quartz range from 1 2 . 2 - 13 . 3°/ oo and 

are s im i l a r to those  of quartz from the same s i ze fract ion  i n  a soi l 

from Taranak i , l ocated i n  a s imi l a r l a ti tude ( S tewart et � . •  1 977 ) , 

and to q ua rtz from thi s s i ze fracti on i n  o ther soi l s  and  sed i ments i n  

New Zea l and ( Mokma et �· · 1 97 2 ;  see Chapter · 4 ) . 
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Tab l e 7 . 4  Quartz oxygen i sotope data from core P69 

+ a lSo ( 0/oo ) 

Samp l e Depth ( m )  63ll - 20ll 5ll - 2ll 

1/4/6 0 . 5  - 0 . 6  14 . 8  

1/4/ 1 3  1 . 2  - 1 . 3  13 . 4  

2/4/4 1 . 9 - 2 . 0  12 . 2  

2/4/6 2 . 1  - 2 . 2  14 . 6  

2/4/ 12  2 . 7  - 2 . 8  1 2 . 9  

2/4/ 16  3 . 1  - 3 . 2  13 . 6  

3/4/ 3 3 . 4  - 3 . 5  1 3 . 1  14 . 6  

3/4/ 1 1  4 . 2  - 4 . 3  13 . 3  14 . 6  

4/4/ 5 5 . 2  - 5 . 3 13 . 3  1 5 . 0  

4/4/ 16  6 . 3  - 6 . 4  1 3 . 2  14 . 0  

* mean 13 . 0  ± 0 . 42 14 . 3  ± 0 .  58 

+ rel ati ve to SMOW 

* means were s i gn i fi cant ly  di fferent ( P  < 0 . 00 1 ) 
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A sys temati c vari a ti on i n  6 18o wi th gra i n  s i ze has been establ i s hed 

prev ious l y .  I n  North Paci fi c sedi ments 618o va l ues of quartz ranged 

from about 1 6°/oo for gra i ns >1 2  � m  i n  d i ameter to 19°/oo for gra i ns 

< 2  �m  i n  d i ameter ( C l ayton et �. , 1972 ) . However , the 6 18o va l ues 

of quartz of  comparabl e gra i n  s i ze from the South Pac i f i c  i s  l ower than 

that of qua rtz from the North Pac i fi c  and there i s  an estab l i s hed 

rel ati ons h i p  between decrea s i ng 6 18o and i ncrea s i ng l a ti tude i n  the 

South Paci fi c ( C l ayton et �. , 1 972 ; Mokma et �· , 1972 ) . Thus  

a l thou gh t he 6 18o va l ues  of quartz i n  core P69 exh i b i t a s im i l a r i ncrease 

wi th decrea s i ng gra i n  s i ze to the North Pac i fi c  quartz , the 6 18o va l ues 

themsel ves are cons i s tent wi th tho se prev i o u s ly  obtai ned for quartz i n  

the Sou th Pac i fi c .  These resu l ts are an i nd i cat ion of the homogene i ty 

of the oxygen i sotope compos i ti on of quartz i n  the vari o u s  s i ze fracti ons ,  

parti cu l a r l y  the 5 - 2 � m  s i ze fracti on , i n  the source materi a l s of  

ae:ol i an s ed iment i n  the  North I s l and of New Zea l and . 

CONCLUS I ONS 

Thi s study ha s demonstrated the va l ue of hemi pel a g i c sed iment 

sequences , i n  wh i ch tephras  of known age are preserved , for pal eocl imati c 

i nterpretati on . Mos t  of the major  tephras erupted from the centra l 

North I s l and s i nce c i rca 23 , 300 years B . P .  a re present i n  the core . 

1 .  The oxygen i sotope compos i ti on o f  l oess i a l and aeroso l i c  quartz 

i n  core P69 i s  cons i ste nt wi th that determi ned for quartz i n  

s i mi l a r s i ze fractions from a s im i l ar l a ti tude i n  both terrestr i a l  

and  mari ne env i ronments . 

2 .  A major decrea se i n  the a ccumul a ti on rates of quartz , carbonate , 

and  b i ogen i c  s i l i ca occurs  at  c i rca 1 4 , 700 years B . P . , the t ime of  
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erupti on of Rerewhakaa i tu As h .  The accumul ation of quartz depends 

on changes i n  both source area , as i t  affects suppl y of aeo l i an 

ma ter i a l , and changes i n  the transport mechan i sm .  The i ncrea sed 

accumu l ati on between c i rca 1 6 , 200 years B . P . , j u st  after the 

Oti ran g l ac i a l  max i mum , and c i rca 1 4 , 700 years B . P .  i s  i n terpreted 

a s  s howi ng i ncrea sed eros i o n . Th i s  i s  a ttri buted to ava i l ab i l i ty 

of quartzose sed i ment i n  the source a rea due to i ncrea s i ng ra i nfa l l 

wi th c l i ma ti c amel i oration  pri or to the estab l i s hment  of  forest 

vegetati on and the southward mi grat i on of  the wes terl y wi nd system . 

The sou thward movement of the wes terl y wi nd bel t res u l ted i n  a 

decrease i n  wi nd i ntens i ty and frequency ,  reduc i ng the transport 

of terrestri a l  mater i a l  and a l l owi ng the expans i on of fores t 

over much of the quartzose sou rce area s . The ci rca 1 1 , 000 years 

B . P .  ri se  i n  sea l evel may have further reduced the s i ze of the 

source area s of aeol i an materi a l , a l though th i s  must  have been a 

m i nor effect a s  there i s  o n ly  a sma l l c hange i n  quartz accumu l ati on 

about th i s  t ime . The abrupt change i n  quartz accumu l a ti on at  

c i rca 14 , 700 years B . P . i nd i ca tes  a short peri od , perha ps 300 -

500 years , dur i ng wh ich  the s trong g l ac i a l  wes terl y wi nd system 

moved southwards and caused a marked decrease i n  wi nd i ntens i ty .  

Th i s  was coup l ed wi th a ra p i d  expans i o n  o f  fores t cover whi ch 

s tab i l i sed the aeol i an s ed i ment source areas aga i ns t  further l a rge­

sca l e wi nd eros i on .  

3 .  The abrupt decrease i n  bo th carbonate and b i ogen i c  s i l i ca 

accumu l ati on a t  c i rca 1 4 , 700 years B . P .  i s  al so i nterpreted a s  

refl ect i ng a major change i n  the wi nd sys tem at th i s  t i me .  

Decreased wi nd i n tens i ty resu l ted i n  decreased u pwel l i ng o f  nutri ent  

-r i ch wa ter a nd a correspondi ng decrease i n  b i o l og i ca l  producti vi ty .  



There wa s no c hange i n  bi o l og i ca l  producti v i ty between 1 6 , 200 -

1 4 , 700 years  B . P . , when quartz accumu l ati on reached a maximum , 

i nd icat ing  that  changes i n  the q uartz source area s were the 

prime cause  of  the q uartz vari a ti o n  rather than changes i n  wi nd 

i ntens i ty a t  thi s t ime .  

4 .  The bac kground accumu l ati on of rhyol i ti c  g l ass  s hows no ev i dence 
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of an i ncrea se i n  Oti ran  t ime . T h i s  shows that the s o urce areas 

for the aeol i an sed i ment in core P69 therefore d i d  not extend 

north to the extens i ve areas where tephri c  l oess wa s depos i ted 

pri or _ to c i rca 1 4 , 700 years B . P .  

5 .  The fo l l owi ng sequence of events i s  proposed for the peri od from · 

ci rca 23 , 000 years B . P .  to the present i n  the southern North 

I s l and , ba sed on da ta from core P69 . 

23 , 000 

1 9 , 200 

18 , 500 

16 , 200 

14 , 700 

1 4 , 400 

9 , 500 

19 , 200 

18 , 500 

1 6 , 200 

1 4 , 700 

1 4 , 400 

col d ,  g l ac i a l  

s l i g ht ame l i orat ion , g l ac i a l , l i ttl e 
change i n  to ta l vegeta tion  cover but  
perhaps some expans i on of forest  i n  
pro tected areas 

max i mum col d ,  g l aci a l  

c l i mati c amel i oriati on , maxi mum quartz 
fl ux  i mp l es max imum aeo l i a n  sed i ment 
transport but  no maj or forest  deve l opment 

sou thward -mi grati ng c i rcumpo l ar  water 
l eaves area of core P69 , concurrent  wi th 
decrea s i ng w i nd i ntens i ty and rap i d  
expa n s i on of  fores t cover 

9 , 500 amel i orati ng c l imate , ear l y post-g l ac i a l  

present post-g l ac i a l . 



6 .  Sed imenta ti on rates i n  core P69 a l so s how a marked decrease from 

Oti ran to Aranu i an t ime . I n terpo l at ion of s edimentation  rates 
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between da ted tephra s a l l owed est imates to be  made of the ages of 

fou r Oti ran tephras  for wh i ch no radi ocarbon dates were ava i l ab l e .  

These are : 

Okareka Ash 

Te Rere Ash 

Poi h i p i  Tephra 

Oka i a  Tephra 

1 7 , 100 years B . P .  

1 9 , 100 years B . P .  

20 , 300 years B . P .  

21 , 200 years B . P .  

These est imated ages  are s imi l ar to prev i ou s  estimates  for 

Okareka Ash and Te Rere Ash  but  are younger than a prev i ous l y  

esti mated age of c i rca 25 , 000 years B . P .  for Oka i a  Tephra . 
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CHAPTER 8 

SUMMARY AN D CONCLUS IONS 

1 .  Th i s  s tudy has s hown , by oxygen i sotope analysi s ,  that auth i gen i c  

quartz has not formed duri n g  pedogenes i s  i n  sel ected soi l s  

deri ved from a range of parent  materi a l s .  These parent mater i a l s 

i nc l uded rhyol i t i c  tephra , andes i ti c  tephra , basa l t i c  tephra and  

basa l t i c  l a va and quartzose sands and sed iments . Quartz i n  th e 

a l b i c  hori zon o f  a Wharekohe soi l , or  1 1 kauri podzo l 1 1 ,  was s h own to 

be of  detri tal rather than pedogen i c  o ri g i n .  

2 .  Two strati graph i c  un i ts a re recogni sed i n  an Egmon t l oam s o i l from 

Taranak i . The upper ( teph ra )  un i t  i s  domi nated by primary 

andes i ti c  tephra whi l e  the l ower ( tephri c l oess ) un i t  i s  

characteri sed by a l arge q uartzofe l dspath i c  component and redepos i ted 

tephra . W i th i n the quartzofe l dspath i c  componen t ,  three sources of 

quartz are recogni sed , based on oxygen i sotope and  gra i n  s i ze a n a lys i s : 

( i )  a sand fract ion , represen ted by the 125 - 63 �m s i ze 

fracti o n , deri ved from l ocal  ( i ntrareg i ona l ) sources 

( i i )  a 1 1 l oes s 1 1 fracti on , represented by the 63 - 20 �m s i ze 

fracti on , from more di s tant ( i n terregi ona l ) sources , and  

( i i i )  an aerosol i c  dus t fract i on , represented by the 5 - 2  �m 

s i ze fract ion , from tropospheri c aeroso l s .  

An addi ti onal  component o f  rhyo l i ti c  tephra i s  present i n  the profi l e .  

Peaks  of rhyo l i ti c  g l ass  abundance wi th  de pth are tentati vel y 

correl ated wi th Taupo Pumi ce , Wa imi h i a  Ash and Rotoma Ash from the 

Centra l North I s l and . Kawakawa Tephra i s  known to occur  at  the base 



of the prof i l e  i n  the South Tarana ki regi on and p l aces a maxi mum 

age of c i rca 2 0 , 000 years B . P . on the soi l parent materi a l s .  
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3 .  The change from a h i gh rate of q uartz accumu l ation  i n  the tephri c 

l oess uni t to a l ow rate i n  the overlyi ng tephra un i t i s  

correl ated wi th the ci rca 1 1 , 000 year B . P .  post-g l aci a l  ri se  i n  

s ea l evel . Th i s i s  though t to have i n undated a l and bri dge area 

to the wes t ( w i ndward)  of the South Taranaki  reg i on , coveri ng the 

source area  of quartzose sedi ment and tephra . 

4 .  The anoma l ous  presence o f  quartz was exami ned i n  s i x  North l and  

basal ti c s oi l s  bel ong i ng to the Ki ri paka , Whati ti ri , Wa i otu , 

Keri keri , Ruatanga ta and O ka i hau  seri es . Quartz i n  the > 125  �m 

s i ze fract ion of  these so i l s  has an oxygen i sotope compo s i t i on 

cons i s ten t w i th tha t of  h i gh temperature quartz , an  observati on 

confi rmed by the presence of b i pyram i da l  q uartz i n  th i s  s i ze 

fracti on . Th i s  quartz i s  ei ther deri ved di rectly from a i r- fa l l 

rhyo l i ti c  tephras , and i n  parti c u l ar  the Kaharoa As h ,  from the 

Central North I s l and or i ndi rectl y from the same source a rea a s  

sedi ment carri ed down the Wai kato Ri ver a nd  transported by ocean 

currents to the west coas t beaches of  Northl and .  Quartz i n  the 

coarse s and from these beaches h as a s imi l ar oxygen i sotope 

compos i ti nn to that  of  quartz from s imi l ar s i ze fracti ons i n  the 

basal ti c s oi l s .  However , quartz oxygen i sotope compo s i t i on i n  

beach sands from the east  coast  of  North l and s hows a l arger ,  l ow 

temperature component and i ndi cates q uartz of mi xed ori g i n ,  w i th 

a l a rger component from l ocal sedi men tary rocks . 



5 .  Qu artz i n  the 6 3  - 20 � m  s i ze fracti on o f  the basa l ti c  so i l s  has  

an oxygen i sotope compos i t i on cons i s ten t wi th quartz of mi xed 

ori g i n ,  con s i dered to be l arge ly  deri ved from l ocal  Mesozo i c and 
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Terti ary sedi ments . Th i s  i s  con s i s tent wi th i n terreg i ona l  l oess  

deri ved from a n umber of  sources . 

6 .  Qu artz i n  the 5 - 2 � m  s i z e  fracti on o f  the basa l ti c  s oi l s  has  an 

oxygen i sotope compos i t ion  s i mi l a r to that of  other aeroso l i c  

dusts previ ous ly  reported from both s oi l s  i n  th i s  reg i on and mari ne 

s ed iments from a s imi l ar l a ti tude i n  the South Pac i fi c .  

confi rms the presence of  aeroso l i c  dust  i n  these so i l s .  

