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CHAPTER 5 
AEOLIAN SANDS 

Kat ikara Format i on 

( Nea l l  1975; rede f ined thi s  s tudy ) 

5.1 Introduction 

Thi s Formation was forma l ly named by Nea l l  (1 9 7 5 ) a f t e r  Katikara 

Str e am whi c h  originates i n  the P ouak ai R ange at 1 3 7 7m a l t i tude 

and f l ows north-we s twards to the c o a s t l ine between Okato and 

O akura . Katikara Format i on was f i r s t  de f i ned to " . . .  encomp a s s  

a l l t h e  redepo s i t e d  tephras betwe e n  t h e  Oakura T ephra a n d  the 

Koru T e phra , . . .  and restricted to ring p l a i n  surfaces graded to 

the Pouakai R ange" . 

In thi s study ,  Katikara Formation i s  her e  r e d e fine d  to inc l ude 

a l l l as t - g l ac i a l  ( 018 st age 2) s a l t at e d  ande s i t i c  materi a l  which 

exhibits a p e rcentage decr e a s e  o f  fresh 15 - b a r  water between 0 

and 3 0 % . Thi s  rede finition avoi ds confusi on w i t h  medi a l  mat e r i a l  

of l oc a l i s e d  aeo l i an origin whi ch exhib i t  a higher percentag e  

( > 3 0 % ) dec r e a s e  o f  fresh 15 - b a r  water . 

In the e a s te rn and north- e astern s ectors o f  the Egmont r i ng p l ai n  

l o c a l i se d  wedge shaped depo s i t s  o f  mass ive t o  l aminar b e dded 

ande s i t i c  s ands are recogn i s e d  and corre l at e d  to Katikara 

Form a t i on ( P l at e  4 . 0 6 ) .  I n  North T aranaki , Katikara Formation i s  

mor e  w i d e s p r e a d  a n d  forms prominent dunes a n d  mounds whi c h  a r e  

conspi cuous upon t h e  E l tham Sur f a c e  a n d  within d e e p l y  di s s ec t e d  

s t r e am a n d  r i v e r  va l l eys between the Egmont r i n g  p l a i n  a n d  the 

co a s t a l  p l a i n  ( P l ate 5 . 0 1 ) .  

5.2 Type S e c t i on 

The ho l o s t r atotype was de s i gnat e d  by Nea l l  ( 1 9 7 5 ) a s  a 5 m  h i gh 

and 3 5m l ong exposure on a sharp corner t o  the south s i de of 
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Saunders Road , between the j unct ions o f  Wi remu and Carrington 

Road , at N 1 1 8/5 1 0 6 9 8 . Thi s  s e c tion has s i n c e  been removed by road 

straightening . A l ectostratotype i s  here d e f i ne d  a s : 

South - fac i ng road cutt ing , Egmont Road 5 . 5 km north o f  
j un c t i on wi th St ate H ighway 3 ( 01 9/ 1 0 1 3 2 9 ) ( Se e  S ec t i on 17 
of Appendix 1; P l at e s  3 . 04 and 5 . 0 2 ) . 

5.3 Cri teria 

Katikara Formation compr i s e s  mi l l imetre to c entimetre , l aminar to 

weakly cross strat i f i e d ,  we l l  to very we l l  sorted a l te rnating 

beds o f  ye l l owish brown (lOYR 5 /6 - 5/ 8 ) fri ab l e , s andy l o am and 

he avy minera l - ri ch ( ferromagne s i an and t i t anomagnet i t e  minera l s ) 

l o amy s and to s and ( Plate 3.04). Moderate ly we l l  sorted t o  we l l  

sorted p e bbl e len s e s  are d i s cerni b l e  a t  some s i t e s . I n  outcrop , 

Katikara Formation is either mas sive or we akly deve loped, coarse 

to very coarse b l o cky s tructured .  

5. 4 Age 
Katikara Formation in north- e a s t e rn T aranak i , appe ars to h ave 

been inte rmittent l y  depo s i ted b e tween � . 1 3 and 2 3 kyr B . P .  An 

uppermo st Kaihouri tephr a , dated ( NZ5 4 1 1 A ) at 1 2 , 90 0  +/- 2 0 0  

ye ars B . P . , immedi ate ly over lying a thin wedge o f  Katikara 

Format ion ( P l at e  4 . 0 6 ) ,  provi des an uppe r  age l imit . A prob ab l e  

c e s s ation i n  the depo s i t i on o f  Katikara Formati on during l at e  

last g l ac i a l  t i m e  i s  support ed by p a l yno l og i c a l  evidence from the 

s ame v i c i n i ty ( se e  Chapt e r  1 1 ) ,  whi ch indic at e s  widespread 

expans ion o f  podoc arp - broadl e a f  fore s t  on the Egmont r i ng p l ain 

i n  re spons e to r ap i d  c l imat ic ame l ioration . There is  no e vidence 

i n  north - e a s tern and central  T aranaki t o  sugge s t  that l oc a l i s ed 

depo s i t i on o f  Katikara Formation continued into the post - g l acial , 

unl ike h i gher are as o f  north- we s t e rn T a ranaki wher e  depo s i t s  may 

be as young as 7 0 0 0  years ( Ne a l l 1 9 7 5 ) .  

Unt i l  recently the age o f  Katikara Formation was cons idered 

probab l y  l e s s  than 2 0kyr B . P .  ( Ne a l l 197 5 ) .  However the 



Plate 5.01 : Andesitic sand dunes of Katikara Formation upon the 
E1tham Laharic Planeze ( l e f t ) and within an int e r-fluve o f  a Mangaoraka 
S t r e am t ributary (righ t ) .  

Plate 5 . 02 :  Andesitic sand dun e  o f  Katikara Formation exposed on 
Egmont Road at i t s  lec t o s t ra totype (Section 1 7 ;  Ql9 / 1 0 1329) . Not e  
i n t e rbedded Aokautere Ash . 
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o ccurrence o f  the £ . 2 2 . 5 kyr Aokautere Ash interbedded midway 

within a Kat ikara dune on the E l tham S u r f ac e  ( P l at e  3 . 04 )  

sugge s t s  that depo s i tion o f  the formation commen c e d  e ar l i e r  than 

previou s l y  thought . The abs ence of Katikara Form a t i on and 

erosiona l unconformi t i e s  in the s t r at i g r aphic s u cc e s s ion beneath 

Tuikonga Tephra indi c a t e s  that widespread e ro s i on in the north

e a stern and central T aranaki l ands c ap e  commence d  £ . 23 kyr B . P .  

(e . g .  Pl ate s  2 . 3 2 and 4 . 0 8 ) . 

5.5 Correl a tion 

Katikara Format ion c l o s e l y  corre l at e s  to Moka i Sands found in the 

Cent r a l  North Is l and ( Vu c e t i ch and Pullar 1 9 6 9 ) .  

5.6 Origin 

The occurrence o f  unconformit i e s  wi thout a s s oc i a t e d  f l uv i al 

depo s i t s  in the stratigraphic succe s s i on above Tu ikonga Tephra 

sugge sts that Katikara Formation i s  l arge l y derived from 

p e dospher i c  stripping of pre - ex i s t i ng hydrous , media l and l apilli 

materi a l s  under the i n f l uence o f  wind de f l a t i on . Kat ikara 

Formation is a l so cons i dered to b e  derive d  i n  p a r t  f rom wind 

de f l ation of aer i a lly expo s e d , water sorted vo l c an ic l a s t i c  

depos its ( P l ate 5 . 03 ) . 

The cons p i cuous absence o f  inter - b e dded t ephr a s  within mos t  

Katikara dunes suggest that as the formation w a s  b e i ng depos i ted , 

any t ephra e rupted at the time w a s  r ap i d l y  s a l t at e d  and 

redepos i t e d  a s  a Katikara Formation depos i t . 

Are as mos t  sus cepti b l e  to wind de f l ation app e a r  t o  b e  tho s e  

a s s o c i ated with f l uvi a l  syst ems draining Egmont Vo l c ano and 

Pouakai R ange . On the Pou ak a i  r i ng p l a i n , where Kat ikara 

Formation is part i cu l ar l y  preval ent, dendr i t i c  d r a i nage c hanne l s  

are wider and.de eper than the radi a l  c hanne l s  o n  the Egmont ring 

p l ain . On the Egmont ring p l ain where K a t i k a r a  
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Plate 5 . 03 :  W a t e r-sor t e d  volcaniclastic s e dime n t  o f  Las t  gl acial a g e  
derived f rom u n d e rlying l a h a r  deposit . Aeria l ly exposed. t hese s e dim e n t s  
provide a n  additional s ource ma teria l for Katikara Formation. 
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Formation i s comp arat ive ly l o c a l i sed , the extent o f  sur f i c i a l  

f l uvi a l  d i s section i s  l imited by numerous ,  o f t e n  thi ck, near 

sur face Egmont - source l ahar i c  unit s . 

To faci l i t ate wind de f l ation ,  col der , dri e r  and pos s ib l y  windier 

c l imat i c  cond i t ions woul d b e  nec c e s s ary comp ared with tho s e  

condi t i on s  whi c h  prevai l e d  i n  post - g l ac i a l  t ime s . Thus , i t  i s  

sugge s t e d  that pedospheric stripping a n d  dune formation occurred 

i n  the p e r i od from �. 2 3  to 1 3kyr B . P .  when there i s  amp l e  

evidenc e for s evere c l imate . Evi dence f o r  c l imate change o f  thi s 

order is supported by changes in the TQC and QAR ( s e e  Chap t e r  6 ) .  

5.7 Reference Loc alities 

The foll owi ng two reference localities are designated for 

Katikara Formation. 

1. East-facing embankment at the Toeto e  Wel l Site, 
Mangaone Road extension , l.Skm north f rom the junction 
with Mang aone Ro ad ( Ql9/2 4 6 3 1 6 ) .  

2 .  Wes t - f a c i ng embankment, Farm Quarry 0 . 2km e a s t  o f  
Kaimata Road , l . l km north f rom j unction w i th Junct i on 
Road (Q l 9 /21 8 2 6 8 ) (Plate 4 . 06 ) . 
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CHAPTER 6 

LABORATORY STUDIES 

An Attempt t o  Conf i rm the Ident i f i c at i on of 

Selec ted Ande s i t i c  Tephra Marker Beds by Microprobe 

Analys i s  o f  their T i tanomagne t i te s .  

6 . 1 . 1 I ntrodu c t i on 

Fe - T i  o x i de compo s i t ions determine d  in variou s w ay s , have 

prove d u s e fu l  in t e phra corre l ation s t u di e s  in New Z e a l and and 

overs e a s  (e . g .  Kahn 1 9 7 0,  1 9 7 3; Topp i ng and Kahn 1 9 7 3; W e stgate 

and Fu l ton 1975 ) .  Ti t anomagne t i t e s  were cho s en as a p art i cu l arly 

sui t able oxide m ineral b e c au s e  (a) it is a common a c c e s s ory 

mi neral in mos t  vo l c an i c  rocks, (b ) it can b e  e as ily extracted by 
a magnet in a re asonably pure form ,  (c) i t  has a considerab l e  

range i n  chemi c al c ompo s i t i on and thermomagn e t i c  prop ert i e s  

(Ewart 1967 ; Mormose e t  al . l968 ;  Dunc an and T ay l or 19 68) and ( d )  

it has b e e n  shown b y  Aomine and Wada (1962) and Ruxton (19 68) to 
b e  relative l y  s t ab l e  during we athering . 

In T aranaki , Kohn and Ne a l l  ( 1 9 7 3 ) a t t emp t e d  t o  d i s t i ngu i sh 

twelve T aranaki tephras by ti t anomagne t i te c hemis t ry a s  me a sure d 

by emi s s ion spectrographi c analys i s . Re s u l t s  o f  analys e s  i ndi c at e  

that the t ephra fa l l into five groups b ase d o n  s im i lari ty of 

elementa l  abundances . No systemat i c  di f f erence s  i n  

t i t anomagne t i te c ompos i t i on occurre d w i t h  t im e  f rom t ephra s above 

the New Plymouth Ashe s .  

I n  thi s s tudy F e  - T i  o x i d e s  were extra c t e d  from t h i rt e e n  

s e l e c t e d  ande s i t i c  m arker beds a n d  ana l y s e d  by a JEOL-733 

e l ectron mi croprobe i n  an a t t empt to d i s t i ngu i s h  b e tween 

indivi du al erup t iv e s  pert a i ning t o  Egmont Vo l c ano and det ermine 

whe ther there were any di s t inct ive compos i t io n a l  di f ferenc e s  with 

t i m e . The e l ec tron mi croprobe ha s l im i t e d  c ap a b i l i t i e s  for 
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t ime. The e l ectron m i croprobe has l imite d  c apabi l i ti e s  for 

me a suring e l ements othe r  than major e l ements and c e r t ain 

t ransit i on or he avy met a l s .  Thus vanadium w a s  not ana l ysed , and 

me a surements of nic k e l  are of l itt l e  va l u e , sin c e  t hey are a l mo s t  

a lways be l ow t h e  accura t e  detec tion l imits of t h e  probe . The 

major e l ement c hemistry and statis tic a l  ana l ys e s  o f  

tit anomagnetite s are l odge d  in the Department o f  Soi l Science and 

availabl e  upon requ e s t. 

6. 1. 2 Results and Discussi on 

B a sed on e l ectron microprobe analyses, the Fe - Ti oxide s 

comprise mos t l y  tit anomagnetite with rare magne t it e  and ilmenite . 

Ve ry few grains exhibit exso lution fe a ture s ,  although inclusions 

are relatively common . Core to rim traverses across individual 

titanomagne t ite grains indicate compositiona l homo ge ne ity with 

respect to all m ajor elements. Thus discrete grain analyses may 

be spatially independent and represent the who l e  miner al 

composition. 

I nitiall y , Gene r a l  Linear Mode l s  proce dure w a s  u s e d  t o  de termine 

whether there were any signific ant diffe r e nc e s  be tw e en tephras , 

a s  measure d  by tit anomagnetite e l ement a l  c ompos i t i on .  The 

s t atis t i c al model w a s  i n  the form Y = X ;  where Y ( de pendent 

vari able ) is the t i t anomagne tite element an d  X i s  the tephra . The 

s i t e  from whi ch the tephra was s ampl e d  w a s  the repl i cation for 

e ac h  tephra . For e ach e l ement signific ant d i f ferenc e s  exis ted 

be tween tephr a s , but no l ogi c a l  grouping of tephra s  w a s  obse rve d 

e . g. on the ba s i s  o f  age. 

The number of tephras be ing ex ami ned made compa r i s o n s  unwieldy so 

another s t atis t i c a l  proce dure was used ( Prin c i pa l  Component 

Ana l ys i s ) .  Thi s procedure is a mu l t ivariat e  approac h  which 

a c count s for variabil i ty in d a t a  by giving a l in e ar c ombin a t i on 

o f  correlated variab l e s  ( in thi s c ase - e l eme nt s ) tha t  maxim i s e s  

t h e  ratio o f  between group varianc e to wi thin g r o u p  vari ance. For 
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exampl e - Princ ipa l Component s wi l l  give a combin a t ion o f  

elemen t s  that wi l l  a l l ow t i t anom agnet i t e  measurements from one 

tephr a to c l us t er toge ther and be re a d i l y  d i s t i ngu i she d  f rom 

another t e phra . 

Princ i p al Component Analys i s  was made on three groups o f  t ephra , 

group e d  o n  the ba s i s  of age . The f i r s t  group o f  t e p hras ( 1  - 7 )  

ne eded t hre e princ i pal component s t o  e xp l a i n  8 0  p e rc ent 

vari abili ty in t i t anomagnet i te d ata, and six princ i p a l  c omponents 

to expla i n  99 percent variab i l i ty. The f irs t princ i p al component 

(Prinl ) e x p l ained 52 percent of variab i l i ty i n  d a t a . The p l ot o f  

Pri nl and Prin2 ( Fi gure 6 . 0 1 )  shows some g roup i ng o f  t ephra, 

however there is sufficient overlap between each tephra group to 

suggest that measurement of Prinl and Prin2 would not allow clear 

distinction between some tephra (e.g. tephra 3 & 4, tephra 5 & 
6 ) . 

Interpretation of Prinl and Prin2 is also difficult since Prinl 

is a linear combination o f  four componen t s  ( i . e. Al, Ti, Mg and 
Fe/Mg r a t i o ) and Prin2 of two components (i.e. Fe and s um of 

tot al m ajor element s ) .  R e s ult s for Group 2 ( t ephra s 8 and 9) 

( Fi gure 6.01) and Group 3 ( tephras 10 - 1 3) ( Fi gure 6.01) have 

s im i l ar d i f f i cu l t i e s  - some group i ng of t ephr a o c c u r s  when Prinl 

and Pri n 2  are plo t t ed, but int e rpre t a t i o n  of the two princ i p a l  

component s i s  di f f i cult and o f  li t t l e  pra c t i c a l  u s e . 

The elemental composition o f  tit anomagnetit e s  there f ore do e s  not 

provi de a re ady me ans for con f i rming the i dentif ica t i on o f  

di f ferent Egmont- sourced t ephra s . Thi s f inding i s  s i mi l ar t o  that 

of Lowe ( 1 9 8 8 ) who was unable to d i s t i ngu i sh betwe e n  e ight dis t al 

Egmont- s o urc e d  t ephra s bas e d  on e l ement a l  compo s i t io n  o f  

tit anomagnet i te s . Although e l ementa l d i f f erence s  d o  o c c ur and 

e ach t ephra has a re str i c t e d  compo s i t i onal range , n o  work abl e 

pat t ern is o b s e rved and finding a c ombi n a t ion o f  two or more 

element s that will g roup t ephr a s  but b e  o f  prac t i c a l  u s e  ha s 
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proved d i f fi c u l t .  I t  maybe that other l e s s  t ime consuming 

measurement s are o f  better use i n  d i s t i ngui shing b e tween tephras . 

6 . 2 . 0 LABORATORY STUDIE S  CONDUCTED ON MEDIAL MATERIAL . 

6.2.1 I ntroducti on 

Most o f  the e a r l y  l aboratory studi e s  on the vo l c an i c  ash s o i l s  

( Andi s o l s )  o f  T aranaki have been concerned w i th the unusua l ly 

high a l l ophane content o f  the soil and i t s  a s s oc i ated phys i c a l  

and chem i c al properties (Birrell 1951; Bir r e l l  and Fie ldes 1952; 
Saunders 1956, 1963; New Ze aland S o i l  Bur e au 1968). More 

recently, s tudi e s  have a l so use d  miner a l ogi c al and grain size 
vari at ions to determine the age and provenance o f  coverbeds that 

po st- date depos i t ion of the Aokautere Ash ( Stewart et al. 19 77). 

The thi nn i ng p attern and morpho l ogi c a l  c haracte r i sti c s  o f  s- and 

L -units indic ate formation under d i f f e r i ng c l im at i c  epi sodes o f  

the L ate Quaternary . B y  u s i ng a vari ety o f  p hy s i c a l  and chem i c a l  

technique s ,  thi s s tudy attempt s  to i dent i fy characteri s t i c s  that 

c an he l p  to d i s t ingu i sh b e tween S- and L - un i t s  and con f i rm the 

c l imatostratigraphy inferred from the med i a l  cover bed sequence. 

Two we l l  p r e s e rved and represent at ive exp o s u r e s  were s e l ec t e d  for 

detai l e d  studi e s . At both s i tes , s t r a t i graphi c contro l was 

p rovi ded by ande s i t i c  and rhyo l i t i c  t ephra marker beds . The f i rs t  

s it e  w a s  a t  t h e  W a i tu i  dri l l - s i t e , borde r i ng t h e  Egmont ring 

p l a i n  on the E l tham L ahari c P l an e z e  (Section 19 o f  Appendi x  1 ) .  

Thi s s i t e  has s ince been recontoured and the exposure removed .  

The s i t e  cons i s t e d  o f  a c.5.5m high embankment i n  whi c h  the 

s tratigraphi c  r e l a t i onships of Sl to uppermos t  L 3  were c l e ar l y  

disp l aye d . At Wai tui , s amp l e s  were co l l e c t e d  f rom beneath 0 . 2 0m 
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depth be l ow ground surface ( above thi s l eve l b e i ng d i s turbed by 

p l oughing ) ,  to the b a s e  o f  the section . B e tween 0 . 2 0m and l . Om 

depth s amp l e s  were c o l l ected every O . l Om interv a l  and be l ow l . Om 

depth , s amp l e s  were col l ected at every 0 . 0 5m i n te rva l . 

The second s i t e  i s  a prominent road cut through a f l at terrace 

s i t e  adj acent to the Onaero River (Section 30 of Appendix 1 ) .  

Here a c.9.5m thick cover-bed sequence over l i e s  ande s i t i c  s ands 

and the NT2 wave cut surface ( Chappe l l  1975). The s trati g r aphic 

r e l ationships of S l  to L5 at thi s s i t e , are c l e ar l y  di s p l ayed . 

S ampl e s  were collected at O . l Om intervals from b e n e ath 0 . 20m 

depth to the ande s i t i c  s ands . 

6.3.0 Part i c le Size Analyses 
6.3.1 Introduction 
In the Rotoru a di stri c t , B e nny (1982 ) demon s t r a t e d  the u s e f ulness 

o f  gra i n  s i z e  s tudi e s  in provi ding an accurate m e a ns of 

dif f erent i ating t ephra from 't ephr i c  loe s s' . In north and north

e a s t  T ar anaki , p arti c l e  s i z e  ana l y s e s  of the h ig h ly a l l op h an i c  

materi a l  proved di f f i cu l t  because o f  a l l ophane f l oc cu l ating , 

p reventing comp l ete p a rt i c l e  di spers ion . D i s p e rs io n  tre atments 

such as u s i ng de f l occul ants , fo l lowed by mechan i c a l  agi t a t i on 

p rove d i ne f f e ctive . 

Japanese studi e s  on the dispers i on o f  Andi s o l s h ave been 

summari s e d  by Kobo (1964), and an extens ive s e r i e s  of t e s t s  on 

the di spers ion o f  s imi l ar soi l s  i n  the Anti l l e s  and L at i n  Ame r i c a  

h ave b e e n  reported b y  Co lme t - D aage et a l . (1972). From the s e  

r e s u lts i t  appe ars that there i s  n o  s ing l e  method w h i c h  applie s 

to a l l Andiso l s , s ince di f ferent a l l ophane s  r e a c t  d i f fere ntly to 

various d i s p e r s i on tre atments .  The mos t  promi s ing d i sper s i on 

method curren t l y  avai l ab l e  i nvo l ve s  the t r e atment a t  pH 10 ( NH40H 

o r  NaOH ) or pH 4 ( HC l ) a f t e r  perox i d a t i on and w a s hing in w a t e r  

( Wada and H arward 1974). Wada (1978) sugge s t e d  t h a t  a n  a l k a line 
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medium be used for soi l s  cont aining a l l ophane w i th S i02/Al 203 

r a t i o  o f  2 or highe r , where a s  an a c i d i c  medium i s  b e s t  for those 

s o i l s  conta i ning imogo l i te or a l l ophane w i th a S i02/Al 203 ratio 

l ower than 2. 

For the medi a l  materi a l  b e ing inve s t igated i n  t h i s s tudy 

cons i derab l e  t ime was spent in order to i denti fy the mo s t  

s a t i s f actory dispers ion tre atment . Nei ther an a c i d i c  or a l k a l ine 

pretre atment proved effect ive , so an ent i re l y  new procedure was 

imp l emented . Thi s i nvo lved chemic a l  di s s o l u t ion o f  the short 

range order c l ays and organic comp l exes ( he re a f t e r  re ferred to as 

S ROCO ) ,  after whi ch part i c l e  s i z e  ana l y s e s  of t h e  r e s i due were 

determine d . Thi s s elect ive chemical dissolution could not only be 

used for the determination of non-crys ta l l ine clay constituents 

but a l so enab l e s  quantitative determination of the residual sand, 

silt and crystalline clay constituents following d i s solution 

tre atment . 

In this study, the acid-oxalate extraction method (Tamm 1932) has 
been employed as a pre-treatment procedure. This particular 

extraction method selectively dissolves short range order 

materi a l s  that are composed o f  a l l ophane o r  f e r rihydr i t e  

materi a l s  ( S chwertmann 1 9 6 4 ; Higashi and I k e d a  1974; Wada and 

Wada , 1 9 7 7 ) .  If conduct e d  in the dark, dissolution of crys t alline 

oxides and l ayer s i l i c a t e s  i s  regarded a s  very l im i t e d  (Tamm 

1 9 3 2 ; H i g a shi and I keda 1 9 7 4 ; Fey and Le Roux 1 9 7 5 , 1 9 7 7 ; Wada 

1 9 7 7 ; Wada and Wada 1 9 7 7) .  

6 . 3 . 2 Samp l e  Prepar a t i on 

The s amp l e s  were a i r  dri e d  and gent ly di s aggr e g a t e d  so as to pass 

through a 2mm s e ive . S ub - s amp l e s  o f  � . 1 0 g r am w e i ght were weighed 

to a thous andth o f  a gram , then added to 1 l i tr e  of 0 . 2M a c i d  

oxalate ( pH 3 . 0  - 3 . 5 )  a n d  shaken e n d  o n  e n d  i n  the dark at 2 0°C 

overnight . The s ub - s ampl e  was then centri fuge d a t  5 0 0 0  rpm for 

c . 5  minute s . The c l e ar supernatant is then c a r e fu l l y, but 
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comp l et e ly decanted o f f . A further 1 l i tre o f  0. 2M a c i d  o x a l ate 

i s  added to the sub - s amp l e ,  whi ch is shaken in the dark for a 

further 24 hours . Fol l owing s e l ective d i s so l ution , the sub - s ampl e 

w a s  then wet se ived through a 3 0um mesh . The > 3 0  m icron fraction 

was oven dri ed , s i eved i nto respect ive s i z e  fract i ons and 

wei ghed . The material p a s s ing through the 30 m i c ron mesh was 

r e t a i ned and centri fuged at 2 5 0 0  rpm . The cle ar supernatant 

l iqui d  was decanted o f f ,  whi l e  the < 3 0  micron fract i on was 

r e t a i ned , oven dried and weighed . Grain s i z e  was then c a l cu l ated 

for the res iduum on a short range order c l ay and o r ganic 

materia l - free ( S ROCO - free ) basis. 

A m ajor limitation of this t echnique is the l arge vo lume (21) of 
a c id - oxalate required to treat re l atively small q u antiti es of 

s amp l e  ( £.lOg ) .  The quantity of tre ated <30um s e d iment res idue is 
there fore too sma l l  (<3gm ) for accurate pip e t t e  o r  s e digraph 

gr ain s i z e  determinat i ons to be undertaken. 

6.3.3 Results 

Textural Classes 

Grain s iz e  data expre s s e d  as percent age o f  t ot a l  s amp l e  ( Ai r  dry , 

< 2mm )  i s  p l otted on a modified U. S. D. A textur a l  ternary di agram 

( F i gure 6 . 0 2 ) .  Grain s iz e  data o f  s amp l e s  from W a i t u i  and Onaero 

are shown in Appendix 3 . 1  and 3 . 2 , respect ive ly. 

i) Waitui 

Mos t  s amp l e s , with the exception o f  tephra unit s , p l ot within the 

cl ay and cl ay l o am textura l  f i e l ds . The mos t  uniqu e l y  

d is t i nguishing feature at Waitui i s  the h i gh ( 1 6 - 3 5 % ) s i l t  and 

c rys t a l l ine c l ay content in Ll.l. Other uni t s  (Sl, L1.2, 82, L2 
and S3) cont ain notably l e s s  ( 1 1 - 2 7 % ) s i l t  and c rys t all i ne 

c l ay .  
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S1, S2 and S3 p l o t  within a narrow f i e l d  on the t e rnary d i agram 

and are d i s t i ngui shed by high ( 44 - 56% ) S ROCO and l ow 

( 2 5 - 3 4 % ) s and content . L1 . 2  and L2 are coar s e r  g r ained than s
uni t s , with l es s  ( 31 - 45%) SROCO and a greater ( 3 4 - 49%) s and 

content . 

i i ) Onaero 

A l l s amp l e s  p l ot within the c l ay textural f i e l d . H i gh s i l t  and 

c rys t a l l ine c l ay content d i s t i ngui sh e s  L1 . 1  (24 - 3 0 % ) and l ower 

L3 (22 - 27%) from other uni t s  whi c h  cont ain not ab l y  l e s s  ( 1 6 -

24%) s i l t  and crys t a l l ine c l ay .  

L ower S1 , L 1 . 1  and l ower L3 i s  charact e r i s e d  by l ow s an d  (18 -

2 5 % ) and high SROCO (49 - 58%) content , wher e a s  other units 

( upper S1 , S2, L2, S3 , upp e r  L3 , S4 , L 4 , S5  and L 5 ) cont a i n  

g r e a t e r  sand and l e s s  S ROCO . With the exception o f  L 1 . 1 a n d  l ower 

L3 , L - uni t s  c annot b e  dif ferent i at e d  f rom S - uni t s . 

6.4.0 Quartz Content 

6 . 4 . 1  Introduc t i on 

Qu artz i s  common in New Z e a l and s o i l s  formed from p arent 

materi a l s r anging from vo l c an i c  ash t o  s ediments ( New Z e aland 

S o i l Bureau 1968). Quartz i n  soi l s  formed from b a s i c  and 

intermed i a t e  vo l c anic ash has been s hown to b e  of e o l i an ori g i n  

( Campb e l l  1971; Mokma et a l . 1972; S t ewart e t  a l . 1 977, 1 986). 

However i n  soi l s  formed from rhyo l i t e s  the quar t z  m ay a l s o  be a 

primary con s t i tuent ( Mokma e t  a l . 1972). Thi s s t u dy a t t e m p t s  t o  

determine i f  vari ations o f  quartz content w i t h  d e p t h  i n  the 

dominant l y  ande s i t i c  cove r -beds o f  north and nor t h- e a s t  T a r anaki 

provi de a record o f  L ate Quaternary c l imate change . 
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A previous investigation o f  a s i ng l e  repres ent a t ive E gmont l o am 

p ro f i l e , found that vari a t ions in quart z content w i t hi n  the s o i l 

pro f i l e  re f l ected c l imati c  change from g l ac i a l  ( po s t -Aokautere 

Ash) to pos t - g l ac i a l  condi tions ( S t ewart e t  a l . 1977). The amount 

o f  quartz was shown to be greater in the l ower ' tephric l o e s s ' 

unit than the upper , ande s i t i c  t ephra uni t . S tewart e t  a l . (1977) 

postu l at e d  that thi s was due to the presence o f  a l and bridge 

extending from north-we s t  Nel son to wes t e rn T aranaki dur i ng the 

l as t  g l ac i a l  ( L ewi s and E ade 1974). The subsequent r ap i d  po s t 

g l a c ial r i s e  i n  s e a  l eve l at c. 11, 000 years B . P .  ( C u l l en 1967) 

c overe d  thi s source , resu l t ing i n  a r ap i d  dec l in e  in quart z 

a c cumulation in the upper part o f  the Egmont soi l . 

6.4.2 Method of Quartz Determination 

Me thods availab l e  for qua rtz det e rminations i n  sediments fall 
into two groups . Firstl y ,  chemi cal methods whi ch a r e  usu a l ly 

p re c i s e  but time consuming , and s econdly X- r ay di ffr a c t i on 

me thods whi ch are usu a l l y  more rapid but l e s s  precise. 

The wide l y  used method of Tro s t e l  and Wynne (1940) for free 

s i l i c a  i nvolves a pyrosulphate fus i on, diss o l u t i on of the fus ion 

by a l k a l i s , l e aving free s i l i c a  for gravimet r i c  est i m at ion . The 

method i s  prec i s e , with a coe f f i c i ent of v ari a t i o n  o f  c. l per 

cent . 

A l t e rn a t ive s to the above method i n  the p a s t  were m a i n l y  X - ray 

di f f r a c t ion techniques . Till and S p e ars (1969) des c r i bed a r a p i d  

a n d  p re c i s e  method f o r  quartz det e rmination i n  s e diment s , with a 

c oe f f i c i ent o f  vari ation o f  1. 9 p e r  cent . Boehmi te ( y- a l umina 

monohydrate) was used as an intern a l  s t andard and t h e  4. 26A (I/11 
3 5) r e f l e c t ion o f  quart z was me asured . 

I n  thi s  study, a st andard quart z curve was prepa r e d  u s i ng the 

method o f  Johnson and B e avers (19 59). Thi s me thod i s  s imi l ar to 

that of T i l l  and Spears (1969) but s odium f l uoride ( Na F ) i s  u s e d  
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a s  a n  intern a l  standard and the s t rong e s t  quartz l ine a t  3 . 3 4A 

( I /11 1 0 0 ) i s  used . 

Qu art z o s e  s and o f  Kapuni Format i on w a s  HCl washe d , then 

mechani c a l l y  ground in a Tema ring- grinder to c . l5 mi crons . The 

pur i ty of the ground quart z s amp l e  was monitored by X - ray 

di f fraction . A MgO/CaC03 matrix was prepared with a c alcu l at ed 

m a s s  adsorpt ion coe f fi c i ent ( CoK ) s im i l ar to that for bu l k e d  

s t andard chemi c a l  anal y s e s  o f  E gmont sourced ande s i t e s  ( N e a l l  e t  

a l . 1 9 8 6 ) .  S t andard quartz mixtures were prepared by mixing 

varying amounts o f  quartz ( he r e afte r  abbrevi ated t o  Qt z ) w i th the 

Mg0/ CaC03 matrix to make a t ot a l  of  1 g r am . A con s t ant amount of 

0 . 2 5 gm o f  N a F  was then added a s  an intern a l  s t andard to e ac h  Qtz 
- MgO/CaC03 s amp l e . 

Acid-oxalate tre ated samples were ground by hand to a talc-like 

c on s i s tency i n  a agate mortar. Gre at c are was t ak e n  to e nsure 

reprodu c i b i l i ty of gri nding . The m i xture was p l ac e d  i n  a pla s t i c  

tub e  w i t h  a b a ll bearing, and homogenised b y  end o n  end shaking 

for 1 hour.  The standard samples were then p ac k e d  i nto a h o l l ow 

a l uminium s amp l e  ho l der and s c anned i n  a P hi l l i ps 1840 X -ray 

di f f r a c t i on dif fractometer uni t  under the fo l l ow i ng condi tio n s : 

CoK - Fe f i l te red r adi a tion 
S l i t  - 0 . 2mm , T . C  - 1 . 0 s e c onds , R ange - 2 . 104c s  
40kV , 40mA . 

A maximum chart speed of 1 00mm/02 0  and a s c an r a t e  o f  1 . 2 / 0 

2 0/min . w a s  emp l oyed to spread the peaks for accura t e  are a 

m e a surement s . The magnitude o f  the 3 . 3 4 A  re f l ection o f  Qt z and 

the 2 . 3 2A re f l ecti on o f  NaF in counts p e r  s econd wer e  then 

obt ained . The intens i ty o f  the b ackground i n  counts was 

det ermined for e ach 20 pos i t i on s  and subtracted from the t o t a l  

ave r age counts for the Qtz and N a F  re f l e c t ions . B y  divi di ng the 

n e t  counts p e r  s econd for the 3.3 4 A  by the net counts per s econd 

for 2 . 3 2A NaF re f l ection the Qtz /N a F  r a t i o  for e ac h  s t andard 
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mixture w a s  obtained . The average Qt z /NaF r a t i o  o f  x 

determination s  for each mi xture was plotted agains t the percent 

quartz in the mixture and the regre s sion l ine whi c h  b e s t  f i t s  

thes e  points w a s  determined ( Fi gure 6 . 03 ) . A l i ne a r  f i t  was found 

to be s at i s fa ctory for thes e  s amp l e s : 

y 0 . 0 2 1 1  + 0 . 0 2 8 x  

where x = quartz percentage 
y = Qtz ( 3 . 3 4A ) / S odium F l uori de ( 2 . 3 2A ) p e ak area 

The quart z content o f  unknown s amp l e s  ( 6 3 - 3 0um and < 3 0um 

fractions ) was then determined by the s ame proc e dure, u s ing the 

working regre s s i on l ine . T a ble 6 . 0 1 s hows the r e su l t s  of three 

rep l i c a t e  det erminat ions of e ach original s amp l e. The coe f f icient 

of variation obtained rang e s  between 2.5 and 11 per cent. 

The tot a l  quartz cont ent (TQC) of SROCO-free s amp l e s  with depth 
was det e rmine d us ing this XRD procedure and working regre s s ion 

line. Quartz content of s ample s from Waitui and Onaero are shown 

in Appendix 3 . 1  and 3. 2, respectively. 

6.4.3 D e termina t i on of Quart z  Accumu l a t i on Rate 

Once TQC was determined, the quartz a ccumu l ation r a t e  ( QAR ) was 

then c a l cu l ated : 

T QC/ 1 0 0  x 1 = gm Quart z/gm S o i l 

gm Qt z/gm S o i l x Average B u l k  Dens i ty ( gm p e r  cm
3

) x 

S e diment a t i on Rate ( cm per kyr ) = QAR ( gm / cm2/kyr ) .  

I n  c a l cu l ating QAR , the s e diment ation r a t e  o f  coverbed uni t s  down 

a p ro f i l e  vari e s  s i gni f i c antly i n  re spon s e  to the p eriodi c i ty and 

magni tude of tephr a - f a l l accretion from Egmont Vol c ano . Under 

such condit i on s , a con s t ant s e diment a t i on r a t e  c annot b e  a s sumed 

a s  is done in deep sea or Antarcti c  i c e  c o r e s . S e diment a t i on 

r a t e s  for thes e  cover-bed uni ts were c a l cu l a t e d  u s i ng the deep 

s e a  oxygen i sotope time s c a l e  (Shack l e ton et a l . 1 9 8 3 ) and the 
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chrono l ogy o f  two Cent r a l  North I s l and s i l i c i c  tephra inter - beds 

( Aokautere Ash and Rotoehu Ash ) . 

The grain s i z e  d i stribution o f  quartz in the a c i d - o x a l ate t r e ated 

s amp l e s  exhibiting p e ak TQC v a l u e s , were a l so determined . G r a i n  

s i z e  fractions o f  the S ROCO - free s amp l e s  were s e p a rated by 

decantation and centri fugation ( Jackson 19 5 6 ) and the quart z 

content for e ach s ize fract ion was quant i t at ive ly determined by 

XRD . 

