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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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