Th i s  

I n  the 

5 - 2 �m s i ze fracti on of the Ki ri paka soi l , anoma l ous l y  h i gh 

a 18o va l ues were obta i ned .  These unusual  val ues are attri buted 

to the presence of auth i gen i c  quartz from nearby mari ne s ha l es  

trans ported i n to the l oca l profi l e  by wi nd . Th i s  observati on 

i ndi ca tes that quartz of  l oca l  or i g i n  may occur i n  the fi ne s i l t  

fract i on o f  a so i l i n  add i ti on to aerosol i c  quartz . 

7 .  Four mi nera l ogi ca l components can be recogn i sed i n  the basa l ti c 

s oi l s ;  basa l ti c ,  secondary ,  rhyol i ti c  and detri tal . 

( i )  Basa l ti c component - th i s  compri ses mi neral s rema i n i ng 

unweathered from the ori g i na l  bas a l t tephra or  l ava . 

These are most abundant  i n  the younges t ba sa l t so i l s  and 

even here show ev i dence of  rap i d  weatheri ng . I n  the so i l 

deve l o pment seq uence exami ned , ol i v i ne i s  on l y  present 

i n  the Whati ti r i  so i l , where i t  occurs i n  the topso i l  as 

a res u l t of con tami nation  wi th tephra from the erupt ion 

of  a much yo unge r ,  nearby ci nder cone . 
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( i i ) Secondary component - thi s cons i s ts of  g l aebu l es of  

g i bbs i te ,  goeth i te and  l es ser  amounts of  c l ay mi n era l s ,  

mai n l y  of the kaol i n i te group . These become i ncreas i ng ly  

abundant  th rough the s o i l deve l o pment seq uence wi th geothi te 

g l aebu l es accumu l at i ng  i n  s urface hori zons and g i bbs i te 

predomi nati ng  at  depth . Th ese g l aebul es  cannot be 

d i saggregated by conven ti ona l  methods and i n  soi l s  s uch as 

the O kai hau may compri se up  to 90% of the non-cl ay fract i on . 

Thei r presence con tro l s the gra i n  s i ze d i s tri buti on of 

these  s oi l s . 

( i i i ) Rhyo l i ti c  component - th i s  i s  most abundant  i n  the s urface 

hori zons of a l l profi l es .  The occurrence of b i o ti te i n  

fou r  o f  the so i l s  i nd i cates  the presence o f  Kaharoa Ash 

but the presence of g l ass  i n  the remai n i ng s oi l s i ndi cates  

that other teph ras , probab l y  Taupo Pumi ce and Kawakawa 

Tephra i n  the o l des t soi l s ,  occur as  wel l .  The absence 

of Rotoehu Ash s uggests that ol der tephras  have been 

weathered out i n  the s trong weatheri ng envi ronment of these 

so i l s .  

( i v ) Detri tal component - th i s  compri ses a l most  enti re ly  quartz 

and the gra i n  s i ze of th i s  component i s  res tri cted to 

1 2 5 - 1 vm , the coarser q uartz be i ng of rhyol i ti c  ori g i n .  

W i th i n  the 1 2 5  - 1 vm s i ze range , two popu l ati ons of q uartz 

are recogn i se d ,  the s ame as  those determi ned from oxygen 

i sotope ana l ys i s .  

A l oe s s  popu l ation  o f  > 10  vm i s  recogn i sed as  bei ng deri ved from 

quartzose Mesozo i c  and Terti ary s ediments . An aerosol i c  dust 

component of 10 - 1 vm s i ze i s  recogn i sed as bei ng  deri ved in part 

from tropos pheri c aeroso l s and i n  part from l oca l sed iments . 



8 .  On ly  i n  the Ki ri paka so i l was a q uartz abundance di s tri buti o n  

determi ned wh i ch i ndi cated i nc reased accumul ation duri ng  Oti ran 

t ime .  I n  the rema i n i ng s oi l s  the rate o f  parent materi a l  

accumul at ion  was too s l ow fo r the change from gl ac i a l  to post­

g l aci a l  accumu l at i on to be detected . 

9 .  The accumu l ati on o f  aeroso l i c  q uartz i n  the basa l ti c s o i l s  does 

not i nd i ca te a cons i s tent seq uence of s o i l devel opment a l though 
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a genera l trend i s  evi dent for the l es s  devel oped so i l s  to h ave 

l ower amounts of aeroso l i c  quartz than the more deve l oped so i l s .  

Two of the s oi l s ,  Wa i otu and Keri keri , have anoma l o u s ly  l ow quartz 

contents for thei r i n ferred degree of s o i l  deve l opment .  Th i s  i s  

attri buted to recent stri ppi ng  o f  the Wa i o tu s i te by man and 

pre-Kaharoa As h eros i on at  the Keri keri s i te .  

1 0 .  For the rema i n i ng soi l s ,  the fol l owi ng est imati ons are made of  

profi l e  age , based on a compari son of  aerosol i c  qua rtz con tent 

wi th that of the Egmont l oam : 

Ki ri paka 

Whati ti ri 

Ruatangata 

Okai hau 

32 , 000 years B . P .  

39 , 000 years B . P . 

95 , 000 years B . P .  

83 , 000 yea rs B . P .  

1 1 . The  basa l ti c so i l  devel opmen t sequence i s  seen a s  an accumu l ati on 

o f  i ncrements of  surfi c i a l  basal ti c and non-basa l ti c addi t ions  

to  a s u cces s i on of  " accreti ng " soi l p rofi l es ,  each i nd i vi dual l y  

d i sti nct for a number of  di fferi n g  s i te characteri st i cs and not 

a res u l t of  so i l deve l opment  on � s i tu weatheri ng  basa l t .  

12 . I n  a chronoseq uence of  s o i l s  deve l oped i n  andes i ti c  and rhyo l i t i c  

tephra on s u rfa ces o f  known age , the aerosol i c  quartz contents 
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showed a systemati c i ncrea se w i th i ncreas i ng profi l e  age . Th us 

wi th i n  a reg i on of youthfu l  s oi l s  the amounts of aeroso l i c  q uartz 

accumu l a tion  i n  each so i l can be used for rel ati ve age dati ng . 

The gra i n  s i ze di s tri but ion  o f  the q uartz i s  con s i s tent  wi th a 

l oess i a l and aeroso l i c  dust  o ri g i n .  

1 3 . I n  both the chronosequence a nd mari ne  core P69 from off the east 

coast  a change from h i g h  g l aci a l  rates of  q uartz accumul ati on to 

l ow pos t-g l ac i a l  rates i s  ev i de nt . However ,  a much grea ter 

q uartz accumul a t i on rate i s  evi dent i n  the core rel ati ve to that 

i n  the chronosequence . The addi ti onal ma teri a l  i n  the core i s  

thought  to have been deri ved a s  l oes s from ri ver fl oodp l a i ns and 

sedi ments in  the southern North I s l and wh i ch l i e upwi nd of the 

core s i te .  I n  contra s t ,  the quartzose source a rea for the 

chronosequence so i l s  was much sma l l er ,  even duri ng  g l ac ia l  times . 

The effect of l oca l  addi t i on s  on the accumu l at ion pattern of 

aeroso l i c  dus t i s  addi ti ona l to , and may be far greater than , tha t  

exerted by di fferences i n  ra i nfa l l prev i ous ly reported . 

14 . I n  mari ne core P69 , the res u l ts of  oxygen i sotope ana lys i s  of 

q uartz are cons i s tent wi th those determi ned for q uartz i n  s imi l ar  

s i ze fract ions from s imi l ar l ati tudes i n  both terrestri a l  and  

mari ne  depos i ts .  

1 5 . Quartz accumu l at ion decreases ab ruptly from a h i g h  g l ac i a l  (Oti ran )  

to a l ow post-gl ac i a l  ( Aranu i an )  rate a t  14 , 700 years B . P . , the 

t ime of  eruption  of Rerewhakaai tu Ash . The change i n  q uartz 

accumu l ation i s  thought to be due to two factors : 

( i ) a decrea s e  i n  i ntens i ty of the westerly wi nd system due 

to the southward mi g rati on of the westerl y wi nd b el t and 



( i i )  s tab i l i s at ion o f  source areas by forest expans i on .  

The c i rca 1 1 , 000 year B . P .  pos t-g l ac i a l  ri s e  i n  s ea l evel  i s  

thought to h ave h ad l i ttl e effect a s  no major changes i n  quartz 

accumu l at ion occur at thi s t ime . 

2 5 1  

1 6 .  The abrupt change i n  carbonate a nd  b i ogen i c s i l i ca accumul a ti on , 

a l so at 14 , 700 years B . P . , i s  thought  to refl ect a change i n  wi nd 

i ntens i ty at  thi s ti me .  Decreased wi nd i n tens i ty l ed to a decrease 

i n  upwel l i n g  of nutri ent-ri ch water and a correspondi ng  decrease i n  

b i o l og i ca l  a cti vi ty .  There was no change i n  b i o l og i cal 

product i vi ty between 16 , 200 and 14 , 700 years B . P . , when quartz 

accumu l at ion  reached a maximum ,  i nd i ca ti ng that changes i n  the 

quartz source areas were the pri me cau se of the q uartz var i ati on 

at  th i s  t i me ra ther than a change i n  w i nd i n tens i ty .  

17 . The source of  aeo l i an materi a l  depo s i ted i n  core P69 di d not  

i ncl ude the  extens i ve areas of  tephra i n  the central North I s l and . 

Th i s  i s  s hown by the absence of an  i ncrease i n  background 

accumul ati on of  rhyo l i ti c  g l ass d uri n g  Oti ran time . 

18 . Sedimentat i on rates i n  core P69 a l so show a marked decrease  from 

Oti ran to Aranu i an t ime . I nterpol at i on of  sedimentati on  ra tes  

between dated tephras al so  a l l ows the fol l owi ng estimates to be  

made of the ages  of four Oti ran rhyo l i ti c  tephras  from the 

Centra l  North I s l and for whi ch no rel i ab l e radi ocarbon dates  are 

avai l a b l e :  

O ka reka As h 1 7 , 100 years B . P .  

Te Rere Ash 1 9 , 100 years B . P . 

Poi h i pi Tephra 20 , 300 years B . P .  

Oka i a  Teph ra 2 1 , 200 years B . P .  
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19 .  The fo l l ow i ng l ate Oti ran - Aranu i an chronol ogy i s  s ugges ted , 

based on the evi dence i n  core P69 : 

23 , 000 - 19 , 200 

1 9 , 200 - 1 8 , 500 

1 8 , 500 - 1 6 , 200 

1 6 , 200 14 , 700 

14 , 700 - 1 4 , 400 

14 , 400 - 9 , 500 

9 , 500 - present 

col d ,  g l aci a l  

g l aci a l ,  s l i ght  amel i orati on 

g l ac i a l , maximum co l d 

cl i mati c amel i o rati on , max imum 

aeol i an trans port and eros i on ,  

l i ttl e forest cover 

southward m i g rati ng c i rcumpo l ar currents 

and wi nd systems l ea ve area of  core P69 , 

rap i d  expans i on of forest  cover 

amel i orat i ng cl imate , ear ly  post-gl ac i a l 

post-g l a c i a l . 
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Sampl e 

E 1 1  
E 4 
Te Aute 
R4 1 50 

E 1 1  
E 1 1  
E 4 
Te Aute 
R41 50 

Te Aute 
E 4 
R4 1 50 
R41 50 

Te Aute 
E 4 
R4 1 50 
NBS-28 

Oxygen I sotope Ana lys i s  Resu l ts 

l i mestone 

S i ze Fract ion  
( �m )  

63-20 
63-20 
63-20 

( I n st i tute of Nuc l ear Sc i ences 

20- 5 
5-2  
5-2  

1 i mestone 5-2  

1 imestone 20-5 
20-5 

1 i mestone 20- 5 
5-2  

( I  nterna ti on a 1 o 18o s ta ndard )  

1 3 . 6  
1 3 . 9  
1 3 . 9  

s tandard)  

1 3 . 9  
14 . 5  
1 5 . 0  
1 5 . 3  
7 . 7  

1 4 . 5  
14 . 0  
7 . 8 
7 . 8  

14 . 5  
1 5 . 0  

8 . 0  

9 . 8  

P - 1  ( Ma s sey standard ) 1 0 . 7  
R4 1 50 8 . 4  

Whanga i s ha l e 63-20 2 3 . 0  

Whanga i sha l e 20-5 23 . 1  

Whanga i sha l e 5-2  24 . 2  

Rt 1 - 3  > 250 9 . 0 
Kp 1 - 5  > 250 8 . 2 
Ok  3 63-20 1 1 . 9  

O k  3 5-2  14 . 0  
R41 50 10 . 7  
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Samp l e S i ze Fracti on 0 180/ 160 
( �m )  ( 0/oo ) 

O k  3 63-20 1 2 . 3  
O k  3 5-2  1 2 . 1  
Rt  1 -3  > 250 8 . 2  
R41 50 1 2 . 1  

Kp 3 63-20 1 1 . 5  
YO 5 5-2  1 4 . 0  
Rt 7 ( HF trea ted ) > 250 7 . 2  
R41 50 6 . 4 

W I  4 5-2  1 2 . 9  
Kp 3 5-2 1 7 . 8  
Kp 8 5-2 18 . 2  
Rt 3 ( HF treated ) > · 2 50 8 . 3  
R4 150 7 . 1  

Ok 3 5-2  1 3 . 9  
Whanga i s ha l e 5-2  26 . 8  
Kp 3 5-2  1 5 . 7  
YO 5 5-2  1 2 . 7  
Ke 3 5-2 1 3 . 4  

Whangai s ha l e 63-20 2 2 . 3  
W I  4 5-2  1 2 . 9  
Kp 3 63-20 1 3 . 3  
R41 50 8 . 0  

Kp 3 63-20 1 2 . 0  
Ke 3 5-2 1 4 . 0  
Kp 8 5-2  18 . 7  
P- 1  9 . 4  
R4 1 50 8 . 0  

Rt-7 ( HF treated ) > 250 8 . 4  
Whangai sha l e 5-2 26 . 6  
YO 5 5-2  13 . 2  
Kp 3 5-2 1 7 . 1  
P - 1  9 . 4 
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APPEND I X  I contd . 