6.4.4 Results 

i) Waitui ( F igures 6 . 04 and 6 . 0 5 )  

At Waitui, TQC and QAR values throughout Sl remai n a t  trace 

levels (<1% and <0 . 04gm cm2 kyr, re spect i vel y ) . In Ll.l, low 

TQC's and QAR's valu e s  pers i s t  to 1 . 40m depth but below this 
depth there is a s i gni f i c ant incre a s e  a t  1 . 8 0m dept h  to maximum 

v a l u e s  of 7 . 34% and 0 . 8 2gm/cm2/kyr , r e s p e c t i ve l y . F rom thi s  

depth, TQC and QAR decre a s e  to m i nimum v a l ue s  o f  0 . 3 2 %  and 

0 . 0 3gm/cm2 / kyr at 2 . 00m depth coinc i dent w i t h  Pae.a of Paetahi 

Tephra being pre s e rved between 1 . 9 0 - 2 . 00 m  depth . B e l ow Paetahi 

Tephra, TQC and QAR v a l u e s  incre a s e  to 5 . 38 %  and 0 . 6 0 gm/ cm2 / kyr 

r e spect ive l y  at 2 . 1 0m depth, then r ap i d l y  decre a s e  t o  1 . 2 4 %  and 

0 . 1 4 gm/ cm2 / kyr at 2 . 3 5m depth . Thi s minimum v a l u e  i s  coinc i d e nt 

w i th an unnamed unit o f  Poto Tephra pre e s e rve d  w i t h i n  the 

strat igraphic suces sion between 2 . 3 0 - 2 . 3 5m depth . B e l ow Poto 

Tephra, TQC and QAR fluctuate from 3 . 4 6 %  and 0 . 3 9 gm / cm2 / kyr a t  

2 . 4 0m t o  2 . 8 6 %  and 0 . 3 4gm/ cm
2

/kyr at 2 . 90m depth . A c ro s s  the 

L l . l / L l . 2  boundary at 2 . 95m depth TQC and QAR valu e s  cont inue to 

decrease to 1 . 3 7 %  and 0 . 1 6gm/cm2/kyr a t  3 . 1 0m depth .  TQC and QAR 

v a l u e s  of L l . 2  b e tween 3 . 1 0m and 4 . 0 5m depth are c on s i s tent l y  l ow 

( < 1 %  and <0 . 09gm/crn2/kyr ) .  From 4 . 0 5rn to 5 . 4 0 m  depth, TQ C  and QAR 

v a l u e s  o f  S2, L2 and S 3  are at trace l eve l s  ( < 1 %  and 

< 0 . 0 3 grn/ cm2/kyr ) .  



FIG. 6.03 Q u a r tz S t a n d a r d R e g r e s s i o n  L i n e  

30 !mO 

20 

Pe rce n t a g e Q u a r t z 

10 y=0.02i1 + 0.028x 

Rsq. = 98.9 

0 �������������������� 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Peak area ratio Qtz 3.35A/NaF 2.32A 



TABLE 6.01: 

Mean 

Mean 

REPLICATE QUARTZ DETERMINATIONS ON AN UNKNOWN 
US ING THE XRD METHOD. 

Quartz 
( % ) 

19 . 9 5 
2 0 . 22 
19 . 24 
19 . 8 0 

3 . 4 5 
2 . 87 
3 . 53 
3 . 2 8 

Standard error = 0 . 50 per cent 
Coefficient of variation = 2 . 5 per cent 

St andard error = 0 . 3 6 per cent 
Coefficient of variation = 10 . 97 per cent 
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ii) Onaero ( Figures 6 . 0 4 and 6 . 0 5) 

At Onaero , two major p e aks in TQC and QAR va l u e s  are recogni s ed 

b e tween 0 . 7 0 - 2 . 00m depth and 5 . 20 - 5 . 8 0m depth , respective ly . 

Th e  f i r s t  peak coinc i de s  with deposition o f  l ow e r  S l  and L l .l 

with a maximum TQC o f  8 . 0 6% and a QAR o f  0 . 7 4gm/ cm2 / kyr at 1 . 30m 

depth . T his maximum v a l u e  c l o s e l y  coinc i d e s  with unit Pae.a o f  

Paetahi Tephra i n  the stratigraphic suc e s s ion b e tween 1 . 3 0 -

1 . 4 0m depth . TQC and QAR v a l ues are trace i n  the interva l b e tween 

2 . 0 0m - 2 . 4 0m depth , which coinc i d e s  with the depos i tion o f  

Tuikonga Tephra and L 1 . 2 .  

The second p e ak coinc i de s  with depo s i t ion o f  lower L3 with a 

maximum TQC of 4.29% and a QAR of 0.23gm/cm2/kyr a t  5 .50m depth. 

TQC and QAR va l ues in S2, L2, upper L3, S4, L4, SS and L5 remain 

low to trace levels (<1% and <lgm/cm2/kyr respectively). A slight 

increase in TQC and QAR values was recorded between 4.00 - 4.40m 

depth and coincides with the deposi t ion of S3. 

Quartz Grain size Distribution 

The grain s ize d i s tribution o f  the quartz i s  cons i st ent w i th both 

l o e s s i a l  and troposphe r ic dust origin. Qua r t z  is l arge l y  

r e s t ricte d  to < 1 2 5  u rn  i n  s i z e  and mos t l y  occurs i n  t h e  <63urn 

fract i on (Figure 6.06). The s i z e  d i s t r i bution o f  the Ll . l TQC 

maximas f rom Onaero and Wai tui are near i de nt i c a l  with a bro a d  

mode ( 7 5 %  o f  t o t a l  quartz ) betwe en 63 and 1 0  m i crons . The h ighe s t  

p e r centage o f  tot a l  quartz (2.28%) occurs i n  t h e  2 0  - lOum 

fra c t i on ,  with 2 0  to 2 5 %  o f  tot a l  qu artz occurring i n  the < lOum 

f r a c t i ons . The grain s i z e  d i s tribution o f  the L 3  qu a r t z  m axima is 

s imi l ar to that of Ll. l .  
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The high water retentivity o f  previou s l y  undr i e d  m e d i a l  mat e r i a l  

and the l arge i rreve rs i b l e  change i n  wate r  retent ivi ty on a i r 

drying are import ant characteri s t i c s  o f  Andi so l s . The l arge 

spec i f i c  surface are a of a l l ophane and i t s  high proportion o f  

m icropo r e s  ( 5 0 - 8 0 %  < 1 0um d i ameter ) are the prop e r t i e s  whi c h  

determine i t s  abi l i ty to r e t a i n  l arge amounts o f  w a t e r  even a t  

h i gh suctions . At a suction o f  1 5 - bars , which i s  equiva l ent t o  

the permanent wi l ti ng point o f  a soi l , Andi s o l s m a y  have 

g r avime t r i c  water contents of over 1 00 %  ( Maeda et a l . 1 9 7 7 ) . 

D i f ferenc e s  i n  the 1 5 - b a r  water r e tention o f  both f i e l d  mo i s t  and 

air dry s amp l e s  were d e t e rmined as  a measure of the previous 

drying h i s tory o f  a depos i t . Data from f i e l d  mo i s t  a nd air d r i e d  

s amp l e s  t aken from Wai tui and Onaero a r e  shown i n  Appendi x 3 . 3 . 

6 . 5 . 2  Samp l e  Prepara t i on 

Water retent i on a t  1 5 - bars was determined on a c e ramic p l a t e  

extractor . A i r  dried and f i e l d  moi s t  s amp l e s  w e r e  he l d  i n  p l a s t i c  

r i ngs approximat e l y  40mm in d i ameter and l Omm high , and were 

wetted t o  s aturat ion on the ceram i c  p l ates u s ing a f ine m i s t  

spray . Comp l e te s aturat i on w a s  e f fected a ft e r  2 4  hou r s  i n  an a i r  

t i ght conta i ner . T h e  p l ates were then p l aced i n  t h e  app a r a t u s  and 

a pressure of 1 5 - b ars was app l i e d . The pres sure was m a i n t a i n e d  

for 7 days , after which time i t  was cons i dered t h a t  e q u i l i br i um 

h a d  been re ached , and then the water contents were det e rm in e d  

g r avimetri c a l ly o n  a n  oven dry ( 1 0 5°C )  b a s i s . 

6 . 5 . 3  Results 

i )  Waitui 

A t ot a l  o f  s i x  s amp l es o f  s imi l ar t extured medi a l  m a t e r i a l s  w e r e  

obtained f rom w i t h i n  S l  a n d  L l . l .  T h e  f i e l d  mo i s t  s amp l e s  i n  S l  
a n d  L 1 . 1  i s  simi l ar a n d  presumab l y  indi c at e s  a s im i l ar c o n t e n t  o f  
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a l l ophane . However ,  the percentage decre a s e  o f  fre s h  1 5 - bar water 

( hereafter referred to a s  d - 1 5  b a r ) of  s amp l e s  f rom Ll.l i s  

notab ly l ower ( 4 5 - 5 3 % ) than tho s e  samp l e s  obt a i ne d  from Sl ( 6 4 

- 6 8 % ) . This di f f erence i n  d- 1 5  b a r  values app e a r s  t o  indi c a t e  

some degree of i rrevers i b l e  drying during a l l ophane formation i n  

Ll .l. 

i i ) Onaero 

Fol lowing pre l iminary i nve s t igation of 1 5 - b a r  w a t e r  content o f  

s e l ec t e d  s amp l e s  from Sl and Ll .l a t  Waitui , a more detai l e d  

i nve s t i g a t ion was conducted o n  the 1 5 - b a r  water cont ent o f  the 

upper � . 2 . 6m o f  the Onaero Pro f i l e . The d - 1 5  bar of s amp l e s  in 
Ll.l was found to be not a b l y  l ow e r  ( 4 9 - 3 3 % ) than for S l  ( 5 6 -

6 4 % ) . The se d i f f e r e n c e  i n  v a l u e s  app e ar to re l at e  t o  c o a r s e r  

t ex t u r e  w i th s ome de gr e e prev i ou s  drying in the f o rm e r  c a s e . 

I n  L l . l  a sharp incr e a s e  i n  d - 1 5  b a r t o  6 5% o c c u r s  between 1 . 3 m 
a n d  1 . 4m depth , and i s  c o i n c i d e n t  wi th the d e p o s i t i o n  o f  un i t  

P ae . a  o f  P a e t ah i  T ephra . T h i s s u d d e n  i n c r e a s e  o f  d - 1 5  b a r  r e l a t e s  

to a l ower sand and higher S ROCO c o n t e n t  comp a r ed t o  t h a t  o f  the 

enc l o s i ng sediment . Lower d - 1 5  b a r  va lues of b e tween 3 3  and 40% 
i n  Ll .l  between 1 . 7m and 1 . 4m depth , re l at e s  t o  an i ncre a s e  i n  

s i l t  and s and content and i s  coinc i dent with t h e  occurrence o f  

d i spersed s i l i c i c  g l ass o f  Aok autere Ash . 

Uni t  L1 . 2  which i s  notably coarser grained than Ll . l  has l ow e r  d -

1 5  b a r  ( 9 - 3 3 % ) . The s e  l ower d- 1 5  b a r  v a l u e s  appe a r  to 

r e l ate to the l arge incre a s e  in s and content ( � . < 1 5 % ) and 

corresponding decre a s e  in S ROCO . A sharp incre a s e  in d- 1 5  bar 

va l u e s  occur i n  S2 at 2 . 4 0m depth and occurs i n  s p i t e  o f  s im i l ar 

textural values to upper L l . l . Thi s sugg e s t s  t h a t  t h i s i ncre a s e  

i s  attributed to in s i tu a l l ophane formation w i thout dryi ng . 
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Ande s i t i c  g l a s s , w i t h  a n  int r i ns i c a l ly gre ater A l / S i  ratio than 

rhyo l i t i c g l as s , weathers much more rapidly and w i t h  mark e d  l o s s  

o f  S i 02 and mob i l e  c at i on s  ( Ne a l l 1 9 7 7 ; Ki rkman and McHardy 

1 9 8 0 ) . Kirkman and McHardy ( 1 9 8 0 ) and Kirkman ( 1 9 8 1 a ) conc l uded 

that the s t ructure and chem i c a l  compo s i t i on of a l l ophane , and 

hence its behavior and pers i st ence , are governed chi e f l y  by the 

chemic a l  compo s i t ion and bonding char acteri s t i c s  of the p arent 

g l a s s . 

A weathering s equence for ande s i t i c  g l as s  sugge s t s  that und e r  

hum i d  t emp e r a t e  condi t i on s , a l l ophane and pos s i b l y  imogo l i t e  a r e  

s t ab l e  f o r  p eri ods i n  exc e s s  o f  1 0 0kyr B. P ( Ki rkman 1 97 8 , 1 9 8 0 b ,  

1 9 8 1 , 1 9 8 1 a ; Ki rkman and McHardy 1 9 8 0 ; P ar f i t t  e t  a l . 1 9 82 ) . 

A weathering s cheme empha s i s i ng l e aching ( ra i n f a l l )  and S i  
concentr a t i on more than time has been propos e d  i n  c l ay m i ne r a l  

trans form a t i on s  o f  ande s i t i c  t ephra ( <20Kyr B . P . ) i n  T aranaki 

( P a r f i t t  e t  al . 1 9 8 3 ) .  The r ange of A l / S i  r a t i o s  for the 

a l l ophane s may there fore , re f l e c t  the e f f e c t s  of environme n t a l  

condit ions ( i e .  c l imate ) ,  rather than t ime . 

6 . 6 . 2 S ample Preparat ion 

The A l / S i  ratio o f  a l l ophane i s  determined u s i ng a c i d- o x a l at e  

extractab l e  A l  ( Al0 ) and S i  ( S i0 ) , and pyrophosph a t e  extrac t a b l e  

A l ( A l P ) whi c h  g ive s  a n  e s t im a t i on o f  A l  i n  Al - humus comp l ex e s . 

Two s amp l e s  o f  equ iva l ent age and s i mi l ar t exture w e r e  c o l l e c t e d  

from l ower Sl at W a i t u i  ( 0 . 9 0 - 1 . 0 0m depth )  and at Onae ro ( 0 . 6 0m 

- 0 . 7 0m depth ) .  S imi l arl y  two s amp l e s  o f  equiva l en t  age w e r e  a l so 

c o l l e c t e d  f rom L l . l  at Wai t u i ( 2 . 70 - 2 . 8 0m depth ) and a t  Onaero 

( 1 . 7 0 - 1 . 8 0m depth ) .  A l , Si  and Fe extrac t i on w a s  condu c t e d  on 

the s e  two s amp l e s  ( ai r  dry ; < 2mm )  by K . M . G i ddens o f  New Z e a l and 

S o i l B u r e a u  i n  June 1 9 8 7 . The methods out l i ned by P ar f i tt a n d  

Henmi ( 1 9 8 2 ) a n d  Farmer e t  a l . ( 1 9 8 3 ) w e r e  u s e d . The A l / S i  r a t i o  
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for a s amp l e  i s  obtained from ( Al0- A lp ) / S i0 • Chemi c a l  d a t a  o f  

s amp l e s  t aken from Waitui and Onaero are shown i n  Appendix 3 . 4 .  

6 . 6 . 3  Resul t s  

T h e  Al / S i  r a t i o  o f  the s amp l e s  obt a i ne d  from 8 1  a t  W a i t u i  and 

Onaero are s imi l ar ( 2 . 0 2 and 2 . 03 respective ly ) . T h e  A l / S i  r a t i o s  

o f  the s amp l e s from L l . l  at the t w o  s i t e s  a l so agr e e  ( 1 . 5 3 and 

1 . 6 6 r e spe c t ive l y )  but they are l ow e r  than tho s e  f rom 8 1 . I f  the 

A l / S i  r a t i o  of a l l ophane r e l at e s  t o  m e an annu a l  r a i n f a l l as 

sugg e s t e d  by P a r f i t t  e t  a l . ( 1 9 8 3 ) ,  the s e  r e s u l t s  indi c a t e  that 

a l l ophane form a t i on in L l . l  at Onaero and W a i tu i , probab l y  

o c curre d  dur i ng an interv a l  whi c h  r e c e ived l ower me an annu a l  

rainf a l l  than t h e  interv a l  o f  a l l ophane f o rmat i o n  i n  8 1 . Thi s 

i n t e rp re t a t i on i s  supporte d  by independent p a l yno l og i c a l  d a t a  

p r e s e n t e d  i n  thi s study ( s e e  Chap t e r  1 0 ) .  Further de t a i l e d 

re s e arch i s  requ i re d  to t e s t  whether or not A l / S i  r a t i o s  o f  

a l l ophane c an b e  e f f e ct ive l y  u s e d  a s  a p a l eoc l i m a t i c  i n d i c ator . 

6 . 7 D i scus s i on 

P art i c l e  s i z e  analyses o f  the cover - b e d s  at Wai t u i  a n d  Onaero 

reve a l  that L l . l  and l ower L 3  cont a i n  s i gni f i c an t l y  h i gher s i l t  

t h a n  a l l other 8 - and L - un i t s . The s i l t  content o f  L l . l  a t  Onaero 

and Waitui is s imi l ar but s l i ght l y  h i gher than t h e  s i l t  content 

of l ow e r  L 3  at Onaero . 

G r a i n - s i z e  vari a t i on i s  g r e a t e s t  a t  W a i t u i  c l o s e r  t o  Egmont 

Vo l c ano . Here , the texture of 8 1 , 82 and 83 is s imi l ar and c an b e  

c l e a r l y  di f ferent i ate d from L 1 . 2  a n d  L 2  whi ch c ont a i n l ower S ROCO 

and higher s and . 

However a t  Onaero , there i s  l e s s  di s t i nct ive gr a i n  s i z e  

vari ation , with the texture o f  8 - un i t s  r e s emb l i ng t h a t  o f  L 1 . 2 ,  

L 2 , upp e r  L 3 , L 4  and L S . L - un i t s  a t  On aero are f i ne r g r a i ne d than 
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equiva l ent uni t s  a t  W a i t u i  but S - uni t s  rem a i n  o f  s im i l ar f i ne 

texture . 

The high s i l t  in Ll.l and l ower L 3  i s  found to c l o s e l y c o r r e spond 

with high T Q C  and QAR v a l u e s . Va l u e s  of quartz a r e  higher w i t h i n  

Ll.l a n d  l ower L 3  than a l l o t h e r  medi a l  uni t s  w i t h  v a l u e s  f o r  

Ll.l s i gni f i c ant l y  h i g h e r  t h a n  l ow e r  L 3 . 

The g r a i n  s i z e  d i s tribution o f  q u a r t z  f rom the two i nve s t i g a t e d  

s i t e s  i s  s im i l ar and prob a b l y  i nd i c a t e s  derivation f rom a s imi l ar 

source a re a . The mo st l ik e l y  quart z o s e  source are a i s  the e x po s e d  

cont i nent a l  she l f  o f  t h e  southern North I s l and . Q u a r t z  o f  

Au s tr a l i an p rovenanc e may a l so b e  repre s en t e d  b y  the f i n e r  g r a i n  

f r a c t ions ( < 3 0 um ) . Thi s po s s i b i l i ty c annot be di s counte d  s i n c e  

concent r a t i on s  o f  f i n e  graine d ,  a eo l i an q u a r t z  h ave b e e n  m a p p e d  

i n  l a s t  g l ac i a l  m ax imum s e diment s i n  the T a sman S e a  ( Th i e de 

1 9 7 9 ) ,  and h i s t o r i c  du s t  s t o rm event s when c l ay and quar t z  from 

Au s t r a l i a  were depos i t e d  over l a rge are a s  o f  New Z e a l and 

f o l l owing j et s t r e am t r ansport ( Ma r s ha l l 1 9 03 ; M a r sh a l l and 

Ki dson 1 9 2 9 ; Healy 1 9 7 0 ) . 

The i n f l ux o f  s i l t  and crys t a l l i n e  c l ay w i t h  a s i gni f i c an t  quar t z  

component t o  the coverbed s equence r e cords two m a j o r  p e ak s  i n  Ll  
and L3, which a r e  corre l at e d  t o  018 s t ag e s  2 and 4 ( s e e  Chapter 

4 ) • 

I n  Ll a t  both s i t e s , the i ni t i a l  incre a s e  i n  TQC and QAR va l u e s  

o c c u r s  a t  � . 23 . 4kyr fo l l owing t h e  depo s i t ion o f  Tuikonga Tephra. 

TQC and QAR v a l u e s  gradu a l l y  incre a s e  t o  a s m a l l b r o a d  p e ak at 

� . 2 2 . 5 kyr whi ch is coinci dent with the depo s i t i on o f  the 

Aok a u t e r e  Ash . TQC and QAR v a l u e s  dramat i c a l l y  i n c r e a s e  f rom 

� . 2 2 . 5  kyr to a max imum at � . 2 0kyr whi ch c l o s e l y  c o i n c i d e s  w i th 

the depo s i t i on o f  P a e . a  o f  Paetahi Tephra. At W a i t u i , T Q C  a n d  QAR 

va l u e s  r a p i d l y  dec l i ne from � . 2 0kyr to cons i s tent l y  l ow va l ue s  a t  

� . 1 3kyr B . P .  TQC and QAR v a l u e s  i n  t h e  i n t e rv a l  b e tween � . 1 3 kyr 
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and the present day , remains at l ow t o  trace va l ue s . However for 

S l  at Onaero , the apparent ly higher TQC and QAR v a l u e s  a t  i t s  

b a s e  c an b e  exp l ained b y  i t s  downward deve l opment i nto L l  be l ow . 

I n  contra s t , the a i r f a l l accre t i on ary rate at Wa i t u i i s  

cons iderably highe r , so that S l  a c c uumu l a t e d f a s t e r  than any 

downward deve l opment into L l . 

The TQC and QAR maximum i n  L3 a t  Onaero , i s  cons i d e red to be 

indi re ct l y  dated between 60 and 7 8 kyrs B . P . based on the 
occurrence of the � . 5 0kyr R o t oehu Ash ( Kennedy 1 9 8 7 ) within S 3  

and ext r a po l at e d  ac cumu l at i on r a te s . 

The trends i n  q uart z content i n  T a ranak i Andi s o l s  ove r the l a s t  
� . 1 3 0kyr B . P  show s t rong s i m i l a r i ty to r e c ent l y  rep o rted trends 

of A l  and N a  a e r o s o l  concent r a t i on s  w i t h i n  an Ant arc t i c  ice core 

( D e Ange l i s  �t a l . 1 9 8 7 ) .  Exc e l l en t  c o rr e l a t i on e x i s t s  b e tween 

the quart z and A l  accumu l ation rate maxima in 018 s t age 2 .  

However a n  o f f s et o f  5 - S kyr o c c u r s  b e tween the L 3  QAR maxima 

and the l at e  S t ag e  4 A l  a c cumu l a t i on rate maximum i n  the i c e  
core . T h e  r e ason for thi s o f f s e t  may b e  due t o  a ) r e g i on a l  

d i f ferenc e s  i n  c l imat i c  r e s pons e , o r  b ) e ruptive a c t i v i ty and 

higher s e diment a t i on rates of tephri c  m a te r i a l  b e tw e e n  the 

Rotoehu A s h  and the L3 QAR maxima . 

The TQC and QAR r e su l t s  support the argument for 018 s t ag e s  2 and 

4 be ing the onl y  two col d epi sode s i n  whi c h  fu l l  g l a c i a l  

condi t i on s  occurred i n  the T aranaki Region s i nce � . 1 3 0 kyr B . P .  

R e su l t s  o b t a i ne d  i n  thi s study i n d i c a t e  t h a t  1 5 - b a r  w a t e r  

content s and Al / S i  ratios are u s e f u l  i n  d i s t ingu i s h i ng b e tween S 
and L - uni t s , and thus provide evidence o f  p a s t  e nvi ronment a l  

depo s i t i o n a l  condi t i ons . Cons i s tent di f f e re nc es i n  the 1 5 - b a r  

w a t e r  content s o f  S l  and L l . l  a t  Wa i tu i a n d  Ona e ro , s ugge s t  that 

a l l ophane formed during the L l . l  depo s i t iona l interv a l  w a s  

subj e c t e d  t o  s ome i rrevers i b l e  dryi ng . I n  c ontra s t  the 1 5 - b a r  

w a t e r  contents s ugge s t  t h a t  a l l ophane form e d  dur i ng t h e  S l  a n d  S2 
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depos i t ional interva l s  were not subj e c t e d  to the s am e  drying 

cond i t ions . 

I f  the P ar f i t t  et a l . ( 1 9 8 3 ) theory i s  a c c e p t e d  then the l ow 

A l / S i  r a t i o s  o f  s e l e c t e d  s amp l e s  from L l . l  sugg e s t  a l l ophane 

form a t ion occurred during an interv a l  of l ower mean annu a l  

r a i nf a l l than the present . I n  contra s t , t h e  h i gh e r  A l / S i  r a t i o s  

o f  s e l e c t e d  s amp l e s  f rom Sl sugg e s t  a l l ophane f o rm a t i on occurred 

during an interv a l  of higher me an annu a l  r a i n f a l l  than that 

p e r s i s t i ng dur i ng the accumu l ation o f  L l . l .  

The 1 5 - b a r  water contents and A l / S i  r a t i o s  are cons i s t ent w i th 

evidence for dri e r  c l i m a t i c  condi t i ons during the a c cumu l a t i on o f  
L l  than the i n t e rva l s  in whi c h  S l  and S 2  a c cumu l a t e d . I t  i s  

sugge s te d  the s e  two methods have cons i de r ab l e  p o t e nt i a l  i n  

di f f e rent i at ing b e tween L - and S - un i t s  that l ack unique 

d i s t i ngu i shi ng grain s i z e  and minera l og i c a l  prop erti e s . A l / S i  
r a t i o s  cou l d  prove a n  extreme l y  u s e fu l  p a r ame t e r  i n  the Wang anu i 

d i s tr i c t  where , at p r e s ent , there i s  di f f i cu l ty i n  d i s t ingu i s h i ng 

b e tween ande s i t i c  t ephr a i nt e r - b e d s  in l o e s s  and p a l eo so l s  

s ep a r a t i ng l o e s s  accumu l a t ion e p i s o de s . 
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CHAPTER 7 

7 . 0  LAHAR STRAT I GRAPHY 

7 . 1  Introduc t i on 

The word ' L ahar ' i s  I ndone s i an for " vo l c an i c  bre c c i a transported 

by water " ( Van Bemme l en 1 9 4 9 , p . l 9 1 ) .  Subsequent d e f i n i ti ons have 

expanded the term to i nc l ude torrent i a l  water f l ow s  

( S ch i e ferdecker 1 9 5 9 ) ,  hype rconcentrated stream f l ow s  ( Fi sher and 

S chmincke 1 9 8 4 ) ,  or an origin on the f l ank o f  a vo l c ano ( Crande l l  

1 9 7 1 ) .  

The term ' l ahar ' i s  u s e d  here to refer to " a n  e vent 

c ompris ing a rap i d  f l owing mixture ( other than norm a l  s t r e am

f l ow ) o f  rock deb r i s  and water from a vo l c ano . .  ' ' . The t e rm 

" l ahar " has o ften been conveni ent l y  used to encomp a s s  both 

vo l c an i c  debris f l ows and vo l c anic mud f l ows , a s  w e l l  as for their 

r e s u l t ant depos i t s . Thi s u s age has tended to avoi d  t e rm i no l ogy 

p rob l ems and subj ective d i s t i nctions based on d e po s i t i on a l 

t exture . However in T aranak i , two c ategor i e s  o f  l ah a r  depo s i t s  

a r e  recogni s e d  o n  t h e  l ower f l anks o f  Egmont Vo l c an o  a n d  c an b e  

c l e ar l y  di f ferent i at e d  o n  t h e  b as i s  o f  depo s i t iona l t exture : 1 )  

r a r e  depos i t s  in whi c h  mud ( the total o f  s i l t - and c l ay- s i z e  

s e diment ) i s  a s igni f i c ant part o f  the depo s i t  and domi n a t e s  in 

t h e  inter - c l ast matrix ( mu d f l ows ) and 2 )  common dep o s i t s  that 

cont a i n  neg l igib l e  medi a l  materi a l  and c l ay i n  the i nt er - c l ast 

matrix ( debr i s  f l ows ) .  

Mudf l ow depos i t s  on the l ower f l anks o f  Egmont Vo l c ano , are 

r e adi l y  d i s tingui shab l e  f rom debri s f l ow depo s i t s  o n  the b a s i s  o f  

s ub s t anti a l ly higher proportions o f  medi a l  mater i a l  a n d  c l ay 

w i thin the inter- c l ast matrix and to a l e s se r  e x t e n t  - l i thologic 

h e t e rogene i ty o f  c l asts . Mudf l ow depo s i t s  are typ i c a l l y  

unstrat i f i e d  and exhib i t  very poor sorting ( P l at e  7 . 0 1 ) .  C l asts 
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are di spersed randomly i n  the matrix range from rounded to 

angu l ar . The bas al  cont act is  o c c a s i ona l l y  e ro s i o n a l  with c l asts 

o f  underlyi ng tephr i c  and medi a l  materi a l  i ncorpora t e d  within the 

depo s i t  during f l owage ( P l at e  7 . 0 1 ) .  Mud f l ow depo s i t s  are 

textur a l l y  s imi l ar to tho s e  depos i t s  mapp e d  as marg i n a l  f a c i e s  of  

a debr i s  ava l anche but f ragmenta l  rock c l a s t s  and an assoc i at e d  

hummocky surface are apparent l y  absent . We ak ly cons o l i dated 

c l asts i n  mud f l ow depo s i t s  exhib i t  f e atures indi c a t ive o f  p l astic 

de format ion and progre s s ive di s aggregation duri ng f l owage . 

Debri s f l ow depo s i t s  are poor ly sort e d , and compri s e  angu l ar to 

sub- rounded c l asts e i ther c l as t - or matr i x - suppo r te d  with s i l ty 

s and of s imi l ar compo s i t ion ( P l ate 7 . 0 2 ) . The top s u r f a c e  o f  

debr i s  f l ow are near p l anar o ften w i t h  a boul der s t r ewn uppe r  

surface . Debris f l ows genera l ly l ack vert i c a l  g r a i n  s i z e  

vari at ions and are usua l l y  poorl y  strati f i e d , except for an 

occas iona l , textur a l ly d i s t inct , thi n ,  b a s a l  sub - l ayer ( P l at e  

7 . 03 ) . S ome debri s f l ow depo s i t s  may exhib i t  crude revers e - t o 

norm a l  gr ading o r  reverse grading throughout the t h i ckne s s  o f  the 

depo s i t ional uni t . The b a s a l  cont act of debri s f l ow s  con f i ne d  to 

channe l are as is usu a l ly e ro s i onal with under l y i ng depo s i t s  

i ncorporated during f l owage ( P l at e s  7 . 0 4 a n d  7 . 0 5 ) .  However the 

b a s a l  cont act o f  debr i s  f l ow depo s i t s  on margina l i n t er - f l uve 

areas is s e l dom erosiona l .  In the s e  are a s  vert i c a l  t r e e  mou l ds 

are o ften observed ( P l at e  7 . 0 6 )  but wood i s  rare l y  p r e s e rve d . 

D e b r i s  f l ows demonstrate proxima l - t o - di s t a l  t r an s format ions t o  

" hyperconcentrated " f l ows - a transport mode i nt e rm ed i ate b etween 

debr i s  f l ow and normal stre am - f l ow , and charact e r i s e d  by 

suspens ions in the volume concentration r ange o f  2 0 - 6 0 %  ( 40 - 8 0 %  

b y  weight ) ( B everage and Cu l bertson , 1 9 6 4 ) . 



Plate 7 . 01 :  Mudflow depos i t  o f  Kahui Formation expos ed n e a r  Norfolk 
Road on S t a t e  H ighway 3 ( Q1 9 /164214 ) .  Not e  the poor sor t i n g , lack of 

s t ra t i f i c a t ion and rip-up c l as t s  o f  media l  m a t e r i a l , 

N 
0'1 
0'1 

Plate 7 . 02 :  Debris f low depos i t s  o f  Warea Formation s epa r a t ed by 

f l uvial deposi t s  at B e l l  Block Quarry on Manutahi Road ( Ql 9 / 1 0 6 3 7 6 ) .  
Not e  t h e  t ex t u ra l  v a r i a t ion but s i m i l a r  l i t hological composi t ion . 



Plate 7 . 03 : Textural d i s t i nct , t h i n , basal sub- layer o f  Ngatoro 

Formation expo s e d  at Q 2 0 / 1 7 1 20 8  in e f f l u e n t  pond near Section 1 2 . Not e  

f l ame dew a t e ri n g  s t ru c t u r e  and Inglewood Tephra below s u b - l aye r .  

Plate 7 . 04 :  Erosion a n d  i ncorpo r a t i o n  o f  f l uvial depo s i t s  by 

over l y i n g  d e b r i s  f low depos i t s  of Warea Formation i n  t h e  Waiongana 
S t re am c a t chment a t  B e l l  B lock Qua rry , on Manutahi Road ( Ql 9 / 1 0 6 3 7 6 ) . 



Plate 7 . 0 5 :  Erosion o f  hyperconc e nt r a t ed f l ow depos i t  b y  overlying 
debris f low deposi t  o f  Warea Formation in the Manganui River ca tchment 

a t  Eve r e t t Road Quarry (Ql 9 / 2 0 5 2 9 9 ) .  

N 
0"\ 
OJ 

Plate 7 . 06 :  T r e e  Moul d  i n  marginal a r e a  o f  Ngatoro Formation . Not e  

underlying Inglewood Tephra . 
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Hyperconcentrated f low depo s i t s , we l l  documente d  a t  Mt . S t . 

H e l ens ( e . g .  P i erson and S cott 1 9 8 5 ) ,  are best d i s t ingu i shed from 

the deb r i s  f l ow depo s i t s  from whi ch they evo l v e d  by the i r  m a s s ive 

or crude l y  strat i f i e d  appe arance with sometimes an i nvers e ly 

graded sub - unit i n  the b a s a l  p art o f  e ach depos i t i o n a l  uni t  

( P l at e  7 . 0 7 ) . The most defini t ive charac t e ri s t i c  o f  

hyperconcentrated f l ow depo s i t s  i s  the i r  e l onga t e  c l a s t s  

deve l o p i ng a n  a - ax i s  p ara l l e l - to - f l ow ori ent a t i o n  i n  we l l  sorted 

depos i t s . Thi s improvement in sorti ng is re f l e c t e d  by the l ack of 

d i s p e r s e d  c l a s t s  and grain supporte d  matrix whi c h  i s  usua l ly 

granu l ar ,  non- cohes ive and with greater voi d  s p a c e . The upper 

sur f ac e  of hyperconcentrated f l ow depo s i t s  i s  u s ua l ly p l anar . 

Depos i t s  that repre sent a trans i t ional f l ow regime b e tw e e n  debri s  

f l ow and hyperconcentrated f l ow a r e  a l so recogni s e d . The s e  

depo s i t s  i n  a vert i c a l  sequence a r e  o f t e n  charact e r i s e d  b y  a 

s t r at i f i e d  very f ine to coarse s and uni t ove r l a i n  by an 

unst r at i f i e d  grave l ly s and uni t , whi ch upwardly g r a d e s  to a 

f a i nt l y  s trati f i e d  coarse s and ( P l at e  7 . 0 8 ) . The s e  uni t s  w e r e  

pre sumab l y  depo s i t e d  s equent i a l l y  b y  a s ingl e  f l oo d  wave that was 

i n  the proc e s s  of trans forming f rom debri s  f l ow to 

hyp erconcentrated f l ow .  The vert i c a l  contact b e t w e e n  the two 

depo s i t  types in e ach f l ow unit is trans i t iona l and downstr e am 

the debri s  f l ow unit thin progre s s ive ly . 

The mos t  s triking f e ature o f  debr i s /hyperconcentr a t e d  f l ow 

depo s i t s  i n  T aranak i , i s  thei r  s imi l arity in l i tho l ogy , t e x ture 

and fabri c . Thi s  l e ads to prob l ems i n  mapping and c o rre l at i ng 

s eparate f l ow events becau s e  they l ack i ndividu a l  d i agno s t i c  

properti e s  ( P l at e  7 . 0 9 )  and are current l y  mapp e d  c o l l e c t i v e l y . 
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T e  Popo debr i s f l ows 

( new informal forma t i on ) 

T e  Popo debri s f l ows are named a f t e r  T e  Popo S t r e am that f l ows 

e a s twards f rom Egmont Vol c ano , cro s s ing S t ate Highway 3 j us t  

north o f  Mi dhurst . On the upper e a s tern f l anks o f  Egmont Vo l c ano , 

T e  Popo debr i s  f l ows compri ses at l e ast two unit s  that are 

separated by up to 0 . 1 5m o f  humi c ,  ashy or medi a l  m a t e ri a l . 

Upper and L ower Contacts 

The uppe r  contact o f  the uppermo s t  Te Popo debri s  f l ow uni t i s  

s ep ar a t e d  from Mg . d  o f  Manganui t ephra above , by u p  t o  0 . 1 0m o f  

ashy o r  medi a l  materi al ( Section 3 o f  Appendix 1 and F i gure 2 . 0 5 ; 

P l ate 7 . 1 0 ) . Mg . c  o f  Manganui tephra i nt e r s t r at i f i e s  the 

ashy/me di a l  mate r i a l  intervening b e tween the two debr i s  f l ow 

uni t s . The l owermost T e  Popo deb r i s  f l ow uni t i s  di r e c t l y  

under l ai n  b y  Mg . b  o f  Manganui tephra . 

Age 

Te Popo debri s f l ows are cons idered to c lo s e l y  corre spond in age 

to Manganui t ephra , s ince both formations are c l o s e l y  a s s o c i ated 

i n  the stratigraphic succe s s ion . On thi s basis both debri s f l ow 

uni t s  are con s i dered to have an age b etwe e n  � . 2 . 9 kyr and � . 3 . 1 kyr 

B . P .  

Type S ec t i on 

An inform a l  type s e ction i s  here d e s i gnate d  in a d e e p  dra i n  

p a r a l l e l  to a f arm track , 0 . 5 4km north o f  D e nbigh Roa d  a n d  6 . 1 km 

we s t  o f  the j unction with S tate H ighway 3 at Q 2 0 / 1 2 9 1 1 2 . ( S e c t i on 

3 o f  Appendix 1 and Figure 2 . 0 5 ) . Here T e  Popo debri s  f l ow 

depo s i t s  are expo s e d  as f o l l ows : 
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Maketawa t ephra 

0 . 2 4m - - - - - - - - - - - - - D i s tinct and wavy boundary - - - - - - - - - - - - - - - -

0 . 04m 

0 . 04m 
Mg . d  

0 . 0 9 m  

1 . 8 2m 

sub - l ayer 

0 . 0 2 m  

0 . 0 7m 

0 . 3 7m 

sub - l ayer 

Ye l l owish- brown ( l OYR 5 / 4 ) ,  f r i a b l e , we akly 
deve loped , medium nut s t ructured medi a l  
materi a l . D i st i nct and wavy boundary . 