Samp l e S i ze Fracti on 180/ 160 

(l1 m )  ( 0/oo )  

Kp  8 63-20 1 1 . 6  
Kp 3 5-2  1 6 . 6  
Kp 8 5-2 18 . 5  
P - 1  1 1 . 0  

Kp 3 63-20 1 2 . 3  
Ke 3 63-20 1 2 . 0  
Kp 3 5-2  1 7 . 6  
P - 1  10 . 8  
R4 1 50 8 . 0  

Kp 8 5-2  19 . 6  
W I  4 63-20 1 2 . 1  
W I  4 5-2 1 2 . 7  
Kp 8 63-20 1 1 . 7  
P - 1 10 . 2  

W I  4 5-2  13 . 6  
W I  7 5-2  14 . 1  
W I  4 63-20 1 1 . 0  
W I  7 63-20 1 1 . 4  
P- 1  10 . 9  

W I  7 63-20 12 . 2  
Ok  3 5-2  12 . 9  
W I  7 5-2  13 . 9  
O k  3 63-20 1 1 . 9  
P - 1  10 . 1  

YO 8 63-20 10 . 8  
YO 5 5-2  14 . 0  
YO 5 63-20 10 . 8  
P-1  10 . 0  
R4 1 50 7 . 4  
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Samp l e S i ze Fract i on 180/ 160 
( llm )  ( 0/oo ) 

YO 5 5-2  13 . 7  
YO 8 63-20 1 1 . 8  
YO 5 63-20 1 1 . 6  
Ke 3 63-20 1 2 . 3  
P - 1  10 . 3  

YO 5 63-20 1 2 . 2  

1 1  1 1  1 2 . 0  
YO 5 5-2  14 . 1  

1 1  11  1 3 . 8  

1 1  1 1  1 3 . 9  
W I  4 63-20 1 2 . 2  

1 1  11  1 2 . 3  
W I  4 5-2 1 4 . 1  

1 1  1 1  14 . 8  

1 1  1 1  1 3 . 9  
W I  7 63-20 12 . 6  

11  1 1  1 2 . 5  

1 1  1 1  12 . 1  
Rt 7 63-20 1 2 . 1  

1 1  1 1  1 2 . 1  

1 1  1 1  1 1 . 4  
Rt 7 5-2  1 3 . 4  

1 1  1 1  14 . 2  

11  11  1 3 . 6  
Rt 1 6 3-20 12 . 0  

1 1  1 1  1 3 . 4  

11  11  1 2 . 6  
Rt 1 5-2  1 4 . 6  
Whanga i s ha 1 e 63-20 25 . 6  

NBS-28 10 . 0  
R4 1 50 8 . 5  
M- 1 ( Massey sta ndard )  12 . 2  
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Samp l e S i ze Fracti on 0 180/ 160 
( J..lm ) ( 0/oo ) 

Puta h i  ( 0 - 0 . 1  m ) 5-2  9 . 3  
1 1  63-20 9 . 0 

Putah i  ( 0 . 1 - 0 . 2  m ) 5-2  9 . 1  

11  63-20 9 . 2  
Wharekohe E hori zon 5-2  1 3 . 4  

11  1 1  63-20 1 2 . 8  
Kara ( 0 - 0 . 1 m ) 5-2  1 5 . 6  

63-20 1 2 . 1  
Kara ( 0 . 2  - 0 . 3  m ) 5-2  1 5 . 1  

1 1  63-20 1 2 . 0  
Te Koperu s and  5-2  14 . 2  

1 1  1 1  63-20 10 . 9  

11  1 1  > 63 8 . 9  
Mangaka h i a  Group sha l e 5-2  2 5 . 7  

1 1  1 1  1 1  63-20 1 2 . 0  
Oh i newa i Tephra 63-20 8 . 4  

1 1  1 1  1000-500 8 . 4  
Wa imamaku  beach sand 500-250 8 . 7  
Rarawa beach sand 2 50- 125  1 1 . 7  

1 1  1 1  1 1  12 5-63 1 1 . 5  
Core P69 1/4/6 5-2 1 4 . 8  

1 1  1/4/ 1 3  5-2 13 . 4  

1 1  2/4/4 63-20 1 2 . 2  

1 1  2/4/6  5-2 14 . 6  

1 1  2/4/ 1 2  63-20 1 2 . 9  

1 1  2/4/ 16 5-2 1 3 . 6  

M-1  1 1 . 6  



258 

APPEND I X I contd . 

Samp l e S i ze Fraction  0 180/ 160 
( f.lm )  ( 0/oo ) 

Core P69 3/4/3 5-2  14 . 6  

11  3/4/3 63-20 13 . 1  

1 1  3/4/ 1 1 5-2  14 . 6  

11  3/4/ 1 1  63-20 1 3 . 3  

11  4/4/5 5-2 1 5 . 0  

11  4/4/ 5  6 3-20 1 3 . 3  

1 1  4/4/ 16  5-2  14 . 0  

11  4/4/ 16 63-20 13 . 2  

Rt 3 2 - 1  1 3 . 6  

NBS -28 9 . 8  
R4 1 50 8 . 3  
M- 1  1 1 . 7  

'Resu\h recorded '"' A ppend1x I ac-� of ro.w do.t� an d 

Of\Q\1\eS 1C"om r-unS 11'\ wh1ck s ronclo.rc:h va.r r �d S l �n tfrc:on1 lJ {ro"" nortNA\ 
we� ch�re�cu·ded.. . 



APP EN D I X  1 1 .  Egmont s i l t l oam-gra i n  s i ze and po i nt count data , key to sampl e nomenc l a ture 

1 .  Gra i n  S i ze Di stri buti on ( gm ) . 

S i ze Fracti ons ( �m ) 

> 2000 2000- 1000 1000-500 500-250 2 50- 125  125-63  63-20 20-5 5-2 <2 

E 0-0 . 1 5 0 . 07 0 . 04 1 . 46 4 . 84 5 . 97  4 . 20 9 . 25 8 . 73 2 . 37 9 . 29 

E 0 . 1 5 -0 . 25 0 . 24 0 . 53 2 . 14 5 . 37 5 . 77 5 . 10 9 . 88 7 . 18 1 . 97 9 . 79 
E 1 3  0 . 05 0 . 60 2 . 32 4 . 39 4 . 62 4 . 2 7 5 . 50 8 . 94 1 . 32 8 . 20 
E 12  0 . 06 0 . 42 1 . 77 3 . 29 4 . 02 2 . 07  6 . 51 5 .  71  1 . 25 4 . 75 
E 1 1  0 . 05 0 . 43 2 . 1 1 3 . 9 1  4 . 68 3 . 03 3 . 47 1 1 . 57 1 . 48 6 . 38 
E 10 0 . 04 0 . 40 1 . 82 2 . 62 3 . 19 1 . 59 8 . 43 8 .  72 2 . 69 8 . 69 
E 9 0 . 1 1  0 . 48 2 . 03 2 . 43  3 . 3 1 2 . 19 8 . 70 10 . 52 2 . 02  7 . 9 5 
E 8 0 . 2 1 0 . 81  2 . 96 2 . 43 2 . 60 1 . 99 10 . 64 9 . 0 7  1 . 62 12 . 60 

E 7 0 . 9 7 3 . 47 2 . 12 2 . 06 0 . 96 1 1 . 52 8 . 00 1 . 90 9 . 5 5  0 . 35 

E 6 - 0 . 16 1 . 30 1 . 47  1 . 60 0 . 58 1 5 . 83 8 . 30 2 . 24 9 . 39 
E 5 - 0 . 05 0 . 46 0 . 92 1 . 39 1 . 09 1 7 . 0 5 9 . 95  1 . 65 1 1 . 29 
E 4 - 0 . 0 5 0 . 58 0 . 94 1 . 66 0 . 85 15 . 50 9 . 75 1 . 97  10 . 87 
E 3 - 1 . 95  1 . 06 1 .  7 1  2 . 82 1 . 1 7 1 1 . 8 3  9 . 90 1 . 39 8 . 09 
E 2 - 0 . 09 1 . 66 2 . 54 4 . 43 1 . 9 7  9 . 34 8 . 57 1 . 2 7  8 . 9 1  

E 1 0 . 22 5 . 00 3 . 32 4 . 1 7 7 . 60 2 . 39 8 . 08 6 . 24 1 . 24 5 . 40 

Dune Sand 0 . 33 0 . 86 4 . 9 7 1 7 . 64 20 . 22 0 . 68 1 . 59 1 . 85 0 . 3 1 0 . 62 
N 
U1 1..0 



APPENDI X I I .  contd . 

2 .  Gra i n  S i ze Parameters ( ca l cu l ated on a c l ay-free bas i s ) . 

Me( <P ) cr r ( <P ) s k r 

E ( 0 -0 . 1 5 )  4 . 0  2 . 3  + 0 . 04 

E ( 0 . 1 5-0 . 25 )  4 . 1  2 . 3  + 0 . 03 

E 1 3  4 . 4  2 . 4 - 0 . 19 

E 12  4 . 1  2 . 4  + 0 . 04 

E 1 1  4 . 1  2 . 3  - 0 . 0 1  

E 1 0  4 . 7 2 . 5  - 0 . 1 1 

E 9 4 . 6 2 . 4  - 0 . 19 

E 8 4 . 6  2 . 4 - 0 . 23 

E 7 4 . 2  1 . 6 - 0 . 29 

E 6 5 . 3 1 . 7  + 0 . 05 

E 5 5 . 4 1 . 5  + 0 . 14 

E 4 5 . 5  1 . 6 + 0 . 1 1 

E 3 4 . 6 2 . 2  - 0 . 20 

E 2 4 . 5  2 . 0 - 0 . 08 

E 1 3 . 1  2 . 6  + 0 . 1 1 

Dune Sand 1 . 95  1 . 1 3 + 0 . 14 

260 

KG 

0 . 75 

0 . 88 

0 . 70 

0 . 7=6 

0 . 80 

0 . 81 

0 . 85 

0 . 87 

0 . 88 

1 . 48 

1 . 29 

1 . 34 

0 . 93 

0 . 72 

0 . 83 

2 . 00 



APPEN D I X  I I .  contd . 

3 .  Quartz Gra i n  S i ze D i stri buti on ( gm )  

S i ze Fracti on ( �m )  

> 500 500-250 2 50- 125 125-63 63-20 20-5 5-2 < 2 

E ( 0.,.0 . 1 5 )  n d  nd nd nd 0 . 76 0·. 2 3  0 . 0 1 
E ( 0 . 1 5 -0 . 25 )  n d  n d  nd nd 0 . 45 0 . 26 0 . 04 
E 1 3  n d  nd nd nd 0 . 38 0 . 3 1 0 . 0 1  
E 1 2  0 . 02 0 . 01 0 . 24 0 . 38 0 . 94 0 . 23 0 . 02 
E 1 1  tr 0 . 04 0 . 03 0 . 13 0 . 40 1 . 08 0 . 02 
E 1 0  tr 0 . 0 1 0 . 08 0 . 08 2 . 10 0 . 66 0 . 06 
E 9 tr 0 . 03 0 . 02  0 . 10 1 . 0 1  1 . 24 0 . 02 
E 8 - 0 . 08 0 . 0 5  0 . 14 2 . 52 0 . 87 0 . 03 
E 7 tr 0 . 01 0 . 03 0 . 08 3 . 50 1 . 16 0 . 08 
E 6 tr tr 0 . 06 0 . 08 5 . 18 1 .  73 0 . 1 7 
E 5 tr tr 0 . 10 0 . 24 6 . 1 5 2 . 02 0 . 1 1 
E 4 tr 0 . 02 0 . 23 0 . 22 5 . 2 1  1 .  76 0 . 1 4 

E 3 0 . 0 1 0 . 04 0 . 32 0 . 14 3 .  72 1 . 42  0 . 07 
E 2 0 . 01 0 . 04 0 . 6 5 0 . 23 2 . 79 1 . 20 0 . 05  
E 1 0 . 01  0 . 0 1 1 . 22 0 . 1 5 1 . 96 0 . 88 0 . 02 

Dune Sand nd nd nd nd nd tr tr 
N 0') I-' 

--



APPEND I X  I I .  contd . 

4 .  Egmont Loam Po i nt Count Data . A .  125-63 �m s i ze fract i on ( counts ) 

Hornb l ende Hornbl ende K- Andes i ti c  R:hyol i ti c  Tota l 
Aug i te Hypers thene ( green ) ( b rown )  fe}dspar  B l a g i oc l a se  Q uartz g l ass  g l a s s  *Others counts 

E ( 0-0 . 1 5m )  2 1  16 1 2  1 - 1 2 1  18 2 1 1  28 12 340 
E ( 0 . 1 5- 2 1  20  12  1 - 143 28 197 32 1 7  4 7 1  

0 . 25m )  
E 13  14 14 6 - - 1 1 5  1 3  228 5 8 403 
E 1 2  39 14 8 - - 16 1  1 2  3 1 1  10 8 563 
E 1 1  20 1 5  4 - - 94 8 169 4 5 3 19  
E 10  26  8 4 - - 191  1 5  188 7 8 447 
E 9 22 1 3  2 - - 82 5. 209 9 10 352  -
E 8 27  7 5 - - 1 29 18 188 12  14  400 
E 7 2 1  1 9  3 - - 133 25  134 4 24 363 
E 6 36 20 6 1 1 200 55 1 29 15  20  483 
E 5 3 1  18 5 - - 1 19  37 72 1 3  13  308 
E 4 24 9 1 2  3 - 1 15 43 89 19 22  336 
E 3 1 7  20 9 - - 1 18 3 1  104 2 1  18 338 
E 2 26 1 1  1 5  1 - 92  49  190 9 32 425 
E 1 19  9 9 1 - 1 20 17 125 14 12 316 

Dune Sand 2 1  1 7  9 3 - 206 10 137  - 30 433 

* N 0"1 I nc l udes ti tanomagneti te ,  epi dote group mi nera l s ,  b i oti te ,  muscovi te ,  c h l ori te ,  z i rcon .  N 



APPEN D I X  I I .  contd . 

4 .  Egmont Loam Po i nt Count Data . B .  63-20 � m s i ze fracti on ( counts ) 

Hornb l ende Hornb l ende K- Andes i ti c  Rhyo l i ti c  Tota l 
Augi te Hypers thene ( green ) ( brown ) fel ds par P l a g i oc l ase  Quartz g l a s s  g l a s s  *Others counts 

E ( 0- 0 . 1 5m )  1 1  40 8 - - 136 32 143 1 3  3 2  4 1 5  
E ( 0 . 1 5 - 1 7  44 12  - - 24 1 34 237 32 58 675 

0 . 25m )  
E 13  1 5  2 9  8 - - 177  28 242 58 60 6 1 7  
E 1 2  6 31 1 - - 1 50 3 1  153  14  21  407 
E 1 1  14 13  3 1 - 262 35 191  1 1  46 576 
E 10 13 24 6 - - 223 69 163 18 29 547 
E 9 10 27  4 - 1 2 18 87 325 22  52  746 
E 8 5 1 5  1 - - 1 74 63 160 9 26 453 - -
E 7 13 33 1 - - 248 2 54 38 14 74 675 
E 6 1 1  1 7  1 1 - 160 186 25  8 42 45 1  
E 5 1 2  12  4 - - 203 259 27 9 46 572 
E 4 3 2 1  3 - 1 172  180 16  7 5 1  454 
E 3 18 24 4 - 1 227 158 22 9 42 495 
E 2 1 2  28 1 1 2 220 100 26 9 26 425 
E 1 18 25 6 2 1 224 1 30 107 2 1  37 571 

Dune Sand 3 8 - - 1 1 9 1  9 106 1 8 327  

* N 
I nc l udes ti tanomagneti te , epi dote group mi nera l s ,  b i oti te ,  muscov i te ,  chl ori te , zi rcon . 0'1 

w 



APPENDI X I I .  contd . 

5 .  Egmont l oam , key to s amp l e nomenc l ature . 

Sampl e Depth ( m )  

E ( 0-0 . 1 5 )  0-0 . 1 5 

E ( 0 . 1 5-0 . 25 }  0 . 15-0 . 2 5  

E 13  0 . 25-0 . 35 

E 12  0 . 35-0 . 4 5  

E 1 1  0 . 45-0 . 55 

E 1 0  0 . 55 -0 . 65 

E 9 0 . 65-0 . 7;5 

E 8 0 . 75-0 . 85 

E 7 0 . 85-0 . 9 5 

E 6 0 . 95- 1 . 05 

E 5 1 . 05 - 1 . 1 5 

E 4 1 . 1 5 - 1 . 25 

E 3 1 .  25- 1 . 35 

E 2 1 .  35-1 . 45 

E 1 1 . 45- 1 . 55 

Dune Sand > 1 .  55 m 

264 



APPEN D I X  I l l .  Ki r i pa ka s i l t l oam - gra i n  s i ze and po i nt count data , key to sampl e nomencl ature . 

1 .  Gra i n  S i ze Di s tri buti on  ( gm )  

S i ze Fracti on ( �m )  

>4000 4000-2000 2000 - 1000 1000-500 500-250 2 50- 125  125-63 63-20 20-5 

Kp 1 - 0 . 08 0 . 19 0 . 34 0 . 82 1 . 65 2 . 1 7 4 . 75 6 . 85 
Kp 2 - 1 . 23 0 . 52 0 . 59 1 . 23 2 . 55 3 . 30 5 . 55 7 . 67 
Kp 3 - 0 . 56 0 . 35 0 . 50 1 . 0 1  2 . 1 7  2 . 93 4 . 95  7 . 86 
Kp 4 - 0 . 33 0 . 28 0 . 36 0 . 76 1 . 26 1 . 4 5  3 . 18 6 . 93 
Kp 5 - 0 . 16 0 . 2 1  0 . 40 0 . 75 1 . 25 1 .  5 1  3 . 65 7 . 06 
Kp 6 - 0 . 88 0 . 22 0 . 34 0 . 59 1 . 10 1 . 50 3 . 90 8 . 26 
Kp 7 - 0 . 19 0 . 2 1 0 . 29 0 . 44 0 . 7 1 1 . 13 4 . 44 8 . 56 
Kp 8 - 0 . 05 0 . 19 0 . 31 0 . 30 0 . 36 0 . 6 1  3 . 04 8 . 50 
Kp 9 - 0 . 1 7 0 . 28 0 . 26 0 . 30 0 . 5 1 2 . 98 8 . 64 
Kp 10  - 0 . 09 0 . 24 0 . 33 0 . 3 1 0 . 29 0 . 53 2 . 86 7 . 6 1 
Kp 1 1  - 0 . 06 0 . 26 0 . 47  0 . 56 0 . 62 0 . 72 3 . 60 9 . 05  

5-2  

2 . 2 7 
3 . 09 
3 . 42 
2 . 90 
2 . 9 7  
3 . 66 
4 . 07  
5 . 26 
2 . 55 
3 . 30 
4 . 18 

< 2 

26 . 09 
28 . 1 7 
32 . 30 
39 . 18 
43 . 38 
4 1 . 24 
50 . 00 
51 . 45 
57 . 70 
54 . 27 
54 . 02 

N 0"1 01 
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2 .  Gra i n  S i ze Parameters  ( ca l cu l ated on  a c l ay- free bas i s )  

M ( <P ) � (J ( <P ) I S k i KG 
Kp 1 5 . 33 2 . 23 - 0 . 24 1 . 0 1  

Kp 2 4 . 9 3 2 . 6 1  - 0 . 44 1 . 02 

Kp 3 4 . 98 2 . 19 - 0 . 29 0 . 92 

Kp 4 5 . 50 2 . 30 - 0 . 33 0 . 94 

Kp 5 5 . 55 2 . 16 - 0 . 26 0 . 9 7  

Kp 6 5 . 67 2 . 43 - 0 . 37 1 . 15 

Kp 7 6 . 1 2 1 . 90 - 0 . 26 1 . 04  

Kp 8 6 . 50 1 .  74 - 0 .  34 1 . 16 

Kp 9 6 . 30 1 . 60 - 0 . 35 1 . 26 

Kp 10 6 . 37 1 . 99 - 0 . 38 1 . 40 

Kp 1 1  6 . 2 5  1 . 96 - 0 . 34 1 . 19 

3 .  Qu artz Gra i n S i ze Di s tri buti on ( gm )  

S i ze Fracti on (flm) 

> 1000 1000-125  125-63  63-20 20-5  5-2  < 2 

Kp 1 nd nd nd 0 . 69 0 . 7 1 0 . 2 7 nd  
Kp  2 nd  nd nd 0 . 63 0 . 65 0 . 25 nd 
Kp 3 0 . 002 0 . 36 0 . 31 0 . 70 0 . 84 0 . 2 1  tr 
Kp 4 nd nd nd 0 . 82 1 . 03 0 . 45 nd 
Kp 5 nd  nd  nd  1 . 2 1  1 . 05 0 . 44 nd  
Kp  6 nd nd nd 1 .  30 1 . 23 0 . 44 nd 
Kp 7 n d  n d  nd 1 . 67 1 .  21 0 . 67 nd 
Kp 8 0 . 14 0 . 26 1 . 39 2 . 05 1 . 10 tr 
Kp 9 nd nd  nd 1 .  75 2 . 02 1 . 15 nd 
Kp 10 nd  nd nd 1 . 56 1 . 72 1 . 64 nd  
Kp  1 1  nd  nd  nd 1 . 34 1 . 66 1 . 20 nd  



267 

APPE ND I X  I l l .  con td . 

4 .  Po i n t  Count Data . 

125-63 �m 63-20 �m-

Rhyol i ti c  Rhyol i ti c  
g l ass  Total g l ass Tota l 

Kp  1 17.1  389 139 336 

Kp 2 1 39 338 148 338 

Kp 3 1 7 1  364 150 380 
Kp 4 9 5  386 42 377 

Kp 5 10 302 22 399 

Kp  6 8 339 9 417  
Kp  7 4 347 8 379 
Kp  8 7 44 1 5 372 
Kp  9 4 355 4 39 1 
Kp  10  4 3 1 1  4 32 7 

Kp 1 1  1 397 3 377 

5 .  Key to Samp l e N omencl ature . 

Depth ( m )  

K p  1 0.,.0 . 1  
Kp  2 0 . 1-0 . 2  
Kp 3 0 . 2-0 . 3  
Kp 4 0 . 3-0 . 4  
K p  5 0 . 4-0 . 5  
Kp  6 0 . 5-0 . 6  
Kp 7 0 . 6-0 . 7  
Kp  8 0 . 7-0 . 8  
Kp  9 0 . 8-0 . 9  
Kp 10 0 . 9 - 1 . 0  
K p  1 1  1 . 0- 1 . 1  



APPEN D I X  I V .  Whati ti ri  S i l t  Loam - Gra i n  S i ze Data 

1 .  Gra i n  S i ze D i s tr i but ion  { gm )  

S i ze Fracti on ( �m )  

<4000 4000-2000 2000- 1000 1000-500 500-250 2 50- 125  

W I  1 - 0 .  77  0 . 51 0 . 2 7 0 . 26 0 . 5 1 

W I  2 - 0 . 02 0 . 10 0 . 14 0 . 1 7 0 . 35 
W I  3 - 0 . 04 0 . 04 0 . 09 0 . 09 0 . 20 

W I  4 - - 0 . 04 0 . 80 0 . 1 1 0 . 1 3 
W I  5 - - 0 . 09 0 . 09 0 . 1 2 0 . 1 3 
W I  6 - 0 . 32 0 . 10 0 . 1 1 0 . 14 0 . 18 

W I  7 - - 0 . 1 7 0 . 1 5 0 . 18 0 . 24 

W I  8 3 . 56 0 . 30 0 . 2 1 0 . 23 0 . 29 0 . 42 
W I  Sa - 0 . 5 1 0 . 13 0 . 20 0 .2 5  0 . 33 

W I  9 - 0 . 10 0 . 24 0 . 39 0 . 49 0 . 65  

W I  10  4 . 26 0 . 36 0 . 4 1  0 . 53 0 . 82 1 . 29 
W I  1 1  - 4 . 42  0 .  76 0 . 90 1 . 19 1 . 6 1  

125-63 63-20 20-5 

1 . 1 7 6 . 40 7 . 04 
0 . 64 2 . 4 5  6 . 23 
0 . 39 2 . 1 1 5 . 18 
0 . 30 1 .  74 5 . 00 
0 . 25 1 . 6 1  4 . 35 
0 . 28 1 . 65 3 . 89 
0 . 39 1 . 43 5 . 25 
0 . 54 2 . 14 6 . 10 
0 . 5 1  2 . 1 5 6 . 34 
1 . 03 3 . 25 1 1 . 20 
1 . 60 4 . 34 13 . 32 
2 . 12 5 . 30 15 . 42 

5-2 

2 . 4 5  
1 . 7 1 
1 . 95 
1 . 50 
1 . 28 
1 . 65 
1 . 60 
2 . 83 
2 . 09 
2 . 68 
2 . 29 
2 . 94 

- > 2 

4 1 . 20 
46 . 96 
55 . 12 
52 . 50 
57 . 90 
5 7 . 3 1 
5 5 . 27 

42 . 36 
60 . 99 
46 . 7 1 
37 . 83 
32 . 42 

N 
"' 
CO 
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2 .  Gra i n  S i ze Parameters ( ca l cu l ated on a c l ay-free bas i s )  

Mi! (<P ) cr i (<!> ) S ki KG 

W I  1 5 . 42 2 . 22 - 0 . 19 1 .  56 

W I  2 6 . 13 1 . 66 - 0 . 26 1 .  21  

W I  3 6 . 35 1 . 55 - 0 . 21 1 . 06 

W I  4 6 . 02 2 . 07 - 0 . 38 1 . 38 

W I  5 6 . 32 1 .  5 1  - 0 . 25 1 . 18 

W I  6 6 . 22 2 . 1 1 - 0 . 39 1 . 49 

W I  7 6 . 30 1 .  75  - 0 . 39 1 . 43 

W I  8 4 . 07 3 . 78 - 0 . 53 1 . 6 1 

W I  8a 6 . 05 2 . 16 - 0 . 46 1 .  55 

WI 9 6 . 10 1 . 80 - 0 . 51 1 . 39 

W I  10  3 . 98 3 . 43 - 0 . 60 0 . 92 
, 

W I  1 1  4 . 53 3 . 08 - 0 . 57 0 . 98 

3 .  Quartz Gra i n  S i ze D i stri buti on ( gm )  

S i ze Fracti ons ( Jlm) 

r' > 1 000 1000- 125  1 2 5-63 63-20 20-5 5-2  < 2 

W I  1 nd nd nd 1 . 07 1 . 04 0 . 50 nd 
W I  2 0 . 08 0 . 19 0 . 95 1 . 19 0 . 39 tr 
W I  3 nd nd nd 0 . 9 7 0 . 94 0 . 46 nd 
W I  4 nd nd nd 0 . 84 1 . 16 0 . 34 nd 
WI 5 nd nd nd 0 . 68 0 . 9 7 0 . 30 nd 
W I  6 nd nd nd 0 . 69 0 . 74 0 . 26 nd 
W I  7 nd nd nd 0 . 41  0 . 55 0 . 1 3  nd 
W I  8a 0 . 04 0 . 09 0 . 46 0 . 40 0 . 1 5 tr 
W I  9 nd nd nd 0 . 18 tr 0 . 07  nd  
W I  10  nd nd nd 0 . 07 tr 0 . 02 nd 
WI 1 1  nd nd nd 0 . 04 tr 0 . 0 1 nd 
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4 .  Po i nt Count Data . 

1 25-63 ).J m 63-20 ).J m 

Rhyol i ti c Rhyol i ti c  
g l ass  O l i vi ne Tota l g l ass O l i v i ne Total 

WI 1 109 9 26 1  70 5 1  409 
W I  2 223  2 366 91 23 3 13  
W I  3 200 3 70 109 5 4 28 
W I  4 105 4 1 7  79 2 323 
WI  5 1 5  241  47 1 360 
WI 6 8 2 55 25 320 
w r 7 2 329 5 2 70 
W I  8 1 331  2 3 14 
W I  8a 2 4 1 1  6 376 
W I  9 1 354 336 
W I  1 0  360 3 380 
WI 1 1  390 2 362 

5 .  Key to Samp l e Nomencl ature 

Depth ( m )  
W I  1 0-0 . 1  
W I  2 0 . 1 -0 . 2  
W I  3 0 . 2-0 . 3  
W I  4 0 . 3-0 . 4  
W I  5 0 . 4-0 . 5  
W I  6 0 . 5-0 . 6  
W I  7 0 . 6-0 . 7  
W I  8* 0 . 7-0 . 8  
W I  8a 0 . 7-0 . 8  
W I  9 0 . 8-0 . 9  
W I  10 0 . 9 - 1 . 0  
W I  1 1  1 . 0 - 1 . 1  

* Conta i n s  moa crop s tones . 