Many , moderat e l y  sort e d , grey ( l OYR 5 / 1  -
3 / 1 ) ,  coarse ash and f ine l api l l i  dispe r s e d  
in ye l l owish brown ( l OYR 5 / 4 ) a s hy mater i a l . 
Indistinct and wavy boundary . 

Ye l l owish-brown ( l OYR 5 / 4 ) ,  fri a b l e ,  we akly 
deve loped f i ne granu l ar s t ructured ashy 
materi a l  with common d i rperse d  grey f ine 
l api l l i  throughout . D i s tinct and wavy 
boundary . 

1 . 8 0m of very poorly sort e d , uns t rati f i e d , 
l ight greyi sh brown to grey ( l OYR 6 / 2  to 5 / 1 ) 
angu l ar to sub - rounded grave l s  d i spersed i n  a 
very firm matrix o f  pebbly s and . Sharp and 
wavy boundary to 
0 . 0 2m o f  moderat e l y  we l l  sort e d , brown ( l OYR 
5 / 3 ) f ine s and . S harp and wavy boundary . 
( upper Te Popo deb r i s  f low ) 

Very dark brown ( l OYR 2 / 2 ) ,  f i rm ,  mass ive 
structured hum i c  materi a l . Sharp and wavy 
boundary . 

D ark brown ( l OYR 4 / 3  - 3 / 3 ) ,  f i rm ,  mass ive 
structured humi c  mater i a l  with d i s conti nuous 
pockets o f  moderate l y  we l l  s o r t e d ,  dark b rown 
and red coated , grey , f i ne to m e d i um l ap i l l i  
o f  uni t  Mg . c . C l e ar and wavy b o undary . 

0 . 3 2m o f  very poor ly sorted ,  f ai nt reve r s e  
to normal graded , l i ght greyi s h  brown to grey 
( l OYR 6 / 2  to 5 / 1 ) angul ar to s u b - rounded 
grave l s  abundant l y  di spersed i n  a very f i rm ,  
sub- ordinate matrix o f  pebbly s and . Abru p t  
a n d  wavy boundary to 
0 . 0 5m o f  moderate ly sorted c o a rs e  to very 
coarse grey s and . S harp and w avy boundary . 
( lower Te Popo debri s  f l ow ) 



0 . 07m 
Mg . b  

0 . 3 l m  
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P rofuse , moderat e l y  we l l  sorted ,  r e d  ( 2 . 5YR 
4 / 6  - 4 / 8 ) , dark grey ( l OYR 4 / 1 ) ,  f i ne to 
medium l ap i l l i . S harp and w avy boundary . 

O . l 3m thick l ayer o f  dark brown ( 7 . 5YR 4 / 4 ) 
humic materi a l  with sma l l t r e e  s tumps i n  
growth position . I ndi s t i n c t  a n d  wavy 
trans i tion to 0 . 1 2m thick l ayer of dark brown 
( 7 . 5YR 3 / 4 ) c arbonaceou s , s l ight ly grav e l ly 
c l ayey materi a l . S harp and w avy trans i t i on to 
0 . 0 6m l ayer o f  very dark grey ( 5YR 3 / 1 ) hum i c  
materi a l  with protruding t r e e  s tump s . 

3 . 07m - - - - - - - - - - - - - D i stinct and wavy boundary - - - - - - - - - - - - - - -

I l . b  o f  Ingl ewood Tephra 

D i s tribut i on 

On the e a s tern f l anks o f  Egmont Vo l c ano , T e  Popo debri s f l ow s  

occur a s  a broad l ob e  between Patea River i n  the south and 

Mangamawhete S tr e am in the north . In the v i c i n i ty of the N a t i o n a l  

P ark boundary , t h e  uni t s  appear to have overtop p e d  the c h anne l s  

and l at e ra l l y  spread onto the extens ive p l anar i n te r - f l uve 

surface s . I n  the vic ini ty of Te Popo S tr e am ,  e i ther s i de o f  

Denbigh Road , deb r i s  mounds o f  Ngaere Formation protrude from 

beneath the debr i s  f l ow uni t s . Both uni t s  of T e  Popo debri s  f l ow s  

together w i th the c l o s e l y  underlying Ngatoro Form a t i on o ften 

occur di s tributed wi thin the inter - mound areas . Further sout h , 

the e l evated hummocky terrain o f  Ngaere Formati o n , h a s  f o rme d a 

topographi c obstruction for Te Popo debri s f l ow d e po s i t s . I n  thi s 

terrain , both debr i s  f l ow uni ts were princ i pa l l y  c o n f i n e d  wi t h i n  

t h e  channe l s  o f  Waingongoro River and Mangatoki S t r e am . The 

debr i s  f l ow uni t s , further east , become confined w i thin P i ak a u , 

T e  Popo , Waipuku and Mangamawhete S tream channe l s  a s  we l l  as the 

Manganui and P a t e a  Rivers . 



Plate 7 . 0 7 :  Hypercon c e n t r a t e d  f low deposit of Warea Formation a t  Bell 

Block Quarry , on Manut ahi Road ( Ql 9 / 1 06376 ) .  Not e  crude s t ra tifica tion 
of wel l  s o r t e d  deposit and elon g a t e  c l a s t s  with a - axis paral l e l  to f low 
orient a tion . 
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Plate 7 . 08 :  Unnnamed lahar deposit exposed a t  Q20 / 1 6 7202 ( S ec tion 1 0 )  
on B a i n s  F a rm . This deposit represents t h e  t r a nsitional f l ow pha s e  
b etween debris flow a n d  hyperconc e n t r a t e d  flow .  



Plate 7 . 09 :  Debris f low and hypercon c en t r a t ed flow deposits of Warea 

Formation at B e l l  Block Quarry . on Manutahi Road ( Ql 9 / 1 0 6 3 7 6 ) .  These 
depos i t s  are mapped col l e c t ively since t hey generally lack individual 
and readily i d e n t i f i ab l e  d i a gnos t i c  prope r t i e s . 

N 
-...J 
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Plate 7 . 10 :  Te Popo debris flow deposit ( upper u n i t ) a t  Q20 / l 2 9 1 1 2  
( S e c t ion 3 )  between Denbigh an d  York Roads . Pos i t ion of Maketawa tephra 
( black arrow ) and Mg . d  of Manganui tephra ( wh i t e  arrow ) is i n d i c a t e d . 
Not e  u n n amed debris flow depos i t  t ru n c a t i n g  Maket awa tephra . 
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Ngatoro Forma t i on 

( a fter Neal l  1 9 7 9 ) 

Thi s Formation was formal ly named by Ne a l l ( 1 9 7 9 ) a ft e r  Ngatoro 

S tream that drains the north - e as t  f l anks of Egmont Vo l c ano . The 

type l o c a l i ty is the are a wi thin 0 . 4 km to the north and e as t  o f  

B edford Road and south o f  Nor f o l k  Road j unct i on ( Q2 0 / 1 3 8 1 8 7 ) .  O n  

t h e  l ower eastern f l anks o f  Egmont Vo l c ano , Ngatoro Form a t i on 

compri s e s  a sing l e  debri s  f l ow uni t ( P l at e  7 . 1 1 )  whi ch downstre am 

s e quent i a l ly trans forms t o  a hyperconcentrated f l ow uni t ( P l ate 

7 . 1 2 )  and then a normal s tream f l ow uni t ( P l at e  7 . 1 3 ) . 

Upper and Lower Contact 

The uppe r  cont act of Ngatoro Formation is separated f rom Manganui 

t ephra above , by < 0 . 2 0m o f  medi a l  or hydrous m a t e r i a l . The l ower 

cont act is separated from I l . b  o f  Ingl ewood Tephra b e l ow ,  by 

< 0 . 1 0m o f  medi al or hydrous materi a l  ( P l at e s  7 . 0 6 and 7 . 1 1 ) .  

Age 

A radioc arbon date ( NZ 3 3 5 3 A ) from wood bene ath the Ngatoro 

Format ion , at Q 1 9 / 1 5 6 2 1 0 , g ave a maximum age of 3 , 6 1 0  + / - 80 

years B . P .  ( Neal l 1 9 7 9 ) .  Another radioc arbon date ( Wk - 1 0 3 1 A ) of 

3 , 6 9 0  + / - 8 0  ye ars B . P .  from peat immedi ate l y  bene a t h  I ng l ewood 

Tephra con f i rms the maximum age for the c l o s e l y  over lying Ngator o  

Format ion . O n  the b a s i s  o f  the above radiome t r i c  d at e s , Ng atoro 

Formation is here cons i dered to have an age of between � . 3 . 5  and 

� . 3 . 6 kyr B . P .  

Re ference Local i ty 

I n  addit ion to the two r e f e rence sect i ons a l r e ady d e s ignated by 

Ne a l l ( 1 9 7 9 ) ,  a new reference section i s  cho s en i n  t h i s  s tudy .  

Thi s s e c ti on occurs at a p rominent west - f ac i ng road cut o n  S t ate 

H ighway 3 at Tariki Rai lway overp a s s , oppos i t e  the j unct i on with 
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Johns Road a t  Q2 0 / 1 6 7 2 0 2 . ( S ec t i on 1 0  o f  Appendix 1 and F igure 

2 . 0 5 ) . Here the fol lowing section is exposed : 

0 . 2 6m - - - - - - - - - - - - -

0 . 1 3m 

Manganui tephra 

I ndi s tinct and wavy boundary 

Brownish ye l l ow ( l OYR 6 / 6 ) ,  f i rm l y  f r i a b l e , 
we akly deve l oped , fine to medium b locky 
structured medi a l  materi a l . D i s t inct and wavy 
boundary . 

c . l . 4 5m Moderately to poorly sorted , m a s s ive ( upper 
Ngatoro Formation portion ) to strati f i e d  ( l ower port ion ) ,  

inversely graded sub - uni t s  o f  l ight g r e y i sh 
brown to greyi sh brown ( l OYR 6 / 2  to 5 / 2 ) 
angul ar to sub - rounde d grave l s  s uppor t e d  in a 
very f i rm matrix of  pebbly s and o f  s i m i l ar 
l itho l ogy . Common pum i c e  l ayers occur n e ar 
base o f  unit which exhibits p l anar , a s  w e l l  
a s  l ow ang l e  X- strat i f i c at ion . S harp and 
i rregu l ar boundary to 

sub - l ayer < 0 . 2 0m of f i rm ,  we l l  sorted f i ne s and w i th 
f l ame dewatering structure s evi dent . S h a rp 
and i rregu l ar boundary . 

0 . 0 7m Browni sh ye l l ow ( l OYR 6 / 6 ) ,  f i rm l y  fri ab l e ,  
mass ive s tructured medi a l  materi a l . 

1 . 9 lm - - - - - - - - - - - - - D i s t inct and wavy boundary - - ·- - - - - - - - - - - - -

I l . b  o f  Ingl ewood Tephra 

D i s t ribut ion 

Ngatoro Formation c an be subdivi ded into a c . l km wide , nor t h- e a s t  

( nt l ) l obe a n d  a � . 3 km wide , e a s tern ( nt 2 ) l obe . T h e  e a s t ern lobe 

i n  the v i c i ni ty of Egmont Nationa l P ark , occurs between the 

Maket awa S tream in the north and Mangatengehu S t r e am i n  the 

south . B etween Mang amawhete S t r e am and the mapp e d  southern 

boundary , the nt 2 lobe is bur i e d  beneath T e  Popo deb r i s  f l ow 

uni t s . Ngatoro Formation i s  l ikely to be d i stributed further 

south bene ath T e  Popo deb i s  f l ow unit s . Further mapp i ng i n  t h i s  

v i ci n i ty i s  required . 
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T h e  north- e ast lobe ( nt l ) i s  pre s e rved o n  the inter - f l uv e  

s u r f a c e s  between the channe l s o f  tribut ar i e s  to the Ngatoro 

S tr e am . At c . l 5 . 2km north - e a s t  o f  the present E gmont s ummi t ,  ntl 

b ec om e s  channe l ised into the Ngatoro and the Ngatoro - i t i  S tre am 

c hanne l s . At thi s point , the two channe l i s e d  depo s i t s  o f  nt l are 

s ep ar a t e d  by a < 0 . 4km wide i nter - f l uve surface of Kahui 

Format ion . The channe l i s e d  depo s i t s  o f  n t l  comb i n e  a fur t h e r  

c . 5 . 4km north - e ast and enter the Manganui R i v e r  a t  c . 2 6 . 1 km 

north - e a s t  o f  the present Egmont summi t . 

The e a s te rn l obe ( nt 2 ) at � . 1 4 . 6 km from the Egmont s ummi t ,  forms 

two sma l l sub - l obes separated by an 0 . 7 km wide i n t e r - f l uv e  

s u r f a c e  o f  Kahui Formation . The northern sub - lobe i s  d i s t r i buted 

on the inter - f l uve sur f a c e s  between Mak e t awa S t r e am and a 

t r i but ary o f  Waitepuku S tr e am , and become s princ i p a l ly c o n f ined 

wi thin these stream channe l s  at c . 1 6 . 6 km north - e as t  of the Egmont 

s ummi t .  The south sub - l ob e  i s  extens ive l y  d i s t r i bu te d  in the are a 

between W a i tepuku and Mangatengehu S tr e am s  and cont i nu e s  t o  be 

distributed on the inter - f l uve surfaces b e tween the two s t r e ams 

north- e a s t  of the S t ate Highway 3 .  Howeve r  an e l ev a te d  a r e a of 

Terti ary s i l ts tone l ocated � . 2 km e a s t  of S tate H ighway 3 ,  near 

the end of Rugby Road , appears to have c aused the f l ow t o  

b i furc a t e . A portion o f  t h e  southern sub - l obe fol l ow e d  t h e  

Mangamawh e t e  and Mangatengehu S t r e ams be fore ente r i ng t h e  

Manganui R iver catchment � . 3 . 8 km further e a s tward , whe r e a s  the 

other port i on fol l owed tributari e s  o f  W a i tepuku S tr e am b e fore 

entering Mang anui R iver , further north . 

At the Manganui River and Ngatoro S tream j unct i o n , where nt 1 and 

n t 2 l obe s merge , Ngatoro Formation c an be mapp e d  � . 1 7 km f u rther 

north towards the coast within the con f i n e s  of the Manganui River 

v a l l ey .  Over thi s distance , Ngatoro Formation app e a r s  to 

progre s s ive ly trans form from a hyperconcentrat e d  f l ow depo s i t  to 

a norm a l  s t r e am f l ow depos i t . 
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7 . 4  Unnamed lahar depo s i t  

A s i ng l e  debr i s  f l ow unit h a s  been recogni s e d  within the c o n f i ne s  

o f  Waipuku S tream and i t s  tributar i e s , north - e a s t  o f  S t at e  

Highway 3 i n  the vic inity o f  Tariki ( P l ate 7 . 0 8 ) . The 

d i s tribution of thi s unit south-west o f  S t at e  Highway 3 i s  

pre s ent l y  unknown . 

The uppe r  cont act o f  thi s unit i s  c l e ar and irregu l ar ,  and 

separated from W . a  o f  Tariki Tephra above , by � . < 0 . 3 0m of m e d i a l  

materi a l . T h e  l ower cont act i s  sharp and w avy , and i s  separated 

f rom Waipuku tephra be l ow , by up t o  0 . 1 5m o f  medi a l  materi a l  

( P l at e  2 . 1 1 ) .  Thi s debri s f l ow uni t , i s  there fore e s t imated t o  

have a n  age range o f  between � . 4 . 6 kyr and � . 5 . 2kyr B . P .  

A re f erence s e c tion for thi s debri s f l ow uni t i s  de s i gnated a t  a 

f arm c u t t i ng wi thin a stream val l ey ,  � . 0 . 1 5km south- e a s t  o f  a 

mi l k i ng shed on B ains Property , Tariki Road at Q 2 0 / 1 9 2 1 9 4 . 

( S e c t i on 1 2  o f  Appendix 1 and Figure 2 . 0 9 ) .  Here the debr i s  f l ow 

uni t i s  transi tional to a hyperconc entrated f l ow uni t . 
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7 . 5  Kahui Forma t i on 

( a f ter Nea l l  1 9 7 9 ; rede fini t i on thi s s tudy ) 

The formation was form a l ly named Kahui Debris F l ows by Ne a l l 

( 1 9 7 9 ) a f t e r  Kahui Hi l l  ( P2 0 / 9 7 2 1 1 9 ) and comp r i s e s  a t  l e a s t  e i ght 

debri s f l ow unit s  deposited in W e s t  T aranaki between � . 7kyr a n d  

� . 1 2 . 5 kyr B . P .  S imi l ar a g e d  debri s  f l ow unit s  w e r e  a l so 

recogn i s e d  a long the Waiwakaiho R iver i n  north - e a s t  T aranak i . The 

type s e c t i on was designated in the northern b ank o f  the 

Waiweranui S tr e am at P 2 0 / 9 1 2 1 9 4 , 1 . 4 5km due north of the e a s t e rn 

end o f  Newa l l Road . As Kahui Debr i s  F l ows have proved a u s e fu l  

l i thostratigraphic unit i n  both w e s t  and north - e as t  T aranaki they 

are here de f i n e d  as Kahui Forma t i on . 

I n  describing the l itho l ogy o f  t h i s  format i on , Ne a l l ( 1 9 7 9 ; 

pg . 2 0 )  remarks that " sma l l er debri s  f l ow uni t s  were depo s i t e d  a s 

fine s ands acro s s  the l ands c ap e , i n  a s imi l ar manner to f l oods 

observed i n  h i storic time s ' ' . Thi s comment i nt imate s  that some 

debr i s  f l ow unit s  o f  the Kahui Form at i on underwent p rogre s s ive 

proxima l - to - di s t a l  trans formation to norm a l  stream f low uni t s . 

On the north- e a s tern l ower f l anks o f  Egmont Vol c ano , a succ e s s i on 

o f  at l e a s t  three debr i s  f l ow uni t s  and one mudf l ow uni t are 

recogni s e d . The debr i s  f l ow uni t s  are mappe d  co l l e c t ive l y ,  s i nc e  

p o o r  exposure and l ack o f  diverse l i tho l ogy , prec l udes indiv i du a l  

mapping . 

Upper and L ower Contact 

On the l ower north - e astern f l anks of Egmont Vo l c ano , the u p p e r  

cont act o f  t h e  uppermost debri s  f low unit i s  separated from 

Waipuku Tephra above , by c . < 0 . 2 5m of medi a l  materi a l . The 

l owermos t  uni t  is separated from Konini Tephra b e l ow ,  by � - < 0 . 6 0m 

o f  medi a l  materi a l . The debris f l ow unit s  o f  Kahu i  Formation a r e  
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frequent l y interstrati f i e d  by const i tuent uni t s  o f  Kaponga Tephra 

( e . g .  S e c t i ons 8 and 12 of Figure 2 . 1 2 ;  P l at e  2 . 1 1 ) .  

Age 

Kahui Format ion in north- e ast ern T ar anaki is c l o s e ly a s so c i ated 

i n  the s t r at igraph i c  suc c e s s i on wi th Kaponga Tephr a . On thi s 

b a s i s  the Formation i s  here con s i dered to h ave an age range 

between Q . 6 . 0kyr and Q . l Okyr B . P .  

D i s tribut i on 

Kahui Formation i s  extens ive l y  dis tributed on t h e  i nter - f l uve 

sur f ac e s  of Warea Formation corre lat ive s betwee n  S t ate H ighway 3 
and the Nat ional P ark boundary . I n  the vicinity o f  I ng l ewoo d , 

K ahui Formation h a s  part i a l ly i nundated the i nt e r - mound a r e a s  o f  

Okawa Formation and i s  frequent ly bur i e d  b y  uni t s  o f  Ngatoro 

Formation . I n  the v i c ini ty o f  Waipuku S tr e am ,  Kahui Form a t i o n  i s  

buried b y  a n  unnamed deb r i s  f l ow uni t . 

North and north - e as t  o f  S t ate H ighway 3 ,  debr i s  f l ow uni t s  o f  

Kahui Format ion gener a l ly become channe l i s e d  wi thin the con fines 

of maj or s t r e am t ributarie s . Exposure s w ithin mos t  o f  the s e  

v a l l eys are genera l ly l imited , due t o  subsequent w i de spre a d  

buri a l  by the f l ow unit o f  Ngatoro Form a t i on depos i t e d  down the 

s ame channe l s . However ,  within and adj acent to the present cour s e  

o f  the W a iongana S t re am channe l ,  t h e  uppe rmo s t  d eb r i s  f l ow u n i t  

o f  Kahui Formation i s  the youngest l ahar i c  depo s i t  i n  the 

c a tchment and can be mappe d  to the c o a s t . Thi s u pp e rmost uni t  

appears t o  have progre s s ive ly trans formed f rom debr i s  f l ow to 

norm a l  s t r e am f l ow . 

The mudf l ow unit o f  Kahui Formation ( Figure 7 . 0 1 ) ,  forms t h e  

uppermo s t  l ahar depo s i t  on t h e  inter - f l uve sur f a c e s  b etwee n  t h e  

M ak e t awa a n d  Waitepuku tribut a r i e s , between Durham a n d  Johns 

Road . In thi s vi c i ni ty , the uni t is wi thout a hummocky sur f a c e  
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topography and ha s  inundated sma l l debr i s  mounds t ent ative l y  

corre l ated to t h e  Okawa Formation . From S t a t e  Highway 3 ,  t h e  uni t 

c an only be traced a further � . 3km north- e a s t  a l ong Norfo l k  Road 

be fore i t  i s  conc e a l e d  bene ath Nga toro Format i on . 

Re ference Local i t i e s  

I n  north- east T ar anaki e i ght reference l oc a l i t i e s  are des i gnated 

for uni t s  o f  Kahui Format i on . 

1 .  Farm cutt i ng in contoured s t r e am va l l ey ,  right o f  
f arm race , c . 0 . 1 5km south - e a s t  o f  m i l king s he d ,  
B ains Property , Tariki Road a t  0 2 0 / 1 9 2 1 9 4 . 
( S e c t i on 1 2  o f  Appendix 1 and F i gure 2 . 1 1 ) . 

2 .  P rominent drain , south s i de o f  Durham Road , 
c . 1 . 8 5km s outh-we s t  o f  the j unct i on o f  Durham R o a d  
and S t a t e  H ighway 3 at Q 1 9 / 1 4 4 2 2 6 .  ( Sect ion 8 o f  
Appendix 1 and Figure 2 . 1 1 ) .  

3 .  Driveway cutting immediate l y  adj acent to Nga toro 
S tream on Burgsteden ' s  property , n e a r  R e s e rvo i r  on 
Dudl ey Road ( 0 1 9 / 1 1 9 2 2 6 ) .  

4 .  Drain running di agon a l l y  a c ro s s  p a ddock into 
Ngatoro - i t i  S tream ( 0 1 9 / 1 5 5 2 4 9 ) .  

5 .  S i l age P i t  adj acent Ngatoro S tre am , N i c ho l s  
Property , Bri stol Road ( 0 1 9 / 1 8 7 2 7 7 ) .  

6 .  Drain adj acent boundary o f  Everett R e s erve i n  
p addock at the j unction o f  B r i s t o l  and Evere t t  
Roads , ( 0 1 9 / 2 0 8 2 9 8 ) .  

7 .  Cutting a l ongs i de p addock , near Ngatoro S t r e am ,  
0 . 4km north o f  Junct ion Road , ( 0 1 9 / 1 8 3 2 7 2 ) .  

8 .  P rominent west f ac i ng road cut on S t at e  Highw ay 3 ,  
c . 0 . 2km south- ea s t  from Norfo l k  S choo l at 
01 9 / 1 6 4 2 1 4 . 
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P1ate 7 . 1 1 :  Debris f low deposi t  o f  Ngatoro Forma tion w i t h  protruding 
Dacrydium cupr e s s inum ( rimu ) s t umps in pos i t ion o f  growth at York Road 
Quarry ( QZ 0 / 1 1 9 1 1 9 ) .  Spade ( lm l e n gth ) rests on s t ump i n  c e n t re of 
pl a t e . Arrow i n d i c a t e s  pos i t ion o f  I 1 . b  o f  Ing1ewooll Tephra in peat 
below debri s flow depos i t . 
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7 . 6  warea Forma t i on Corre lat ive s 

( a fter Neal l ,  1 9 79 ) 

On the e a stern and north- e a stern l ower f l anks o f  E gmont Vo l c ano , 

a c l o s e l y  spaced success ion o f  at l e ast f ive debr i s and 

hyperconcentrated f l ow uni t s  are recogni s e d . The s e  u ni t s , appear 

to have a s imi l ar age r ange to the Warea Format i on but d i f fe r  in 

depo s i t i onal texture and l ack associ ated mounds with fragment al 

rock c l a s t s . The l ack o f  r e ad i l y  i dent i f i ab l e ,  d i ve r s e  l i tho l og i c  

character o f  individu a l  uni t s  and t h e  abs ence o f  i n t e rb e dde d 

t ephra markers between the uni t s , prec l udes sub - div i s ion o f  the 

succe s s ion and downstream mapping and corre l at i on o f  individu a l  

events ( P l ate 7 . 0 9 ) .  On thi s b a s i s , i t  there fore s e ems 

approp r i a t e  to co l l e c t ively t e rm the s e  unit s  a s  Wr corr e l at ives 

( a fter Ne a l l  1 9 7 9 ) .  

Upper and Lower Conta c t s  

The uppe rmos t  W r  corre l a t ive i s  s ep arated from the S l  above , by 
c . < 0 . 2 0m o f  L l . l  medi a l  mater i a l  and uppe rmo s t  K a i houri tephra 

( Se c t ion 10 o f  Appendix 1 and Figure 2 . 1 6 ;  P l at e  2 . 2 0 ) . Near 

source the basal cont act of the l owermo s t  uni t is r a r e l y  expo s e d . 

However ,  d i s t a l ly this l owermo s t  cont act i s  occ a s i o na l ly 

s eparated f rom Aokautere Ash b e l ow ,  by L l . l  o f  v a r i a b l e  

thi ckne s s . Wr correlat ive s interc a l ate with L l . l  o r  ande s i t i c  

s ands o f  the Katikara Formation ( P l ate 7 . 1 4 ) . 

Re f erence Loca l i t i e s  

F i ve r e f erence s e c t i ons a r e  des i gnated f o r  uni t s  o f  Wr 

c orre l a t ives in north and north- e a s t  T aranak i . 

1 .  Everett Road Quarry , 7km north- e a s t  o f  Ingl ewood 
Borough at j unction of Eve r e t t  and B r i sto l Ro ads , 
( Q l 9 / 2 0 5 2 9 9 ) .  
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2 .  Road cutting on Konini Road , I ng l ewo o d  Borough at 
Q1 9 / 1 3 6 2 7 6 .  

3 .  Be l l  B l ock Quarry , Manut ahi Road a t  Q 1 9 / 1 0 6 3 7 6 . 

4 .  Qu arry , 0 . 1 km north o f  S t at e  Highway 3 and 0 . 8 km 
west o f  j unction o f  S t ate Highway 3 and 3A 
( Q 1 9 / 1 2 5 4 1 8 ) .  

5 .  S i l age p i t  on Howe s Property , 0 . 1 km north o f  s aw 
mi l l  s i tuated at the Waiongana S tre am bridge , 
S t ate Highway 3 ( Q 1 9 / 1 4 1 4 2 3 ) .  

D i s tribut i on 

D epos i t s  o f  Wr corre l a t ive s are extensive l y  di s t r i buted on the 

north and nort h - east l ower f l anks of Egmont Vo l c ano but are o ft e n  

bur i e d  beneath a thick ( � . > 3 . 0m )  success ion o f  l ah a r i c , medi a l , 

a s hy and l api l l i  depos i t s . On the l ower f l anks ther e  are onl y  two 

extensive are as where Wr corre l a t ive s  form the u p p e rmo s t  l ahari c 

depos i t . Here they compri s e  debr i s  f l ow unit s . I n  the v i c ini ty o f  

I ng l ewood , the se debri s  f l ows uni t s  have p a rt i a l l y  s urmount e d  

sma l l  aeol i an - modi f i e d  debr i s  mounds o f  Okawa Form a t i on ( e . g .  a t  

Q 1 9 / 1 3 6 2 7 5  o n  Konini Road ) . 

Extending to the north o f  I ng l ewoo d , Wr c orre l a t ive s c an be 

mapped within the confines o f  north trending dra inage channe l s  

that connect the Egmont r i ng p l ain to the North T a ranaki coas t a l  

p l a i n . Wi thin the confines o f  the Mangaorak a S tr e am V a l l ey a t  

l e a s t  f ive , dominant ly debr i s  f l ow uni t s  c an b e  c o l l e c t ive l y  

mappe d . These uni ts app e a r  to have obstruct e d  n a t u ra l  drainage 

f rom the Umutekai swamp and p arti a l l y  surmounte d  i n t r a -val l ey 

aeo l i an dunes o f  Katikara Formation o f  Ne a l l ( 1 9 7 5 ) ( P l at e  7 . 1 4 ) . 

These debris f l ow uni t s  exhibit minimal proximal - to - d i s t a l  

t r ans formation t o  hyperconcentrated f l ow uni t s  b u t  a p p e a r  to 

become better sorted and finer grained with di s t ance from sourc e . 

Wi thin the confines o f  the Waiongana Stream v a l l ey ,  a t  l e a s t  two 

debr i s  f l ow trans itiona l  uni t s  c an be mappe d  col l ec t ive l y . 



Plate 7 . 12 :  Hypercon c e n t r a t e d  f low deposit o f  Ngatoro Formation 

exposed a t  Q 2 0 / 1 7 1 2 0 8  in e f f l u e n t  pond on Rugby Road n e a r  S e c tion 1 2 . 
Plate 7 . 13 :  Debris-f low r e l a t e d  s t re am flow deposit of Ngatoro 
Formation exposed in drain at Q l 9 / 2 0 8 2 0 8 . 



P1ate 7 . 14 :  Debris f1ow deposi t s  o f  Warea Formation intercalating 

andesi t i c  sand dune o f  Katikara Formation a t  Ql9 / 1 0 234 7 .  Arrow indic a t es 

posi t ion of Aokautere Ash . 

N 
OJ 
0\ 

P1a t e  7 . 1 5 :  Vertical t r e e  mou lds i n  marginal area o f  Warea Fonaa tion 
adj acent Waiongana S t ream near Lepper ton . Not e  sharp and vert ical 

bou n d a ry b e t w e e n  Warea Formation and Kahui Forma tion ( indic a t e d  by l arge 
a r rows - f a r  l e f t ) . 
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Further north , o n  the c o a s t a l p l a i n , the s e  uni t s  o c cur o n  the 

inter - f l uve areas di rec t l y  adj acent to the pre s ent s t r e am 

course s . Near L epperton , the uppermost deb r i s  f l ow unit app e ars 

t o  h ave overtopped the channe l and spi l l e d  over into a . forest , 
indi c a t e d  by . the numerous tree mou l ds ( P l at e  7 . 1 5 ) .  Further north 

towards the coast , prominent debri s mounds o f  O k aw a  Formation 
protrude from beneath the debr i s  f l ow uni t s  whi l s t  smal l e;r mounds 

we re inundated . 

Within the Manganui River v a l l ey ,  a t  l e a s t  f ive debri s and 
hyp erconcentr ated f l ow uni t s  form an extens ive i n t r a - val ley 

l aharic aggradation sur f ac e . Thi s surface has b e e n  subsequent ly 

d i s s e c te d ,  t o  l e ave smal l p l anar remnants a l ong the river va l l ey 

t o  j u s t  south of Wai tara . The uni t s  that compr i s e  these sma l l 
remnant surfaces are poo r l y  expo s e d . 

Age 

A radioc arbon date ( NZ 6 7 0 2A ) of 2 1 , 5 0 0  + / - 3 0 0  y e a r s  B . P .  w a s  

obtained from wood immedi ate l y  beneath a l owermos t  W r  c or r e l a t ive 

in the Waiongana S t ream v a l l ey ( 0 1 9 / 1 443 1 4 ) .  

7 . 7  Opunake Forma t i on Corre l a t ive s 

Opunake Format ion corre l at ives h ave so f a r  been o b s e rved a t  only 

three s i tes in north and north - e a s t  T aranaki . From thi s me agre 
d a t a , the extent of the s e  depo s i t s  i s  extreme ly d i f f i cu l t  to 
a s certain . Two debri s f l ow uni t s  c l os e l y  unde r lyi ng Aokautere 

Ash , appe ar to have been channe l i s e d  down the W a i whakaiho River . 

Thes e  uni t s  are exposed i n  a prominent road cut on S t at e Highway 

3 ,  O . l km we st o f  the Waiwhakaiho River B r i dge a t  P 1 9 / 0 8 4 2 8 5  

( P l at e  4 . 02 ) .  Two further debri s f l ow uni t s , a l so c l os e l y  

underlying Aokautere Ash , appear to have been channe l i s e d down 

the Waiongana Stream . The s e  uni t s , s eparated by a thin tephra bed 
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provi s iona l l y  corre l ated t o  Tuikonga Tephra , are expo s e d  i n  a 

s i l ag e  p i t  adj acent to Waiongana S t r e am on the c o a s t a l  p l a i n  

( Ql 9 / 1 4 2 4 2 4 ) .  

A further debris f l ow unit overlying the 2 . 2 8kyr W a i tepuku tephra 

i s  i dent i f i e d  on the ring p l ain in the vicinity o f  I ng l ewood at 

Q l 9 / 1 7 1 2 5 9  ( Section 1 6  of Appendix 1 and Figure 2 . 2 8 ;  P l at e  

2 . 3 8 ) . Thi s debri s  f l ow uni t i s  expos e d  beneath a t h i c k  o ve r l ying 

suc c e s s i on that inc l udes uni ts of Wr corre l a t ive s , a s  we l l  as 

Ngaere Formation . 

7 . 8  Motunui L ahar Depos i t  
( new inform a l  formation ) 

A s i ng l e  2 . 4 . 2 5m thick , dominant l y  unstrat i f i e d , h e t ero l i t ho l ogic 

mud f l ow uni t i s  near continuou s l y  exposed i n  co a s t a l  c l i f f s  that 

extend f rom j ust east o f  Waitara to the Onaero R i v e r  ( P l at e  

7 . 1 6 ) .  The mudf l ow uni t compri s e s  abundant angu l ar t o  we l l  

rounded rock c l asts and common p l a s t ic a l l y  deformed soi l and 

t ephra r i p - up c l asts dispersed i n  a c l ay rich inte r - c l as t  matrix . 

At some expos e d  sections c l asts are concentrated towards t h e  

b a s a l  portions o f  the mud f l ow uni t . Fragmental r o c k  c l as t s  h ave 

not been observed within the uni t . 

Upper and L ower Conta c t s  

A l ong t h e  North T aranaki coast , t h e  l ower cont a c t  o f  Motunui 

L ahar depo s i t  i s  sub - hori zont a l , sharp and wavy and separated 

f rom the wave - cut surface o f  NT2 terrace b e l ow ,  by a thin 

c arbonaceous p a l eosol deve loped d i r e c t l y  i n  vari ab l y  thi c k , 

p l anar to l ow ang l e  cros s - strati f i e d ,  we l l  sorte d  ande s i t i c  s ands 

and g r ave l s  ( P l ate 7 . 1 6 ) . At the s ame s e c t ion the upper contact 

is  s ep arated from Ni . a  o f  Nini a t ephra by < 0 . 3 0 m  of l igni t i c  

m a t e r i a l  ( P l ate 2 . 3 9 ) .  The sub - hori z ont a l  upper s u r f ace o f  the 
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mud f l ow uni t , a l ong isol ated secti ons o f  the coast , i s  d i r e c t l y  

over l ain b y  prominent dunes compri s ing steep ang l e d  cros s 

s t r a t i f i e d , we l l  sorted ande s i t i c  s ands . 

Further i n l and the mud f l ow unit i s  s e l dom expose d . However at two 

s e c tions adj acent to the Waitara R iver on the NT3 terrace , the 

mudf l ow unit i s  we l l  exposed . In a stream gu l ly on Honor ' s  

P roperty at 0 1 9 / 1 73 3 9 9 ,  the depo s i t  i s  separated from Ok awa 

Format ion above , by � . 6 . 7 0m o f  l igni t i c  materi a l  and gytt j a 

interb edded by at l east thirty- four ash and l ap i l l i  uni t s  o f  

Nini a t ephra . Here the b a s e  o f  the unit i s  not expo s e d  but h a s  a 

m i n i mum thi ckne s s  of c . 1 2m .  

I n  a c l i f f s ec t i on at Osborne ' s  Property S . 2 . 5 km further s outh

e a s t  at 0 1 9 / 1 8 7 3 8 3 , the Motunui l ah a r i c  depo s i t  is unconf o rm ab l y  

s e p a r a t e d  f rom Okawa Form a t i on above , b y  0 . 8m o f  l i gni t e . T h e  

b a s e  o f  t h e  Motunu i  l ahari c depo s i t  i s  expo s e d  unconform a b l y  

r e s t ing upon a c . 5m thickne s s  o f  p l anar t o  l ow ang l e d  c ro s s 

b e dded we l l  sorted s ands whi c h  abrup t l y  grade downwards t o  c . 8m 

o f  gyttj a cont aini ng woo d  and l igni t i c  l en s e s  ove r l ying a g r ave l 

uni t  above the NT3 wave cut sur f ac e , b e l ow . 

Further i n l and , Motunui l aharic depo s i t  i s  only tentative l y  

corre l at e d  t o  a section a l ong Mangaone Road extens i o n  a t  

0 1 9 / 2 4 4 3 0 6 , � . 1 0 . 5km north - e as t  f rom I ng l ewood . Here , the upper 

2m o f  the mud f l ow uni t i s  expos e d  j us t  above roa d  l eve l and i s  

separated from the overlying Okawa Formation by c . 3 . 7m o f  gyt t j a 

with at l e ast 4 5  l api l l i  and ash i nt e r - beds o f  Nini a tephr a . 

Age 

The Motunui l ahar i c  depos i t  c l o s e l y  pos t - d a t e s  the cut t i ng of the 

NT2 terrace and there fore h a s  an age o f  � . 1 1 5kyr b a s e d  on t h e  

corre l at ion o f  t h e  c l o s e l y  underlying NT2 wave cut s u r f a c e  ( H ay 

1 9 6 7 ; Chapp e l 1 1 9 7 5 ) to the R ap anu i Formation o f  Wanganui 
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P1ate 7 . 16 :  Motunui 1ahar deposit within t h e  cover-beds o f  NT2 
t errace in t. h e  vicinity of Titirangi S t ream mou th a long the North 
Taranaki coa s t  ( Ql 9 / 1 9 74 5 8 ) . H e r e  t h e  lahar deposit is overlain by 
cross-bedded s and dune a n d  u n d e r l ain by l amin a t e d  s and and gravel above 

the NT2 wave c u t  s u r f ac e . No t e  t h e  wave cut f ragme n t a l  rocl< clas t . 