APPEND I X  V .  Wa i otu fri ab l e c l ay - gra i n  s i ze and po i nt count da ta , key to sampl e nomencl ature . 

1 .  Gra i n  S i ze Di stri buti on ( gm ) 

S i ze Fracti on  ( �m ) 

>4000 4000-2000 2000- 1000 1000-500 500-250 2 50- 125  125-63 63-20 20-5 

YO 1 - 0 . 64 0 . 78 0 . 98 0 . 60 0 . 38 0 . 35 2 . 26 6 . 9 1 
YO 2 - 1 . 00 1 .  28 1 . 35 0 . 64 0 . 37 0 . 39 2 . 09 6 . 24 
YO 3 - 0 . 75 1 . 14 1 . 08 0 . 59 0 . 32 0 . 30 1 . 90 6 . 04 
YO 4 - 1 . 60 0 . 63 0 . 9 1  0 . 57 0 . 29 0 . 24 1 .  73 5 . 68 

YO 5 - 1 .  70 0 . 86 0 . 82 0 . 54 0 . 32 0 . 23 1 . 48 4 . 1 2 
YO 6 - 1 . 22 0 . 71 0 . 60 0 . 44 0 . 26 0 . 18 1 . 05 3 . 87 
YO 7 - 0 . 62 0 . 64 0 . 5 1 0 . 42 0 . 26 0 . 16 1 . 1 5 4 . 01 
YO 8 - 0 . 35 0 . 6 1  0 . 48 0 . 45 0 . 3 1 0 . 2 1  1 . 69 4 . 86 

YO 9 - 0 . 1 5 0 . 39 0 . 43 0 . 44 0 . 34 0 . 2 5 1 . 83 6 . 1 7 
YO 10 - 1 . 4 1  0 . 59 0 . 49 0 . 56 0 . 50 0 . 44 2 . 46 7 . 27 
YO 1 1  - 2 . 32 0 . 75 0 . 68 0 . 75 0 . 7 1 0 . 75 3 . 22 7 . 32 
YO 1 2  - 3 . 59 0 . 59 0 . 73 0 . 79 0 . 77 0 . 98 3 . 1 5 8 . 13 

YO 1 3  - 0 . 45 0 . 58 0 . 90 1 . 06 1 . 07  1 . 30 3 . 94 9 .  71  

YO  140- 1 50 - 1 .  74 1 . 46 1 .  75 1 . 80 1 .  76 1 . 82 4 . 47 7 . 57 

YO 240-250 - 0 . 87 1 . 36 1 . 49 1 .  79 2 . 69 4 . 0 7  7 . 78 1 1 . 75 

5-2 

2 . 3 1 
2 . 35 
2 . 20 
1 . 9 1  
1 .  7 1  
1 . 42 
1 . 64 
2 . 19 
2 . 67 
3 . 5 1 
3 .  7 1  
3 . 49 

3 . 6 1 

3 . 1 2 
3 . 88 

<2  

43 . 62 
45 . 20 
47 . 3 1  
45 . 57 
50 . 2 7 
5 1 . 67 
50 . 69 
49 . 24 
4 5 . 33 
43 . 44 
40 . 80 
40 . 6 1  

38 . 94 
32 . 76 
25 . 10 

N "-J ....... 

• 



272  
APPENDI X  V .  contd . 

2 .  Gra i n  S i ze Parameters ( ca l cu l ated on a c l ay-free bas i s )  

Mi! ( <P ) cr i ( <P ) S k i KG 

YO 1 4 . 95 3 . 00 - 0 . 55 1 . 2 2  
YO  2 4 . 53 3 . 2 7 - 0 . 53 0 . 65 
YO 3 4 . 63  3 . 22 - 0 . 56 0 . 78 
YO 4 4 . 44 3 . 42  - 0 . 58 0 . 68 
YO 5 4 . 10 3 . 58 - 0 . 51 0 . 62 
YO 6 4 . 30 3 . 49 - 0 . 56 0 . 63 
YO 7 4 . 78 3 . 24 - 0 . 57 0 . 79 
YO 8 5 . 30 2 . 86 - 0 . 52 1 .  32 
YO 9 6 . 1 3 2 . 22 - 0 . 38 1 . 48 
YO 10  5 . 1 7 3 . 07 - 0 . 53 1 . 2 5  
YO  1 1  4 . 63 3 . 34 - 0 . 50 0 . 87 
YO 12 5 . 42 2 . 65 - 0 . 46 1 . 1 8 
YO 1 3  5 . 45 2 . 49 - 0 . 43  1 . 09 
YO 140 - 1 50 4 . 30 3 . 12 - 0 . 30 0 . 78 
YO 240-250 4 . 87 2 . 57 - 0 . 28 0 . 96 

3 .  Quartz Gra i n  S i ze D i s tri buti on ( gm)  

S i ze Fracti ons ( llm )  

> 1000 1000- 1 25  1 2 5-63 63-20 20-5 5 - 2  <2  

YO  1 nd nd nd 0 . 9 1  1 .  53 0 . 43 n d  
YO 2 nd nd nd 0 . 88 1 . 49 0 . 40 nd  
YO  3 0 . 18 0 . 1 5 0 . 80 1 . 6 5  0 . 42 0 . 07 
YO 4 nd nd nd 0 .  72 1 . 5 7  0 . 36 n d  
Y O  5 nd nd nd  0 . 53 1 . 03 0 . 2 7 n d  
YO 6 0 . 01 0 . 1 1 0 . 07  0 . 37 0 . 56 0 . 12 tr 
YO 7 nd nd nd 0 . 1 7 0 . 26 0 . 06 n d  
YO 8 nd nd nd  0 . 10 0 . 1 6 tr n d  
Y O  9 nd nd nd 0 . 1 3 0 . 0 5  tr n d  
Y O  10 nd nd nd  0 . 06 0 . 08 tr n d  
YO 1 1  nd nd nd 0 . 0 1  0 . 0 1  tr n d  
Y O  12  nd  nd nd tr 0 . 0 2  tr  nd  
YO  13  nd nd nd 0 . 0 1  0 . 0 1  tr n d  
Y O  140- 1 50 nd nd nd tr tr tr n d  
Y O  240-250 nd nd nd tr tr tr nd 



APPEN D I X  V .  contd . 

4 .  Po i n t  Count Data . 

YO 1 
YO 2 
YO 3 
YO 4 
YO 5 
YO 6 
YO 7 
YO 8 
YO 9 
YO 10 
YO 1 1  
YO  1 2  
YO 1 3  
YO  150- 160 
YO 240-250 

125-63 �m 
Rhyo 1 i ti c 

g l a s s  

76 
102 
66 
28 
1 3  
8 

5 

5 .  Key to Samp l e Nomenc l ature . 

Depth (m ) 
YO 1 0-0 . 1  
YO 2 0 . 1 -0 . 2  
YO 3 0 . 2 -0 . 3  
YO 4 0 . 3-0 . 4  
YO 5 0 . 4-0 . 5  
YO 6 0 . 5-0 . 6  
YO 7 0 . 6-0 . 7  
YO 8 0 . 7-0 . 8  
YO 9 0 . 8-0 . 9  
Y O  10 0 . 9- 1 . 0  
Y O  1 1  1 . 0 - 1 . 1  
YO 12  1 . 1- 1 . 2  
YO 13 1 .  2 - 1 . 3  
YO 1 50- 160 1 . 5- 1 . 6  
YO 240-250 2 . 4-2 . 5  

Tota l 

3 2 1  
2 70 
290 
39 1 
430 
360 
355  
380 
420 
404 
2 3 1  
350 
322 
2 75 
359 

63-20 �m 
Rhyol i ti c  

g l ass 

34 
67 
30 
19 
18 
10 
2 
3 
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Tota l 

434 
5 1 7  
3 3 7  
463 
507 
6 1 7  
520 
493 
4 14 
378 
394 
4 18  
373  
432 
349 



APPEN D I X  I V . Ker i keri fri ab l e cl ay - gra i n  s i ze and po i n t  count data , key to sampl e nomencl ature . 

1 .  Gra i n  S i ze Di str i buti on 

>4000 4000-2000 

Ke 1 - -

Ke 2 - 0 . 65 

Ke 3 - 0 . 83 

Ke 4 - 0 . 64 

Ke 5 - 1 . 00 

Ke 6 - 0 . 49 

Ke 7 - 0 . 12 

Ke 8 - 0 . 06 

2000- 1000 1000-500 

0 . 10 0 . 50 

1 . 48 1 . 04 

0 . 9 5  0 . 56 

0 . 85 0 . 62 

0 . 6 7  0 . 63  

0 . 60 0 . 62 

0 . 33 0 . 48 

0 . 23 0 . 37 

S i ze Fracti on ( Jlm ) 

500-250 250- 125  125-63 63-20 20-5 

0 . 58 0 .  77  0 . 73 3 . 3 1 9 . 62 

0 . 55 0 . 44 0 . 87 3 . 52 10 . 9 1  

0 . 38 0 . 33 0 . 62 2 . 93 9 . 75 

0 . 42  0 . 28 0 . 34 2 . 60 10 . 3 1 

0 . 44 0 . 2 7  0 . 22 2 . 08 10 . 98 

0 . 44 0 . 30 0 . 25 2 . 96 10 . 1 3 

0 . 43 0 . 32 0 . 29 4 . 60 10 . 00 

0 . 45 0 . 53 0 . 6 1  7 . 30 12 . 29 

5-2  

3 .  77  

3 . 44 

4 . 20 

3 . 1 1 

3 . 52 

3 . 37 

4 . 05  

4 . 02 

< 2 

29 . 86 

36 . 93 

39 . 83 

44 . 60 

52 . 23 

43 . 9 7  

44 . 22 

45 . 62 

N '-J .j:::. 
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APPEN D I X  V I . contd . 

2 .  Gra i n  S i ze Parameters ( ca l cu l ated on a c l ay-free bas i s ) . 

M�( q> ) a i ( q> ) Sk i KG 

Ke 1 6 . 23 1 . 83 - 0 . 40 1 . 28 
Ke 2 5 . 20 2 . 78 - 0 .  56 1 .  2 7  
Ke 3 5 . 83 2 . 49 - 0 . 5 1 1 . 49 
Ke 4 6 . 07 2 . 24 - 0 . 50 1 .  70 
Ke 5 5 . 90 2 . 38 - 0 . 6 1  1 . 85  
Ke  6 6 . 1 5 2 . 04 - 0 . 51 1 .  58 
Ke 7 6 . 35 1 .  75  - 0 . 30 1 . 36 
Ke 8 6 . 18 1 . 63 - 0 . 23 1 . 1 1 

3 .  Quartz Gra i n  S i ze Di stri buti on 

S i ze Fractions  ( �m )  

> 1000 1000- 125 125-63 63-20 20-5  5-2  <2  

Ke 1 nd nd nd 0 . 32 0 . 42 0 . 1 7 nd  
Ke 2 tr 0 . 09 0 . 08 0 . 35 0 . 45 0 . 12 tr 
Ke 3 nd nd nd 0 . 2 7 0 . 47 0 . 1 5 nd  
Ke 4 nd nd nd 0 . 33 0 . 50 0 . 04 nd 
Ke 5 nd nd nd 0 . 29 0 . 34 0 . 13 nd 
Ke 6 0 . 09 0 . 05  0 . 30 0 . 24 0 . 1 3 tr 
Ke 7 nd nd nd 0 . 18 0 . 30 0 . 1 1  nd 
Ke 8 nd nd nd 0 . 05 tr tr nd 
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APPEND I X  VI . contd . 

4 .  Po i nt Count  Data . 

125-63 JJm 63-20 JJm 

Rhyol i ti c  Rhyo l i ti c  
g l a s s  Tota l g l a s s  Tota l 

Ke 1 187 342 1 70 497 
Ke 2 223  329 190 541 
Ke 3 242 331 1 1 5  544 
Ke 4 180 369 22  316  
Ke  5 44 272  38 565 
Ke 6 9 263 10 592 
Ke 7 2 307 1 382 
Ke 8 2 307 397 

5 .  Key to Samp l e Nomenc l ature 

Depth ( m ) 

Ke 1 0-0 . 1 

Ke 2 0 . 1-0 . 2  
Ke 3 0 . 2-0 . 3  

Ke 4 0 . 3-0 . 4  
Ke 5 0 . 4-0 . 5  
Ke 6 0 . 5-0 . 6  
Ke 7 0 . 6-0 . 7  
Ke 8 0 . 7-0 . 8  



APPEND I X  V I I .  Ruatangata fri ab l e c l ay - gra i n  s i ze and po i nt count da ta , key to samp l e nomenc l ature . 

1 .  Gra i n  S i ze Di stri buti on ( gm ) 

S i ze Fraction ( �m ) 

>4000 4000- 2000 2000- 1000 1000- 500 500-250 250- 125  1 25-63 63-20 20-5 5-2  

Rt 1 - 0 . 1 1 0 . 53 3 . 09 1 . 77 1 . 06 1 . 49 5 . 40 9 . 24 2 . 05  
Rt 2 - - 0 . 93 3 . 34 1 . 39 0 . 82 1 . 45  5 . 19 8 . 45  1 . 82 
Rt 3 - 0 . 0 1 1 . 01  2 . 59 1 . 2 5  0 . 64 1 . 14 4 . 10 8 . 52 1 . 20 
Rt 4 - 0 . 08 1 . 25 2 . 66 1 . 46 0 . 6 1  0 . 80 3 . 83 8 . 05 1 . 85 
Rt 5 - 0 . 15 0 . 92 2 . 35 1 . 4 2  0 . 59 0 . 78 3 . 99 7 . 9 1 2 . 05 
Rt 6 - 0 . 06 0 . 37 1 . 46 1 . 1 7 0 . 58 0 : 79 3 . 55 6 . 8 1 2 . 02 
Rt 7 - - 0 . 07 0 . 60 0 . 46 0 . 40 0 . 58 2 . 1 1 5 . 68 1 . 35 
Rt 8 - - 0 . 02 0 . 09 0 . 19 0 . 49 0 . 82 2 . 9 7  7 . 82 5 . 6 7  
Rt 9 - · - - 0 . 0 1 0 . 03 0 . 19 0 . 53 1 . 19 6 . 32 5 . 45 

Rt 10 - - - - 0 . 0 1  0 . 06 0 . 19 0 . 74 3 . 47 3 . 13 
Rt 1 1  - - - - 0 . 02 0 . 0 5  0 . 1 1 0 . 75 2 . 20 1 . 4 1  
R t  1 30- 142 - - - - 0 . 0 1  0 . 06 0 . 1 5 0 . 84 3 . 90 2 . 3 1 

< 2 

38 . 14 
43 . 23 
46 . 63 
52 . 1 5 
49 . 65 
5 1 . 35 
57 . 88 
59 . 92 
5 5 . 24 
58 . 77 
6 1 . 2 7 
56 . 88 

N 
-.....J -.....J 
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APPEN D I X  V I I .  contd . 

2 .  Grai n S i ze Parameters ( ca l c u l ated on a c l ay-free bas i s )  

M�( <P )  a i ( <P )  Sk i KG 

Rt 1 4 . 50 2 . 60 - 0 . 38 0 . 79 
Rt 2 4 . 36 2 . 68 - 0 . 37 0 . 74 
Rt 3 4 . 57 2 . 74 - 0 . 47 0 . 81 
Rt 4 4 . 47 2 . 78 - 0 . 45 0 . 68 
Rt 5 4 . 58 2 . 76 - 0 . 46 0 . 74 
Rt 6 4 . 94 2 . 54 - 0 . 43 0 . 98 
Rt 7 5 . 66 2 . 04 - 0 . 40 1 . 2 1 
Rt 8 6 . 5 1 1 .  50 - 0 . 38 0 . 97 
Rt  9 6 . 92 1 . 20 - 0 . 42 1 . 10 
Rt 10  7 . 03 1 . 10 - 0 . 47 1 . 03 
Rt 1 1  6 . 70 1 . 22 - 0 . 3 1 0 . 87 
Rt 130- 142 6 . 88 1 . 09 - 0 . 3 1 0 . 95 

3 .  Quartz Gra i n  S i ze Di s tri buti on ( gm )  

S i ze Fracti ons ( �m )  

> 1000 1000- 125  1 25-63 63-20 20-5  5-2  <2 

Rt 1 nd nd nd 3 . 20 4 . 20 0 . 75 nd  
Rt  2 nd nd nd 3 . 26 4 . 23 0 . 79 nd 
Rt 3 tr 0 . 53 0 . 66 2 . 87 3 . 85 0 . 96 0 . 02 
Rt 4 nd nd nd 3 . 04 1 . 69 0 . 89 nd 
Rt 5 nd nd  nd  3 . 16 1 . 89 0 . 99 nd  
Rt  6 nd  nd nd 2 . 53 2 . 53 0 .  71  nd 
Rt 7 0 . 26 0 . 24 1 . 14 2 . 57 0 . 19 0 . 03 
Rt 8 nd nd  nd 0 . 53 3 . 13 0 . 1 1 nd  
Rt  9 nd nd nd 0 . 16 1 . 82 0 . 06 nd 
Rt 10 nd nd nd 0 . 16 0 . 35 0 . 04 nd 
Rt 1 1  nd nd nd 0 . 30 0 . 09 0 . 06 nd  
Rt  130- 142 tr 0 . 06 0 . 35 0 . 44 0 . 09 tr 
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APPENDI X V I I .  contd . 

4 .  Po i nt Count Data . 

125-63  ll m 63-20 l.l m  

Rhyo l i ti c  Rhyol i ti c  
g l a s s  Total g l ass  Total  

Rt 1 1 50 305 204 471  

Rt  2 147 308 121  350 

Rt 3 132  347 73 376 

Rt 4 33 298 38 385 

Rt 5 14 338 36 45 1  

Rt  6 18 442 23 4 79 
Rt 7 6 260 13 370 
Rt 8 4 344 5 327 
Rt 9 430 2 355 

Rt 10  276 4 1 1  

Rt 1 1  358 281 
Rt 1 30- 142 326 375  

5 .  Key to Sampl e Nomencl a ture .  

Depth ( m ) 
Rt 1 0-0 . 1 

Rt 2 0 . 1 -0 . 2  
Rt 3 0 . 2-0 . 3  

Rt  4 0 . 3-0 . 4  
R t  5 0 . 4-0 . 5  
Rt 6 0 . 5-0 . 6  
Rt 7 0 . 6-0 . 7  
Rt  8 0 . 7-0 . 8  
Rt 9 0 . 8-0 . 9  
Rt 10 0 . 9- 1 . 0  
Rt 1 1  1 . 0- 1 . 1  
Rt 130- 142 1 .  3 - 1 . 4  



APPEND I X V I I I .  Oka i hau  grave l ly  c l ay - gra i n  s i ze and po i n t  count data , key to samp l e  nomenc l ature . 

1 .  Gra i n  S i ze Di s tri but ion { gm )  

S i ze .. Fracti an ( �m) 

>4000 4000-2000 2000-1000 1000-500 500-250 250- 125  125-63  63-20 20-5 

Ok 1 0 . 4 1  0 . 2 1 0 . 89 0 . 94 0 . 46 0 . 30 0 . 67 3 . 52 5 . 14 
Ok 2 8 . 14 0 . 76 5 . 98 2 . 93 1 . 55 1 . 24 2 . 37 10 . 48 16 . 30 
Ok  3 7 . 83 6 . 89 4 . 45 0 . 85 0 . 34 0 . 23 0 . 53 2 . 60 4 . 12 
Ok 4 3 . 74 1 1 . 63 2 . 34 0 . 6 1 0 . 24 0 . 14 0 . 32 1 .  78 3 . 18 
Ok 5 4 . 26 5 . 2 1 2 . 66 1 . 07 0 . 46 0 . 31 0 . 5 1 2 . 94 4 . 70 
Ok 6 1 .  9 1  0 . 68 0 . 9 5  0 . 64 0 . 33 0 . 24 0 . 4 1 2 . 68 4 . 58 
Ok  7 2 . 73 0 . 37 0 . 36 0 . 30 0 . 23 0 . 2 1 0 . 2 7 2 . 08 3 . 68 
Ok  8 1 . 83 0 . 47 0 . 30 0 . 3 1 0 . 24 0 . 20 0 . 26 1 . 67 3 . 14 
Ok 9 2 . 64 2 . 18 2 . 18 1 . 22 0 . 59 0 . 34 0 . 2 1 1 . 80 2 . 28 

5-2  

1 . 32 
5 . 44 
0 . 98 
0 . 85 
1 . 53 
1 . 55 
1 . 55  
1 . 50 
1 . 18 

<2 

1 3 . 6 7 
49 . 07 
12 . 90 
10 . 06 
16 . 22 
1 7 . 90 
1 8 . 81 
1 7 . 87 
1 7 . 7 1 

N 
OJ 0 
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APPENDI X V I I I .  contd . 

2 .  Gra i n  S i ze Parameters ( ca l cul ated on a cl ay-free bas i s )  

M� ( q, ) a i ( q, ) Sk i KG 

Ok  1 6 . 02 1 .  32 0 . 009 0 . 9 1 
Ok  2 6 . 1 7 1 . 40 - 0 . 10 0 . 85 
Ok 3 6 . 05  1 . 44 - 0 . 95  0 . 95 
Ok  4 4 . 65 2 . 87 - 0 . 49 0 . 66 
Ok  5 6 . 28 1 . 39 - 0 . 09 0 . 85 
O k  6 5 . 85 1 . 03 - 2 . 63  1 . 56 
Ok  7 5 . 98 1 . 04 - 2 . 09 1 .  28 
Ok 8 5 . 75 0 . 04 0 . 82 1 . 40 
Ok  9 5 . 83 0 . 85 0 . 84 1 . 1 8 

3 .  Q uartz Gra i n  S i ze Di stri b uti on { gm )  

S i ze Fracti ons ( l-!m)  

> 1000 1000- 125  1 25-63 63-20 20-5 5- 2 < 2 

Ok 1 nd  nd nd 1 . 77 1 ;. 29 0 . 2 1 nd 
Ok 2 0 . 83 1 . 04 5 . 39 3 . 05 1 . 0 1  tr 
Ok 3 nd nd  nd 1 . 93 1 . 06 0 . 1 7 nd 
Ok 4 0 . 10 0 . 20 1 . 05 0 . 86 0 . 14 tr 
Ok 5 nd nd nd 1 .  73 1 . 2 7 0 . 2 3 nd 
Ok 6 nd nd nd 1 . 16 0 . 84 0 . 2 3 nd 
Ok 7 nd  nd nd 0 . 2 5 0 . 68 0 . 04 nd 
Ok 8 nd  nd nd 0 . 06 0 . 05 0 . 0 1  nd 
Ok 9 nd nd nd tr nd 
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APPEN D I X  V I I I .  contd . 

4 .  Po i nt Count Data . 

1 25-63 J.lm 63-20 J.lm 

Rhyo 1 i ti c Rhyol i ti c  
g l ass  Tota l g l ass  Tota l 

Ok  1 206 345 166 3 1 5  
Ok 2 187 352 136 581 
Ok  3 9 7  373 69 472 
Ok 4 45 354 33 360 
Ok 5 9 350 1 5  45 1  
Ok 6 3 334 5 345 
Ok  7 1 2 1 1  337 
Ok 8 281 366 
Ok 9 267 323 

5 .  Key to Sampl e Nomencl ature . 

Depth ( m ) 

Ok 1 0-0 . 1 
Ok  2 0 . 1-0 . 2  
Ok  3 0 . 2-0 . 3  
Ok  4 0 . 3-0 . 4  
Ok 5 0 . 4-0 . 5  
Ok  6 0 . 5-0 . 6  
Ok 7 0 . 6-0 . 7  
Ok 8 0 . 7-0 . 8  
Ok 9 1 . 1- 1 . 2  



APPEND I X  I X .  Southern North I s l and Chronosequence - Gra i n  s i ze data and key to sampl e nomenc l a ture . 

1 .  Gra i n  S i ze D i stri but ion ( gm ) 

S i ze Fraction B urre l l I ng l ewood I ng l ewood Opua Opua Opua Opua Pungarehu 
( Jlm ) ( 0 -0 . 1 5 )  ( 0 . 1 5 -0 . 25 )  ( 0-0 . 1 ) ( 0 . 1 -0 . 2 )  ( 0 . 2 -0 . 3 ) ( 0 . 3-0 . 4 )  Formati on 

> 16000 2 . 38 - 3 . 9 1  - - - - nd 
16000 -8000 24 . 00 1 1 . 96 6 . 77 - - - - nd 
8000-4000 40 . 58 1 1 . 41 8 . 87 - nd - - -

4000-2000 37 . 74 9 .  72  1 2 . 25 - - - 4 . 81 24 . 85 
2000- 1000 63 . 16  1 6 . 1 7 19 . 22 0 . 0 1 0 . 03 - 0 . 32 14 . 1 5 
1000-500 66 . 96 22 . 0 1  1 7 . 92 0 . 04 0 . 09 0 . 02 0 . 50 24 . 09 
500-250 8 . 49 22 . 35 16 . 20 0 . 50 1 .  35 2 . 80 10 . 6 7 24 . 43 
250-125  13 . 27 26 . 92 1 7 . 44 6 . 23 7 . 50 10 . 77 22 . 73 1 1 . 90 
125-63 18 . 08 2 1 . 92 1 5 . 36 12 . 41 8 . 85 1 1 . 35 20 . 37 7 . 56 
63-20 30 . 15 34 . 85 23 . 2 1 1 7 . 77 1 1 . 5 1 2 . 29 22 ; 32 7 . 18 
20-5 2 7 . 2 2  ao . o3 1 7 . 39 32 . 58 1 3 . 99 7 . 07 23 . 66 5 . 58 
5-2 4 . 66 6 . 19 2 . 65 7 . 50 4 . 47 1 . 49 6 . 53 1 . 65 
< 2 6 . 1 2  1 1 . 80 7 . 32 32 . 57 1 7 . 72 2 7 . 09 39 . 86 7 . 33 

Oruanui  

0 . 94 
0 . 63 
1 . 86 
3 . 58 
5 . 34 
7 . 89 
8 . 82 
7 . 36 
1 . 00 
1 . 10 

N 
00 w 
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APPE N D I X  I X . contd . 

2 .  Gra i n  S i ze Parmeters ( cal cu l ated on a cl ay-free bas i s ) 

M� ( <P) cri ( <I> )  Ski KG 

Burrel l - 0 . 2  3 . 3  - 0 . 20 . 1 . 10 
I ng l ewood ( 0-0 . 1 5 )  2 . 5  3 . 3  - 0 . 05 0 . 94 

I ng l ewood ( 0 . 1 5-0 . 25 )  1 . 9  3 . 2  + 0 . 01 0 . 86 

Opua ( 0 -0 . 1 ) 5 . 4 1 . 7  - 0 . 1 3 0 . 79 

Opua ( 0 . 1-0 . 2 ) 4 . 9  1 . 9 + 0 . 08 0 . 74 

Opua ( 0 . 2-0 . 3 ) 4 . 1  1 . 9 + 0 . 47 0 . 9 5  

Opua ( 0 . 3-0 . 4 ) 4 . 1  2 . 2  + 0 . 20 0 . 9 1 

Pungarehu Formati on 0 . 96 2 . 4  + 0 . 12 1 . 2 1  

Oruanu i  3 . 87 2 . 2 - 0 . 01  0 . 98 

3 .  Key to Samp l e Nomencl a ture . 
Depth (m ) 

B urrel l 0-0 . 15 
I n g l ewood 0-0 . 15 
I ng l ewood 0 . 1 5-0 . 25 

Opua 0-0 . 1  
Opua 0 . 1 -0 . 2  
Opua 0 . 2-0 . 3  
Opua 0 . 3-0 . 4  
Pungarehu Format ion > 0 . 4  

Oruanui  0-0 . 1 5 



APPEND I X  I X .  contd . 