2 9 1  

( Fl eming 1 9 53 ; subsequent ly rede fined and indi re c t l y dated a t  

£ . 1 3 0kyrs B . P . ) .  

D i s tribut i on 

The mudf l ow uni t i s  wide ly d i s tributed on the North Taran a k i  

coastal  p l ain b a s e d  o n  i t s  n e a r  conti nuous occurrence within the 

cover-beds of NT2 terrace a l ong the coast . The thi c kening o f  the 

uni t at s i te s  adj acent to the W a i t ar a  River further inl and 

sugges t  it was channe l i sed down the W a i t ar a  River V a l l ey .  S ma l l  

i s o l ated remnant s o f  the hi ghe st l ah ar i c  aggr adat i o n  sur f a c e  

within the portion o f  the Waitara River Val l ey that di s s e c t s  the 

E l tham s u r f ace , probably r e l ate to the Motunui l ah a r i c  

depo s t i o n a l  event . 

Due to me agre outcrop dat a , i t  remains unc l e ar whether the 

Motunui l aharic depo s i t  originated from a youth f u l  ance s t r a l  

Egmont Vo l c ano or an act ive ly degrading Pouak a i  Vo l c ano . I t  a l so 

remains uncertain whether or not the mud f l ow resu l t e d  from 

l at e r a l  t r ans formation o f  a l arge vo l ume debr i s  ava l anche d e po s i t  

b e c au s e  n o  fragment a l  rock c l a s t s  o r  remnant s o f  a hummocky 

surface phys iography have been i denti f i e d . 

7 . 9  D i s cu s s i on 

At l e ast e l even debr i s  f l ow uni t s  pos t - dating the c . 2 2 . 5 kyr 

Aokaute r e  Ash have been recogni s e d  i n  northern and north- e a s t e rn 

T aranak i , whereas only two mudf l ow uni t s  have b e e n  r e cogn i s e d . 

Both c ategor i e s  o f  l ahar depo s i t s  originating from E gmont 

Vo l c ano , are e i ther confined within radi a l  drainage channe l s  or 

have spi l l ed over onto the int e r - f l uve surfaces o f  the r i ng 

p l a i n . Mos t  uni ts extend f rom the Egmont ring p l a i n  t o  the North 

T a r anaki c o a s t l ine a fter h aving been comp l e t e l y  or parti a l l y  

channe l i s e d  wi thin prominent north trending dra i n a g e  paths . Mos t  
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debri s f l ows underwent proxima l - t o - di s t a l  t r ans form a t i on t o  

hyperconcentrated f l ows and norm a l  stream f l ows . 

As both c at egori e s  o f  l ahar depo s i t s  appe a r  to be m arked l y  

di f ferent i n  morpho l ogy , i t  i s  there fore r e asonab l e  to sugg e s t  

that the mechani sms o f  generation were a l s o  qui t e  d i f ferent . An 

underst anding o f  the mechani sms of debr i s  f l ow formation h a s  b e e n  

obt a ined f rom numerous studi e s  o f  t h e  recent erup t i ons a t  

Mt . S t . He l en s . H e r e  a de f l ating pyro c l a s t i c  surge h a s  b e e n  

observed t o  rapi d l y  move downs l op e  under t h e  i n f l uence o f  g r av i t y  

a n d  to become trans formed from a h i ghly di spers e d , a i r - and g a s 

mobi l i se d  s t ate to a water -mobi l i s e d  state ( Janda e t  a l . 1 9 8 1 ; 

P i e rson , 1 9 8 5 ; S cott , 1 9 8 5 ) .  Smal l e r  debr i s  f l ow s  were a l so 

generated by the trans formation f rom erup tion- indu c e d  s nowme l t  

surge s . I n  T aranaki , the generation o f  prehi s t o r i c  debr i s  f l ow s  

b y  e i ther t rans formation i s  strong l y  sugges t e d  by t h e  domin ant l y  

homogeneous l i tho l ogy o f  the depo s i t s  and the occurrence o f  

synchronous tephra depos i t s  whi ch indicate concurrent e rupt ive 

activity . The occurrence o f  l ava bombs enc l os e d  w i thin some 

l i tho l ogi c a l ly s imi l ar deb r i s  f l ows further support the 

sugge s t ion that debri s  f l ows were eruption- i nduce d . The s o r t i ng 

o f  debr i s  f l ows and the i r  minor c l ay content , a l so sugge s t s  t h a t  

they formed mainly from vo l cani c materi a l s  previo u s l y  subj e c t  t o  

progr e s s ive o r  s e l ective sorting . Thi s cou l d  have b e en b y  t h e  

winnowing o f  e l utri ated fines f rom a de f l a t i ng a i r - mob l i s e d  

pyro c l a s t i c  surge and/or subsequent f l uvi a l  sorti ng i n  s t r e am 

channe l s . 

The m a i n  source o f  water for down s t re am di l ut i on o f  debri s f l ow s  

w a s  prob a b l y  eroded snow and i c e , whi ch w a s  incorpor a t e d  by 

turbu l ent mixing into the f l ow a l ong with a s s oc i a t e d  s l ope t a l u s . 

Ground water expe l l ed together w i t h  the rock deb r i s  duri ng a n  

ini t i ating e ruptive event may have a l so contribute d  t o  the w a t e r  

content o f  some f l ows . 
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Mud f l ows w i t h  a high c l ay component are cons i d e r e d  to be derived 

from vol c ani c mate r i a l s  not s e l ect ive ly sorte d . How mud f l ow s  were 

generated at Egmont Vo l c ano and how wate r and c l ay were 

i ncorporated into the f l ows in a manner that c l e ar l y  di f fe r s  f rom 

that of debri s  f l ows remains at thi s stage specu l at ive . 
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CHAPTER 8 

8 . 0  DEBR I S  AVALANCHE DEPOS I T S  

8 . 1  Introduc t ion 

Deposi t s  of fragmenta l  debr i s  at the b a s e  of Egmont Vo l c ano 

di sp l ay a surface of numerous hi l l s  and sma l l mounds . In e a r l y  

geo l ogi c a l  surveys the s e  " coni c a l  hi l l s "  were cons i dered t o  b e  a 

s e r i e s  o f  sma l l  i ndependent vo l c an i c  vents ( de C l arke , 1 9 1 2 ; 

Morgan and Gibson , 1 9 2 7 ) .  Boss ard ( 1 9 2 8 ) l ater suggested that 

the s e  hi l l s  were b l i sters on l ava f l ows . It  w a s  G range ( 1 9 3 1 ) who 

was f i r s t  to argue that they were r emnants o f  a huge l ahar f l ow 

based on the i r  s im i l ari ty to other vo l c ani c mudf l ow depos i t s , a 

vi ew that attained gene r a l  acceptance ( Co tton , 1 9 6 9 ; MacDona l d ,  

1 9 7 2 ; Wi l l i ams and McB i rney , 1 9 7 9 ) .  

Neuman van P ad ang ( 1 9 3 9 ) and van B emme l en ( 1 9 4 9 ) a t t ribut e d  the 

hi l l s  at the base of s eve r a l  I ndone s i an vo l c anoe s  t o  " l ands l i ding 

o r  ava l anching " of a s e ctor o f  the vo l c an i c  cone , and the 

depo s i t s  were described as l ahar i c  brec c i a s . In Japan , r e s e a rch 

p r io r  to the 1 9 8 0  Mt . S t . H e l ens erup t i on sugge s t e d  that the s e  

depos i t s  di f fered f rom l ahars . Murai ( 1 9 6 1 ) u s e d  the t e rm " dry 

mud f l ow "  to di s c u s s  debri s ava l anche s emp l a c e d  by " gr avi t a t i on a l  

forc e s  without t h e  agency o f  water " . M i z uno ( 1 9 6 4 )  a l so 

d i s t ingui shed f ragment a l  depo s i t s  o f  " aval anche typ e " f rom tho s e  

o f  " f l ow type " . Then i n  1 9 7 5 , Ando and Yamagi sh i  conc l u d e d  that 

many o f  the " mudf l ow hi l l s "  at the b a s e  of  Japane s e  vo l c anoe s  

actua l ly formed b y  e i ther c o l d  o r  hot ava l anche s . Nak amur a  ( 1 9 7 8 ) 

emphas i s e d  that the 1 8 8 8  B andai depo s i t  w a s  not wate r  s atura t e d , 

and introduced the term " vo l c anic dry ava l anche " t o  d i s t i ngu i sh 

depo s i t s  o f  such ava l anches from l ahars . The 1 9 8 0  Mt . S t . H e l ens 

erup t i on was the first inst ance in whi ch d e t a i l s  of a l arge 

vo l c an i c  debri s  ava l anche were documented a t  the t im e  o f  

emp l acement and thi s has p rovi ded a mode l f o r  i n t e r pr e t a t i on o f  
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s imi l ar depo s i t s  e l s ewhere . The incomp l e t e l y  water s aturated 1 9 8 0 

Mt . S t . He l ens depo s i t  ( Voight e t  a l . 1 9 8 1 ) was t e rmed a " rocks l i de 

ava l anche " ( Voight e t  a l . 1 9 8 3 ) or a " rock s l i de - debr i s  ava l anche " 

( Gl i cken et a l . 1 9 8 1 ) .  Thes e  two terms accurat e l y  describe the 

empl acement proce s s e s , wherea s  " d�bri s ava l anche " h a s  been 

i ncrea s i ng l y  used for the resu l ti ng depos i t s  ( S oya and Katsu i , 

1 9 8 1 ; Aramaki et a l . ,  1 9 8 1 ; Mimura et a l . 1 9 8 2 ) ;  Newh a l l ,  1 9 8 2 ;  

C rande l l  e t  a l . ,  1 9 8 4 ) . 

I n  Taranaki , Ne a l l  ( 1 9 7 9 ) mapped three L at e  Quaternary l ahar i c  

brecc i a  depo s i t s  extending we st and south-west f rom E gmont 

Vo l c ano . The se depos i t s , showing deve l opment of mounds or 

" coni c a l  hi l l s "  ( Morgan and Gibson , 1 9 2 7 ) ,  were named Pung a rehu , 

Ware a and Opua format ions ( Ne a l l 1 9 7 9 ) and l at e r  i de nt i f i e d  a s  

debri s ava l anche depos i t s . T h e  mos t  spect acu l ar o f  the s e  thre e  

ava l anche depo s i t s  i s  the Pungarehu Format i on w i t h  a n  e s t i m a t e d  

m i nimum vo l ume o f  6 - 7 . 5km3 ( Ne a l l , 1 9 7 9 ; Ui  et a l . ,  1 9 8 6 ) .  Thi s 

depos i t  was mapped from 1 0  to 2 7km away from the p r e s ent summ i t  

a n d  covers an are a o f  approximate ly 2 0 0  - 2 5 0km2 • 

On the e a s t ern and north - e a s t ern l ower f l ank s  o f  E gmont Vo l c ano , 

two further L at e  Quaternary depo s i t s  ( Ngaere and Okawa 

Format ions ) are i dent i f i e d  in thi s study and interpreted to h ave 

formed f rom debri s  ava l anche s which l at e ra l ly t r a n s f o rmed i n t o  

mud f l ows . I n  thi s study , Okawa Formation h a s  b e e n  mappe d , 

howeve r , further mapping i s  required to more f u l l y  e l uc i date the 

e x tent o f  Ngaere Formation in cent r a l  and south- e a st e rn Taranak i . 

8 . 2  Nomenc l a ture 

The main internal structures of both depo s i t s  c a n  b e  s ub - divi ded 

into two maj o r  components :  1 )  fragment a l  rock c l a s t s  ( here a f t e r  

r e ferred to a s  ' FRC ' ) ,  a n d  2 )  matrix . 
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A FRC i s  here defined a s  a fragmente d  o r  de form e d  p i ece o f  l av a  

or l ayered vol c ani c l asti c materi a l  c ommonly pre s e rving 

strat i f i cation and/or i ntrus ive cont acts formed within the 

original vol c anic edi f i c e . I n  eastern Taranaki the mos t  commo n l y  

recogni s e d  FRC i s  ande s i t i c  l ava whi ch i s  usua l l y  bre c c i ate d , 

forming a d i amicton o f  homogeneous compo s i tion . The s cheme o f  

S unde l l  and Fi sher ( 1 9 8 5 ) has been u s e d  t o  de f i ne the FRC ' s  i . e  . .  

boulder ( 0 . 2 5 6  - l Om ) , megaboulder ( 1 0 - l O Om ) , b lock ( 1 0 0  -

l OOOm ) and megab l ock ( 1  - l Okm ) . I n  addi t ion , a grave l s i z e d  

c l as s  o f  FRC ' s  ( 0 . 00 2  - 0 . 2 5 6m ) i s  recogni s e d . I n  t h i s  study the 

matrix is here re ferred to as  - inter - c 1 a s t  mat r i x  for a l l the 

m ateri a l  w ithin the depo s i t  surrounding the FRC ' s and l e s s  t han 

0 . 0 0 2m i n  di ame te r . It shou l d  not b e  confus e d  with the m a t ri x  o f  

a FRC which i s  here t erme d  intra - c l a s t  mat r i x . I nt e r - c l a s t  m a t r i x  

i nc l ude s a l l  b l ende d , unsorted and uns trat i f i e d  p a r t s  o f  t h e  

depo s i t  compri s ing materi a l  r angi ng in s i z e  from c l ay t o  v e ry 

coarse s an d . I ncorporated wi thin the inter- c l a s t  m a t r i x  are 

c l a s t s  of p l as t i c a l l y  di s torte d  soi l , l igni te and t ephr a l ayers , 

c l a s t s  o f  variab l e  degrees o f  rounding and woo d  f ragment s d e rived 

from the t e rrain bene ath . I nt e r - c l as t  matrix i s  mor e  abundant i n  
i n t e r - mound are as and i s  predominant in the di s t a l  and l at e ra l  

margins o f  the depos i t . 

The area o f  a depo s i t  wher e  FRC ' s  are predominant and a hummocky 

surface deve l ops , was mapp e d  as  an a x i a l  f ac i e s  by Ne a l l ( 1 9 7 9 ) 

and a s  a b l ock faci e s  by Crande l l  e t  a l . ( 1 9 8 4 ) . I n  cont r a s t  the 

are a whe r e  inter - c l ast matrix i s  predominant was mapped as 

marginal f a c i e s  by Ne a l l  ( 1 9 7 9 ) ,  a s  matrix fac i e s  b y  Crande l l  e t  

a l . ( 1 9 8 4 ) ,  as  main f a c i e s  by Mimura and Kawachi ( 1 9 8 1 ) and 

matrix mixture by Ui ( 1 9 8 3 ) . 

The l i tho l ogy and re l ative p roport ions o f  inter - c l a s t  m a t r i x  t o  

F RC ' s  vari e s  not only throughout e ach debri s ava l anche d e po s i t  

but betwee n  the depos i t s  as  we l l . The s e  vari ations a r e  i n f l u e n c e d  
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b y  the c ompo s i t i on o f  the original vo l c an i c  e d i f ic e , type and 

s c a l e  o f  the ini t i a l  vo l c an i c  event , and a l so the o ccurrence o f 

ne arby r i dges , channel systems and l owl ands . 

I n  mappi ng prehi s toric debri s ava l anche depo s i t s  i n  e a s t ern 

Taranak i , an adap t at ion of axi a l  and marg i n a l  f ac i e s  nomenc l ature 

introdu c e d  by Ne a l l ( 1 9 7 9 ) is pre f e rred a s  an a l t e rnative to 

b lock and matrix facies . Us age o f  thi s nomenc l ature is conside r e d  

more appropri ate s ince i t  di s tingu i shes t h e  mappi ng uni t s  from 

b e i ng confused with sedimento logi c a l  descriptions . 

Both ava l anche depo s i t s  on the e a s t e rn Egmont r i ng p l ai n  c an b e  

sub - divi ded into thre e f a c i e s : axi a l  a ,  axi a l  b a n d  marginal 

f a c i e s , on the basis o f  l at e r a l  vari a t i ons b e tween the F RC ' s  and 

inter - c l a s t  matrix ( Figure 8 . 0 1 ) .  

Axi a l  a f ac i e s  i s  here de f ined as tho s e  mappab l e  a r e a s  where 

f ragment a l  rock c l asts dominate with < 30 %  inter- c l a s t  matrix and 

the surf ac e  phys iogr aphy is dominate d  by a conce nt r a t e d  are a o f  

s t e e p  s l oped hi l l s  and mounds w i t h  l arge b a s a l  di am e t e r s  and 

sma l l er i nt e r - mound are a s . 

Axi a l  b f ac i e s  i s  de fined a s  tho s e  a r e a s  where the p ropor t i on o f  

inter- c l a s t  matrix i s  sub - dominant t o  dominant ( 3 0 - 9 0 % ) r e l ative 

to FRC ' s  and the surface phys iography is dominat e d  by s p a r s e l y  

d i s tributed mounds and hi l l s  o f  sma l l b a s a l  are a w i t h  m o r e  

extensive int e r - mound are a s . Thi s  f a c i e s  corre spond s  w i t h  the 

mixed b l ock and matrix fac i e s  of G l i cken ( 1 9 8 6 ) .  

Marginal fac i e s  i s  de fined a s  tho s e  are a s  where t h e  proport i on o f  

inter- c l a s t  matrix i s  dominant ( > 9 0 % ) re l ative t o  FRC ' s and the 

surface phys i ography i s  p l anar wi thout mounds o r  h i l l s . 
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Ngaere Format i on 

( new formation ) 

The Formation i s  named a f t e r  the e as t  T a r anaki f a rm i ng c ommuni ty 

o f  Ng aere s i tuated on S t at e  Highway 3 ,  4km south o f  S trat ford 

Borough . 

8 . 3 . 1  Uppe r  and Lower Contact s  

I n  are a s  o f  the south- e a s te rn s e ctor dominated b y  mounds and 

hi l l s ( ax i a l  a f a c i e s ) ,  the upper contact of Nga e r e  Form a t i on 

var i e s  f rom sharp to di f fu s e  and u s ua l l y  separat e s  meg abou l ders 

and b l ocks b e l ow ,  from P o t . c  o f  Po to Tephra , above ( F l at� 8 . 0 1 ) .  
The l ower cont act o f  Ng aere Format i on i n  t he s e  are a s  h a s  not b e e n  

observe d . 

I n  the extens ive inter-mound areas o f  the south - e a s tern s ector 

( ax i a l  b f a c i e s ) ,  the l ower cont a c t  is usua l ly sharp and p l anar , 

direc t l y  over l ying Pot . b  o f  Poto Tephra ( P l at e s  2 . 2 5 and 2 . 2 6 ) . 

I n  are a s  o f  the marginal f ac i e s , the uppe r  cont act o f  Ngaere 

Formation is  di s t inct and separat e d  f rom Aokautere Ash above , by 

<� . 0 . 0 8 m  of medi a l  materi a l  ( P l at e  3 . 03 ) .  H e re the l ower cont act 

of Ngaere Formation i s  sharp and s e p ar a t e d  f rom Tui . d  of Tuikonga 

Tephra by < c . 0 . 40m of medi a l  materi a l  ( P l at e  2 . 3 1 ) . 

8 . 3 . 2  Morphology 

The mos t  conspi cuous fe ature o f  Ngaere Form a t i on on the south

e a st e rn l ower f l anks o f  Egmont Vo l c ano , is the extens ive hummocky 

l andsc ap e  b e tween Mana i a  Road and P embroke Road ( P l at e  8 . 0 2 ) . 

Thi s l ands c ap e  can be sub- divi ded into two phys iographic typ e s  -

( a )  c l us t e r e d  hummocks with l arge b a s a l  are a s  and sma l l inter

mound are a s  ( occup i e d  by axi a l  a f a c i e s ) ,  and ( b )  s c a t t e r e d  
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Plate 8 . 01 :  Upper con t a c t  o f  Ngaerc Forma tion a t  its best s e ction in 
the vicinity of Mahoe ( QZ 0 / 1 0 8 037 ) . Here Ngacre Fo.rma tion is ove rlain by 
unit s of Poto Tcphra . The position of Aoka u t crc Ash i n t ercala t ing Poto 
Tephra i s  indica t e d  by a r rows . 



Plate 8 . 02 :  Subdued s u r f a c e  physiography o f  Ngaere Formation ( Axial a 
f a c i e s )  vicinity of upper Palmer Road in the sou t h - e a s t  s ec t or . 
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hummocks with vari ab l e  b as a l  di ameters and extensive i nt e r - mound 

areas ( occup i e d  by axi a l  b facies ) .  In thi s s e ctor , a thick 

succe s s i on of a i r f a l l mant l e  has reduc e d  the phys iograph i c  

expres s ion o f  thes e  hummocks t o  s u c h  a n  extent that o n l y  t h e  

l arges t  FRC ' s  have surface expre s s i on . 

C l ustered hummocks ( ax i a l  a fac i e s ) ,  extend e a s tward f rom t h e  

Egmont National P ark Boundary to S t at e  H ighway 3 ,  i n  the 

vicini t i e s  of Strat ford and Mi dhurs t  ( £ . 1 8  - 2 0km e a s t  of t h e  

present Egmont summit ) .  S c attered hummoc k s  ( ax i a l  b f a c i e s ) h ave 

a l so been i dent i f i ed al ong S t ate H ighway 3 between E l tham an d  

S trat ford , £ . 2 3 km south - e a s t  of  the present summi t .  The most 

distal  mounds corre l ating with Nga e r e  Form a t i on are l oc a t e d  j u s t  

north o f  Mat apu c . 2 5 km s outh- e a s t  f rom the pres ent s ummi t .  

On the e a s t e rn l ower f l anks o f  Egmont Vo l c ano , north o f  P embroke 

Road , indivi du a l  mounds and mound c l u s t e r s  of Nga e r e  Format i on 

protrude f rom b eneath sur f i c i a l  depo s i t s  o f  Te Popo debr i s  f l ow s  

and Ngatoro Forma t i on which are con f ined t o  the f l at , t ephra 

mant l e d  int e r - mound areas . Further north , hummocks of Ngaere 

Formation occur on e l evated terrain i n  the v i c i n i ty o f  Waipuku 

and Croydon Roads ( £ . 1 8 km east from the p r e s ent Egmont summ i t ) .  

The dens i ty o f  mounds per km2 as determined f rom a er i a l  

photographs , decreases w i th increa s i ng di s t ance from Egmont 

Vo l c ano . D i s ta l l y  in the vicinity of Ngaere , mound dens i t i e s  are 

genera l ly very l ow s e l dom exceeding £ . 3 5 per km2 but nearer to 

Egmont Vo l c ano mound dens i t i e s  exce e d  1 3 5  per km2 in sma l l  a r e a s  

between Kaponga a n d  Cardi f f . 

8 . 3 . 3  L i tho l o gy 

Fragment a l  rock c l asts are the mos t  d i s t inctive component o f  

Ngaere Formation . They mos t  commonly occur a s  e l onga t e  o r  

t abu l ar ,  grey t o  very dark grey , ande s i t i c  brecc i a  w i t h  a n  i ntra-
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c l ast matrix o f  i dent i c a l  compo s it i on and may p re s e rve 

s t r at i f i c at ion forme d  within the original vo l c an i c  e di f i c e  ( P l at e  

8 . 03 ) . 

The contacts between FRC ' s  are often sharp and i rr e gu l ar . W i th 

incre asing distance from Egmont Vo l cano , the proportion o f  

fragment a l  rock c l a s t s  s t e adi ly decre a s e s  re l a tive to the i nter

c l ast matrix . S imi l arly with increas ing d i s t an c e  from sourc e , 

progre s s ive di s aggregation and p l astic de formation redu c e s the 

average di ameter o f  FRC ' s  to grave l s i z e  ( P l at e  8 . 04 ) . A 

corre sponding incre a s e  in the ove ra l l spheric i ty o f  some FRC ' s  

was a l so ob s erve d . 

The most vari ab l e  and h e t e rogeneous component o f  Ng a e r e  Form ation 

is inter- c l a s t  m a t r i x . Thi s is recogni s e d  by l ac k  o f  be d di ng and 

h e t e ro l i tho l og i c  compo s i t ion . The dominant c o l o u r  of the i nt e r 

c l a s t  m a t r i x  i s  gener a l l y  ye l l ow i s h  brown ( l OYR 5 / 4  t o  5 / 8 ) being 

very s imi l ar to the medi a l  mater i a l  under l ying Ng a e r e  Form a t ion 

( e . g . P l a t e  2 . 3 0 ) . P a l e  brown , ye l l ow , grey and r e ddi s h  y e l l ow 

c o l ours predominate in the FRC and pum i c e  f ragment s . Vari a t ions 

o f  the s e  c o l ours app e ar to be inf l uenc e d  by the r e l a t ive 

proportions of the origi n a l  source materi a l s ,  a t t r i t ion o f  FRC ' s 

and materi a l  incorporated from uni t s  under l yi ng the forma t i on . I n  

t h e  north- e astern sector , a wedge o f  Ngaere Form a t i o n  i s  exposed 

unconformably overlying a progres s ive ly o l de r  s equence of m e d i a l  

inter-beds and t ephra beds a l ong a road c u t  adj a c e n t  to t h e  

M anganui River ( e . g .  S e c t i on 2 2  o f  Appendix 1 and F i gure 2 . 2 2 ) . 

Here a 0 . 7 0m sequence compri s ing the uppe rmos t  t ephra b e d  
( Tu i konga T ephra ) has been l oc a l ly incorpor a t e d  and p l a s t i c a l l y 

de formed wi thin the Formation ( P l at e  3 . 03 ) . 



P1ate 8 . 03 :  Orange pumiceous l apilli beds preserved wi t h i n a 
f r a gme n t a l  r ock c l a s t  of Ngaere Formation at Q 2 0 / 2 2 00 5 7 . n e a r  S t r a t ford 

Borough . These beds appear t o  r e p r e s e n t  s t r a t i f i c a t ion formed w i t h i n  t h e  
o r i g i n a l  vo l c a n i c  e d i f i c e . 
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P1ate 8 . 04 :  A boulde r - s i z ed f r agmen t a l  rock c l a s t  w i t h i n  Ngaere 
Formation e x h i b i t i n g  d i s s agre g a t i on during f lowa g e . R e f e r e n c e  s e c t i o n  on 

E l t h am Road ( Q2 0 / l l 4 9 6 9 ) .  
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8 . 3 . 4  D i s tribut i on 

Fo l low i ng ini ti ation o f  the ava l anche the con s t i tuent m a t er i a l s  

were b roken up , mixed and dispersed throughout a m i nimum a r e a  o f  

3 2 0 km2 o n  the e a stern and south- e a s t ern l ower f l ank s o f  E gmont 

Vo l cano . E a s t  o f  S t ate Highway 3 the Formation h a s  ye t t o  b e  

mapped . However ,  the occurrence o f  hummocks i n  thi s vi c i n i ty and 

outcrops of Ngaere Format ion expos e d  near the j unct i on o f  

S t andi sh and Ahuroa Roads ( Se c t i on 2 1 ) ( £ . 2 7 km e a s t  f rom the 

pre s ent summi t ) suggest that the Formation extends cons i de r a b l e  

di s t an c e s  further east towards the Terti a ry hi l l  country . I t  
s e ems prob ab l e  that the Formation was a l so channe l l e d  down t h e  

P a t e a  R i v e r  v a l l ey .  

Further south , in the v i c i n i ty o f  E l tham Borough , the 

d i s t ribution o f  Ng aere Formation appears to have been i n f l u e nced 

by the E l th am L ahar pl ane z e .  Ngaere Formation w a s  c hanne l l e d  

b e tween E l tham L ahar remnants ,  down the Waingongoro River where 

it appears to have obstructed natura l  drainage f rom E l tham S w amp 

j us t  south of E l tham Borough . E l tham L ahar remnants further 

south-we s t  appear to have been bur i e d  bene ath Nga e r e  Forma t i on . 

Hummocks and debris o f  Ngaere Formation border the w e s t e r n  m argin 

of Ngaere Swamp but the i r  extent further e a s t  is unknown . A 

narrow r i dge o f  Terti ary mudstone ( a l ong R awh i t i  Ro a d ) s ep a r a te s  

Ngaere S wamp from E l tham Swamp . On t h e  north s i de o f  thi s n a rrow 

r i dg e , the ground surface o f  Ngaere Swamp i s  not ab l y  higher i n  

e l eva t i on than the sur f a c e  o f  E l tham Swamp . Thi s e l eva t i on 

d i f f e rence may be due to greater d i s rupt i on o f  d r a i n age out l e t s  

b y  Ngaere Formation and di f ferent i a l  infi l l ing o f  Ngaere Swamp 

comp ared to E l tham Swamp . 

The extent o f  Ngaere Formation north o f  Waipuku S tr e am i s  

extreme l y  di f fi cu l t  to ascert a i n , b e c au s e  the Formation i s  b u r i e d  
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beneath thick deposits o f  younger l ahars and tephra . Ngaere 

Formation i s  exposed in the vicini ty o f  Ingl ewood ( e . g .  S e c t i on 

1 6  o f  Appendix 1 ;  P l ate 2 . 3 0 )  and a l ong the Manganui River ( e . g .  

S e c t i on 2 2  o f  Appendix 1 ) .  Ngaere Formation c an b e  r ecogni s e d  

wi thin the confines o f  the Waitara River va l l ey further nor t h  a t  

0 1 9 / 2 0 7 3 6 4 ( P l at e  2 . 3 1 ) and a t  0 1 9 / 1 9 4 3 9 0 . 

The extent o f  Ngaere Formation i s  extreme l y  di f f i c u l t  to 

ascertain west o f  Manai a Road , and s outh of a l ine extending 

b e tween Kaponga and Mat apu . I n  the s e  area s  adequate exposure i s  

s evere l y  l acking . A > 4m thick mudf l ow depo s i t  i s  expo s e d  a t  the 

j unction of Skeet and Uppe r  Gl enn Road , � . 1 2 km south-we s t  o f  
Kaponga ( S e c t i on 1 5 ) ,  which i s  here corre l at e d  w i th Ng aere 

Format i on s ince i t  c l o s e ly unde r l i e s  Pot . c  to Pot . e  o f  Poto 

T ephra , a s  we l l  as  Aokautere A s h  ( P l at e  2 . 2 9 ) .  

A l s o , near the S outh Taranaki c o a s t  ( � . 3 5 km south - e a s t  o f  the 
pres ent s ummi t )  a thin ( < 0 . 3m )  mud f l ow depos i t  i s  expo s e d  at a 

s i te c . l km e a s t  o f  Ohawe B e ach Ro ad ( P l at e  8 . 0 5 ) .  Thi s mud f l ow 

depo s i t , c lo s e ly under l i e s  Aokaut ere Ash and ove r l i e s  L a s t 

g l ac i a l  grey , mass ive s ands and i s  thus here corre l at e d  t o  Ng a e r e  

Formation . 

From thi s me agre outcrop data i t  appears that Nga e r e  Form at i on i s  

a l so extensive l y  di stribute d  over the north- e a s t , south - e a s t  and 

south porti ons o f  the Egmont ring p l a i n . It a l s o  appears tha t  

Nga e re Formation was channe l l ed down the Manganu i /W a i t ar a  R iv e r  

v a l l ey to t h e  North Taranaki c o a s t  ( P l at e  8 . 0 6 ) .  The 3 2 0km2 are a l  

extent o f  Ngaere Format ion i s  there fore con s i de r e d  a minimum 

e s timate , and a maximum e s t imate m ay tot a l  5 0 0km2 • At pres ent , 

Ngaere Format ion i s  c a l cu l ated to h ave a minimum vo l ume o f  

5 . 8 5km3 • 



Plate 8 . 05 :  Ngaere Formation ( mapped a s  marginal faci e s ) exposed n e a r  
Ohawe B e a c h ,  a t  t h e  south Taranaki coas t . The pos i t ion of the t rowel 
indic a t e s  the loc a t ion o f  Aokautere Ash . Not e  the enthralled s t an c e  of 
the f i e l d  a s s i s t an t . 
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Pla t e  8 . 06 :  Ngaere Formation ( mapped as marginal facie s )  exposed a t  
Q l 9 /2 0 7 3 6 4 .  n e a r  Manganui Road ,  in t h e  Wait ara River V a l l ey .  Tuikonga 

Tephra underlies t h e  Form a t ion at the l evel of the whi t e  marker card . 
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8 . 3 . 5  Age 

Ngaere Form a t ion i s  estimated to have an age r ange of betwee n  

c . 2 2 . 5  and 2 3 kyr B . P .  Thi s estimate i s  b a s e d  o n  i t s  c l ose l y  

underlyi ng pos i t ion with respect t o  the c . 2 2 . 5 kyr Aokautere Ash . 

8 . 3 . 6  Type S e c t i on 

The type s e c t ion o f  Ngaere Formati on i s  des i gnated at a promi nent 

north f acing roa d  cut opposite Cardi f f  Road W a l kway Carp a rk , l OOm 

wes t  o f  the Waingongoro River Bridge , on Opunak e Road ( Se c t i o n  7 

o f  Appendix 1 and F i gure 2 . 2 2 ;  P l a t e  2 . 2 6 ) . Thi s type sect i on h a s  

been chosen because i t  i s  the s ame a s  that d e s i gn a t e d  f o r  M ahoe 

T ephra , P a e t ah i  T ephra , Poto Tephra and K a i houri t ephra , a n d  

shows c l e ar l y  the i r  strat igraphic re l at ionships . A detai l e d  

description o f  Ngaere Formation a t  thi s s e c t i on i s  g iven i n  

Chapter 2 .  

8 . 3 . 7  Be s t  Loc a l i ty 

A b e s t  l oc a l i ty i s  designated here at an e a s t - f ac ing ro ad cut 

j us t  south of Mangatoki S tream bridge on Uppe r  P a lmar Road at 

Q 2 0 / 1 0 8 03 7 . Here , Pot . c  to Pot . e  of Poto Tephra , a s  we l l  a s , 

Aokautere A s h , are the l owermost t ephr i c  depo s i t s  that di r e c t l y  

mant l e  the Ngaere Formation ( P l at e  8 . 0 1 ) .  

8 . 3 . 8  Correl a t i on 

I n i t i a l l y ,  depo s i t s  o f  Ngaere Formation were tent ative ly 

corre l at e d  with tho s e  o f  Pungarehu Form a t i on ( Ne a l l 1 9 7 9 ) .  The 

ande s i t i c  t ephra beds mos t  useful i n  i denti fying Ngaere Form a ti o n  

i n t o  t h e  e a s t ern s ector o f  Egmont Vo l cano are not we l l  preserved 

to the we s t  due to l imi t e d  we stward d i s t r i bu t i on . S ince woo d  

f ragment s within Pungarehu Formation were d at e d  ( NZ 1 6 2 3A ) a t  

2 2 , 1 00 + / - 6 0 0  ye ars B . P .  and c l o s e l y  corre spond i n  age with 

depo s i t s  o f  Ngaere Formation , provi s i o n a l  corre l at i on was then 

based upon equab l e  age . 
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However ,  recent f i e l dwork i n  Western Taranaki sugg e s t s  that the 

Pungarehu Formation immedi ately post - dat e s  depo s i t i on of the 

Aokautere Ash ( Ne a l l pers . comm . 1 9 8 8 ) ,  wher e as ,  t h e  Ngaere 

Form a t i on c l o s e l y  pre - dates depo s i tion of Aokaute r e  Ash . From 

thi s evidence , it appears that Ngaere and Pungarehu Formations 

repre s ent two s imi l ar but chrono l ogi c a l l y  d i s ti n c t  depos i t s  that 

re l ate to the s ame e ruptive epi sode . 

8 . 3 . 9  Re ference Loca l i t i e s  

A tot a l  o f  ten re ference l o c a l i t i e s  throughout t h e  e as tern 

T a r anaki Region are designated for the Ngaere Form a t ion . The 

l o c a t i on of thes e  s i t e s  are as fol l ows : 

1. North-we s t  facing ro ad cut on Opunake R o a d  0 . 5 km we s t  
o f  Mang atoki S tream B r i dge and 0 . 9 km e a s t  o f  the 
j unction of Opunake Road with Upp e r  P a l me r  Road , 
( Secti on 6 ) ,  ( Q2 0 / l l 9 0 2 7 ) .  

2 .  Prominent south f ac ing road cut o n  Opunake Road , O . l km 
e a s t  o f  Tuikonga S tream B r i dge and c . 2 . 6km e a s t  o f  
Cardi f f  Road j unction , ( S ec t i on 7 ) ,

-
( Q2 0 / 1 5 8 0 4 3 ) .  

3 .  North- f a c ing road cutt i ng between corner o f  G l enn and 
Skeet Roads , and stream bridge O . l km further westward , 
( S e c t i on 15) ,  ( P 2 0 / 0 4 2 9 0 8 ) ( P l at e  2 . 2 9 ) .  

4 .  We st - f a c i ng farm cut behind m i l k i ng she d ,  B rowns 
P roperty , Durham Road , c . 2 . 6km north- e a s t  f rom S t a t e  
Highway 3 ,  ( Sect i on 16)� { Q l 9 / 1 7 1 2 5 9 ) ( P l at e  2 . 3 0 ) . 

5 .  S outh-we s t  f ac ing road cutting < O . l km south- e a s t  o f  
S t andi sh and Ahuroa Road j unction , ( Se c t i on 21) 
( Q2 0 / 2 7 2 0 9 4 ) .  

6 .  Prominent road cut either s i de o f  B r i s t o l  Road , O . l km 
e a s t  o f  Manganui R iver Bridge , ( S e c t i on 22 ) ,  
( Ql 9 / 2 1 3 2 9 6 ) ( P l at e  3 . 03 ) .  

7 .  P rominent e a s t - facing road cut o n  S t at e  H ighway 3 ,  
O . lkm north o f  j unct ion with Croydon R o a d , ( Q2 0 / 1 8 2 1 5 3 ) 
( P l ate 4 . 03 ) .  

8 .  North- f ac i ng road cut , O . l km we s t  o f  d i s u s e d  D a i ry 
Factory on Finnerty Road , ( Q2 0 / 2 1 5 0 0 9 ) ( P l at e  8 . 0 7 ) . 
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9 . P rominent south- faci ng road cut , 0 . 2km w e s t  o f  S t at e  
H ighway 3 on C l imie Road , ( 02 0 / 2 1 8 02 5 ) ( P l ate 8 . 0 8 ) .  