4 .  Quartz Gra i n  S i ze D i s tri bution  ( gm )  

>1 25  1 2 5-63 

Burre l l - tr 

I ng l ewood ( 0-0 . 15 )  - 0 . 05 

I ng l ewood ( 0 . 15-0 . 25 )  - 0 . 02 

Opua ( 0-0 . 1 )  - 0 . 0 1 

Opua ( 0 . 1 -0 . 2 ) - 0 . 10 

Opua ( 0 . 2-0 . 3 ) - 0 . 02 

Opua ( 0 .' 3-0 . 4 ) - 0 . 03 

Pungarehu  - -

Oruanui  - tr 

S i ze Fracti ons ( �m )  

63-20 20-5 

0 . 03  0 . 23 
0 . 70 0 .  72 
0 . 2 5 0 . 2 1 
0 . 59 0 .  52 
0 . 54 0 . 2 1 
0 . 09 0 . 09 
0 . 78 0 . 3 1 

- -

tr 0 . 0 7  

5 - 2  

0 . 02 
0 . 20 

tr 
0 . 10 
0 . 06 
0 . 0 2  
0 . 09 

tr 
0 . 0 1  

< 2 

N 
00 <.n 
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APPEND I X  X .  Core P69 Da ta S ummary .  

1 .  Gra i n  S i ze Di s tri but ion ( gm ) 

S i ze Fract ion  (� m ) 

Samp l e >63 63-20 20-5 5-2  < 2 

1/4/ l 0 . 49 0 . 05 7 . 60 2 . 22 6 . 1 7 
1/4/2 0 . 69 0 . 36 8 . 53 2 . 50 7 . 14 
1/4/ 3  0 . 75 0 . 30 9 . 0 7  2 . 34 7 . 38 
1/4/4 0 . 97 0 . 33 10 . 04 1 . 92 8 . 59 
1/4/ 5 1 . 20 0 . 2 7 10 . 89 2 . 14 8 . 88 
1/4/6 1 . 36 0 . 34 1 1 . 04 4 . 70 8 . 2 1 
1/4/ 7 1 .  78 0 . 46 1 1 . 30 3 . 34 9 . 96 
1/4/8  2 . 18 0 . 26 10 . 80 1 .  59 1 1 . 24 
1/4/9 1 . 32 0 .  77  10 . 64 2 . 18 10 . 1 7 
1/4/ 10 1 . 3 1  0 . 59 9 . 45 1 . 29 1 1 . 7 1 
1/4/ 1 1  1 . 48 0 . 46 1 1 . 69 1 . 68 10 . 09 
1/4/ 1 2  1 . 07 1 . 03 10 . 70 2 . 07  10 . 53 
1/4/ 1 3  0 . 96 0 . 39 1 1 . 0 2  2 . 49 9 . 80 
1/4/ 14 1 . 56 0 . 44 10 . 36 1 . 80 9 . 37 
1/4/ 1 5  1 . 2 5  0 . 33 9 . 24 1 .  96 8 . 84 
1/4/ 16  1 . 27 0 . 33 8 . 6 1 1 .  53 10 . 26 

2/4/ l 1 .  76 0 . 49 8 . 68 3 . 29 7 . 80 
2/4/ 2  1 . 38 2 . 93  6 . 73 3 . 12 8 . 00 
2/4/ 3 2 . 03 4 . 04 7 . 07 2 . 90 7 . 80 
2/ 4/ 4  1 . 68 3 .  79 6 . 88 2 . 9 3 7 . 70 
2/4/ 5 0 . 98 2 . 1 1 6 . 54 2 . 89 7 . 99 
2/4/6  0 . 66 3 . 42 6 . 04 2 . 76 7 . 2 7 
2/4/7 0 . 56 1 . 87 6 . 50 2 . 9 1  7 . 66 
2/4/8  0 . 42 2 . 86 9 . 2 1 4 . 03 8 . 9 7 
2/4/9 0 . 58 4 . 04 9 . 02 3 . 74 9 . 15 
2/4/ 10 0 . 16 3 . 02 7 . 53 3 . 89 9 . 09 
2/4/ 1 1  0 . 29 4 . 1 1 7 . 6 1  3 . 84 9 . 0 5  
2/4/ 1 2  0 . 22 3 . 28 7 . 92 3 . 84 9 . 3 1 
2/4/ 1 3  0 . 15 3 . 62 7 . 37 3 . 79 8 . 9 5 
2/4/ 14 0 . 23 3 . 82 7 . 74 3 . 82 9 . 32 
2/4/ 1 5  0 . 1 7 2 . 90 4 . 06 2 . 06 3 . 87 
2/4/ 16  0 . 2 1 2 . 32 7 . 23 3 . 51 6 . 1 1 

3/4/ l 0 . 36 1 . 51 9 . 80 3 .  7 1 ' 9 . 06 
3/4/2 0 . 31 3 . 58 7 . 82 3 . 65  9 . 50 
3/4/3 0 . 3 1 3 . 28 7 . 6 5  3 . 83 9 . 62 
3/4/4 0 . 36 2 . 87 6 . 94  3 . 39 8 . 8 1 
3/4/ 5 0 . 22 3 . 86 7 . 77 3 . 86 9 . 4 5  
3/4/6 0 . 5 1 4 . 74 7 . 33 3 . 6 7  8 . 75 
3/ 4/ 7 0 . 95 6 . 56 8 . 1 9  3 . 52 7 . 76 
3/4/8 0 . 1 7 3 . 39 8 . 53 4 . 39 9 . 90 
3/4/9 0 . 18 2 . 52 8 . 9 5  4 . 20 10 . 08 
3/4/ 10 0 . 18 2 . 90 7 . 52 3 . 79 8 . 90 
3/4/ 1 1  0 . 37 3 . 26 7 . 03 3 . 39 8 . 75 
3/4/ 1 2  0 . 33 3 . 6 7  7 . 30 3 . 84 9 . 3 7 
3/4/ 1 3  0 . 28 2 . 70 7 . 92 3 . 89 9 . 99 
3/4/ 14 0 . 20 3 . 05 7 . 81 3 . 9 3  9 .  77 
3/4/ 1 5  0 . 25 3 . 04 7 . 9 3  3 . 69 9 . 84 
3/4/ 16  0 . 32 3 . 4 7  7 . 4 1  3 . 80 9 . 70 
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S i ze . Fracti on (� m )  

Sampl e > 63 63-20 20-5 5-2  � 2  

4/4/ l 0 . 19 3 . 06 8 . 1 7  3 . 83 9 . 50 
4/4/2 0 . 29 3 . 2 3  7 . 9 1  3 . 60 9 . 00 
4/4/ 3 0 . 55 3 . 34 8 . 10 3 . 60 8 . 80 
4/4/4 0 . 23 3 . 09 8 . 2 1 3 . 64 8 . 00 
4/4/ 5 0 . 2 7 3 . 28 10 . 26 3 . 00 7 . 80 
4/4/6 0 . 34 3 . 10 7 . 87 3 . 53 8 . 50 
4/4/7  2 . 2 1 6 . 49 8 . 33 3 . 23 7 . 40 
4/4/8 0 . 38 3 . 08 8 . 42 3 . 6 1  8 . 70 
4/4/9 0 . 1 7 2 . 88 7 . 99 3 . 6 1  8 . 93 
4/4/ 10 0 . 86 3 . 12 8 . 63  3 . 28 9 . 6 7 
4/4/ 1 1  0 . 37 3 . 00 8 . 16 3 . 23 9 . 07 
4/4/ 12  0 . 34 3 . 1 5 8 . 1 5  3 . 25 8 . 48 
4/4/ 13 0 . 32 3 . 03 7 . 78 3 . 89 9 . 55 
4/4/14 0 . 23 1 . 94 4 . 43 2 . 31 5 . 99 
4/4/ 15  0 . 33 3 . 08 8 . 08 3 . 79 10 . 26 
4/4/ 16 0 . 33 2 . 96 8 . 46 3 . 90 10 . 72 
4/4/ 17  0 . 31 2 . 87 8 . 74 3 . 25 10 . 20 -
Catcher 0 . 3 1 2 .' 96 7 ; 99 3 . 03 9 . 50 
Cutter 0 . 30 2 . 9 2  8 . 14 3 . 29 9 . 50 

1/4/8T 1 .  70 0 . 60 7 . 24 0 . 84 5 . 59 
1/4/ 14T 0 . 3 7 0 . 62 2 . 35 0 . 95 3 . 64 
2/4/ST 0 . 59 2 . 87 3 . 20 1 . 60 4 . 1 1  
2/4/8T 0 . 1 3 2 . 03 3 . 62 1 . 58 3 . 76 
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2 .  Gra i n  S i ze Parameters ( c l ay-free ) and B u l k Dens i ty .  

Mi/<t> ) cr I ( <t> ) S k i KG B . O .  
( gm cm-3 ) 

1/4/ 1 6 . 99 0 . 93 - 0 . 10 1 . 25 0 .  39 
1/4/2 6 . 90 1 .  20 - 0 . 19 1 . 62 0 . 57 
1/4/3 6 . 87 1 .  22  - 0 . 22 1 .  78 0 . 75 
1/4/4 6 . 75 1 . 35 - 0 . 27 2 . 19 0 . 86 
1/4/5  6 . 75 1 . 63 - 0 . 32 2 . 80 0 . 83 
1/4/6 7 . 0 1  1 .  70 - 0 . 28 2 . 25 0 . 9 1  
1/4/ 7  6 . 78 1 . 90 - 0 . 32 2 . 74 0 .  72 
1 /4/8 6 . 40 3 . 18 - 0 . 5 1 5 . 86 0 . 90 
1/4/9 6 . 66 1 .  38 - 0 . 24 1 . 95  0 . 86 
1/4/ 10 6 . 55 1 . 46 - 0 . 29 2 . 37 0 . 87 
1/4/ 1 1  6 . 6 1 1 . 57 - 0 . 32 2 . 73 0 . 9 1 
1/4/ 1 2  6 . 65 1 . 24 - 0 . 19 1 . 62 0 . 88 
1/4/ 1 3  6 . 81 1 . 25 - 0 . 24 1 . 89 1 . 00 
1/4/ 14 6 . 62 1 . 77 - 0 . 33 2 . 92  0 . 9 1  
1/4/ 1 5  6 .  7 1  1 .  74 - 0 . 32 2 . 79 0 . 86 
1/4/ 16  6 . 64 1 . 81 - 0 . 33 3 . 03 0 . 81 

2/4/ 1  6 . 90 1 . 58 - 0 . 24 1 . 96  0 . 9 1  
2/4/2  6 . 36 1 . 7 1 - 0 . 09 1 . 07 0 . 89 
2/4/ 3  6 . 08 1 .  76 - 0 . 07 1 . 03 0 . 94 
2/4/4 6 . 18 1 . 72 - 0 . 06 1 . 03 1 . 00 
2/4/ 5 6 . 53 1 . 59 - 0 . 12 1 . 1 7 0 . 99 
2/4/6 6 . 43  1 . 52 0 . 0 3  0 . 98 0 . 93 
2/4/ 7  6 . 70 1 . 4 2  - 0 . 07 1 . 1 2 1 . 05 
2/4/8 6 . 74 1 . 32 - 0 . 02 1 . 04 1 . 09 
2/4/9 6 . 54 1 . 40 0 . 0 1 0 . 99 1 . 09 
2/4/ 10 6 . 79 1 . 36 0 . 05  0 . 94 1 . 0 1  
2/4/ 1 1  6 . 6 3 1 . 43 0 . 08 0 . 92  0 . 9 7 
2/4/ 1 2  6 .  72 1 . 36 0 . 04 0 . 9 5 1 . 00 
2/4/ 1 3  6 . 7 1 1 . 38 0 . 09 0 . 90 1 . 02 
2 /4/ 14 6 . 66 1 . 39 0 . 0 7  0 . 9 2 0 . 98 
2/4/ 1 5  6 . 50 1 . 45 0 . 1 5 0 . 9 2  1 . 00 
2/4/ 16 6 . 81 1 . 32 0 . 00 0 . 99 0 . 92 

3/4/ 1 6 . 90 1 . 1 3 - 0 . 06 1 . 1 3 1 . 08 
3/4/2 6 . 64 1 .  38 0 . 04 0 . 9 5  1 . 03 
3/4/ 3 6 . 7 1 1 . 40 0 . 03 0 . 96 1 . 02 
3/4/4 6 . 69 1 . 42 0 . 0 1  0 . 98 1 . 04 
3/4/5 6 . 67 1 . 39 0 . 08 0 . 9 2  1 . 02 
3/4/6 6 . 49 1 . 49 0 . 10 0 . 94 1 . 04 
3/4/ 7 6 . 24 1 . 50 0 . 1 3  0 . 96 1 . 1 1 
3/4/8 6 . 79 1 .  35 0 . 05 0 . 94 1 . 09 
3/4/9 6 . 86 1 . 26 0 . 00 1 . 00 0 . 98 
3/4/ 10 6 . 78 1 . 35 0 . 04 0 . 9 5  0 . 9 7 
3/4/ 1 1  6 . 63 1 . 43 0 . 03 0 . 96 1 . 00 
3/4/ 1 2  6 . 67 1 . 4 5  0 . 06 0 . 94 0 . 96 . 
3/4/ 13 6 . 79 1 .  35 0 . 00 0 . 99 1 . 0 1 
3/4/ 14 6 .  77 1 . 36 0 . 04 0 . 95  1 . 03 
3/4/ 1 5  6 .  72 1 . 34 0 . 02 0 . 9 7 1 . 04 
3/4/ 16 6 . 68 1 . 43 0 . 05 0 . 94 1 . 08 
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M� ( cp ) oi ( cp ) S k i KG B . D .  
( gm cm-3 ) 

4/4/ 1 6 . 75 1 . 32 0 . 03 0 . 96 0 . 92 
4/4/2 6 . 68 1 . 36 0 . 03 0 . 97  0 . 99 
4/4/3 6 . 60 1 . 42 - 0 . 0 1  1 . 0 1  0 . 99 
4/4/ 4 6 .  7 1  1 . 3 1  0 . 02 0 . 9 7 1 . 0 5 
4/4/5 6 . 58 1 . 1 7 - 0 . 0 1  1 . 0 1  0 . 9 1 
4/4/6 6 . 67 1 . 36 0 . 01 0 . 98 0 . 95 
4/4/7 6 . 31 2 . 81 - 0 . 5 1 3 . 08 1 . 04 
4/4/8 6 . 67 1 . 34 0 . 00 1 . 00 0 . 99 
4/4/9 6 . 75 1 . 29 0 . 03 0 . 96 0 . 95 
4/4/ 10 6 . 5 1 1 . 43 - 0 . 07 1 . 09 1 . 02 
4/4/ 1 1  6 . 6 3 1 . 32 - 0 . 0 1  1 . 0 1  0 . 92 
4/4/ 12  6 . 62  1 .  32 0 . 0 1 0 . 99 0 . 92 
4/4/ 1 3  6 . 74 1 . 39 0 . 02 0 . 98 0 . 9 7 
4/4/ 14 6 . 70 1 . 45 0 . 03 0 . 97 0 . 93 
4/4/ 15  6 .  71  1 . 37 0 . 0 1 0 . 98 0 . 89 
4/4/ 16 6 . 74 1 . 34 0 . 00 1 . 00 0 . 96 
4/4/ 1 7  6 . 6 5 1 . 26 - 0 . 0 1  1 . 02  0 . 9 2  

Catcher 6 . 6 1 1 . 29 0 . 00 1 . 00 0 . 92 
Cutter 6 . 66 1 .  30 0 . 00 1 . 00 nd  

1/4/8T 5 . 84 2 . 22 0 . 56 2 . 98 nd  
1/4/ l4T 6 . 52 1 .  59 0 . 16 1 .  27  nd 
2/4/5T 6 . 18 1 . 63  0 . 14 0 . 97 nd 
2/ 4/8T 6 . 53 1 .  37 0 . 09 0 . 93 nd 
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3 .  Quartz d i stri buti on ,  b i ogen i c  s i l i ca and carbonate contents . 