1 0 . P rominent Road cut e i ther s i de o f  E l tham Road , O . l km 
e ast o f  Kapuni S t re am , ( 02 0 / 1 1 4 9 6 9 ) ( P l at e  8 . 0 9 ) . 

8 . 3 . 10 A s s o c i ated Air - fal l Depo s i t s  

D i re c t l y  underlying Ngaere Form a t i on a t  i t s  type s e ct i on ( c . l 5km 

south- e a s t  of the pres ent summi t )  is a � . 0 . 0 6 m  thi c k , very w e l l  

sort e d ,  reverse graded , dark grey , mono l i thol o g ic ,  medium t o  

c o a r s e  s andy a s h  ( Po t . b  o f  P o t o  Tephra ) ( P l at e  2 . 2 7 ) .  Thi s uni t 

i s  expos e d  at two other s i t e s  ( 02 0 / 2 1 8 0 2 5  and 0 20 / 2 1 5 0 0 9 ) l oc at e d  

c . 2 3 km south - e as t  from t h e  present summ i t  ( P l at e s  8 . 0 7 a n d  8 . 0 8 

respective ly ) .  Here , Pot . b  compri s e s  a � . < 0 . 03 m  t h i c k , 

d i s cont i nuous ash . I t  i s  c l ear that the texture and sort i ng 

charact e r i s t i c s  o f  Pot . b  compared to repre s ent a t ive s amp l e s  o f  

depo s i t s  f rom the May 1 9 8 0 erup t ions o f  Mt . S t  H e l ens ( Figures 

8 . 0 2 ,  8 . 03 and 8 . 04 ) ,  represents a tephra - f a l l e ru p t ive that 

i mmedi a t e l y  preceded the onset o f  the ava l anche . T h i s uni t i s  not 

a s soci ated with an equiv a l ent ' pyroc l a s t i c  den s i ty current ' ( an 

i nform a l  term encomp a s s ing both pyroc l as t i c  f l ow and surg e ; 

S i ebert et a l . 1 9 8 7 ) . The mine r a l ogy of thi s tephra compri s e s  

p l agioc l as e , c l inopyroxene , t i t anomagne t i t e , hornb l e nde and mino r  

o l ivine , typ i c a l  o f  many Egmont eruptive s ( S tewart p e r s . comm . 

1 9 8 9 ) .  P art i c l e s  are predominant l y  ho lohyal l i ne ,  r anging to 

ho l l ocrys t a l l ine ,  and s i l i c a  content s of g l a s s  f a l l in a n arrow 

range o f  5 7  - 60 wt % suggesting derivation from a magma r a t he r  

t h a n  fragmentation o f  pre - exi s t i ng l avas during an e x p l o s i v e  

event . Thi s tephra repres ents a pu l se o f  n e w  magma entering the 

vo l c ano and l e ading to a new cyc l e  of activity . 

Thi s new cyc l e  o f  activity i s  represented by a s equence o f  

t h i rteen , very c l os e l y  spaced pum i c eous and scor i a c e ous tephra

f a l l beds ( Pot . c  to Pot . o )  that directly ove r l i e  Nga ere Form a t i on 

i n  the south - e as t  l ower f l anks ( s ee P l at e  2 . 2 5 ) .  



P1ate 8 . 07 :  Ngaere Formation wit h  underlying precursory eruptive 
( Pot . b )  at r e f e ren c e  s ec tion on Fin n e r t y  Road ( Q 2 0 / 2 1 5 0 2 9 ) .  The position 
of Aokautere Ash in the s ec tion is indica t ed by an arrow .  
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P1ate 8 . 08 :  Ngaere Formation with underlying precursory eruptive 

( Pot . b ) a t  r e f erence s ec tion on Climie Road ( Q 2 0 / 2 1 8 02 5 ) . The position 
o f  Aokautere Ash i n t erca l a t i n g  prominent u n i t s  o f  Poto Tephra is 
i n d i c a t e d  by a n  a r row . 
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Plate 8 . 09 :  Ngaere Formation a t  reference sect ion o n  E l t ham Road 
I Q2 0 / 1 1 4 9 69 ) . Note t h e  absence of t l > c  Pot . h  n L  L h i s  s e c t i on .  
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Thes e  uni t s , c l early repre s ent a post - aval anche pha s e  o f  h i gh 

frequency eruptive activi ty and active reconstruct i on o f  a l ava 

dome or central cone . It was during thi s post - av a l anche e rupt ive 

phas e  that another l arge vo l umed debri s ava l anche 

depo s i t  ( Pungarehu Format i on ) was i n i t i ated from the we s t e rn s i de 

o f  the reconstructing Egmont Vo l c ano . 

The a s soci ation o f  a i r - f a l l tephra depo s i t s  with Ng aere Formation 

is cons i s t ent with Bezymi anny- type erupt ive acti v i ty ( S e i b e rt 

1 9 8 4 ;  S i ebert et a l . 1 9 8 7 ) . 



F IG. a . o 2  Grain Size D istribution of  U nit P ot . b 
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Okawa Format i on 

( new formation ) 

Okawa Formation i s  named after Okawa XX Trig ( 0 1 9 / 2 0 03 6 6 ) ,  0 . 8 km 

north-we s t  o f  the T e  Are i and Everett Road j unction and c . 2km 

we s t  o f  the Manganui and Wai t ar a  River j unction . 

8 . 4 . 1  Type S e c t i on 

The type s e ct i on o f  Okawa Forma t i on i s  here d e s i gnated a s  a 

p rominent north- facing c l i f f  exposure at Aireda l e  R ee f , 1 . 4km 

e a s t  of W a i t ara River Mouth ( 01 9 / 1 7 8 4 6 1 ) ( S ect i on 27 o f  Appe n d i x  

1 a n d  P l a t e  8 . 1 0 ) . T h e  Okawa Forma t i on type s e c t ion i s  a l so t h e  

type s e c ti on f o r  t h e  Ep iha Tephra d e s c r i b e d  in Chap t e r  2 .  

8 . 4 . 2  Uppe r  and L ower Conta c t s  

A l ong the North T aranaki coas t l ine , Ok awa Formation i s  s e p a r a t e d  

from l owermos t  Ep iha Tephra b y  < 0 . 2 0m o f  p e aty muds a n d  l ign i t e  

above ( P l at e  8 . 1 1 ) .  A t  the type s e c tion Okawa Format ion i s  

s e p a r a t e d  from a thin unnamed pum i ceous f ine l ap i l l i  b e l ow by 
< O . O l m  o f  l igni t i c  mate r i a l  ( P l ate 8 . 1 2 ) .  Further i n l and t ow a r d s  

Egmont Vo l c ano , thi s unnamed l ap i l l i  a n d  Ep i . a  a n d  Ep i . b  

over l yi ng the Okawa Formation c annot b e  i dent i f i e d  b e c au s e  they 

are not enc l o s e d  wi thin l ignit e  and app e a r  to have been subj e c t  

to pos t - depo s i tional soi l mixing and weathering . Hence onl y  

Ep i . c ,  Ep i . d  and Ep i . e  o f  Epiha Tephra a r e  pres e rved i n  medi a l  

materi a l  over lying Okawa Format ion . I n  the v i c i n i ty o f  L eppe rton 

( e . g . S ec t i on 1 8  o f  Appendix 1 ) ,  the Okawa Forma t i on is s e p a r a t e d  

from Epi . c/ d  and Epi . e  o f  Epiha T ephra above , by medi a l  mate r i a l  

o f  S 5 . H e r e  the l ower cont act o f  the mudf l ow depo s i t  i s  di s t i nc t  

and wavy , unconformab ly over lying L 5 . 
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A t  two s i t e s  near I ng l ewood , the upper contact o f  Okawa F o rmation 

i s  an unconform i ty which separat e s  bou l de r  to b lock s i z e d  FRC ' s  

from the over lying £ . 23 . 5  kyr Tuikonga T e phra . The l ower contact 

o f  Ok awa Formation has not been s o  f ar obs e rved i n  thi s v i c i n i ty . 

8 . 4 . 3  Age 

A l though not dated direct l y ,  the Okawa Formation i s  indi r e c t l y  

dated at £ . 1 0 0kyr B . P .  Thi s e s t imate i s  b a s e d  on t h e  pos i t i on o f  

t h e  Okawa Formation interbedded w i t h  S 5 . This uni t  i s  corre l ated 

to the g l ob a l  warm period and h i gh sea l eve l transg re s s i on o f  
oxygen i sotope sub - stage 5 c  as  shown from the deep s e a  oxyge n  

i sotope r e cord ( Shack l eton e t  a l . 1 9 8 3 ) ( see Chap t e r  4 ) . T h e  

depo s i t i o n  o f  Okawa Formation during thi s w arm i n t e rv a l  o f  t h e  

L as t  I n t e rg l ac i a l  i s  support e d  by p a l yno l og i c a l  evi dence o b t a ined 

f rom the l igni t i c  materi a l  enve l oping O k awa Form a t i on a t  i t s  typ e  

s e c t ion ( se e  Chapter 1 1 ) .  

8 . 4 . 4  Morph o l o gy 

Three p r i nc i p a l  areas are i dent i f i e d  where mounds a r e  

concentrated i n  c l usters . T h e  f i r s t  o f  thes e  o c c u r s  i n  the 

v i c i ni ty of I ng l ewood Borough on the nort h - e astern margin o f  the 

Egmont r i ng p l ain ( 2 0km from the pre s ent E gmont summ i t ) .  H e r e  

mounds a r e  princ i pal ly concentrated within a £ . 2 . 5 km w i de be l t ,  

that extends north - e ast , paral l e l  wi th B r i stol Road a l ong t h e  

downthrown s i de o f  the I ng l ewood F au l t , to j us t  we s t  o f  the 

Waitara River ( £ . 3 3km f rom the pres ent Egmont summi t ) ( P l at e  

8 . 1 3 ) . Hummocky mounds are a l so conspi cuous on a sma l l  a r e a o f  

e l evated and d i s sected terrain
· 

o f  the E l tham L ah a r  p l anez e  

immedi ate l y  north- e ast o f  I ng l ewood where the Okawa Form a t i on 

surmount s the I ng l ewood F au l t  s c arp . Mounds are a l s o  p r e s ent o n  

e i ther s i de o f  the Waiong ana S tr e am va l l ey entrance immedi a t e l y 

to the north . S outh - e as t  o f  I ng l ewood , s c attered mounds p r o t rude 

from bene ath thick surfici a l  depo s i t s  of Warea Form a t i on 
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corre l atives and Ngaere Formation . Further towards Egmont 

Vo l c ano , mounds h ave l i tt l e  or no surface expre s s ion ,  b e c au s e  

they have been buried beneath a thickening suc c e s s i on o f  younge r  

vo l c ani c l a s t i c  materi a l . 

The second area where mounds are concentrated , occurs on the 

north T aranaki coasta l  p l ai n ,  immed i at e l y  north of the E l tham 

L ahar p l anez e . Here mounds form a d i s t inct hummocky be l t  c . l km 

e ither s i de o f  Waiongana Stream , that extends north o f  L e p p e r t o n  

t o  t h e  present c o a s t l ine ( 3 8km from the pre s ent Egmont summ i t ) .  A 

third are a o f  s c a t t ered mounds i s  conspi cuous i n  the area betwe e n  

the Waitara River and Ngatimaru Road , j us t  south- e a s t  o f  S t a t e  

Highway 3 ( 2 . 4 2km f rom the present E gmont summ i t ) .  The s e  mounds 

are s i tu a t e d  j us t  s e award o f  a high fos s i l  c l i f f  that s e p a r a t e s  

N T 2  terrace f rom N T 3  terrace furthe r  i n l and ( th i s s tudy ; s e e  

Chapter 9 ) .  They appear t o  pres ent the p o i nt whe r e  the ori g i n a l  

ava l anche chang e d  from be ing con fi n e d  within t h e  Waitara R i v e r  

channe l to b e i ng unconfined on t h e  c o as t a l  p l a i n . 

Mound dimens ions are extreme ly d i f fi c u l t  to a s c e r t ai n . On t he 

Egmont r i ng p l a i n , i rregul ar and e l ong a t e  mounds o f  Okawa 

Formation are usua l ly mant l ed by a very thick ( > 8 m ) succ e s s i on o f  

medi a l  beds . Mound heights and b as a l  di ameters m ay b e  furt h e r  

accentu a t e d  b y  a eo l i an w e d g e s  o f  e i ther s ands ( Katikara 

Formation ) or l o c a l i s e d  overthi ckene d medi a l  materi a l . With 

i ncrea s i ng d i s t ance north from the r i ng p l a i n ,  the mounds 

gradual l y  become equi dimens ional in shape , are mant l e d  by a 

progre s s ive l y  thinner s equence o f  cover b e d s , and progre s s iv e l y  

decre ase i n  b a s a l  di ameter and he i ght . I mme d i a t e l y  north - e as t  o f  

I ng l ewood , some mounds were me asured with b a s a l  d i ameters a s  muc h  

a s  3 5 0m acro s s  and heights o f  4 5m above the i n t e r  mound a re a s , 

whereas at the north coast , mos t  mounds h ave b a s a l  d i amet e r s  l e s s  

than 2 5m and h e i ghts l e s s  than l Om .  
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I n  the first two hummocky mound be l t s , the l arges t  mounds app e a r  

to b e  concentrated near the centre , with mound bas a l  di ame t e r  and 

densi ty ste adi ly decrea s i ng e i ther s i de o f  the ' ax i s ' .  I n  t h e  

other mound are a south - e a s t  o f  Wai t ara , t h e r e  appe ars to be no 

spat i a l  d i f f erent i at i on o f  mounds according to b as a l  di amet e r  

acro s s  the depos i t . 

Within the Waitara/Manganui River va l l ey a s  we l l  a s  the Waiong a n a  

S tream val l ey ,  a prominent terrace remnant i s  p r e s e rved from t h e  

Okawa aval anche event . R a p i d  emp l acement o f  thi s depo s i t  app e a r s  

to have been fo l l owed b y  a l engthy interv a l  o f  river degradat i o n . 

P r e servation o f  the terrace remnant was dependant on no 

subs equent l arger vo l ume , aggradational event s . 

8 . 4 . 5  L i tho logy 

Okawa Formation i s  predominant ly expo s e d  i n  quarry s i te s  l o c a t e d  

i n  are as mos t ly mapp e d  a s  axi a l  a f a c i e s . At the s e  s i t e s  the mo s t  

conspi cuous component o f  the depo s i t  i s  f ragment a l  rock c l a s t s ; 

inter - c l ast matrix i s  usu a l ly sub - ordinate and s e l dom obs e rve d . 

The most frequent ly expo s e d  FRC ' s  are t abu l ar o r  e l ongate b l o c k s  

a n d  megabou l ders compos e d  o f  indurated , grey to very dark g r e y  

ande s i t i c  brec c i a .  Occas ional ly obs e rved are e l onga t e  and 

sometimes p l as t i c a l ly de f ormed megabou l de r s  and bou l ders , 

compri s ing intens e ly a l t e r e d  hydrotherm a l  and s o l f a t a r i c  d e b ri s . 

S l i ght ly de forme d , unconsol i dated , strat i f i e d  b l ocks that r et a i n  

the i r  primary bedding app e ar to b e  a l so common i n  thi s f ac i e s  

( P l at e  8 . 1 4 ) . Mounds i n  ax i a l  a f a c i e s  o ft e n  cont a i n  many 

megabou l der to b l ock s i z e d  FRC ' s  whi ch are u s u a l l y  i n  sharp and 

i rregu l ar contact with e ach other ( P l at e  8 . 1 4 ) . However i n  t h e  

s ame f ac i e s  near the North Taranaki coas t , most mounds app e a r  t o  

b e  c o r e d  b y  a s i ng l e  bou l de r - s i z e d  FRC ( P l at e  8 . 1 5 ) . 



P1ate 8 . 10 :  Okawa Formation type s e c t ion a t  Airedal e R e e f  ( S e c t ion 

2 7 ; Q 1 9 / 1 7 84 6 1 ) . Here the Forma t ion d i r e c t ly overlies h i ghly 
c arbon aceous muds w i t h  r a t a - rimu t r e e  s tumps i n  pos i t ion o f  growth ( also 
exposed a t  low t i de in  foreground o f  photo ) .  No t e  the lignite  deposit in 
the depression upon the uppe r  surface o f  the Forma t ion . 
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Plate 8 . 11 :  Woody l i gn i t e  and i n t erbedded u n i t s  o f  Epiha Tephra 
overlying Okawa Formation a t  Ql9 / 1 2 1 4 4 5  ( S e c t ion 2 5 ) . n e a r  t h e  Waiongana 
S t r e am mout h .  



Plate 8 . 12 :  Woody l i gni t e  w i t h  t hi n .  unnamed pumiceous coarse a s h  and 

fine lapi l l i  beds underlyin g  Okawa Formation a t  its type s e c t ion 

( Se c t i o n  2 7 : Q l 9 / 1 7 8 4 6 1 ) .  

Plate 8 . 13 :  View o f  Egmon t  Vol c ano f rom t h e  v i c i n i t y  o f  S e c t ion 1 9  i n  
t h e  n o r t h - e a s t  s e c tor . Hummocky surface phys iography o f  Okawa Formation 
( mapped as axi a l  a f a c i es ) v i s i b l e  in foreground . 



P1ate 8 . 14 :  Block - s i z e d  FRC ' s  i n  s h a rp and i rregu lar con t a c t  w i t h  

each o t h e r  a t  Fredricksons Q u arry . a d j acent to B r i s t o l  Road 
( Ql 9 / 1 9 3 2 9 3 ) .  Not e  de formed t ephra i n t erbeds i n  far r i gh t  o f  photo . 

P1ate 8 . 1 5 :  Mound o f  Okawa Formation cored by a s in g l e  megaboul der-
s i z e d  FRC near the Waiongana S t ream mou t h  a t  Q l 9 / 1 2 54 4 8 . 
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Smal l er FRC ' s o f  grave l and bou l der s i z e , r e t a i n i ng p rimary 

bedding are sometime s expos e d  suspended in the i nt e r - c l ast matrix 

a s  far north as the coast . The primary strati f i c at i o n  of the s e  

uncons o l i dated and l ayered FRC ' s  may somet ime s b e  o f f s e t  a l ong 

smal l p l ane s norm a l  to bedding ( P l ate 8 . 1 6 ) .  T h i s de formati on i s  

interpreted t o  have r e s u l t e d  from l o c a l  compres si o n a l  stre s s e s 

exerted on the c l as t  during transport . I n  the axi a l  b fac i e s , 

grave l s i z ed FRC ' s are o f t e n  found in very c lo s e  proximity t o  

bou l de r  s i z e d  FRC ' s  o f  i dent i c a l  l i tho l ogy and s im i l ar texture o f  

intra- c l as t  matrix ( P l ate 8 . 1 7 ) . Thi s sugg e s t s  t h e  F RC ' s  were 

cont i nu a l ly d i s aggregat ing and p l astic a l l y  de formi ng unt i l  a l l  

the intra - c l as t  const i tuent s were di sper s e d  a s  d i s c r e t e  c l a s t s  

w ithi n  t h e  inter - c l ast matri x . 

I n  areas o f  axi a l  b and marginal f a c i e s , fractured and part i a l ly 

o f f s e t  grave l c l a s t s  ( P l at e  8 . 1 8 ) ,  as we l l  a s  a ' ro c k  f l our ' rim 

enc l o s i ng l arger c l a s t s  were note d  within the i nt r a - c l as t  m a t rix 

of FRC ' s  ( P l at e  8 . 1 9 ) .  These fe atures sugg e s t  t h a t  grinding and 

f r acturing o f  i ntra - c l a s t  const i tuent s took p l a c e  a s  the FRC ' s  

were p l a s t i c a l ly de formed during transpor t . 

The average di ameter o f  suspended c l a s t s  i n  Okawa Formation 

decre a s e s  towards the di s t a l  edge o f  the margin a l  f a c i e s . Ok awa 

Formation in areas mapp e d  as marginal f a ci e s , g e n e ra l ly cont a ins 

abundant angu l ar to we l l  rounded rock c l a s t s , m any p l a s ti c a l l y  

de formed rip-up c l as t s  o f  l ignit i c  ( P l at e  8 . 2 0 )  and medi a l  

materi a l , and s c attered wood fragment s . Co a r s e  g r ai ne d  pum i ceous 

f ragments are r e l ative l y  uncommon . S trati f i e d  c l as t s  o f  T er t i ary 

s i l t stone are occasiona l ly obs erved and exhib i t  f e a ture s 

indi c ative o f  p l a s t i c  de formation ( P l at e  8 . 2 1 ) .  



Plate 8 . 16 :  Primary strat i f i cat i on o f  a n  unconsolidated and l ayered 
FRC of f se t along small planes normal to beddi n g .  
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Plate 8 . 17 :  Grave l - s i z ed FRC in close proximi t y  to boulder - s i z ed FRC 
o f  i d e n t i c a l  l i t hology a n d  s i mi l a r  t ex t u r e  of i n t r a - c l a s t  mat rix . 



Pl.ate 8 . 1.8 :  O f f s e t  gravels w i t h i n  i n t ra - c l a s t  matrix o f  bou lder-s i z e d  
FRC . 

w 
N 
(j\ 

Pl.ate 8 . 1.9 :  Rock - flour rim enclosi n g  a l arge c l a s t  o f  i d e n t i c a l  

l i t hology wi t h i n  i n t ra - c l a s t  matrix o f  an FRC . 



Pla t e  8 . 20 :  P l a s t i c a l l y  de formed r i p - u p  c l a s t s  o f  l i gni t e  con t ai n i n g  

t ephra i n t e r - beds , n e a r  A i r e d a l e  Ree f . 

Plate 8 . 2 1 :  R i p - u p  c l a s t  o f  s t r a t i f i e d  Tert i a ry s i l t s tone enclosing 

andesi t i c  cobb l e . 
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8 . 4 . 6  D i s tribution 

O k awa Form a t ion has been mapped over a minimum a r e a o f  2 5 5 km2 in 

northern and north - e a s t ern T aranaki and h a s  a c a l cu l ated minimum 

vo l ume o f  3 . 6 2km3 • Fol l owing ini t i ation , the c o l l a p s ing f l ank 

d i s aggregated to become a debr i s  ava l anche that i n i t i a l ly 

t r ave l l e d  i n  a north- e a s tern direction f rom an ance st r a l  Egmont 

Vo l c ano . On encountering the E l tham L ahar p l ane z e , j us t  north

e a s t  of I ng l ewood ( � . l l km from the pres ent Egmont s ummi t ) the 

ava l anche had s u f f i c i ent kinetic energy t o  p a rt i a l l y  surmount the 

p l ane z e  to the north of the Ingl ewood F au l t  s c arp . 

The maj o r  portion o f  the ava l anche was then de f l ec t e d  north - e a s t  

f o r  c . 7 km a l ong the Ingl ewood Fau l t  sc arp , b e f o r e  t h e  m a i n  bu l k  

entered the M ang anui River v a l l ey and b ecome channe l l e d  for a 

further c . 1 8 km northwards to the coast . That portio n  whi ch d i d  

not f l ow down the Manganui River val l ey cont i nu e d  north - e a s twards 

for a further 4km a l ong the f au l t  s c arp t o  the p r e s ent cour s e  of 

the W a i t a r a  River . 

A sub s i d i ary portion o f  the ava l anche that surmount e d  the f au l t  

s c arp a t  Ingl ewood , b e c ame channe l l e d  northwards a l ong the 

W a iongana S tream val l ey . Thi s v a l l ey ,  prov i d e d  a c l o s e r  and more 

direct route to the northern co a s t l ine than the m a i n  f low path 

down the Manganu i /Waitara River va l l ey .  

When the ava l anche emerge d  from the con f i n e s  o f  t h e  W a i ongana 

v a l l ey ,  it spread l at e ra l ly as a broad l ob e  a c ro s s  three 

extens ive marine terraces .  The two fos s i l c l i f f s  s e parating these 

t e rraces were bur i e d , subduing thei r  sur f a c e  phy s i ographic 

expre s s ion . The axi s of the ava l anche remai n e d  p a r a l l e l  to the 

W a i ongana S tream val l ey and is de f i ned by a hummocky b e l t  o f  

p rominent mounds that extend t o  near the W a i onga n a  S tr e am mouth . 

A cros s - s ection o f  thi s d i s t a l  portion o f  the ava l anche from axis 



3 2 9  

to margin , i s  continuous ly exposed in the coa s t a l  c l i f f s  for 

c . 2 km southwe s t  from the W a i ongana S tream mouth . I n  thi s v i c inity 

Okawa Form a t ion drap e s  over a fos s i l  c l i f f  bounded at the i nner 

e dge of NT2 terrace and p a rt i a l ly surmounts L as t  I nt e rg l a c i a l  

s and dun e s  on the N T 3  t e rr ac e . Here , the ava l an c h e  depo s i t  i s  

mostly e nve l oped by l ignit i c  and c arbonaceous c l ay e y  m a t e r i a l s  

w i th numerous tephra inter- b eds ( P l ate 8 . 2 2 ) . 

The other ava l anche confined within the Manganu i / W ai t ar a  River 

v a l l ey ,  app e ars to have onl y  parti a l ly surmounte d  the higher 

m a rine terraces on the coas t a l  p l a i n . As it emerge d  from the 

confines of the v a l l ey i t  spread l atera l ly to form a n  a r e a o f  

s c attered deb r i s  mounds , j us t  s e award o f  the fos s i l c l i ff cut by 
the NT 2 marine transgre s s ion . Thi s portion of the ava l anche doe s  

n o t  app e ar to extend further e a s t  than Ot araoa Ro a d  on t h e  NT2 

t e rrace . 

8 . 4 . 7  A s s o c i a t e d  A i r - f a l l  Depo s i t s  

C l o s e l y  under lying Okawa Formation at i t s  type s e c t i o n  i s  a 

c . 0 . 0 1 m  thick , moderate ly sorte d , ye l l ow , dom i n an t l y  pum i ceous 

coarse ash and f i ne l api l l i  b e d  i n  l igni t i c  m a t e r i a l  ( P l at e  

8 . 1 2 ) . Thi s t ephra b e d  provi des a di s t a l  r e cord o f  pre - ava l anche 

magmat i c  act ivi ty at the anc e s t r a l  Egmont Vol c an o . 

C l os e l y  ove r l ying Ok awa Formation at i t s  type s e c t i on , i s  a 

s e quence o f  at l e ast s eve n , dominant l y  pum i c eous uni t s  o f  Ep iha 

T ephra ( P l at e  2 . 3 8 ) . Thes e  uni ts s e rve a s  a we l l  p r e s e rved d i s t a l  

r ecord o f  post - ava l anche e rupt ive act ivity . The di s t a l  

a s soci a t i on o f  a i r - f a l l tephra depos i t s  w i t h  Okawa Form a t i on i s  

cons i s tent with Bezymi anny- type eruptive activity ( S e ibert 1 9 8 4 ; 

S iebert e t  a l . 1 9 8 7 ) .  However ,  at pre s e nt there i s  no evidence 

n e arer t o  source are a that indicates an eruptive event e i ther 

directly triggered the Okaw a  ava l anche or i mmedi a te ly f o l l owed 

f rom the co l l ap s e . Hence , the pos s i b i l i ty of s e i smi c a l ly i nduced 

g ravit a t i on a l  s l i di ng o f  the ance s t r a l  cone c annot b e  d i scounted . 



Pl.ate 8 . 22 :  Okawa Formation 
within t h e  dominantly l i g n i t i c  
t h e  Waiongana S t ream mou t h  a n d  

coas t . 
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mapped a s  m a r g i n a l  f a c i es wedging out 

cover - beds of NTJ t cr�acc mid-way be tween 
B e l l  Block Beach along the No r t h  Taranaki 
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E arthquake s  generated by e i ther vo l c ani sm ,  tecton i s m  or 

sedimenta ry l o ading may have triggered the gravi t a t i on a l  

co l l a p s e . 

8 . 5  D i s cu s s i on 

Both Ngaere and Okawa Format ion s  appear to have originated from 

anc e s t r a l  e d i f i c e s  of Egmont Vol c ano as l arge vo l um e  ava l anche s 

whi ch d i st a l ly deve loped into mudf l ows a t  � . 23 and c . l O O kyrs 

B . P . , r e s p e c t ive ly . In  each i n s t anc e , i ni t i a l  s l i d i ng of the 

anc e s t r a l  cone appears to have b e e n  by r ap i d  en m a s s e  movement . 

Both s l i ding masses began breaking up on the l ower f l anks o f  the 

ance s t r a l  vo l c ano and spre ad l at e ra l ly . The ava l anche that 

emp l a c e d  the Okawa Formation w a s  prob ab l y  s l owed by the 

phy s i ograph i c  b arrier o f  the E l tham L ahar p l ane z e  c au s i ng the 

m a s s  t o  b i furcate and become channe l i s e d  northwards to the 

c o a s t a l  p l a i n . Ngaere Formation , on the other hand , was emp l ac ed 

virtua l ly unconstrained on the ring p l a i n . 

As s e c t i on s  o f  the anc e s t r a l  cone init i a l ly s l i d ,  t h ey broke into 

many r i g i d , heterogeneous l arge fragment a l  rock c l a s t s . M any of 

the s e  are re l at ive ly unde form e d  and app e ar to h ave o n l y  rotated 

s l i ght l y . I ndurated ande s i t e  l avas and vo l c ani c l a s t i c s  remained 

a s  l arge f ragmenta l  rock c l a s t s  s upport e d  by other F RC ' s  and a 

minor i n t er - c l ast matrix . Others were s urrounded by a mobi l e  

i n t er - c l a s t  matrix enab l ing them to fracture , de form and 

di s t i ntegrate i nto sma l l er FRC ' s .  

As  the m a s s  f l owed s e awards , add i t ion a l  i n t er - c l a s t  m a t r i x  was 

generated by the progr e s s ive de formation and d i s aggre g a t i on of 

FRC ' s and by the incorporation o f  medi a l  m a t e r i a l  a n d  other 

poor l y  cons o l i dated sediments from beneath the mov i n g  body of the 

ava l anche . The dominant mode o f  transport probab l y  chang e d  f rom 
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s l i de to f l ow a s  the ratio o f  inter- c l a s t  matrix t o  FRC ' s  

incre a s e d . The inter - c l ast matrix probably behaved a s  a h i gh 

yi e l d  s t re ngth materi al supporting and hence transporti ng the 

FRC ' s  away f rom source . 

The ove r a l l s i z e  o f  the two deposi t s , di s t ance o f  transport and 

thi cknes s  o f  mater i a l  appe ars to have been contro l l ed by the 

tot a l  vol ume of the materi a l  invol ve d  i n  the ini t i a l  s l i de . The 

combined e f f ects of incre a sing fri c t i on at the b a s e , 

phy s i ographi c  b arriers , l o s s  o f  high pore - f l u i d  pres sure s and the 

l ack of further materi a l  from source probab ly i n i t i a t e d  c e s s ation 

of mot ion . R a p i d  buri al of the debri s ava l anche depo s i t s  by 

t ephra and l ahar depo s i t s  has resu l t e d  in minima l  p o s t 

depo s i t iona l  modi f i c ation o f  the i r  upper s u r f a c e s .  
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CHAPTER 9 

9 . 0  S TRATI GRAPHY OF THE MARINE T ERRACES 

9 . 1  Previ ous Work 

I n  1 9 5 3 ,  F l eming c l as s i f i e d  the l at e  P l ei s tocene t e r r a c e  depos i t s  

o f  t h e  Wanganui district into Rap anui , B runswick a n d  K a i a t e a  

Form a t i on s . Whe n  Rapanui Terrace w a s  f i r s t  mapp e d  i n  W a ng anu i 

di s t r i c t  i t s  polygenet i c  character w a s  r e c ogni s e d  by the u s e  o f  

the t erm " sub - Rapanui terrac e " ( F l eming 1 9 5 3 ,  p . 42 ) . D u r i ng 

geo l og i c a l  mapping o f  T aranaki for the Geo l og i c a l  Map o f  New 

Z e a l and 1 : 2 5 0 , 0 0 0  ( Sheet 7 ) ,  Grant - Tayl o r  ( 1 9 6 4 a ) found there was 

an addi t iona l marine terrace betwee n  t e rr a c e s  that he c o rre l at e d  

with t h e  Rap anui a n d  Brunswi ck T e rrace s . The name Rapanu i  t h e n  

b e c ame r e s t r i c t e d  to the l ower s e award t e r r a c e  a n d  the higher 

terrace was named Ngarino . Thi s nomenc l ature was pub l i shed by 

Grant - T ay l o r  ( 1 9 6 4 a ;  1 9 6 4b ) who u s e d  the t e rms Kai a te a j  

B runswi ck , Ngarino and Rapanui f o r  t errac e s  i n  We s t e rn T aranaki 

whi ch he corre l at e d  with those of Wanganu i . The s e  n ame s were a l so 

u s e d  o n  the g eo l og i c a l  map o f  the are a ( Hay 1 9 6 7 ) . T h e  b a s i s  upon 

whi c h  the s e  corre l ati ons were made is unc l e ar but they w e r e  

accepte d  i n  a l ater study o f  North T aranaki t e rrac e s  b y  Chapp e l l  

( 1 9 7 5 ) .  

I n  Chappe l l ' s  l at e r  study , two terrac e s , whi ch he i n f o rm a l l y  

named NT 2 a n d  NT3 , were mapped be l ow � . 5 0 m  e l evation , n o r t h  o f  

Urenui and were c orre l at e d  to the Rap anui and Ngarino T errace s  o f  

Wanganui d e s c r i b e d  in a n  e arl ier pub l i c at i on b y  D i c k s on e t  a l . 

( 1 9 7 4 ) . N T 2  terrace dominat e s  the c o a s t a l  p l a i n  north o f  

Whit ec l i f f s . However , i n  the Urenui are a imme d i a t e l y  t o  the 

south , the terraces were interpret e d  to broaden with NT 2 t e r r a c e  

b ecoming subordinate to NT3 . Up l i ft r at e s  b a s e d  o n  t he s e  t e r r a c e s  

w e r e  c a l cu l ated to b e  e s s ent i a l l y  cons t an t  a t  0 . 3mm/yr . 
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I n  t h i s  study , f ive up l i fted marine terr a c e s  are m apped 

i mmedi ately s outh o f  Urenui , on the North T aranaki c o a s t a l  p l a i n . 

The stratigraphy o f  individual terraces i s  pres ente d  i n  thi s 

s ec t i on ,  in chrono l og i c a l  order f rom younge s t  to o l de s t . 

9 . 2  NTl TERRACE 

NT l terrace i s  a new l y  i dent i f i e d  terrace , f i rs t  r ecogn i s e d  i n  

two c o a s t a l  s e c t ions between Waitara and Turangi R o a d . N T l 

extends < c . 0 . 2 km inl and and i s  bounded o n  i t s  i nner edge by a 

p rominent l inear topogr aphi c r i s e  whi ch s ep arate s i t  f rom the 

hi ghe r NT2 t e rrace ( P l at e  9 . 0 1 ) .  Thi s r i s e  s ep arat i ng t w o  sub

hori zont a l  l an d  s u r f a c e s ,  is  interp re t e d  a s  the s u r f ace 

expre s s ion o f  a bur i e d  sea c l i f f . I n  a c o as t a l  c l i f f  s e c ti on 

0 . 2 km south- e a s t  o f  Tur ang i Road , the NT l s t r andl i n e  i s  expo s e d  

c . 2 . 5m above HWL with the wave cut p l at form g e nt l y  d i pp i ng 

northwards ( P l at e  9 . 0 2 ) .  

Overlying thi s p l at form are two 1 . 0  - 1 . 5m thick g r avel uni t s  

comprising sub - rounded t o  rounded cobb l e s  and bou l de r s  i n  a s andy 

pebb l e  matrix s eparated by up to 0 . 2m o f  ande s i t i c  p l an a r  t o  weak 

cros s - bedded s ands ( P l ate 9 . 03 ) . L ack o f  s u i t ab l e  exposure a t  

thi s section pre c l udes e l uc i dation o f  the s t r a t igraphy above the 

grave l uni t s . However further we s twards , the grave l uni t s  

upwardly grade t o  we l l  c emented i ron s t a i n e d  s ands unconform a b l y  

ove r l ain b y  Holocene grey ande s i t i c  b e ach s ands w i t h  c h arcoa l  and 

heat fractured cobb l e s  ( umu stones ) .  

The absence o f  Okawa Formation within the cover o f  NT l terr a c e  

s ugg e s t s  a n  age o f  l e s s  than � . l O O kyrs . S im i l ar l y  t he o ccurrenc e  

o f  i ron c emented s ands wi thin i t s  cove r , sugg e s t  a n  age that pre 

d a t e s  the post - g l ac i a l  period . On thi s b a s i s ,  NT l 



Plat e  9 . 01 :  NTl t er r a c e  and fos s i l  c l i f f  a t  Q l 9 / 1 8 5 4 5 8  n e a r  Airedale 

�ee r . Arrow indicates NTl t errace remnant in t h e  v i c i n i t y  o f  Turangi 
Road . 

Plate 9 . 02 :  NTl s t randline exposed at Q l 9 / 2 3 8 4 6 0  along t h e  c o a s t  n e a r  
Turangi Roa d .  No t e  w a v e  c u t  s u r f a ce o f  NT2 terrace . 
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Plate 9 . 03 :  NTl forma tion expos e d  a t  Q l 9 / 2 3 8 4 6 0  a l ong t h e  coa s t  n e a r  
Turangi Road . 
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t errace may corre l at e  with e i ther the £ . 6 0 kyr o r  £ . 8 l kyr marine 

t e rrace o f  the the Wanganui district ( P i l l an s  1 9 8 3 ) . 

I n  corre l at i ng the NT l terrace , the l inear regre s s i on equat i on o f  

P i l l ans ( 1 9 8 3 ) has been used i n  whi ch Y = C + AX , where Y = 

s t r andl ine height ( m ) , A = age ( kyrs ) ,  X upl i ft ( 0 . 3mm/yr ) and 

C = p a l eo - s e a  l eve l r e l ative to the pres ent ( m ) . I n  predi c t i ng 

the height o f  the 6 0ka and 8 lka strandl i n e s  i n  North T aranak i , 

t h i s  equation was so lved for each . The 6 0k a  s t r and l i n e  i s  

e s timated a t  - 6m ( Y= - 2 4  + 6 0  ( 0 . 3 ) ) and the 8 lk a  s t r and l ine at 

+ 4m ( Y= - 2 0  + 81 ( 0 . 3 ) ) .  

The height o f  the NT l s t r andl ine ( + 2m ) more c l o s e ly approaches 

the £ . 8 l kyr s t r andl ine ( + 4m ) and is thus corre l at e d  w i th the 

Hauriri Marine Terrace of Wang anui ( P i l l an s  1 9 8 3 ) . 

9 . 3  NT2 TERRACE 

The s e award marg i n  of NT2 terrace between W a i t a r a  and Onaero i s  

mos t l y  marked by a n  active coast a l  c l i f f  whi c h  expos e s  an 

up l i fted wave cut sur face and associ ated cove r - b e d  depos i t s . 

However , in two sections o f  the coast b e tween W a i t a r a  and Turangi 

Road , the s e award marg i n  o f  the terrace i s  o c c a s i on a l l y  marked by 

a prominent fos s i l  c l i f f  whi ch separates the N T 2  t errace f rom the 

l ower NTl marine t e rrace ( P l ate 9 . 0 1 ) . 

The NT2 terrace extends between 2 . 0  - 4 . 5 km i n l and f rom the 

coas t , and is bounded on i t s  inner edge by a conspi cuous fos s i l  

c l i f f  at c . 6 0m e l evation ( P l ate 9 . 0 4 )  whi c h  s ep a r a te s  i t  from the 

o l der NT3 marine terrace further i n l and . On the co a s t a l  p l a i n  the 

NT2 c l i f f  c an be mapped between the W a i t a r a  River and Urenui , and 

in s ome sections has been p arti a l l y  bur i e d  by Motunui l ahari c 
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depos i t . Further wes t  o f  t h e  Waitar a  Rive r , t h e  c l i f f  h a s  been 

comp l et e l y  buried by Okawa Format i on and Motunui l ahari c depos i t  

r e s u l ting i n  the uncertai n  d i stribution o f  t h e  t e r r a c e . 

The NT2 wave - cut surface i s  a l mo s t  cont i nuou s l y  e xp o s e d  i n  c l i f f s  

a l ong t h e  coast . From Airedal e  R e e f  to t h e  v i c i n i ty o f  O tarao 

Road the cut surf a c e  ri s e s  up from b e l ow sea l eve l t o  a height 

c . 6 m + / - lm above high water mark . The cut sur f a c e  approximately 

m a i nt a i n s  thi s height to Turangi Road , 4km further e a s tward . The 

cut sur f ac e  between Turangi Road and Wai au S tre am then gradu a l ly 

r i s e s  t o  c . 9m + / - l m  and m a i ntains a simi l ar he i ght f o r  a further 

c . 3km to j ust east of the Onaero River . 

An abrupt change i n  the l i tho l ogy under l yi ng the w ave - cu t  surface 

occurs i n  the vicinity o f  Wai au S tr e am . E a s twards , b lu i s h - grey 

mudstone s and s andstones of Urenui Format i on compri s e  the NT 2 

wave cut p l atform . However ,  west o f  Wai au S tre am , the p l at form 

c ompri s e s  a l at er a l ly extens ive , mass ive , c . Bm thi c k  l aharic unit 

cont a i n i ng fragment a l  rock c l a s t s  ( P l at e  7 . 1 6 ) . T h e  r e as on for 

thi s abrupt l i tho logi c a l  change is unc l e ar but m ay pos s i b l y  

r e l at e  t o  a f au l te d  Terti ary b l ock whos e  sur f a c e  expre s s i on 

acro s s  thi s boundary was removed by the N T 2  marine t r angre s s ion . 

A � . 0 . 5m thick grave l unit compri s i ng angu l ar t o  rounded cobb l e s  

a n d  bou l ders in a s andy pebbly matrix ove r l i e s  the w ave - cut l ahar 

p l at form west o f  Wai au Stre am . The grave l s  were eroded f rom the 

l aharic unit be l ow ( P l at e  9 . 0 5 ) .  L oc a l l y  an unu s ua l ly h i g h  

proportion o f  angul ar c l a s t s  occur . The s e  are d e rived f rom 

f ragment a l  rock c l asts directly underlying the wave - cu t  p l at form . 

The grave l unit grades upward to a vari ably thi c k  unit o f  we akly 

c ro s s - l ami nated grey ande s i t i c  s ands with m i nor s u b - rounded to 

rounded pebbl es . 
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The Terti ary wave - cut p l at form e a s t  o f  Wai au S t r e am i s  over l ai n  

by p l anar to we ak l y  cros s -b e dded ande s i t i c  s ands cont a in i ng wood 

and uncommon grave l c l as t s . The wood and unde r l y i ng wave - cut 

p l at form shows v i s i b l e  s i gns of  marine worm boring s . 

Ove r l ying the grey ande s i t i c  s ands i s  a m a s s ive c . 4m thick 

l aharic d i ami cton corre l at e d  to the Motunu i l ah ar i c  d e p os i t  

( P l at e  7 . 1 6 ) .  Thi s uni t c an b e  traced nearly cont i nu ou s l y  f rom 

the W a i t ara River to the Onaero River . 

Thi s l aharic uni t  i s  o ften conformab ly overl ai n  by a � . 9 m 

s e quence of  medi a l  beds ( P l ate 7 . 1 6 )  and o c c a s i on a l  s t e e p l y  

cro s s - b edded s and dunes o f  L ast I nterg l ac i a l  age . R epr e s ent e d  

wi thin thi s s equence a r e  f ive L - un i t s  whi ch are interpreted t o  

have been depo s i ted during t h e  L as t  Gl aci a l  a n d  L a s t  I nt e rg l ac i a l  

( s e e  Chapter 4 ) . Al ong s e c ti ons o f  the coast the l ah ar i c  uni t i s  

a l so over l ain by up to � . 7m o f  l ignites and c arbon a c e o u s  muds 

whi ch grade upward to medi a l  uni t s  depo s i t e d  dur i n g  the L as t  

G l ac i a l  ( P l ate 9 . 0 5 ) .  T h e  top o f  thi s l ignit i c  and c arbonaceous 

mud s equence c an be dire c t l y  corre l ated to the l igni t e  a t  

Aireda l e  Ree f , where a det a i l e d  l ate L ast I nterg l ac i a l  r ecord o f  

veg e t ation and p a l eoc l imate change in North T aranaki h a s  been 

e lu c i dated ( s ee Chapter 1 1 ) .  

An o l der wave cut - p l at form i s  e xpos e d  bene ath the NT 2 w av e - cut 

l aharic p l at form in a verti c a l  c l i f f  section O . Skm s outhe a s t  of 

Turangi Road ( Section 2 8 ) ( P l at e  9 . 0 5 ) . Here , the w ave c ut 

l ahari c unit i s  underl a i n  by a prominent c . 0 . 2m thi c k  

c a rbonaceous p a l eosol and s eparated from t h e  o l de r  cut p l at form 

b e l ow ,  by � . l . Om o f  mass ive brown- grey to grey t e phr i c  mud that 

downwardly grades to � . 0 . 3m of m a s s ive , b l u i s h  g r e e n  mud and 

� . 0 . 3m of soft , p l anar to weakly cros s - l aminate d , g r ey t o  b l u i s h  

g r e y  s ands ( P l ate 9 . 0 6 ) . Thi s o l der wave - cut p l at f o rm ( NT 3 ? ) ,  

expos e d  a t  mean s e a  l eve l ( MS L ) ,  compri s e s  T e r t i a r y  s i l t s tone and 

s andstone s . Further we stwards thi s o l der cut s ur f a c e  i s  not 



Plate 9 . 04 :  NT2 fos s i l  c l i f f  a n d  NT3 t er r a c e  a t  Q l 9 / 1 9 8 4 2 0  look i n g  
sout h along Ngatimaru Roa d . 

w 
..,. 
0 

Pl ate 9 . 05 :  NT2 t er r a c e  cove r-beds exposed a t  Q l 9 / 2 4 4 4 5 5  n e a r  S e c t ion 

2 8 . Arrow i n di c a t es pos i t ion o f  NT2 wave cut s u r f a c e . B rown- grey t ephric 

m u d  a n d  l ami n a t e d  b l u i s h - grey micaceous s a n d  o f  NT3 t e rrace are 
p r e s erved beneath u n n amed debris ava l anche depo s i t  n e a r  high t ide mark . 
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Plate 9 . 06 :  H i gh ly c a rbonaceous c l a y . brown - g rey t e p l 1ric mud . b l u i s h -
g r e e n  m u d  a n d  l amin a t e d  b l u i s h - grey m i c a ceous s a n d  overlying t h e  NT3 
wave cut surface a t  Q l 9 / 24 4 4 5 5  n e a r  S e c t ion 2 8 . 
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expos e d  i n  coas t a l  c l i f f s  but unpub l i shed exp l oratory we l l  d a t a  

( Bechte l 1 9 8 1 ) from the Motunui G . T . G  p l ant sugg e s t s  that thi s 

wave cut p l a t form occurs a t  me an s e a  l eve l , a l ong t h i s port ion o f  

t h e  coas t . 

I n  thi s study , corre l ation o f  NT2 t errace with the R ap anui Marine 

T e rrace o f  Wanganui Di strict i s  supporte d  by simi l ar coverbed 

stratigraphy ; especi a l ly the occurrence on both terraces of the 

c . 9 0k a  l o e s s . 

9 . 4  NT3 TERRACE 

As i ndic at e d  previous ly the NT3 terrace i s  bounded o n  i t s  outer 

e dge by a conspi cuous c l i f f  which s ep ar at e s  i t  f rom the l ow e r  NT2 

terrac e . At its inner e dge , the NT3 terrac e is bounded by a 

prominent c l i f f  at c . 7 0m e l evation which s e p a r a t e s  i t  f rom the 

h i gher NT4 terrace i n  the east and a sur f a c e  mappe d  a s  M a i t ahi 

L ahars ( Ne a l l 1 9 7 9 ) i n  the west . 

North o f  the Onaero River , NT3 terrace i s  c . 0 . 7km wi de and 

immedi ate l y  south broadens to between 3 and 4 . 5 km near the 

W a i t ar a  River . Further we s t , NT3 t e rrace is interpr e t e d  to 

dominate the co a s t a l  p l ain between Brixton and B e l l B l ock . The 

oute r  e dge o f  NT3 terrace i n  thi s v i c i nity app e ars t o  h ave been 

comp l e t e l y  buried by the Motun�i l aharic depo s i t  and Okawa 

Formation , resu l t ing in l it t l e  or no sur f a c e  expre s s i o n . 

The a s s o c i ated coverbeds o f  NT3 t e rrace are we l l  expo s e d  a l ong 

the active c l i f f s  north - e a s t  of B e l l B l ock . Here the wave - cut 

surface o c curs b e l ow l ow water mark ( LWM ) . Expo s e d  a t  the c l i f f  

b a s e  are we l l  c emented , i ron s t a i ne d , s t e e p l y  ang l e d  c ro s s - b e dded 
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s ands w i t h  occasi onal l arge tree s tumps i n  growth p o s i t i o n . The 

s ands are bur i e d  bene ath two c l os e ly spaced l ahar i c  uni t s  which 

are s ep arated by 0 . 60m of woody l igni te with prom inent t e p h r a  

int e r -beds . The upper l aharic u n i t  i s  s ep arated from Okawa 

Formation above by £ . 3 . 6 0m of woo dy l igni t e  and c a rbonace o u s  muds 

with tephra int e r - beds . The s equence of tephra is d i s s im i l ar in 

app e arance to other known t ephra s equence s  of Egmont sourc e  and 

may r e l ate to activi ty c entred at Pouakai Vo l c ano . No cent r a l  

North I s l and rhyo l i t i c  chrono - hor i zons h ave s o  f a r  been f ound 

within the extensive l y  expo s e d  l i gn i t i c  coverbeds o f  NT3 t errace . 

The NT3 wave - cut surface i s  rare l y  expo s e d  further i n l and but has 

been recogni s e d  i n  a c l i f f  sect ion adj acent to the W a i t a r a  R i ve r  

at O s bornes Property ( 0 1 9 / 1 8 7 3 8 3 ) .  Here , a grave l uni t  above the 

w ave - cut Terti ary p l at form is c l os e l y  ove r l ain by c . 8m o f  gyttj a 

conta ining wood and l i gni t i c  l en s e s  whi ch abrup t l y  g r a d e s  upward 

to a c . 5m thickne s s  o f  p l anar to l ow ang l e d  cro s s - b e dd e d  w e l l  

sorted s ands , unconformab l y  ove r l a i n  by a l ahar i c  uni t  

corre l at i ng to Motunui l ah a r i c  depos i t . 

Conspi cuous l y  abs ent from the NT3 terrace at Osborne s Prope rty i s  

the part i cu l arly prominent l ahar depo s i t  whi ch a t  t h e  coa s t  

p r e serves the NT3 wave - cut sur f a c e  beneath i t s  b a s e . A t  the s ame 

coa s t a l  s ection , the uppe r  sur f a c e  o f  thi s l ahar h a s  been 

truncated by the NT2 marine t ransgre s s ion . Assuming the c o r r e c t  

corre l at i on o f  t h e  N T 3  wave - cut surface s , thi s prom i n e nt l ah a r  

depo s i t  appe ars n o t  t o  have b e e n  channe l l e d  down t h e  Wai t a r a  

River , unl ike Motunui l aharic depo s i t  and Okawa Forma t i o n . R ather 

it was di rected north - e a s t  acro s s  the NT3 terrace f ro m  Pouak a i  

Vo l c ano . 

NT3 terrace i s  here provi s iona l l y  corre l at e d  to the Nga r i no 

Marine Terrace o f  Wang anui D i st r i c t  ( P i l l ans 1 9 8 1 ; 1 9 8 3 ) .  T h i s 

corre l at ion i s  b ased on a s i ng l e  wood s amp l e  obt a i n e d from 
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l ignite c l o s e l y  overlying the NT3 wave cut surface a t  P a r i tutu 

B ea c h , j ust west of New P lymouth . Thi s s amp l e  was amino a c i d  

r a c emi s a tion dated by Dr B . J . P i l l ans ( R . S . E . S . , V i c tori a 

Univer s i ty o f  We l l ington ) and y i e l de d  a D / L  r a t i o  s imi l ar t o  that 

woo d s  obtained from the cover of the Ngarino Terra c e  i n  Wanganu i 

( P i l l ans p e r s . comm . 1 9 8 8 ) .  

Corre l ation o f  NT3 terrace to Ngarino Terrace i s  a l so bas e d  upon 

the occurrence o f  two c l o s e ly spaced rhyo l i t i c  t ephras at t h e  

b a s e  o f  a prominent cutting n e a r  the s e award e dge o f  t h e  n e x t  

higher surfac e mapped as Mai tahi L ahars ( Ne a l l 1 9 7 9 ) a n d  t h e i r  

absence w i th i n  the we l l  expo s e d  coverbeds o f  N T 3  t e rr a c e  f urther 

s e award ( P l at e  8 . 2 2 ) . The i r  g l a s s  chem i s t ry is s imi l ar and 

i ndi s t i ngui s hab l e  from the MGRl and MGR2 tephr a s  in the l o e s s  

s e c tion a t  Gri f f ins Ro ad Quarry near Marten ( s e e  F igure 3 . 0 5 ) ,  

whi c h  are e s t im a t e d  to b e  a l i tt l e  younge r  i n  a g e  ( between 2 1 0  

and 2 3 0k a  B . P )  than Mt . Cur l  Tephr a . The apparent a bs ence o f  t he s e  

t ephras on N T 3  terrace and the i r  occurrence o n  t h e  next h i g h e r  

sur f ac e , sugge s t s  t h a t  they w e r e  e i ther depo s i t e d  a t  the t i m e  o f  

the N T 3  h i g h  s e a  l eve l event ( l ate - oxyge n  i sotope S t ag e  7 )  o r  i n  
the i nterval prior to thi s high s e a  l eve l event ( mi d- oxyg e n  

i s otope S t age 7 ) .  

9 . 5  NT4 T ERRACE 

The NT4 terrace is bounded on i t s  outer e dg e  by a v e ry prominent 

c l i f f  which s eparates i t  from the l ower NT3 terrac e . On the other 

hand , the fos s i l  c l i f f  at its inner edg e  with the h i gher NT 5 

terrac e , i s  more subt l e  and often d i f f i c u l t  to l o c a t e . The 

d i s t r i bution of NT4 terrace , inferred where indi c at e d , is s hown 

on Map 1 .  Exposure of NT4 coverbe d s  and the w ave - cut sur f a c e  i s  

s p a r s e  d e s p i t e  extensive di s s ection . 
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NT4 terrace i n  the are a wes t  o f  the Onaero R iver forms a narrow 

d i s s e c t e d  surface with smal l remnant s .  Further we s tw a r d s  NT4 

remnants progre s s ive ly broade n , so that i n  the are a s o u t h  o f  B e l l 

B l ock the terrace widens not i c e ab l y  and merges with a n  extens ive 

d i s s e c t e d  surface mapped as Mai t ah i  L ahars ( Ne a l l 1 9 7 9 ) .  Th e  

position o f  the NT4 c l i f f  a n d  t h e  o l der NT 5 c l i f f  i n  t h i s 

v i c i n i ty has yet to be i dent i f i e d . 

The w e stward broadening o f  NT4 t e rr a c e  app e ars to r e l a t e  to the 

occurrence of Mai t ahi L ahars ( Ne a l l  1 9 7 9 ) within i t s  c ov erb e d  

succ e s s i on . The s e  l ahars app e ar t o  h ave r e s t r i c t e d  e r o s i o n  duri ng 

the sub s e quent NT3 high s e a  l eve l event . The app arent a b s e nc e  o f  

the NT4 and NT 5 c l i f f s  i n  the we s t  may r e l ate t o  bur i a l  b y  

M a i t ah i  L ahars . 

9 . 6  NT5 TERRACE 

The NT 5 t e rrace in the are a e a s t  o f  Mangaoraka S tr e am , forms a 

narrow di s sected surface w i t h  sma l l remnant s . I n  t h i s v i c i n i ty 

the terrace i s  bounded on i t s  outer e dge by a subt l e  f os s i l c l i f f  

whi ch s e parates i t  from the l ower NT4 terrace . I t  i s  boun d ed on 

i t s  i nn e r  e dge by a more prominent fos s i l c l i f f  w h i c h  s e p a r a t e s  

i t  from t h e  higher E l tham l aharic s u r f a c e . We s t  o f  Mangao r a k a  

S tr e am ,  t h e  NT 5 c l i f f  app e a r s  absent and h a s  b e e n  p re s umab l y  

bur i e d  b y  M a i t ahi L ahars . 

An age o f  0 . 43 + / - 0 . 0 7 Ma was obtained f rom a rhyo l i t i c  t e phra 

w i thin the coverbe d  succe s s ion of NT 5 terrace at Mount a i n  R o a d  

( se e  Chap t e r  3 and P l ate 3 . 0 8 ) .  Thi s e s t ab l i shes a m i n i mum a g e  

f o r  t h e  NT 5 terrace and t h e  E l tham surface . 
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9 . 7  D i s cu s s i on 

F ive up l i ft e d  marine terrac e s  are r e cogni s e d  form i ng the 

' cons truc t iona l ' l ands c ape o f  the North T ar anaki c o a s t a l  p l a i n  

and provide a � . 0 . 4 5 M a  record o f  succe s s ive s e a  l eve l 

o s c i l l ations with moderate to l ow rates o f  vert i c a l  crust a l  

de formation ( Chappe l l  1 9 7 5 ; P i l l ans 1 9 8 6 ) .  The e x t e nt o f  t h e  NT2 , 

NT3 and NT4 terraces re l ate to the occurrence o f  l arge vo l um e , 

extens ive l aharic depos i t s  that have o r i g inated f r om Pouakai and 

Egmont Vo l canoe s . L ahars have repeatedly a dvanc e d  the coas t l ine 

s e award and restricted coastal ero s ion during epi s o d e s  o f  

Quaternary h i gh s e a  l eve l . 

I n  the p a s t  there has been a tendency to corre l at e  the North 

T aranaki t e r r a c e s  with tho s e  o f  the Wanganui di s t r i c t  on the 

b a s i s  o f  g eomorpho l ogy , and interpret e  them in t e rm s  of a 

succ e s s ion o f  transgression - regr e s s ion cyc l e s  count ing back 

from an as sumed 1 3 0 kyr terrace . Thi s study , based o n  cove r - b e d  

stratigraphy corre l ates N T 2  t errace w i t h  R apanu i  M a r i ne T errace . 

Howeve r ,  on o l der North T aranaki t e rr a c e s ,  the w i d e s p r e a d  l ack o f  

expo s e d  coverbeds i nhib i t s  more de f i n i t ive corre l at ion t o  the 

Wanganui t e rrace s . With the l imited chrono stratigraphic evidence 

ava i l ab l e , the NT3 and NT4 terrac e s  are here corre l at e d  to 

Ngarino and Brunswick Marine Terrac e s , r e s p e ct ive l y . The NT 5 

terrace may corre l ate wi th e i ther Rang i t a t au or K a i a t e a  Marine 

Terrace s . 
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HAZARD ASS E S SMENT O F  THE NORTH - EASTERN AND CENTRAL LOWER FLANKS 

OF EGMONT VOLCANO 

1 0 . 1  Introduct i on 

The c l imac t i c May 1 8  1 9 8 0  erup t i on o f  Mt . S t . H e l ens i nc r e a s e d  the 

l ev e l  of interest in vo l c anic h a z ards in New Z e a l an d . I n  l at e  

1 9 8 0 ,  a National Civi l D e f ence P l anning Committee o n  Vo l c an i c  

H a z ards w a s  formed and reque s t e d  reports on the l ik e l y  a r e a s  and 

typ e s  of future eruptions , the r i s k  to pub l i c  s a f e t y  and the n e e d  

for spec i a l  prec aut ions . A n  unpub l i shed r eport concerning 

potent i a l  h a z ards from future e rupt i on s  of Egmont V o l c ano was 

submi t t e d  to the Commi ttee by Ne a l l i n  1 9 8 1 . Extr a c t s  o f  that 

unpub l i shed report were l at e r  inc l uded i n  a vo l c ani c  h a z ard map 

of  Egmont Vo l c ano ( Ne a l l 1 9 8 2 ) and i n  revi ews o f  vo l c a n i c h a z ards 

of the North I s l and ( D ibb l e  and Ne a l l 1 9 8 4 ;  D i bb l e  e t  a l . 1 9 8 5 ) .  

More recent l y , the T aranaki Uni t e d  Counc i l  ( 1 9 8 7 ) produ c e d  a 

report whi ch used the unpub l i shed h a z ard report a s  a b a s i s  for 

c ommenting on the l ikely impact and e f fe c t  o f  future vo l c an i c  

a c t ivity o n  regional infrastructur e . T h e  imp l i c at i o n s  f o r  c ivi l 

de f ence and emergency re sponse conti ngency p l ans w e r e  a l s o  

d i scus s e d . 

H a z ard a s s e s sment i s  an e s s ent i a l  f i rs t  s t age in the p r e p a r a t ion 

of conti ngency p l ans in the event of a vo l c anic e rupt i on . The 

only verit ab l e  way of a s s e s s ing vo l c an i c  h a z ards and the r i s k s  

tho s e  haz ards p o s e  t o  Taranaki i s  b a s e d  upon t h e  s t r at i g r aphic 

r ecord whi c h  provides informat1on about past erup t i v e  a c t i vi ty at 

Egmont Vo l c ano . 

Thi s inform a t i on i s  intergrated to i l l u s trate how a c t iv i t y  at a 

g iven vo l c ano has varied with t ime and to make j us t i fi ab l e  
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predictions a s  t o  the aver age periodi c i ty ,  severity and extent o f  

future eruptions . The r i s k  at that vo l c ano c an then b e  e stimate d . 

I n  a s s e s s i ng vol c anic risk in north - e a s te rn and cent r a l  T aranak i , 

i t  i s  nec e s s ary to de s i gnate areas o f  potent i a l  vo l c an i c h a z ard . 

T he s e  are a s  of potent i a l  vo l c anic haz ard are divi d e d  i n t o  a 

number o f  vo l c anic haz ard zones that demarcate are a s  o f  e s t imated 

risk from vo l c ani c proce s s e s . Haz ard zones are con s t ru c t e d  wi th 

emphasis on minimi s i ng l o s s  of l i fe and damage to p rope rty and 

are based on part i c u l ar types of vol c an i c  h a z ard and f rom the 

known vol c an i c  hi s tory . R i s k  betwee n  the de l ine ated z on e s i s  

gradat ional and boundarie s  shou l d  not b e  regarded a s  pre c i s e  

l ines . The haz ard zone boundari e s  are s e l dom more than rough 

approximations ( Mi l l er et a l . 1 9 8 1 ) and represent the b e s t  

e s t imate o f  ri sk b a s e d  o n  mode l s  deve l o p e d  f rom p a s t  e v e nt s . The 

l o c ation of the s e  l ines have a factual b a s i s ,  but do not indicate 

abs o l ute d i f f erenc e s , or even l arge di f ferences of  r i s k  f rom one 

s i de to another . 

I n  determ i n i ng haz ard zones based o n  events known to have 

o ccurred , there is di f f i cu l ty i n  b a l anc ing betwee n  p r e d i c t e d  

r ange o f  ri sk and t h e  amount o f  r i s k  accept ab l e  t o  s oc i e ty . For 

i n s t ance , i f  boundarie s  based on e ruptions were p l a c e d  f a r  enough 

f rom the vo l c ano to rul e  out any s igni f i c ant r i s k , much pub l i c 

c r i t i c i sm cou l d  b e  ant i c i p ated espec i a l l y  i f  the p r e d i c t e d  event 

d i d  not t ake p l ace resu l ting i n  pub l i c  inconveni ence and e conom i c  

l o s s . I f ,  on t h e  other hand , l e s s  cons e rvative boun d a r i e s  were 

drawn c l os e r  to the vo l c ano , s evere c ri t i c i sm c ou l d  a l so be 

expected i f  a c a t a s troph i c  event di d o c cur and l ive s were l ost . 

On the bas i s  o f  stratigraph i c  information obtained f rom b e yond 

the National P ark boundary in north - e a s t  and c e nt r a l T a r anaki 

( th i s  study ) , haz ard zones d e l ineated by Ne a l l  ( 1 9 8 2 b ) for 

l ahars , pyroc l as t i c  f l ows and tephra are revi s e d . H a z a r d s  f rom 
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l ava f l ows and pyroc l as t i c  proj ecti l e s  a r e  not d i s c u s s e d  i n  thi s 

s tudy b e c ause there i s  no new evidence to sugg e s t  they have ever 

extended beyond the pres ent Nationa l P ark bounda ry ( � . 9 . 6 km f rom 

source ) and o f fer no gre a t  haz ard to l i fe or movabl e  prop e r t y  

outs i de t h e  P ark . 

1 0 . 2  Tephra Hazard 

T ephra has been intermit tent ly erupted f rom Egmont Vol c ano f o r  

the past � . 1 3 0kyrs B . P .  U p  unt i l  recent l y  i t  was thought t h a t  on 

average one pumi ceous eruption occurred every 5 0 0  y e a r s  ( Ne a l l  

1 9 7 2 ) . However the occurrence o f  a t  l e a s t  thi rty- f ive t ephr a s  

> 1 0 7 m3 erupted between � . 3  and � . 1 2 kyrs B . P .  s ugge s t s  t h a t  

aver age periodi c i ty f o r  moderate to maj or s i z ed erupt i ons m a y  b e  

a s  frequent as o n e  every � . 2 5 0  years . Pre sumab l y  many re l a t ive ly 

more t ephras o f  l e sser magnitude were erup t e d  and depos i t e d  

c l os e r  t o  source wi thin the con f i n e s  o f  t h e  National P ark . 

P o st - 1 2 kyr t ephr a attains thickne s s e s  o f  � . 5 . 0m i n  the v i c i n ity 

of Maho e , � . 1 6km south- e a s t  f rom the pre sent summi t .  In cont rast 

i n  the vicinity o f  I ng l ewoo d ,  � . 2 0km north- e as t  f rom the p r e s ent 

s ummi t ,  the s ame s equence of tephra is only � . 2 . 40 m  thi c k . On the 

North and South T aranaki coa s t a l  p l ains , the thicknes s  o f po s t -

1 2kyr t ephr a i s  s i gni f i c ant ly l e s s  ( < lm ) . 

The se variat ions in thicknes s  o f  t ephra surrounding Egmont 

Vo l c ano app e ar to be primar i ly inf l uenc e d  by the preva i l ing wind 

pattern . In the advent of future erupt ions of Egmont Vo l c ano , the 

t ephra c l oud wi l l  probabl y  encounter atmosphe r i c  z on e s o f  v a rying 

wind spee d ,  direct i on and rates o f  l at e r a l  she a r . S p e c i f i c  h i gh 

a l t i tude data i s  not ava i l ab l e  for Taranaki so i n fo rm a t i o n  w a s  

co l l ected from Ohake a , 1 5 0km t o  the south - e as t  ( Ne a l l 1 9 8 1 ) .  

Three dominant wind directions rel ating t o  a l t i tude were not e d  

f rom < 3 0 00m , 3 0 0 0  - 1 0 , 4 0 0m and 1 2 0 0 0  - 1 6 3 0 0m .  Wind d i r e c t i on s  

a n d  thus l ik e l y  t ephra d i stribution occurs to the s e c to r  b e tween 
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nort h - e a s t  and south- e a s t  for 9 1 %  o f  the time between 1 2 000 -

1 63 0 0m . For the 3 0 0 0  - 1 0 4 0 0m a l ti tude range , tephra i s  l ikely to 

be c arri e d  into the s ame s ector ( north - east to south- e a s t ) for 

7 3 %  o f  the t ime and be l ow 3 0 0 0m for 5 5 %  of the t ime . 

The extent o f  tephra distribut ion from p a s t  erupt ive act i v i ty at 

Egmont Vo l c ano c an be demonstrated to be cons i d e r ab l e . 

Macroscop i c a l ly vi s i b l e  Egmont - source tephra s  h ave s o  f a r  b e e n  

i dent i f i e d  in l ake s e diments o f  t h e  Waikato , � . 20 0 km t o  t h e  NNE 

( Lowe 1 9 8 7 ) as we l l  as in the Wanganu i  d i s t r i c t  t o  the south- e as t  

( th i s  study ) . D i spersed mine r a l  grains w i t h  Egmont - type chem i s try 

h ave a l so been i dent i f i e d  i n  pres ent - day soi l s  o f  t h e  M a n awatu 

di s t r i c t , c . l 7 0km S S E  from source ( Wa l l ac e  1 9 8 7 ) .  

I n  construc t i ng a haz ard map for north- e astern and c en t ra l  

T a r anaki informa tion on the wind direct ions and t h e  p a s t  

d i s tribution o f  moderate to l arge m agnitude tephra w a s  u s e d . P a s t  

eruptives g ive a l ik e l y  indicat ion o f  t h e  magni t u d e  o f  e ru p t ions 

one can expect in the future . Thr e e  maj or zones of t ephra h a z ard 

are recogni s e d  in thi s s t u dy and the s e  are , in o r d e r  o f  

decreas ing ri sk de l ine a t e d  a s  Z ones T a , T b  and T c  ( Fi g u r e  1 0 . 0 1 ) . 

Zone Ta i s  bounded wher e  > O . l Om thicknes s  o f  t e p h r a  c ou l d  b e  

expected during a moderate t o  maj o r  eruption ( > 1 07 m3 ) .  Thi s zone 

cover s  an area from NNE to S S E  within 2 4km of the p r e s e n t  Egmont 

s umm i t  and i nc l ude s the communiti e s  of Egmont Vi l l ag e , I ng l ewood , 

S tr a t ford , E l tham and Kaponga . 

Zone Tb i s  the are a where between 0 . 1 0m and 0 . 0 1 m  o f  t e p h ra cou l d  

b e  e xp e c t e d  during a > 1 0 7  m3 eruption . I t  occup i e s  a 

s imi l ar are a l  extent as Z one T a ,  b e tween 2 4  and 4 0 km from the 

pre s ent Egmont summi t .  Thi s zone i nc l udes the c ommu n i t i e s  o f  

W a i t ara , Mana i a  and H awer a . 
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Zone Tc i s  the area where between 0 . 0 1 and O . O O l m  o f  tephra cou l d  

b e  expected during a > 1 0 7  m 3  e ruption . Thi s zone cover s  an a r e a  

i n  t h e  s ector from NNE to S S E  between 4 0  and c . 2 0 0 km from t h e  

p r e s e nt summit .  T ephra depo s i t ion i n  thi s zone w i l l  n o t  s e r i ous ly 

endanger human l i fe or he a l th but may have s igni f i c ant e conom i c  

conse quenc e s . 

1 0 . 3  Lahar and A s s o c i ated Flood Hazards 

At l e as t  thirteen post - 2 2 kyr l ahar depo s i t s  of vary i ng m agni tude 

h ave been recogni sed in north- e as tern and cent r a l  T aranak i . Most 

l ahars extend f rom Egmont Vol c ano to the North T a r anaki c o a s t  

a ft e r  having been channe l i s e d  w ithin the confines o f  radi a l  

drainage p aths . On the l ower f l anks o f  Egmont Vo l c ano , m a ny o f  

the s e  l ahars were o f  suf f i c i ent l y  l arge s c a l e ,  to overtop t h e  

channe l s  and l ateral ly spre a d  i n  a uncontro l l ed m anner o n t o  t h e  

ext ens ive int e r f l uve sur f a c e s  o f  t h e  ring p l ain . 

L ahar formation i s  very much dependant on pre - di sp o s e d  

cond i t i ons , whi ch are most f avorab l e  during periods o f  a c t iv e  

vo l c an i s m  ( Ne a l l 1 9 8 1 ) .  S u ch condit ions inc lude he avy r ains and 

high run - o f f  vo l umes , rap i d  me l t i ng of snow and i c e , and l at e r a l  

t r ans formation from de f l ating pyroc l as t i c  den s i ty current s . I n  

future e ruptions o f  Egmont Vol c ano l ahars c an be e xp e c t e d  t o  be a 

maj o r  h a z ard , potent i a l l y  i n f luenc i ng many catchm en t s  on t h e  

vo l cano , s i mu l t aneous ly . 

B a s e d  on the geo logic record over the l as t  � . 2 2kyr a n  ave r a g e  

frequency o f  l ahar occurrence i n  north - e astern and c entra l  

T a r anaki has been interpreted for each o f  the out e r  l ah a r  z o n e s . 

Three h a z ard zone s are recogn i s e d  and the s e  are i n  o r d e r  o f  

decre a s i ng order o f  risk , Zones L a ,  Lb and L e  ( se e  Map 2 ) . 
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zone L a  represents the zone o f  immedi ate l ahar r i sk . Thi s zone 

occurs where the greatest frequency of l ahars has occurred 

throughout the l as t  2 · 2 2kyrs B . P . and h a s  been repe atedly 

i nundated by l ahars in the l ast 2 . 1 0kyrs . Over thi s period the 

average i n c i dence l ahar interval i n  thi s z one ha s  rang e d  from 1 
per 1 , 5 0 0  years to 1 per 3 , 0 0 0  years . 

Are a s  o f  t h i s  z one j udge d  to be o f  highe s t  r i s k  are tho s e  w i thin 

stream and river cours e s  that originate from the uppe r  f l anks o f  

Egmont Vo l c ano . I n  the e as tern and north - e a s t ern s e ctors , there 

i s  high dens i ty o f  stream cour s e s  with s h a l l ow channe l s . In the 

south- e a s te rn s ector , stre am cour s e s  are l e s s  frequ ent , with the 

channe l s  u s u a l l y  entrenched more d e e p l y  within the s u r f i c i a l  

cove r - b e ds . Are as o f  the south - e a s tern s e c tor j udged to b e  o f  

highest r i s k  are wi thin the con f i n e s  o f  the Kaupokonu i , Kapuni 

and Mangatoki S treams , a s  we l l  a s  the Waingongoro and P at e a 

R ivers . 

Other are a s  o f  high risk in thi s zone i nc l u de i n t e rf l uve a r e a s  

imme d i a t e l y  adj acent t o  drainage channe l s  i n  the e a s tern a n d  

north - e a s t e rn sectors . I n  the south - e astern s e c t o r  i nt er - f l uve 

area s  are o f  l e s s  risk b e c au s e  they are more extens ive a n d  

e l evate d . 

I n  Z one L a ,  there are ten instance s  wher e  radi a l  drainage 

channe l s  f rom Egmont Vo l c ano pass very c l o s e  to urban 

deve l opment . The s e  speci f i c a l ly i nc l ude the Waiwh a k a i ho , W a i t ar a  

and P a t e a  Rivers where they f l ow through N e w  P l ymouth , W a i t a r a  

and S trat ford respect ive l y ,  and adj acent t o  the c ommuni t i e s  o f  

Egmont Vi l l age { Mangaoraka S tream ) ,  I ng l ewood ( Wa i ongana and 

Ngatoro S tr e ams ) , L epperton ( Waiongana S tr e am ) , M i dhurs t  ( Te Popo 

S t r e am ) , E l tham ( Waingongoro River ) and K aponga ( Kaupokonu i 

S t r e am ) . 
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zone Lb repres ent s the zone o f  intermedi a t e  r i s k  b as e d  o n  the 

d i s t r i bution of moderate to l arge magnitude l ahars over the l ast 

� . 2 2kyrs B . P .  The average l ahar inci dence interva l i n  thi s z one 

is 1 per c . 4 5 0 0  years . 

Zone Le represents the l owes t  r i s k  l ahar z one and wou l d  o n l y be 

a f fected by mos t  infrequent and l arge vol umed debr i s  ava l anches 

generated by p a rt i a l  or comp l ete c o l l ap s e  o f  Egmont Vo l c ano . In  

such an event , debr i s  ava l anche depo s i t s  c ou l d  potent i a l l y  

i nundate the ent i re NNE to S S E  s e c tor o f  the vol c ano as w e l l  as , 

re ach the North and S outh T aranaki co a s t s . The pos s i bi l i ty o f  an 

event occurring wi thout prior warning or precursory acti v i t y  

shou l d  not b e  d i sc ounte d . L arge m agnitude e arthquake s , unre l at e d  

to vo l c anism , generated b y  e i ther tectoni sm or s e d i ment ary 

l oading have the potent i a l  to destabi l i s e  portions of the e d i f i ce 

i nduci ng gravi t a t i onal c o l l ap s e . 

1 0 . 4  Pyroc l a s t i c  Den s i ty Current Haz ard 

In north - e a s tern and central T aranak i , prehi s t o r i c  pyroc l a s t i c  

dens i ty current depo s i t s  are restricted i n  d i s t r i b u t ion t o  t h e  

con f i ne s  o f  Egmont Nationa l P ark . T h e  a b s e n c e  o f  s u c h  depo s i t s  

f rom the stratigraphic succ e s s ion beyond the P ark b oundary makes 

i t  di f f i c u l t  to i dent i fy an expected haz ard from s u ch a 

phenomenon . I t  doe s  not mean , however ,  that a futu r e  event w i l l  

not exceed any known precedent a t  that s am e  vol c ano . For i n s t ance 

the l ateral  b l a s t  depo s i t  of the May 18 Mt . S t H e l en s  erupt i o n , 

extended about three times further from the vo l c ano than t h e  

l arge st known previous b l as t  and devas t a t e d  a n  are a that i s  

approximat e l y  1 0  t o  1 5  t imes l arge r  ( Mi l l e r  et a l . 1 9 8 1 ) .  