*Quartz ( gm)  *Quartz ( gm )  B i ogen i c  Carbonate 
s i l i ca 

63-20 ].lm 5-2  J.l m ( % )  ( % )  

1/4/ 1 0 . 0 1  0 . 04 25 18 
1/4/2 0 . 05 0 . 03 22 19 
1/4/ 3 0 . 06 tr 26 19 
1/4/4 0 . 03 0 . 04 22 19 
1/4/ 5  0 . 04  0 . 02 24 18 
l/4/6 0 . 05  0 . 05 23 17  
1/4/ 7 0 . 06 0 . 04 22 19 
1/4/8  0 . 0 1  0 . 02 27 17  
1/4/9 0 . 08 0 . 05 24 18 
1/4/ 10 0 . 0 7  0 . 02 24 19 
1/4/ 1 1  0 . 02 25 19 
1/4/ 1 2  0 . 14 0 . 03  24  19 
1/4/ 1 3  0 . 0 5  tr 26 19 
1/4/ 1 4  0 . 04 tr 29 20 
1/4/ 1 5  0 . 03 0 . 02  27  21  
1/4/ 1 6  0 . 0 1  0 . 04 30 2 1  

2/4/ 1 0 . 02 0 . 32 27 20 
2/4/2  0 . 33 0 . 34 26 18  
2/4/ 3 0 . 20 0 . 26 28 15 
2/ 4/4 0 . 22 0 . 27 28 16 
2/4/5  0 . 23 0 . 27 24 1 7  
2/4/ 6 0 . 98 0 . 2 1 22 19 
2/4/ 7 0 . 24 0 . 27 19 18  
2/4/8  0 . 60 0 . 38 20 16 
2/4/9 1 . 31 0 . 36 2 1  15  
2/4/ 10 0 . 96 0 . 33 1 7  1 6  
2/4/ 1 1  1 .  5 1  0 . 34 2 1  1 7  
2/4/ 1 2  0 . 98 0 . 31 1 7  16 
2/4/ 1 3  1 . 10 0 . 36 20 18 
2/4/ 14 1 . 1 9 0 .  36 2 1  16 
2/4/ 1 5  0 . 87 0 . 19 2 1  16 
2/4/ 16 0 . 88 0 . 27 2 1  1 6  

3/4/ l 0 . 39 0 . 18 19 16  
3/4/2 0 . 94 0 . 16 19  1 5  
3/4/3 0 . 85 0 . 2 1 20 18  
3/4/4 0 . 73 0 . 1 7 20 15 
3/4/ 5 1 . 0 1  0 . 18 22  16  
3/4/6 1 . 13 0 . 15 26 14 
3/4/7 1 . 37 0 . 1 7 22  1 1  
3/4/8 1 . 12 0 . 1 7 2 1  14 
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*Quartz ( gm )  *Qu artz ( gm )  B i ogen i c Carbonate 
s i l i ca 

63-20 f.lm 5 - 2  f.lm ( % )  ( % )  

3/4/9 0 . 69 0 . 24 2 1  1 5  
3/4/ 10  0 .  7 7  0 . 0 1 19 18  
3/4/ 1 1  0 . 80 0 . 18 23 18 
3/4/ 1 2  0 . 85 0 . 13 23  18  
3/4/ 13  0 . 68 0 . 2 7 20 1 6  
3/4/ 14 0 . 65 0 . 25 22 16  
3/4/ 1 5  0 . 79 0 . 19 20 1 5  
3/4/ 16  0 . 86 0 . 16 22  17  

4/4/l 0 . 83 0 . 26 20 18 
4/4/ 2  0 . 87 0 . 24 19  18 
4/4/3 0 . 85 0 . 2 1  20 18 
4/4/4  0 . 79 0 . 20 25  16  
4/4/ 5 0 . 85 0 . 18 29 1 5  
4/4/6  0 . 73 0 . 23 22  1 7  
4/4/7 0 . 94 0 . 24 28 1 1  
4/4/8 0 . 79 0 . 20 24 14 
4/4/9 0 . 75 0 . 31 2 1  14 
4/ 4/ 10  0 . 73 0 . 30 26 16 
4/4/ 1 1  0 .  72 0 . 2 3 23 16  
4/4/ 12  0 .  72 0 . 19 2 1  1 7  
4/4/ 1 3  0 . 69 0 . 23 24 1 7  
4/4/ 14 0 . 49 0 . 1 1 24 17 
4/4/ 1 5  0 . 70 0 . 1 5 23 16 
4/4/ 16 0 . 69 0 . 26 22 1 7  
4/4/ 1 7  0 . 66 0 . 1 3 2 1  1 8  

Catcher nd 0 . 20 20 18 
Cutter nd 0 . 25 19 17  

1/4/8T 0 . 10 0 . 07 nd 12  
1/4/ 1 4T 0 . 08 0 . 08 nd 17 
2/4/ ST 0 .  7 1  0 . 09 nd 1 7  
2/4/8T 0 . 50 0 . 1 5  nd 14 
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4 .  Poi nt Count Data . ( counts ) 

125 -63 J.l m  63-20 J.l m  

Rhyo 1 i ti c Rhyol i ti c  
g l a s s  Tota l g l as s  Total 

1/4/ 1 807 1 985 336 1583 
1/4/2 607 1 080 2 17  770 
1/4/ 3 649 1 169 73 756 
1/4/4 554 9 1 7  165 979 
1/4/ 5  697  1 045 127 345 
1/4/6 667 843 145 601 
1/4/ 7 266 303 190 459 
1/4/8 305 336 75 542 
1/4/9 640 804 161  506 
1/4/ 10 5 1 1  632 239 554 
1/4/ 1 1  6 12 716  382 74 1 
1/4/ 12 527  816  261 742 
1/4/ 1 3  624 81 1 2 1 5  452 
1/4/ 14 318 396 397 588 
1/4/ 1 5  465 651  226 354 
1/4/ 16  4 32 749 123 342 

2/4/ 1 623  1 334 299 651  
2/4/2 395 764 222 682 
2/4/ 3 672 804 536 1082 
2/4/4 694 867 446 744 
2/4/ 5  6 20 1042 221  70 1 
2/4/6 284 706 152 96 1 
2/4/ 7 424 901 176 794 
2/4/8 273 1096 55 574 
2/4/9 74 869 18 476 
2/4/ 10 135  869 16 5 1 5  
2/4/ 1 1  127  1 138 2 1  472 
2/4/ 12  5 5  6 1 3  19  5 1 5  
2/4/ 13 69 656 25 59 1 
2/4/ 14 1 52 1 1 1 7  2 1  36 1 
2/4/ 1 5  1 5 1  987 3 1  554 
2/4/16  208 952 22 408 

3/4/ 1 2 12 898 30 425 
3/4/2 152  812  56  650 
3/4/3 273  1003 7 1  688 
3/4/4 2 5 1  790 4 1  566 
3/4/5 242 1 038 68 6 1 7  
3/4/6 530 814 1 18  485 
3/4/7  944 1 3 18 154 399 
3/4/8 173 878 28 434 
3/4/9 106 699 1 3  320 
3/4/ 10 188 986 28 594 
3/4/ 1 1  249 804 49 565 
3/4/ 1 2  815  1451  64 4 16  
3/4/ 1 3  126 959 31 4 1 5  
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125-63 llm 63-20 llm 

Rhyol i ti c  Rhyol i ti c  
g l ass  Tota l g l as s  Total 

3/4/ 14 232 706 48 549 
3/4/ 1 5  132 768 24 375 
3/4/ 16 160 824 67 537 

4/4/ 1 138 751  21  441 
4/4/2 356 908 31 450 
4/4/ 3  406 659 56 453  
4/4/4 283 859 42 602 
4/4/ 5 440 1013  131  633  
4/4/6 451  1254 63 4 14 
4/4/ 7 81 1 1327 180 376 
4/4/8 519  1 149 38 550 
4/4/9 227  954 20 452 
4/4/ 10 547 1 168 54 375 
4/4/ 1 1  367 1 203 35 39 1 
4/4/ 12  309 1 143 20 381 
4/4/ 1 3  303 1 1 36 37 509 
4/4/ 14 385 1431  32 496 
4/4/ 1 5  261  9 10 55 476 
4/4/ 16  289 1038 48 624 
4/4/ 1 7  198 742 56 6 1 1  

Catcher 143 649 nd nd 
Cutter 189 680 nd nd 
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5 .  Teph ra Ferromagnes i an Mi nera l Assemb l ages - Po i nt Count  Da ta ( counts ) 

Tephra Hypersthene C l i nopyroxene Hornb l ende Cummi ngton i te 

1 .  Whakatane Ash 1 39 3 3 1  3 1  

2 .  Rotoma Ash 27 1  1 7  1 9  40 

3 .  Wai ohau Ash 545 32 12 -

4 .  Rerewhakaai tu Ash 93 14 55  -

5 .  u n i denti fi ed 6 2 2 -

6 .  Okareka Ash 38 5 59 -

7 .  u n i dent i fi ed 5 2 2 -

8 .  Kawakawa Tephra 382 - 99 -

9 .  Po i h i p i Tephra 8 2 2 -

10 . Oka i a  Tephra 4 2 1 -

B i oti te 

-

-

-

201 

-

32 

-

-

-

-

Tota 1 counts 

204 

347 

589 

363 

10 

134 

9 

481 

12 

7 

N � 
� 
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6 .  Key to Samp l e Nomencl ature . 

Samp l e Depth ( m )  Samp l e Depth ( m ) 

1/4/ 1 0-0 . 10 3/4/ l 3 . 1 5- 3 . 25 
1/4/ 2 0 . 10-0 . 20 3/4/2 3 . 2 5- 3 . 35 
1/4/3 0 . 20-0 . 30 3/4/ 3 3 . 35- 3 . 45 
1/4/4 0 . 30-0 . 40 3/4/4 3 . 45- 3 . 55  
1/4/ 5 0 . 40-0 . 50 3/4/ 5 3 . 55- 3 . 65 
1/4/ 6  0 . 50-0 . 60 3/4/6 3 . 65-3 . 75 
1/4/ 7 0 . 60-0 . 70 3/4/ 7  3 . 75-3 . 85 
1/4/8 0 . 70-0 . 80 3/4/8 3 . 85-3 . 95 
1/4/9  0 . 80-0 . 90 3/4/9 3 . 95-4 . 05 
1/4/ 10 0 .  90- 1 . 00 3/4/ 10 4 . 05 -4 . 1 5 
1/4/ 1 1  1 . 00-1 . 10 3/4/ 1 1  4 . 15- 1 . 25 
1/4/ 12  1 . 10- 1 . 20 3/4/ 12  4 . 25-4 . 35 
1/4/ 13  1 . 20-1 . 30 3/4/ 13  4 . 35-4 . 45 
1/4/ 14 1 .  30- 1 . 40 3/4/ 14 4 . 45-4 . 55 
1/4/ 1 5  1 . 40- 1 . 50 3/4/ 1 5  4 . 55-4 . 65 
1/4/ 16  1 .  50- 1 . 56 3/4/ 16  4 . 65-4 . 73 

2/4/ 1 1 .  56- 1 . 66 4/4/ 1 4 . 73-4 . 83 
2/4/2 1 . 66- 1 . 76 4/4/ 2 4 . 83-4 . 93 
2/4/ 3 1 .  76-1 . 86 4/4/ 3 4 . 9 3- 5 . 03 
2/4/ 4  1 .  86- 1 . 96 4/4/4 5 . 03-5 . 1 3 
2/4/5 1 .  96-2 . 06 4/4/ 5 5 . 1 3- 5 . 23 
2/4/ 6  2 . 06-2 . 16 4/4/6 5 . 23 -5 . 33 
2/4/ 7 2 . 16-2 . 26 4/4/ 7 5 . 33 -5 . 43 
2/4/ 8 2 . 26-2 . 36 4/4/8 5 . 43- 5 . 53 
2/4/9 2 . 36-2 . 46 4/4/9 5 . 53- 5 . 63  
2/4/ 10 2 . 46-2 . 56 4/4/ 10 5 . 63-5 . 73 
2/4/ 1 1  2 . 56-2 . 66 4/4/ 1 1  5 . 73 - 5 . 83 
2/4/ 12  2 . 66- 2 . 76 4/4/ 12  5 . 83-5 . 9 3  
2/4/ 1 3  2 . 76-2 . 86 4/4/ 13  5 . 9 3-6 . 03 
2/4/ 14 2 . 86 -2 . 96 4/4/ 14 6 . 03-6 . 1 3 
2/4/ 1 5 2 . 96-3 . 06 4/4/ 15  6 . 1 3 -6 . 23 
2/4/ 16  3 . 06-3 . 15 4/4/ 16  6 . 23-6 . 33 

4/4/ 1 7  6 . 33-6 . 45 

Catcher C i rca 10 cm 
Cutter C i rca 10 cm 

Tephras  were recorded as sampl e numbers wi th the s uffi x  T ,  e . g .  2/4/ 5T .  
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