However , on the b as i s  o f  exi sting knowl e dg e , the p rincip a l  d anger 

to l i fe and property from future pyroc l as t i c  dens i ty current 

events are l ik e l y  to be resi dents and bui l dings w i thin the 
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con f ines o f  the Nationa l  P a rk . I f  an event were s u f f i c i ent l y  

l arge , i t  c ou l d  endanger l i fe and property i n  z on e  T a . 

1 0 . 5  D i scus s i on 

E ruptive a c t ivity at Egmont Vo l c ano i s  shown i n  thi s s tudy to 

have been s u f f i c i ently frequent for potent i a l  haz ards to be 

eva l u ated b ased on the former vo l c anic s t r at igrap h i c  record . P a s t  

behavior o f  the vol c ano sugg e s t s  that , on average , t h e  p r e sent 

dormancy wi l l  not exceed a duration of 2 5 0  years .  S ince Egmont 

Vo l c ano l as t  erup t e d  � . 2 3 0  years ago , a l arge erup t i on cou l d  

occur within the next one hundred years . 

At pre sent there i s  no method o f  predi c t i ng more p re c i s e l y  when 

the next eruption of Egmont Vo l c ano wi l l  t a k e  p l a c e . Precursory 

act ivi ty ( i . e . increas ing s e i sm i c i ty and / o r  e d i f i c e  di l a t i on ) may 

give some period o f  warning , the l ength o f  whi ch i s  l arge l y  

unknown . There i s  n o  guarant e e  that the c r i t i c a l  l eve l s  o f  

precursory act ivi ty at Egmont Vo l c ano wou l d  b e  s imi l ar to that 

experienced at other vo l c anoe s . At present there i s  minimal 

s urve i l l ance o f  Egmont Vo l c ano , restricted t o  a s ingl e ,  v i su a l ly 

recording 1 0Hz s e i smograph at North Egmont ( 3 . 7km f rom the 

pres ent summi t )  and two t i l t  l eve l l ing s t a t i ons . 
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CHAPTER 1 1  

A B I O STRATI GRAPHIC RECORD 

OF NORTH - EASTERN AND CENTRAL TARANAKI 

1 1 . 1  A Late l a s t - g l ac i a l  - Early po s t - gl a c i a l  Vege t a t i on Record 

1 1 . 1 . 1  Introduc t i on 

A we l l  pre s e rved record o f  f l or a l  changes s pann i ng the l as t  

g l a c i a l  - pos t - g l a c i a l  boundary , occurs within a we l l  dat e d  p e at 

s e c t ion on the l ower e a s t ern f l anks o f  Egmont Vol c ano . The 

s e c t ion is expo s e d  in a deep dra i n  paral l e l  to uppe r  Durham Road 

( S ec t i on 8 of Appendix 1 )  beneath a prominent debr i s  f l ow d e po s i t  

mappe d  as Kahui Forma t i on . S ever a l  ande s i t i c  tephras erup t e d f rom 

Egmont Vo l c ano are interstrat i f i e d  within the p e a t . The p e a t  

s e c t ion w a s  f i r s t  repor t e d  i n  early 1 9 8 1  by M r  A . S .  Hul l ( N . Z  
Geo l og i c a l  Survey , D . S . I . R )  and bri e f l y  de s c r i b ed .  A radi o c a rbon 

date ( NZ 5 2 8 9A ) of 1 1 , 6 5 0  + / - 2 0 0  years B . P .  was obt a i ne d  from 
woo d  in p e a t  0 . 5m beneath the b a s a l  boundary of the debri s f l ow 

depos i t . 

Fo l l owing this inve s t i g a t i on , D r  M .  McGl one ( Bot any D ivi s ion , 

D . S . I . R )  then systemat i c a l ly chann e l  s amp l e d  the p e at for 

d e t a i l ed p a l yno l og i c a l  examination i n  l at e  1 9 8 1 . Four peat 

s amp l e s  were extracted for radioc arbon dating as p ar t  of h i s 

s t u dy . The uppermos t  s amp l e  yi e l ded a date ( NZ 5 4 0 9 A ) o f  9 , 2 8 0  + / -
1 3 0  years B . P .  a t  approximate l y  0 . 2 5m depth from the uppe r  

boundary o f  the peat , whi l e  the l owermos t  s amp l e  e s t ab l i sh e d  an 

age ( NZ 5 4 1 2A ) of 1 3 , 1 5 0 + / - 200 ye ars B . P .  a t  approximate l y  2 . 2 5m 

depth . 

The s igni f i c ance o f  thi s section i s  thr e e fo l d . F i r s t l y , s eve r a l  

new l y  d e fined ande s i t i c  t ephra marker beds h ave b e e n  corre l at e d  

t o  t h e  s i t e  where they were found preserved i n  t h e  p e at . T h e  ages 
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for thes e  tephra markers were then approximat e l y  e s t imated from 

thei r  pos i t i on with respect to the four dated p e a t  s ampl e s . 

S econdly , the site provides a we l l  pre served f l or a l  record 

s panning the l ast g l ac i a l  - po s t - g l ac i a l  boundary o f  the north

e a stern l ower f l anks of Egmont Vol cano . Thi s record concurs w i t h  

the record obtained from E l tham swamp on t h e  l ower south- e a s t  

f l anks over a s imi l ar t ime interv a l  ( McG l on e  & Ne a l l pers . c omm . 

1 9 8 7 ) . 

Thirdly , the pos i t ion o f  the l as t  g l ac i a l  - post - g l a c i a l  boundary 

( indi c at e d  by veget ation change s ) i n  re l a t i on to t e p h r a  marker 

beds i n  the peat , c an then be approxim at e l y  determ i n e d  within 

neighbouring non- p e at s e c tions u s i ng the s am e  marke r s . 

1 1 . 1 . 2  Resul t s  

A comp l et e  po l l en di agram for the s e c tion i s  given i n  Figure 

1 1 . 0 1 .  The p e at sect ion i s  subdivided into two p a l yno l ogi c a l  

zones whi ch are informal ly named Z one s A and B .  B o t h  z one s a r e  

s u f f i c i ent l y  comp l ex to requ i r e  subdivi s io n  i n t o  s ub - zone s . 

E s t imated ages for the beginning and end o f  e ach s u b - z one a r e  

g iven i n  brackets . S amp l ing interv a l s  w e r e  a t  c . 0 . 1 m i n  t h e  p e at . 

I nterpre t a t i ons of the sub - zone s are given b e l ow . 

Durham A1 : 2 . 5 0 - 2 . 00m depth ( £ . 1 3 . 3  - 1 3 . 0kyr B . P . ) 

T h i s  sub - z one i s  characteri s e d  by moderate l eve l s  o f  Gramin e a e  

p o l l en whi ch make up between 6 a n d  1 3 %  o f  t h e  t ot a l  po l l en s um . 

S hrubs are repre sented at the b a s e  o f  thi s zone , w i th 

Phyl l o c l adus , Haloc arpus bidwi l l i i - type , Myrs ine , Comp o s i t ae and 

Coprosma together const i tuting up to 6 7 %  of the tot a l  po l l e n  sum . 

Towards the top o f  thi s sub- zone , s hrubs are r e du c e d  t o  l e s s  than 

h a l f of the l eve l prevai l ing at 2 . 5 0m depth . Phy l l o c l adus and 

H a l o c arpus b i dwi l l i i  po l l en are not record e d  above 2 . 0 0 m  depth . 
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P rumnopi tys t axi fo l i a  po l l en dramat i c a l l y  incre a s e s  f rom 7 %  at 

the base o f  thi s sub - z one to 3 9 %  a t  the top . There a r e  l e s s  

marked but s i gni f i c ant r i s e s  i n  the D a c rydium cupre s s i num po l l en 

curve from 2 %  to 9 %  but Metro s i deros pol l en shows no change i n  

recorded t r a c e  l eve l s .  

Notho f agus menz i e s i i  po l l en , represented by mode r a t e  l eve l s  ( 7  -

1 0 % ) i n  the l ower port ion o f  thi s  sub - zone , s t e adi l y  decre a s e s  to 

4 %  at 2 . 00m depth , whi l e  there are p a ra l l e l  but l e s s  pronounce d  

decre a s e s  i n  the Notho f agus fus c a - type and L ibocedrus po l l en 

curve s . Prumnop i tys ferrugine a and Podoc arpus tot a r a - type are 

repre s ented t hroughout by cons i s t ent l y  l ow l eve l s .  Thi s sub - zone 

contains a not i c e ab l e  component of s and and s i l t . L epto spermum 

po l l en throughout thi s sub - zone cons t i tu t e s  approxi m a t e l y  4 5 %  o f  

the t ot a l  po l l en sum . Tree fern spor e s  remain at const ant l eve l s  

o f  1 0 % . 

Durham A2 : 2 . 00 - 1 . 2 0m ( Q . l 3 . 0 - 1 1 . 5 kyr B . P . ) 

The two uppe rmo s t  Kaihouri tephr a s  occur n e a r  the b a s e  o f  thi s  

sub - zone between 1 . 7 5 and 1 . 8 6m depth . A dated ( NZ 5 4 1 1A ) p e a t  

s amp l e  obtained from 1 . 9 0m depth e s t ab l i shed an age o f  1 2 , 9 0 0  + / -

2 0 0  years B . P .  and provide s  a max imum age for the t ephras . S m a l l 

woo d  f r agments are s cattered throughout thi s sub - zone . Apart 

f rom hori zons o f  s i l ty peat at the b a s e  of the s ub - z one and 

b e tween 1 . 4  and 1 . 2m depth , much o f  the p e at that a ccumu l at e d  in 

thi s sub - z one contains l i tt l e  obvious s an d  and s i l t  i n  comp a r i son 

with sub - z one A l . 

Thi s sub- z one i s  characterised by a conti nu i ng s t e a dy incre ase o f  

D ac rydium cupres s inum po l l en to a l eve l o f  2 9 %  a t  the top o f  the 

sub- z one . P rumnopitys t a x i fo l i a ,  the only other s ub s t ant i a l  

contributor t o  the arbore a l  po l l en spectr a , s t e a d i l y  incre a s e s  to 

a p e ak l eve l of 4 2 %  at 1 . 8 0m depth , then s t e adi l y  dec l ines to 
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2 3 % . Sma l l er amounts o f  other t a l l podocarp tree p o l l en i n c l uding 

Prumnopi tys ferrugine a r  P . totara- type , D a c rycarpus and 

L ag arostrobu s col ensoi are con s i stent ly recorde d . L eve l s  o f  
Metro s i deros po l l en increa s e  from trace amounts t o  4% i n  the 

uppe r  hal f of thi s sub - zone . L i bocedrus cont inu e s  to occur at 

consi stent l y  l ow l eve l s . Nothof agus menz i e s i i  and Notho f agus 

fusca - type po l l en dec l ine to trace l eve l s , whi l e  Coprosma and 

Myr s ine whi c h  were previous ly repre sent e d  in moderate l eve l s ,  

a l so drop to very l ow l evel s .  L eve l s  o f  Graminea e  p o l l en 

f luctuate throughout thi s sub - zone becoming absent in over lying 

sub - zone s . 

Tree fern spore s and L eptospermum po l l en maint a i n  s imi l ar l eve l s  

t o  tho s e  prevai l i ng i n  sub - zone Al . However , a t  1 . 6m depth there 

is a s igni f i c ant decre a s e  o f  L eptospermum to i t s  l ow e s t  r ecorded 

l eve l s . A conver s e  trend occurs in the tree fern po l l en curve 

whi ch is represented i n  l ow l eve l s  at 1 . 6m depth and then s t ee p l y  

incre a s e s  to a p e ak l eve l b e tween 1 . 4  a n d  1 . 2m depth . Coi n c id i ng 

with the s e  chang e s  a higher s i l t  component i s  recorded i n  t h e  

peat between 1 . 4  and 1 . 2m depth . Thi s m ay i ndi c a t e  ne arby 

di s turbance c au s e d  by the p a s s age of debri s f l ow s  or a l l uvi a l  

f l ood depos i t s . 

Durham B l : 1 . 2 0 - 0 . 6 0m depth ( � . 1 1 . 5 - 1 0 . l kyr B . P . ) 

At approximat e l y  0 . 9 9m depth Mahoe Tephra o c curs interstra t i f i e d  

wi thin t h e  peat . Konini Tephra a l so i nt e r s t r at i f i e s  t h i s  s u b - zone 

but at 0 . 7 0 m  depth . A dated ( NZ 5 4 1 0A ) p e a t  s amp l e  obtained f rom 

0 . 7 5m depth e s t ab l i shed an age of 1 0 , 5 0 0  + / - 1 5 0 y e ar s  B . P .  and 

thus provi des a maximum age for Konini T e phr a . 

The pol l en spectrum during thi s interv a l  i n d i c a t e s  a podo c arp -

broadl e a f  fore s t  was the dominant veget a t i o n  typ e . Thi s i s  s hown 

by a dram a t i c  r i s e  in D . cupre s s i num po l l en t o  reach l eve l s  

exceeding 5 0 %  o f  the tota l  pol l en sum and a s t e adi l y  dec l i ni ng 
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l eve l o f  Prumnopi tys t axi fo l i a . Smal l er amounts o f  other t a l l 

podocarp tree pol l en are a l so indicated . Metro s i d e r o s  p o l l en 

i ncre ases t hroughout the sub- zone t o  approxi m a t e ly 8 %  o f  the 

t o t a l  pol l e n  sum . The frequency of L ibocedrus p o l l en in the l ower 

h a l f o f  thi s sub- zone is l ow ,  dropping to trace amount s i n  the 

upper hal f . Tree fern spor e s  progres s ive l y  decrea s e  to a steady 

but higher l eve l than that prevai l i ng i n  z one A ,  w h i l e  

L eptospermum r ap i d l y  i nc r e a ses . 

Durham B 2 : 0 . 6 0 - O . OOm depth ( � . 1 0 . 1 - 9 . 0 kyr B . P . ) 

I nterstrat i f i e d  wi thin thi s sub - zone are four c o a r s e  a s h  and 

l api l l i  beds of Kap onga Tephra . A peat s amp l e  at approximat e l y  

0 . 2 5m depth has b e e n  dated ( NZ 5 4 0 9 A ) at 9 , 2 8 0  + / - 1 3 0  y e a r s  B . P .  

T h e  upper boundary o f  thi s sub- z one i s  de f i n e d  by t h e  b a s a l  

contact o f  the over lying Kahui debri s f l ow depos i t . 

Thi s sub - zone i s  charac t e r i s e d  by the f i r s t  app e arance and s t e a dy 

r i s e  o f  AscaFina and Eugeni a po l l en and a d e c l i n e  i n  the l eve l s  

o f  D . cupre s s inum . P . taxi f o l i a  pres ent i n  s ome qu ant i ty 

dramat i c a l l y  decr e a s e s  to 4 %  o f  the tot a l  p o l l en s um , whi l e  

L eptospermum po l l en l eve l s  steadi ly i ncre a s e  from t ho s e  

prevai l ing i n  sub - zone B l . Tree fern spor e s  remain a t  s t e ady 

l eve l s , whi c h  are not ab ly higher than tho s e  l eve l s  r ecorded in 

sub - zone A l . 

1 1 . 1 . 3  D i s cus s i on 

S u b - zone A l  represents a period when the l ower north - e as tern and 

central f l anks of Egmont Vo l c ano were occup i e d  by a mos a i c  of 

P rumnopi tys t ax i fo l i a  - dominant fores t  and L eptospermum

dominated shrub l and and gras s l and . D acrydium cupre s s i num f i rs t  

appears a s  a minor con s t ituent o f  t h e  fore s t . 

During sub- zone A2 P rumnopi tys t ax i fo l i a  - dom i n ant f o r e s t  

s t e adi ly incre a s e d . As thi s fore s t  spre a d , the a r e a  o f  s hrub l and 
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and gras s l and diminished with l o c a l  extinction s  o f  Phyl l o c l a dus 

and Halocarpus bidwi l l i i . L eptospermum s ti l l  p e r s i s t s  as t h e  

dominant shrub veget ation , whi l e  D . cupre s s i num s t e adi l y  

incre ases . 

Sub- zone B l  r e f l ects a t ime dur i ng whi ch the l ow l and fore s t  

achi eved a c omposition s im i l ar t o  that o f  the pres ent ( pr i o r  to 

E urope an arrival in the area ) .  From evi dence a t  thi s s i t e  there 

was a rap i d  incre ase o f  D a c rydium cupre s s i num whi c h  l ed to t h i s  

t a l l t r e e  becoming the dominant , with a corre spondingl y  l ar g e  

r e duction o f  Prumnopi tys t axi fo l i a . Notho f agus menz i e s i i  and 

Nothof agus f u s c a - type were e l iminated from the s l op e s  of Egmont 

Vo l c ano and surrounding r i ng p l a i n . L ibocedru s , whi c h  had b e en an 

e l ement in the podocarp - broadl e a f  fores t  in the are a , b e c ame 

r e s t r i c t e d  to its pres ent di stribution on the upper f l anks o f  
Egmont Vo l c ano . I n  sub - zone B 2  Asc arina l uc i d a  b e c ame a c ommon 

const i tuent o f  the sma l l t r e e  component o f  the podo c a rp - b ro a d l e a f  

fores t . 

On the b as i s  o f  resu l t s  obtained f rom thi s study i t i s  cons i dered 

that ame l i or a t ion o f  the c l imate was rap i d  i n  the i mme d i a t e  pos t 

g l ac i a l  p e r i o d  wi th podo c arp -broadl e a f  fore s t  we l l  e s t ab l i s h e d  by 

Q . l 2 . 9 kyrs B . P .  Thi s for e s t  was dominat e d  by P rumnop i tys 

t a x i f o l i a  unl ike the Dacrydium cup re s s i num dominant f o re s t  which 

succeede d  it by Q . l 0 . 5 kyrs . Thi s D . cupres s i num fores t  repre sents 

a warme r , moi ster c l imate ( Figure 4 . 0 2 ) . The app e a r a n c e  o f  

A s c arina l u c i d a  i s  al so a n  import ant c l ima t i c  indi c at o r  b ec au s e  

i t  i s  uncommon or absent i n  areas where r a i n f a l l  i s l ow or where 
-

drought i s  preval ent . Ascarina i s  s o  sens i t ive to f r o s t  t h a t  i t  

doe s  not pre sently occur i n  areas o f  New Z e a l and whi ch have c o l d  

f r o s ty winters ( McGl one & Moar 1 9 7 7 ; S akai & Ward l e  1 9 7 8 ) .  

Chang e s  in vegetation at thi s s i t e  occurred at about t h e  s ame 

time as  a t  E l tham Swamp on the l ower south- e as t e rn f l anks o f  



3 6 3 

Egmont Vo l cano ( McGlone & Ne a l l  pers . c omm . 1 9 8 7 ) ,  on the Central 

North I s l and Vo l c anic P l ateau ( McG l one & Topping 1 9 7 7 ) and 

e l s ewhere in New Z ea l and ( i . e .  McG lone & Moar 1 9 7 7 ; L e e s  1 9 8 6 ) .  

C l imat i c  ame l ioration i dent i f i e d  from f l or a l  chang e s  i n  the peat 

b e tween the uppermost Kaihouri tephra and Konini T e phr a , c an be 

re l ated to n e ighbouring medi a l  cove r - b e d  sections u s i ng thes e  

s ame tephra marker beds . Here , there i s  a distinct trans i t i on in 

c o l our and s t ructure between the s e  t ephra markers ( e . g .  S e c t i on 

1 9  o f  Appendix 1 ;  P l ate 4 . 04 )  whi ch coinc ides with the boundary 

b e tween S l  ( tephric origin ) above , and L l  ( comb i n e d  tephr i c  and 

aeol i an o r i g i n ) ,  be l ow ( Figure 4 . 0 2 ) . Thi s observat i on i s  

supporte d  by di f fe renc e s  i n  tot a l  quart z content and quartz 

accumu l a t i on rate acro s s  thi s boundary at thi s s e c t i o n  ( s e e  

Chapter 6 ) . 

As suming cons t ant accumu l ation o f  medi a l  materi a l  b e tween the 

t ephr a marke r s , the trans i t ion b e tween S l  and L l  i n  the c ove r 

b e d s  o f  nort h - e a s tern and c e nt r a l  T aranak i , i s  h e r e  e s t im a t e d  to 

" have an age o f  � . 1 2kyrs B . P .  
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1 1 . 2  A L a s t - I ntergl a c i a l  Vegeta t i on Record 

1 1 . 2 . 1  Introduct i on 

The Aireda l e  Ree f  section ( S ection 2 7 ) ( 0 1 9 / 1 7 8 4 6 1 ) i s  a c o as t a l  

c l i f f ,  c . 1 . 6km north-east o f  the W a i t ara R iver mouth ( P l at e  

8 . 1 0 ) .  Here are exposed mos t  of  the cover-beds o f  the NT2 

up l i ft e d  marine t errace ( Chappe l l  1 9 7 5 ) .  The NT2 wave cut 

sur f ac e , however ,  occurs bene ath present sea l eve l and is no t  

exposed . 

The s i t e  was f i r s t  s amp l e d  by Grant - T ay l o r  ( S t evens 1 9 6 9 ) .  A 

stratigr aphi c c o l umn o f  the s i t e , produ c e d  much l at e r  by Grant 

T ay l o r  ( 1 9 7 8 ) ,  indicated that stump s o f  r a t a- r i mu fore s t  in 
pos i t i on o f  growth occurred immedi a t e l y  above a 3m thi c k  l ah a r i c 

bre c c i a depo s i t  ( hereafter termed l aharic d i ami c ton ) .  Woo d  f rom 

the s e  t r e e  s tumps was radioc arbon d a t e d  ( NZ 4 0 6 ) and a m i n imum age 

o f  > 43 kyrs was e s t ab l i shed . A further r a d i o c arbon date ( NZ 4 0 7 ) o f  

3 4 , 2 0 0  + / - 1 5 0 0  years B . P .  was obtained f rom a f ine g r a i n e d  p e a t  

b e d  enve l oped b y  weathered ande s i t i c  a s h  c . 1 . 8 0m above t h e  s tumps 

o f  r at a - rimu fores t . 

I n  e a r l y  1 9 8 5 , the Aireda l e  R e e f  S it e  was v i s i t e d  and d e s c r i b e d  

i n  detai l b y  t h e  wri t e r  and D r  M .  McGl one o f  B o t any D i vi s i on ,  

D . S . I . R .  The stumps of  rat a - rimu fores t  i n  pos i t i on o f  growth 

were r e i nt erpr e t e d  to unde r l i e  the l aharic di ami c ton rather than 

ove r l i e  i t , as Grant - T aylor had previou s l y  indi c a te d . 

1 1 . 2 . 2  Strat i graphy 

A det a i l ed s t r a t igraphi c column o f  the s e c t ion expo s e d  a t  

Airedal e  R e e f i s  presented in Figure 2 7  o f  Appendix 1 .  The b a s e  

o f  t h e  expos e d  s e c t i on compri s e s  > 0 . 3 0m o f  m a s s ive , mode r at e l y  

we l l  sorted grey ande s i t i c  s ands whi ch upward l y  grade t o  c . 0 . 8 5m 

o f  l igni t e  cont a ining wood and at l e as t  two unnamed f i ne 
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ande s i t i c  ashe s . At low t i de , the l igni t e  with numerous t r e e  

s tumps in growth position i s  expos e d  on an extensive b e ach 

p l at form whi ch gent ly des cends b e l ow pres ent sea l eve l ( P l at e  

8 . 1 0 ) . 

Over l ying the l i gni te in the c l i f f  s ec t i on i s  a c . 4m thick 

l aharic di am i cton which has been mapped a s  marginal f a c i e s  o f  

Okaw a  Formation . Along mos t  o f  the expo s e d  c l i f f  s e c t i on ,  the 

upper boundary o f  Okawa Formation is  ne a r l y  p l anar . However in 

part o f  the c l i f f  section the Formation app e a r s  to mant l e  a p r e 

exi s t i ng phy s i ographi c depre s sion r e su l ti ng i n  the deve l opment o f  

a sha l l ow conc ave basin o n  i t s  upper sur f a c e  ( P l at e 1 1 - 01 ) .  W i thin 

thi s basin is c . 1 . 6m thi ck l igni t e  depo s i t  containing wood and 

pres erving uni ts of Epiha Tephra ( S ec t i on 2 7B of Figure 11 .0 �; 
P l at e  11 .o2..} . 

Above thi s l i gni t i c  depos i t  the remainder o f  the s e c ti o n  

comp r i s e s  c . 2 . 6m o f  medi a l  b e d s  with proport ionate l y  t hinner 

ande s i t i c  t ephra inter - b e ds ( P l at e  1 l . o1 ) . The Cent r a l  Nor t h  

I s l and rhyo l i t i c  chronohor i zon Aokautere A s h  h a s  a l s o  been 

i dent i f i e d  within this s equence a s  a O . O l m  thick d i s c ont i nuous 

i nt e r - b e d  i n  11 at c . 1 . 0m depth b e l ow ground sur f ac e . 

1 1 . 2 . 3 Po l l en Ana lys i s  

From the l igni t i c  depo s i t  above Okawa Form a t i on e l even s amp l e s  

were obt ained for det ai l e d  p a lyno l og i c a l  e x amination by D r  M .  

McGl one . Four s amp l e s  were a l so c o l l e c t e d  f rom t he l igni t e  

under lying Okawa Formation but w e r e  n o t  examined i n  d e t ai l . The 

pol l en di agram ( Figure 1 1 . 0 2 )  pre s ented here for the upper 

l igni t e  is subdivided into three p a l yno l ogi c a l  z one s whi c h  a r e  

informa l ly named Z ones AR /Ab , A R / B  and AR / C . T h e  l ow e r  l igni t e  

compr i s e s  a s ingl e zone whi ch i s  i nforma l ly named Z one A R / A a . 

The ages o f  thes e  zones c annot be accurate l y  s t a t e d . However ,  

the age o f  Z one AR/B i s  e s t imated a t  � . 9 5 kyrs B . P .  T h i s i s  
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Plate 11 . 01 :  Woody l i g n i t e  f o rmed i n  s h a l low depression developed on 

the upper s u r f a c e  of Okawa Formation at Ai reda l e  Reef ( Se c t i on 27 ; 

Q l 9 / l 7 8 4 6 1 ) .  This ligni t e  was sampl ed for d e t a i l ed palynological 

exami n a t ion . 
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P1ate 1 1 . 02 :  Epiha Tephra int erbedded within t h e  s ampl ed lignite 
( Se c t ion 2 7 8 ;  Q l 9 / 1 7 8 4 6 1 ) .  Not e  Te Arei Tcphra ( i ndica t ed b y  arrow ) a t  

t h e  top o f  t h e  exposed s e c t ion w i t h i n  c l ayey m a t e r i a l  o f  L3 . 
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b a s e d  o n  the stratigraphi c occurrence o f  Epi c / d  o f  Epiha T ephra 

wi thin ( i )  z one AR / B , ( i i )  within L 4  on the NT2 t errace a t  Onaero 

and ( i i i ) wi thin P arao l o e s s on the Rapanui Mari n e  Terr a c e  at 

Kohi Road i n  the W anganui di s trict . Al l oway e t  a l . ( 1 9 8 8 ) sugg e s t  

t h a t  L 4  was depo s i t e d  during oxygen i sotope sub - s t age 5 b . 

Zone AR/Aa ( 8 . 2 0m - 9 . 0 5m ) 

P o l l en characte r i s t i c o f  podoc arp -broadl e a f  fores t  domi n a te s ; 

e s p e c i a l ly abundant i s  Dacrydium cupre s s inum . There are h i gh 
po l l en l eve l s  of a great vari ety o f  taxa inc l uding Metros i dero s , 

D ac ryc arpus dacrydioides , L agarostrobus c o l ens o i , P rumnopi tys 

f errugine a and P rumnopi tys t axi fo l i a  ( Mc G l one pers . c omm . 1 9 8 6 ) . 

Zone AR/Ab ( 3 . 9 2 - 3 . 6 5m )  

D ac rydi um cupres s inum percent age s f a l l f rom 1 6 %  to l e s s  than 5 % ,  

and there i s  a corre sponding dec r e a s e  i n  Metros i de r o s  from 1 1 % to 

l e s s  than 3 % . Prumnop i tys t ax i fo l i a  decre a s e s  s l ight ly t o  3 % . 

Pol l en o f  trees characteri s t i c  o f  podoc arp - hardwo o d  fore s t  such 
a s  Nes tegi s , Dacryc arpus dacrydioi de s , L .  c o l ensoi , Podo c arpus 

tot ara , P rumnopi tys ferruginea and E l aeoc arpus are a l l r e corded 

i n  thi s z one but i n  l ow l eve l s .  A s c arina l uc i d a  i s  absent . 

Cyathea smithi i - type and tree fern pol l en l eve l s  d e c l ine rapidly 

f rom 62% to 1 3 % . L eve l s  o f  Gramineae s t e adi l y  inc re as e  from 1 0 %  

t o  2 0% towards the AR/A - AR/B boundary . Compo s i t ae ( 2 % t o  1 0% ) 

and Coprosma ( 6 % to 1 5 % ) show s imi l ar s t e ady incre a s e s  towards 

the uppe r  boundary of the zone . L ibocedrus is a l s o  recorde d . 

Zone AR/ B ( 3 . 6 5m - 3 . 0 4m ) 

Nearly a l l the podoc arp - hardwood po l l en t yp e s  a r e  s evere ly 

r e du ce d ;  mos t  are d i scontinuou s l y  repres ented by l eve l s  o f  1 - 2 %  

o r  l es s . P rumnopi tys t ax i fo l i a  percentage s a ft e r  remaining l ow 

throughout most o f  Z one AR/ B  steadi ly i nc r e a s e  to 9 %  towards the 

upp e r  p a rt of thi s z one . Gramine ae a ft e r  an ini t i a l  r i s e  to 2 3 % , 
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maint ains s imi l ar l eve l s  be fore dec l ining t o  2 %  w i t h i n  the upper 

part o £  Zone AR/B . Compos i t a e  pol l en a l so maintains the l eve l 

r eache d at the top o £  Z one AR/A up to 3 . 5 2 m  depth , t h e n  s t e adi ly 

dec l ines to 1% towards the top o £  thi s z one . T r e e  £ e rn and 

Cyathe a smi thi i / c o l ensoi po l l en are markedly l e s s  abund ant 

compared to Zone AR/A . Throughout thi s zone , the p e r c e n t age of 

Copro sm a  f l uctuates but maintains moderately h i gh l eve l s  ( 1 5 -
3 7 % ) . H a l oc arpus and L ibocedrus pol l en a l so occur throughout thi s 

zone in l eve l s  higher than i n  the preceding zone . D r a c o phy l l um 

po l l en w a s  noted at l ow ( < 3 % ) l eve l s . 

Zone AR/ C  ( 3 . 0 4 - 2 . 6 2m ) 

At the beginning o £  Z one AR/ C D ac rydi um cupres s i num r a p i d l y  

incre a s e s  to a maximum o f  4 2 %  at c . 2 . 8 5m depth , th en de c l i n e s  t o  

6 %  at the t o p  of t h e  zone . L agaro s t robus c o l e n s o i , D ac ryc arpus 

dacrydi o i de s , E l aeoc arpu s , Notho £ agus menz i e s i i  and P rumnopitys 

£ e rrugine a are cons i s tent l y  recorded throughout t h i s z on e . 

Notho f agus fu s c a , Ne s t e g i s ,  Metro s i de r o s  and P o do c a rpu s totara 
a r e  a l s o  pres ent throughout mos t  of thi s z one but i n  l ow e r  

l eve l s . However , Metro s i deros and Podoc arpu s t o t a r a  a r e  a b s ent i n  

t h e  uppe rmost part o f  thi s zone , whereas Notho f agus f us c a  and 

Ne stegi s rapidly incre a s e s  over the s ame interv a l .  

Coprosma , Compositae and L i bocedrus po l l en typ e s  a r e  s ever e l y  

r e duce d  a n d  drop to l eve l s  o f  1 - 3 %  or l e s s . G r am i ne ae and 

D racophyl l um are absent from the pol l en s p e c t r a . Cyath e a smi thi i 

type , tree fern and Ne steg i s  po l l en dramat i c a l l y  incre a s e  

throughout the zone and achi eve unusu a l ly high l eve l s  at the top 

of thi s zone . 
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1 1 . 2 . 4  Vegetation and C l imate 

At the t ime repre s ented by Z one AR/Aa , podocarp - broadl e a f  fore st 

occupi e d  the North Taranaki coast a l  p l a i n  ( McGl one pers . comm . 

1 9 8 6 ) .  Thi s coast a l  fore st was extens ive l y  inundate d  by the Okawa 

l ahar . Fo l l owing thi s , the bare ground on the upp e r  sur f a c e  o f  

the O k awa Formation w a s  rapidly c o l oni s e d . There appears to be 

the s ame f l or i s t i c  mixture ove r lying Okawa Formati on as that 

p r e sent underlying the Formation but l eve l s  were r e duce d  and the 

fores t  apparent ly now had an open c anopy with sma l l are a s  o f  

gra s s l and and shrub l and . 

At the Z one AR/Ab - AR/B boundary , the dec l ining abundance o f  

D ac rydium cupre s s i num and tree fern s  i n  the for e s t  surrounding 

the s i te i ndi c a t e s  de teriorating c l imat e  condi t i on s . Thi s i s  

further supporte d  by the dec l ine o f  Metro s i deros and P rumnopi tys 

t ax i f o l i a . Coo l ing o f  c l imate i n  Z one AR/B i s  sugg e s t e d  by the 

s l i ght exp ans ion of Notho f agus menz i e s i i , N . fus c a  typ e , 

Gr amine a e , H a l o c arpus , L i bocedru s , Coprosma and Compos i t ae . The 

f o r e s t  of this zone b e c ame s imi l ar t o  that of the l at e  l as t 

g l ac i a l  ( � . 1 2 . 9  t o  1 3 . 3 kyr B . P . ) fore s t s  o f  the a r e a  ( s e e  S e ction 

1 1 . 1 ; thi s Chapter ) .  

At the Z one AR/ B  - AR/ C  boundary , warming and incre a s i ng r a i n f a l l  

i s  indi c at e d  by the ini t i a l  exp an s i on o f  P rumnopi tys t ax i f o l i a ,  

c l o s e l y  f ol l owed by a rap i d  incr e a s e  i n  D acrydi um cupre s s i num and 

t r e e  f e rns . Podoc arp - broad l e a f  fore s t  b e c ame more w i de s p r e a d  

t h a n  i n  Z one AR/Ab . T h e  fores t  apparent l y  had a c l o s e d  c anopy and 

gra s s l and/ shrub l and was probab l y  not common on the Nort h  T a r anaki 

c o a s t a l  p l a i n . 

A s l i ght cool ing in uppermost Zone AR/ C  i s  sugg e s t e d  by a n  

i nc r e a s e  i n  Notho f agus fusc a - type p o l l e n . The appa r e nt d e c l ine o f  

D ac rydium cupre s s i num and Prumnop i tys t ax i f o l i a  prob ab l y  o c curs 
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a s  a r e su l t  o f  di lution by unusua l ly high l eve l s  o f  Ne s t egi s 

( R . Bu s se l l  pers . comm . 1 9 8 7 ) .  

1 1 . 2 . 5  Correl a t i on 

The c l imati c  events repre sent e d  in the Aireda l e  Ree f  s e c t ion may 

b e  matched wi th those determined from oxygen i sotope s t r a t igraphy 

in deep s e a  cores ( Shack l eton et a l . 1 9 83 ) ( se e  Figure 4 . 0 2 ) .  

An abundance o f  Dacrydium cupre s s i num in Z one AR/A and AR/ C  

sugg e s t s  two interva l s  when rainf a l l was s imi l ar t o  that o f  the 

pre s ent day . Both interval s  pos t - date the cutting o f  t h e  NT 2 

terrace during oxygen i sotope s ub - s t ag e  5 e  when r a i n f a l l  i s  

i n f erred t o  h ave been the same as  o r  greater than the p r e sent day 

and vege t a t i on attained both the d i stribution and deve l opment o f  
pre s ent day vegetat ion ( McGl one 1 9 8 5 ) . 

The only other pre - Hol ocene periods when a s imi l ar degre e  o f  

rainf a l l and vegetation can b e  tentative l y  inferred from the 

oxygen i sotope record are sub - stages Sa and 5 c . P o l l e n  z one s AR/A 

and AR / C  are cons i dered to repre s ent warm and mo i s t  periods 

during whi ch forest cover was near comp l e t e . The s e  zone s are 

tentat ive l y  corre l ated with the Karioi and Otam angakau 

interstadi a l s  o f  McGl one ( 1 9 8 3 ) . The top of Z one AR/ C  may 
indi c a t e  i ni t i a l  approach to the period of co l d  condi t i on s  during 

oxygen i sotope S t age 4 .  

Z one AR/B i s  cons i dered to repre s e nt a coo l perio d ,  wher e  the 

presence of a gras s l and- shrub l and- fore s t  mos a i c  sugg e s t s that the 

c l imate w a s  the equival ent of the l as t  s t ag e s  of the l as t 

g l ac i a l . Thi s z one i s  tentative l y  corre l at e d  t o  oxygen i so tope 

sub - stage 5 b  ( Figure 4 . 0 2 ) . 

The stratigraphic occurrence o f  Epi . c / d  o f  Epiha T ephra 

i nterbedded within Zone AR/B and within L 4  on the NT2 t e rr a c e  at 
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Onaero and P arao l o e s s  o n  the Rapanui Marine Terrace a t  Kohi Road 

i n  the Wanganui district tends to support corre l ation o f  Z one 

AR/B to coo l c l imate conditions o f  sub - s t age 5 b  ( Fi gure 4 . 0 2 ) .  
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CHAPTER 1 2  

NEOTECTONICS 

The Norfolk and I ng l ewood Fau l t s  are two s ub -p a ra l l e l , nort h - e ast 

trending fau l t s  that occur immedi ate l y  north and s o u t h  o f  

I n g l ewood ( Map 1 ) . The Norfo l k  Faul t ,  5km south o f  I ng l ewood , i s  

upthrown to the south - e a s t  but no l atera l o r  vert i c a l  component 

of di s p l acement was obs e rved in the post - g l ac i a l  to l at e  l as t 

g l ac i a l  cover beds . 

The I ng l ewood Fau l t  approximates to the southern m a rg i n  o f  the 

E l tham L ahari c P l ane z e  ( P l ate 1 2 . 0 1 )  and c an b e  t r a c e d  from 

Kaimi ro in the south-we s t  to the Wai t ara River i n  the nor th - e as t . 

Further south-we s t  o f  Kaimi ro , the surface t r a c e  o f  the I ng l ewood 

F au l t  is obscured beneath post - g l ac i a l  vo l c ani c l a s t i c s  from 

Egmont Vo l c ano but if extrapol at e d  woul d  extend through the 

edi f i c e  o f  Egmont Vol c ano . 

The I ng l ewood F au l t  i s  upthrown to the north and north-we s t , and 

has both normal and dextral components of di sp l a c em e nt whi c h  vary 

a l ong the strike o f  the f au l t . The u s e  o f  t ephra and l ah a r i c  

chronohorizons h a s  permitted the age o f  t h e  mos t  r e cent 

d i s p l a cements on two sections of thi s f au l t  to b e  approxi m at e ly 

e s t imated . 

Expo s e d  i n  a f arm excavation cut acro s s  the I ng l e wo o d  f au l t  trace 

a t  Q l 9 / 1 2 8 2 7 5 , sub -hori zonta l  debris f l ow uni t s  of Ware a 

Formation and medi a l  mater i a l  o f  L l . l  are upthrown c . 2 . 5m t o  the 

north- we s t . On both sides of the f au l t  trac e , the S l  medi a l  uni t 

form s  a 2 . 5m thick mant l e  but at the s c arp S l  i s  c l e ar l y  

overthickened . Despite overthi ckening , l api l l i  i nt e r - be d s  w i t h i n  

S l  are genera l ly continuous and remain undi s turb e d  by vert i c a l  

d i s p l acement . Thi s sugg e s t s  that thi s porti o n  o f  t h e  I n g l ewood 
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F au l t  h a s  not been active s ince depo s i tion o f  S l  beginning in 

l ate l as t - g l ac i a l  times . 

Another s e c ti on across the I ng l ewood F au l t  was expos e d  dur i ng 

excavations at Everett Road Quarry , � . 7km north - e a s t  o f  I n g l ewood 

( Fi gure 1 2 . 02 ) . Here , the surface trace o f  the f a u l t  i s  not 

v i s ib l e  but a � . 5m wide z one of open , en- eche l on f i s sure s cut 

vert i c a l l y  acro s s  sub - hori zont a l  debr i s  and hyperconcent r a t e d  

f l ow depo s i t s  o f  W a r e a  Formation was recogni s e d . These f i ssure s 

form discrete faul ted b locks with minor vert i c a l  d i s p l acements o n  

their uppermost surfac e . N o  vert i c a l  d i s p l acements o f  mant l ing 

m e di a l  b e ds ( S l and uppermost L l ) and t ephra i nt e r - beds were 

ob s e rve d . 

T e phri c  and medi a l  materi a l  mant l ing uppermos t  Ware a Form a t i on 

f rom both sect ions indi c at e  the i r  s imi l ar age and sugg e s t  

d i f ferent i a l  r a t e s  o f  upl i ft a l ong t h e  faul t .  

A l ong the downthrown s i de o f  the I ng l ewood F a u l t ,  ne ar I ng l ewood 

B o rough , mounds o f  Okawa Formation are pri c i p a l ly concentrated 

w ithin a 2 . 5km wide be l t  that extends north - e a s t  t o  j us t  we s t  of 

the Waitara River . Thi s sugg e s t s  that at � . l O Okyrs B . P . , the 

s c arp of I ng l ewood Fau l t  was phys iographic a l l y  prominent enough 

t o  constrain the maj or portion of the Okawa debr i s  aval anche . 

The Nor fo l k  and I ng l ewood Faul t s  are here cons i de r e d  to repre s en t  

the onshore extens ion o f  a comp l ex zone o f  sub - p ara l l e l , north

e a s t  trending normal f au l t s  that occur o f f s hore w i thin s e diments 

of the Taranaki Basin . Thi s z one , known a s  the ' Co o k - Turi 

L ine ament ' ( a fter Knox 1 9 8 2 ) ,  is a maj or s tructu r a l  fe ature o f  

the T aranaki Basin and r e l ates t o  di f ferent i a l  s t r e s s  wi thin the 

continenta l  crust a s  the dipping P a c i f i c  P l at e  boundary in the 

north , changes to an inferred vert i c a l  p l ate boundary bene ath the 

S outh I s l and ( Knox 1 9 8 2 ) .  



Plate 1 2 . 01 :  A e r i a l  P h o t o graph o f  I n g l ewood F a u l t  i n  t h e  v i c i n i t y  o f  

B r i s t o l  Roa d , no r t h - e a s t  o f  I n g l ewood Borough . No t e  hummocky t e r r a i n  o f  

Okawa Formation o n  t h e  dow n - t h rown ( s o u t h - e a s t )  s i d e  o f  t h e  f a u l t  t ra c e . 

Pla t e  1 2 . 02 :  C ross - s e c t ion o f  I n g l ewood F a u l t  a t  Eve r e t t Road Q u a r r y  

a t  Q l 9 / 2 0 5 2 9 9 . H e r e  t h e  f a u l t  d i s s e c t s  s u b - h o r i z o n t a l  d e b r i s  f l ow 

d e po s i t s  of Warea Forma tion and has f o rmed a c . Sm wide z on e  of open 

v e r t i c a l  e n - e c h e l o n  f i s s u r e s . 
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Both the I ng l ewood and Norfolk F au l t s  c an b e  extrapo l ated to 

extend through Egmont Vo l c ano , with activi ty on the former 

c l e ar l y  demonstrated . I f  further movement were to o ccur a l ong 

thes e  f au l t s  and a port ion of Egmont Vol cano was d i s p l a c e d , an 

edi f i c e  c o l l ap s e  cou l d  occur without prior warning o r  precursory 

vol c ani c act ivity . Thi s presents a s igni f i c ant new dimens ion to 

the cons i deration of haz ards at Egmont Vo l c ano .  
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CHAPTER 1 3  

SUMMARY CONCLUS I ON 

L ower t o  mid- Quaternary H i s tory o f  

North - ea s t ern Taranaki . 

The o l de s t  observab l e  l andform remnants i n  north- e a stern T a r anaki 

are prominent , high p l anar inter- f l uves s i tu a t e d  to the north o f  

I ng l ewood , which were previou s l y  mapped a s  E l tham L ahars ( Grant 

T aylor 1 9 6 4 ;  Hay 1 9 6 7 ) .  E l tham L ahars are cons i de r e d  t o  b e  

r e l ated to vo l c ani sm centred a t  Kaitak e  Vo l c ano a n d  wer� probab ly 

deposited around 0 . 5  myrs B . P .  ( Event 1 of Figure 1 3 . 0 1 ) .  The 

s e award edge of the E l tham L aharic S ur f ac e  was s ub s e quent l y  

t runc ated b y  t h e  NT 5 h i g h  s e a  l eve l t r ansgre s s ion ( Event 2 o f  

F i gure 1 3 . 0 1 ) . A minimum a g e  o f  0 . 43 +/- 0 . 07 myrs B . P .  for NT 5 

t e rrace i s  e s t ab l i shed f rom a f i s s ion - t r a c k  d a t e  o f  z i rcons 

obt ained f rom the Mountain Road t ephra o ccurring w i thin i t s  

cove r . The NT 5 terrace was l ater t runc a t e d  dur i ng t h e  culmination 

of the NT4 high sea l eve l transgr e s sion ( Event 3 of F igure 

1 3 . 0 1 ) .  NT4 terrac e , we st o f  B e l l  B l oc k , was then extens ive l y  

i nundated b y  Mai t ahi L ahars which re l at e  to vo l c an i sm centred a t  

Pouakai Vo l c ano ( Event 4 o f  Figure 1 3 . 0 1 ) .  T h e  app a rent absence 

of the NT4 and NT 5 c l i f f s  in thi s vicini ty almost c e rt ainly 

r e l a t e s  to buri a l  by M a i t ahi L ahars . 

Near New P l ymouth , a Mait ahi L ahar depo s i t , i s  c l o s e ly ove r l a i n  

by the Smart Road tephras originating from t h e  Cent r a l  North 

I s l and . The s e  rhyo l i t i c  tephras are provi s i ona l l y  corre l at e d  to 

MGR 1 and MGR2 tephra exposed at Gri f f i n  Road Quarry , near Marton , 

whi ch are considered to be s l ight l y  younge r  ( between 2 1 0  and 

2 4 0 kyrs B . P . ) than the � . 2 40kyr Mt . Cur l Tephr a . The Smart Road 

t ephras , are there fore useful in e s t ab l i s h i ng an a p p roximate 

minimum age for Mai t ahi L ahar depo s i t s  on NT4 t e r r a c e . 



F I G .  1 3 . 0 1 C o n s t ru c t i o n  o f  t h e  N o r t h  T a r a n a k i  C o a s t a l  P l a i n  

( E v e n t s  1 - 7 )  

E v e n t  3 
E v e n t  2 
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The s e award edge o f  the s u r face mapped a s  Ma i t ah i  L ahars b y  Nea l l  

( 1 9 7 9 ) ,  which grades e a s tward into NT4 terrac e , w a s  then c l i f fed 

during the culminat ion o f  the NT3 high sea l eve l transgre ssion 

( Event 5 o f  Figure 1 3 . 0 1 ) .  The conspicuous abs ence o f  Smart Road 

tephras within the cover of thi s terrace sugg e s t s  that the 

culmination of the marine transgres s ion whi ch cut the NT3 wave 

cut sur f ace mus t  have pos t - dated the depo s i t ion o f  the t ephras . A 

s i ng l e  amino acid racem i s ation date o f  wood obt a i n e d  from l igni te 

c l os e l y  overlying the NT3 wave - cut surface y i e l de d  a D / L  ratio 

s imi l ar to wood s amp l e s  f rom the cover o f  Ngarino Terrace i n  

Wanganui . I n  the absence o f  any direct evidence a s  to t h e  exact 

t i m i ng of thi s culmination , an age of � . 2 0 0 kyrs B . P .  i s  

p o s t u l ated . 

C l o s e l y  fo l l owing the emergence o f NT3 terrac e , s eve r a l  unnamed 

l ahars originating from Pouakai Vo l c ano inundat e d  the terrace 

b etween Be l l  B l ock and the New P l ymouth A i rport . One p a r t i c u l arly 

l arge l ahar , cont aining f ragment a l  rock c l as t s , w a s  d i r e c t e d  

north - e a s twards acro s s  t h e  terrace to as f a r  a s  W a i a u  S t r e am 

( Event 6 o f  Figure 1 3 . 0 1 ) . From the d i s tr i but i on o f  t he s e  l ahars 

they app e ar to have been channe l l ed within an anc e s t ra l  

W aiwhakaiho River c atchment whi ch f l owed i n  a north- e as t e r- ly 

direct ion and former l y  occup i e d  the northern porti o n  o f  the 

present - day Mangaoraka S t r e am cours e . 

The NT3 terrace was l at e r  c l i f f e d  during the c u l m i n at i o n  o f  the 

NT2 high s e a  l eve l event at � . 1 3 0kyrs B . P .  ( Event 7 o f  F i gure 

1 3 . 0 1 ) .  E a s tward of Wai au S tream ,  Terti ary s i l t stone was wave - cut 

by the NT2 high sea l eve l event . However , w e s tward o f  W a i au 

S tr e am , the NT2 high sea l eve l cut an unnamed l ah a r  depo s i t  that 

p r e serv e s  the NT3 wave cut surf ace c l os e l y  bene a t h  i t s  b a s e . 

During thi s NT2 high s e a  l eve l , a prominent soi l ( S6 )  w a s  forming 

upon the sur f ace of o l de r  up l i fted terrace s . 
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Upper Quaternary Hi s tory o f  North- e a s tern 

and Centra l Taranak i . 

S trat igraphic summar i e s  are given in Figures 1 3 . 03 and 1 3 . 0 4 as 

accompaniments to the Uppe r  Quaternary hi s tory of north- e a s te rn 

and cent r a l  Taranaki . 

Fo l l owing the emergence o f  NT2 t e rrace the c o a s t a l  p l a i n  w a s  

extens ive l y  inundated b y  t h e  Motunui l ahar at � . 1 1 5 kyrs B . P .  

( Event 8 o f  Figure 1 3 . 0 2 ) . Thi s event coincided w i t h  c l i m a t i c  

condi t i ons in Taranaki becoming coo l e r  and dri e r . Motunui l ahar , 

channe l l e d  down the Waitara River val l ey ,  l atera l l y  spre a d  onto 

the coa s t a l  p l ain and extended north - e a s tward to as f ar a s  the 

Onaero River . Except for a sma l l  remnant l ocated south - e a s t  o f  

W a i t ar a , the l ahar mos t l y  i nund a t e d  and subdued the s ur f a c e  

expres s ion o f  the NT2 fos s i l  c l i f f . Thi s event prob ab l y  

represent s the f i r s t  evi dence o f  activity centred a t  E gmont 

Vo l c ano , however the extent and vo l ume of thi s l ah a r i c  event 

sugg e s t s  that Egmont Vo l c ano was a l ready a prominent 

phy s i ographi c fe ature o f  the Central Taranaki l ands c ap e  in Upper 

Quaternary t ime . Exact ly when act ivity at Egmont Vo l c ano f i r s t  

commenced i s  pres ent ly unknown . 

A period o f  cont inuous , sma l l  s c a l e ,  tephra emi s s i o n  c l o s e l y  

fo l lowed depos i t ion o f  Motunui l ahar , with at l e as t  forty- f ive 

ash and l api l l i  beds o f  Nini a tephra recogni s e d . T h e s e  b e d s  are 

o f t e n  pre s e rved within l acustrine sediment and ! igni t e s  t h a t  

ove r l i e  t h e  Motunui l ahar depo s i t . Occ a s iona l l y  i n  t h e  s o i l 

forming envi ronment the s e  tephr a s  were l oc a l ly r e d e po s i t e d . 

A maj or c o l l apse o f  Egmont Vo l c ano , generating the Okawa d e b r i s  

ava l anche , occurred during a warm p e r i o d  at � . l OOkyrs B . P .  when 

the North T a r anaki co a s t a l  p l a i n  was occup i e d  by an extens ive 

p o d o c a r p- b r o a d l e a f  f o r e s t . T h e  O k awa d e b r i s  a v a l a n c h e  l a t e r a l l y  
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t r ans formed into a mud f 1 ow a s  i t  channe l l e d  down the W a i ong ana 

S tream and Manganui /Waitara R iver c atchment s . The Okawa deb ri s 

ava l anche extens ive ly inundated the fores t e d  coast a l  p l a i n  and 

contributed to bur i a l  of the NT2 f os s i l  c l i f f  t o  the w e s t  o f  

Waitara ( Event 9 o f  Figure 1 3 . 02 ) .  

A period o f  intense e rupt ive activity , depos i t ing Epiha T ephra , 

marked the beginning o f  a maj o r  r econstruct i on p h a s e o f  the 

vo l c ano f o l l owing the Okawa cone c o l l ap s e  event . A s  the cone 

began to b e  rebui l t ,  c l imat i c  cond i t i ons again b e c ame c oo l er and 

drier . Thi s change in c l imate i s  evident from l oc a l i s e d  

overthi ckening o f  tephra indic ating aeo l i an redepos i t i o n  and the 

change in coas t a l  vegetat ion f rom for e s t  to a fore s t - shrub l and

gras s l and mos ai c . 

Epiha Tephra continued to be depo s i t e d  a s  c l imat i c  condi t i ons 

b e c ame warmer and wetter , and a s  the podoc arp - broad l e a f  fore s t  

reco l oni s e d  the co a s t a l  p l a i n . Thi s warming culminated i n  a 

marine t r ansgre s s ion which cut the NT l w ave - cu t  s ur f ac e  and 

t runc ated the s e award edge o f  NT2 terrace at Q . 8 0kyrs B . P .  ( Event 

1 0  of Figure 1 3 . 02 ) . 

The ensuing period between Q . 7 8  and 6 0kyrs B . P .  w a s  c h a r a c t e r i s e d  

b y  intermi t t ent tephra emi s s i on from Egmont Vo l c ano t h a t  inc l uded 

Te Are i T ephra a s  we l l  as , Araheke and W a i tu i  t e p hr a s . T h i s 

period w a s  a l so characteri s e d  by co l d  and dry c l i m at i c  conditions 

as indic at e d  by the addi tion o f  an int e r - regiona l a eo l i an q uartz 

component t o  the Taranaki cover beds and l o c a l i s e d  a eo l i an 

overthickening o f  medi a l  materi a l . 

The epi sode fo l l owing thi s c o l d  period was char a c t er i s e d  by mi l d  

c l imate and reduced activity at Egmont Vol c ano b e tw e e n  c . 6 0 and 

4 8 kyrs B . P .  It was during thi s epi sode that S3 f orme d . A t  

Q . 5 0kyrs B . P .  the Rotoehu T ephr a derived f rom t h e  O k a t a i n a  

Vo l c anic Centre w a s  depo s i t e d  in uppermo s t  S 3 . 
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Fol l owing the depo s i t ion o f  Rotoehu Tephra i n  Taranaki , 

c l imat i c  condit i ons between c . 4 8 and 4 0kyrs b e c ame coo l er . 

S poradic sma l l  magni tude a s h  and l api l l i  beds ( Mangapotoa t ephra ) 

e rupte d  during thi s period were l oc a l l y  redepo s i te d . 

The formation o f  S 2  and the apparent absence o f  coarse ash and 

l api l l i  inter- beds within i t , sugg e s t s  m i nor vo l c an i c  a c t i v i ty 

centred at Egmont Vol c ano during a mi l d  c l imate e p i sode b e tween 

c . 4 0 and 2 8 kyrs B . P .  

At about � . 2 8kyrs B . P .  activi ty at Egmont Vo l c ano intens i fi e d  

with frequent , moderate t o  l arge magni tude tephra emi s s ions . Thi s 

act ivity r e su l te d  i n  a s equence o f  thir t e e n  t e phra s  ( l ower Tuna 

T e phra S u b - group ) b eing depo s i t e d  i n  north- e a s t  and cent r a l  

T a ranak i . Debri s f l ows ( Opunake Format i on ) ,  a l so gener a t e d  f rom 

thi s activity , inundated north- e a stern port ions o f the Egmont 

ring p l ai n . L arger debr i s  f l ows spread down the Waiwhak a i ho , 

Mangaoraka and Waiongana c atchments t o  the coa s t a l  p l a i n . 

Coinciding with thi s incre ase in e rupt ive activity was a s t e adi l y  

incre a s i ng inf l ux o f  inter- region a l  a eo l i an quartz t o  the c over 

beds . Thi s indi cates progre s s ive l y  c o l de r  and dri e r  c l imat i c  

condi t i ons . At � . 23 kyrs c l imatic condi t i ons i n  T a r anaki h a d  

deteriora t e d  to such a n  extent t h a t  ande s i t i c  s and dunes o f  

Katikara Formation s t arted t o  deve l op from pedosph e r i c  s t r i pp i ng 

o f  tephra and from the aeo l i an redepo s i t ion o f  s ub - a e r i a l ly 

exposed f l uvi a l  depo s i t s  wi thin and adj acent to maj o r  c at chment s . 

L o c a l i s e d  eros ion and aeo l i an redepo s i t ion o f  t ephri c and m e di a l  

materi a l  a l so commenced on the ring p l ain about thi s t ime . 

A t ephra e ruption , representing a renewed cyc l e  o f  a c t iv i t y  at 

� . 23kyrs B . P . , app e ars to have ini t i ated a part i a l  co l l a p s e  o f  
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Egmont Vo l c ano and generated a l arge vo l ume debri s  ava l anche that 

spread principa l l y  e a s t  and south- e a s twards . The r e su l t i ng 

depo s i t  ( Ngaere Formation ) ,  with a minimum are a l  e x tent o f  

3 2 0km2 , i s  characterised b y  numerous mounds betwee n  W a ipuku and 

Kaponga , and is recogni s e d  at the S outh T a r anaki c o a s t  and within 

the Waitar a  River val l ey on the North Taranaki coa s t a l  p l a i n . 

I mmedi ately ove rlying Ng aere Form a t i on i s  a sequence o f  thirteen 

uni ts o f  Poto Tephra that repres ent a pos t - aval anc h e  phase of 

high frequency e ruptive a c t ivity and act ive recon s t ruc t i on o f  a 

l ava dome or cent r a l  cone . The erupt ive product s  o r i g i n at i ng f rom 

thi s intense act ivi ty were princ i p a l ly directed e a s t  and south

e a s twards and the i n i t i a l  pha s e  of thi s intense a c t i v i t y  w a s  

coinc i dent with t h e  depo s i t i on o f  Aokau t e r e  Ash e rup t e d  f rom the 
T aupo Vo l c anic Centre at Q . 2 2 . 5 kyrs B . P .  

A subsequent c o l l ap s e  o f  Egmont Vo l c ano g e ne r a t i ng another deb r i s  

ava l anche that spread princ i p a l l y  w e s twards , occurre d  during the 

l atter s t ag e s  of the post - Ngaere ava l anche pha s e  of c o n e  

r e construction ( c l o s e l y  fo l l owing depo s i t i on o f  Aoka u t e r e  Ash ) . 

The resu l ting depo s i t  ( Pungarehu Form a t i on ) ,  wi t h  a m i n i mum 

vo l ume of 6km3 and an are a l  extent o f  over 2 5 0km2 i s  

characteri sed by a n  extens ive are a o f  mounds b e twee n  Okato and 

Opunake . 

C l o s e ly a ft e r  depo s i tion o f  Poto T ephr a , a renewed cyc l e  o f  

act ivity between c . 2 0 and 1 9 kyrs r e su l t i ng i n  f r e s h  t ephra 

eruptions ( P ae t ahi Tephr a ) that were princ i pa l l y  d i re c t e d  e a s t  

and south - e a s twards . A c u l mination i n  t h e  i n f l ux o f  i n t e r 

regional aeo l i an quartz t o  the region c l o s e l y  c o i nc i de d  wi th the 

depo s i t ion o f  P a e t ahi Tephr a . 

A p e r i o d  o f  spora d i c  erup t i ons fol l owed , depo s i ti ng K a ihouri 

tephra between c . l 8 . 5  and 1 3 kyrs B . P .  L eve l s  of i n t e r - r egional 

quartz over thi s t ime progr e s s ive l y  d e c l ined indi c a t i ng c l imat i c  
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ame l ioration . A t  l ea s t  five debr i s  f l ows ( Warea Formation ) ,  

generated from activi ty between � . 2 2 . 5 and 1 3 kyrs , extens i v e l y  

inundated the north - e a stern portion o f  t h e  E gmont ring p l a i n  and 

spread down the Mangaoraka ,  Waiongana and Manganui /Waitara 

c a tchments onto the North T aranaki coas t a l  p l ai n  ( Event 1 1  of  

Figure 1 3 . 0 2 ) .  S ome Ware a debr i s  f l ows l at e ra l l y  trans form e d  into 

hyp erconcentrated f l ows . 

As  c l imatic condi tions b e c ame s t eadi l y  warmer a t  � . 1 3 kyrs B . P . , 

the ring p l ain veget at i on change d  from a fores t - shrubl and

gra s s l and mos a i c  to podoc arp - bro a d l e a f  fores t  and the i n f l ux of 

inter- regional a eo l i an quartz was reduc e d  t o  trace l eve l s .  The 

i nc i dence of l o c a l i se d  eros ion and redepos i ti on of tephra i n  

centr a l  T aranaki a l so diminished . By � . 1 2 kyrs B . P .  c l imat i c  

condi tions were warm and moi s t , and a podoc arp - b ro a d l e a f  f o r e s t  

w a s  now we l l  e s t ab l i shed on the ring p l a i n . 

S poradic activity between � . 1 2 and l Okyrs r e su l t e d  i n  the 

depo s i t i on o f Mahoe and Konini Tephra over a l arge are a o f  

cent r a l  and south - e a s t e rn T aranaki a t  c . l l . 4  and � . l O . l kyrs B . P . , 

respective l y . Activity then intens i f i e d  between 1 0  and 8 kyrs B . P .  

whi c h  resu l t e d  i n  e ight uni t s  o f  Kaponga T e phra b e i ng depo s i ted 

over centra l  and south - e astern Taranaki . At l e as t  three debr i s  

f l ows ( Kahui Formation ) ,  a l so generated from thi s a c t ivi ty , 

i nundated north - e astern port ions o f  the Egmont r i ng p l a i n  and 

b e c ame princ i p a l ly conf ined within the channe l s  o f  the Mang aoraka 

and Waiongana S t r e ams . One Kahui debri s  f l ow con f i n e d  w i t h i n  the 

W a iongana c atchment extended north to the c o a s t  ( Event 1 2  o f  

F i gure 1 3 . 0 2 ) . 

A period o f  sporadic activity between � - 8 and 5 kyrs B . P .  

f o l l owed , which resu l t e d  in two uni t s  o f  K aponga Tephra b e i ng 

depo s i ted over south- e a s tern T aranaki , and W aipuku T ephra 

depo s i t ed over a wider area of  north - e a s t e rn and south- e a s t ern 
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T ar anaki . An unnamed deb r i s  f l ow generated from the emi s s i on of 

W a i puku T ephra at � . 5 . 2kyrs B . P . , inundated e a s tern portions of  

the Egmont ring p l ain and spread a l ong the channe l s  of  W a i puku 

S tr e am and its tributari e s . 

At about � . 4 . 7kyrs B . P .  a c t ivi ty bri e f l y  intens i f i e d  w i t h  

frequent , sma l l  to l arge m agni tude tephra emi s s ions . Thi s 

a c tivi ty resulted in a sequence o f  s i x  tephra ( T a r i k i  T ephra ) 

b e i ng depos i ted over south- ea s t e rn and c e nt r a l  T aranaki . Thi s was 

c l o s e l y  fo l l owed by sporadi c activity whi c h  r e su l t e d  i n  two sma l l 

p umiceous tephra ( Mangatoki Tephra ) b e i ng depos i t e d  over s outh

e a s tern T aranaki at � . 4 . 4kyrs B . P .  Ensuing sporadi c l ar g e  

m agnitude tephra emi s s ion r e s u l t e d  in Kori t o  Tephra at c . 4 . l kyrs 

B . P .  and I ngl ewood T ephra at � . 3 . 6kyrs B . P .  b e i ng w i de l y  

d i spersed over north- e as t e rn and centra l  T ar an ak i . A t  l e as t  three 

pyro c l a s t i c  dens i ty currents were also gene r a t e d  d u r i ng t h i s  

p h a s e  o f  l arge magni tude t ephra emi s s ion but d i d  n o t  e x t end 

b eyond the con f ines of the National P ark bounda ry . 

The erupt ion o f  I ng l ewood T e phra was c l o s e l y  f o l l ow e d  by a 

l aharic event ( Ngatoro Form a t ion ) whi ch extens ive l y  i nundated the 

fore s t e d  north - e as t e rn and central port i on s  of the r i ng p l ain . 

The l ahar re ached the North T aranaki c o a s t  ( Event 1 3  o f  F i gure 

1 3 . 02 )  a f t e r  it had become confined within the c hanne l s  o f  

Ng atoro , Waitepuku and Mangamawhet e  S tr e am tribut a r i e s  and the 

M anganui R iver . 

At about � . 3 . 1kyrs activity a t  Fanthams P e ak b e g an with f r e quent , 

sma l l  to moderate magnitude t ephra emi s s ions . Thi s  a c t i v i ty 

r e s u l t e d  i n  a sequence o f  four c l o s e l y  s p a c e d  t e phr a ( Ma ng anui 

t e phra ) b e i ng deposited over cent r a l  and north - e as t ern T ar anaki . 

At l e a s t  two debr i s  f l ows ( Te Popo debri s f l ows ) ,  w e r e  a l s o  

generated duri ng thi s activity at F anthams P e ak . T h es e  d e b r i s  

f l ow s  ext ended j ust out s i de the Nationa l P ark boundary o n  the 
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e a st e rn l ower f l anks o f  Egmont Vo l c ano and were con f ined w i t h i n  

t h e  channe l s  o f  tributari e s  betwee n  t h e  Manganu i  R i v e r  and 

Waingongoro River . 

I n  north- eastern and cent r a l  T aranak i , the l as t  de f i n i t e  evi dence 

of activity at Egmont Vo l c ano is represented by d i s p e r s e d  l ap i l l i  

above Manganui t ephra in the topso i l . An e ruption a t  Q . 2kyrs B . P .  

f rom the main vent o f  Egmont Vo l c ano ( Ne a l l and A l l oway 1 9 8 6 ) 

r e s u l t e d  i n  Mak e t awa tephra be ing depo s i t e d  j us t  out s i de the 

National P a rk boundary . 
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u n n a m e d  
a v a l a n c h e  d e p o s  

h i g h l y  
a r b o n a c e o u s  c l a y  

m a s s i v e  
b r o w n - g r e y  t e p h r i c  m u c  

l u i s h - g r e e n  m u d  

a.m i n a t e d  b l u i s h - g r e y  
1 c a c e o u s  s a n d  

c u t  s u r f a c <  

e r t i a r y  s i l t s t o n e  



29 
( 0 1 9 / 2 6 8 4 4 8 :  4 1 . 5 k m )  

M a n g a n u i  t e p h  

W A I M I H I A  T E P H R  
K o r i t o  T e p h rAt��ti\D�I .J..-

3 6 9 0± 8 0y r s  B . P  W K - 1 0 3 1 A 

3 8 7 0:t 1 1 0y r s  B . P W K - 1 0 3 2 A. 
4 1 5 0:!; 1  O O y r s  B . P  W K - 1 0 3 3 A  

4 5 9 0:!:1 O Oy r s B . P W K - 1 0 3 4 A  

5 2 6 0 t 9 0 y r s  B . P W K - 1  0 3 5 A  



30 
( 0 1 9 / 2 8 5 4 4 1 :  4 2 . 0 k m )  

2 

A s h  

A O K A U T E R E  A S  

T u i k o n g a  

e A r e i  T e p h r a  ? 



30 
/ 

i n i a  t e p h r a  

m a s s i v e  s a n d  

e b b l y  s a n d 

T 2  w a v e  c u t s u r f a c e  

e r t i a r y  s i l t s t o n e  



31 
( Q  1 9 / 2 8 2 4 4 9 :  4 2 . 7 k m )  

0 

r e y a n d e s i t i c  s a n d  

m u  s t o n e s  a n d  c h a r c o a l  

e l l o w - b r o w n  s i l t  

a r k  r e d d i s h - b r o w n  s i l t  

1 
o l i v e - g r e y  m u d  

a r i k i  T e p h r a  

a i p u k u  T e p h r a  



32 
( Q 2 0 / 4 7 7 1 8 1 :  4 6 . 5 k m )  

A S H  ? 



33 
( 0 2 0 / 4 9 3 1 3 3 :  4 7 . O k m ) 

a m i n a t e d  b l u i s h - g r e y  
i c a c e o u s  s a n d  



34 
( N 9 9 / 0 2 6 0 8 4 :  5 3 . 0 k m )  

0 

1 

d a r k  g r e y  s a n d  

A I M I H I A  T E P H R A  

o r i t o  T e p h r a · 

l i v e  - g r e y  m u d s  

a r i k i  T e p h r a ? 



35 
( 0 2 1 / 4 6 5 6 1 0 :  6 6 . 5 k m ) 

R o a d  f i l  

S 1 c o r r e l a t i v  

L 1 . 1  c o r r e l a t i v  

L 1 . 2 c o r r e l a t i v  

S 2  c o r r e l a t i v  

W a i p u n g a  l o e s  

e A r e i  T e p h r a  ? 

4 c o r r e l a t i v e  

? 

m a s s i v e  
e a t h e r e d  s a n d  

l a m i n a t e d  
e b b l y  s a n d  

a n d y  g r a v e l  
R a p a n u i  

w a v e  c u t  s u r f a c e  



A P P EN D I X  TWO 



A P P END IX 2 . 1  Elec tron Microprobe Data for Rhyo l i t i c  G l a s s  Shards f rom Taranaki : 

TEPHRA8 S i 0 2  Al203 Ti02 FeOb M gO CaO Na20 K20 C l  H20c 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wm 7 7 . 40 1 2 . 5 8 0 . 20 1 . 6 7 0 . 1 4 1 . 3 1 3 . 6 5 3 . 0 5 - - - - 2 . 9 6 
Onaero B each 7 7 . 3 9 1 2 . 77 0 . 2 1 1 . 6 2 0 . 13 1 . 1 8 3 . 84 2 . 8 6 - - - - 3 . 1 5 
( S e ction 2 9 ) 7 7 . 07 1 2 . 5 9  0 . 1 8 1 . 63 0 . 20 1 . 4 1 3 . 9 5 2 . 9 6 - - - - 2 . 0 5 

7 7 . 6 8  1 2 . 4 8 0 . 2 1 1 . 5 2 0 . 1 4 1 . 3 0 3 . 6 6 3 . 00 - - - 2 . 23 
7 7 . 8 8 1 2 . 50 0 . 1 6 1 . 8 1 0 . 1 7 1 . 0 6 3 . 3 8 3 . 05 - - - - 4 . 4 8 
7 7 . 4 8 1 2 . 49 0 . 1 8 1 . 6 5 0 . 1 6 1 . 3 5 3 . 83 2 . 8 6 - - - - 4 . 2 6 
7 7 . 5 9  1 2 . 6 5 0 . 1 5 1 . 5 9 0 . 1 4 1 . 2 9 3 . 6 5 2 . 9 2 - - - - 2 . 55 
7 6 . 78 1 2 . 63 0 . 2 5 3 . 07 0 . 1 6 1 . 3 0 2 . 7 8 3 . 04 - - - - 4 . 54 
7 8 . 04 13 . 05 0 . 2 1 1 . 8 1 0 . 1 8 1 . 4 6 2 . 2 9 2 . 9 5 - - - - 6 . 2 1 
7 6 . 9 7 1 2 . 82 0 . 0 7  1. 7 4  0 . 1 3 1 . 3 7 3 . 8 7 3 . 03 - - - - 1 . 6 2 
7 7 . 1 2 1 2 . 53 0 . 40 1 . 7 1 0 . 1 9 1 . 3 8 3 . 7 2 2 . 9 6 - - - - 2 . 0 6 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wm 7 7 . 7 8 1 2 . 1 1 0 . 13 1 . 6 1 0 . 1 7 1 . 3 1  3 . 8 4 3 . 0 5 - - - - 3 . 59 
Kaimat a 7 7 . 54 1 2 . 5 1  0 . 1 5 1 . 6 6 0 . 07 1 . 2 8 3, . 63  3 . 1 6 - - - - 1 . 8 2 
( Sec tion 2 0 ) 7 7 . 27 1 2 . 5 6  0 . 2 1 1 . 53 0 . 1 7 1 . 3 9 3 . 8 7 3 . 00 - - - - 3 . 47 

7 7 . 3 2 1 2 . 4 9 0 . 3 5  1 .  7 5  0 . 1 8 1 . 2 8 3 . 70 2 . 93 - - - - 3 . 44 
7 7 . 09 1 2 . 80 0 . 23 1 . 57 0 . 1 7 1 . 3 5 3 . 6 9 3 . 08 - - - - 1 . 42 
7 7 . 5 7  1 2 . 6 5  0 . 1 8 1 . 64 0 . 1 3 1 . 2 4 3 . 63 2 . 9 5 - - - - 1 . 1 7 
7 7 . 9 6 1 2 . 5 1 0 . 23 1 . 60 0 . 1 3 1 . 2 8 3 . 34 2 . 9 4 - - - - 2 . 07 
7 7 . 4 1 1 2 . 4 1 0 . 1 2 1 . 8 4 0 . 1 2 1 . 33 3 . 6 9 3 . 08 - - - - 1 . 52 
7 7 . 8 1 1 2 . 5 7  0 . 2 1 1 . 6 1 0 . 1 5 1 . 22 3 . 63 2 . 7 9 - - - 1 .  7 4  
7 7 . 8 6 1 2 . 6 1  0 . 2 5 1 . 5 7 0 . 1 4 1 . 08 3 . 5 7 2 . 9 1 - - - - 1 . 4 6 
7 8 . 0 6 1 2 . 44 0 . 1 9 1 . 6 2 0 . 1 5 1 . 1 0 3 . 7 1 2 . 7 2 - - - - 1 . 1 8 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AA 7 8 . 7 9 1 2 . 2 8 0 . 13 1 . 13 0 . 1 5 0 . 9 6 3 . 2 7 3 . 13 0 . 1 6 6 . 1 2 
Onaero 7 9 . 5 6 1 2 . 3 1  0 . 1 4 1 . 2 5 0 . 1 1  1 . 00 2 . 24 3 . 20 0 . 1 9 7 . 09 
( Se c t i on 3 0 ) 7 8 . 8 7 1 2 . 3 9 0 . 1 5  1 . 2 7 0 . 1 1 1 . 1 9 2 . 8 1 3 . 02 0 . 1 9 6 . 42 

7 9 . 4 1 1 2 . 33 0 . 1 6 1 . 2 1 0 . 1 3 1 . 1 3 2 . 3 8 3 . 04 0 . 2 1 7 . 9 6 
7 9 . 1 1 1 2 . 5 2  0 . 0 5 1 . 33 0 . 13 1 . 1 6 2 . 2 8 3 . 02 0 . 1 9 6 . 33 



7 9 . 67 1 2 . 28 0 . 1 4 0 . 8 8 0 . 1 4 0 . 82 2 . 58 3 . 30 0 . 1 9 7 . 4 7 
7 9 . 3 8 1 2 . 3 1 0 . 1 3 0 . 8 1 0 . 13 0 . 83 3 . 10 3 . 10 0 . 20 6 . 23 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Up Smart Rd 7 8 . 50 1 1 . 97 0 . 2 8 1 . 3 1 0 . 0 5 0 . 73 3 . 2 1 3 . 9 5 - - - - 5 . 04 
7 9 . 1 6 1 1 . 8 2 0 . 1 4 1 . 30 0 . 1 2  0 . 9 7 2 . 83 3 . 6 6 - - - - 5 . 40 
7 8 . 8 1 1 2 . 03 0 . 1 9 1 .  2 1  0 . 07 0 . 8 7 3 . 23 3 . 59 - - - - 5 . 30 
7 8 . 30 1 1 . 8 2 0 . 1 2 1 .  5 4  0 . 2 1 1 . 0 9 3 . 27 3 . 67 - - - - 5 . 07 
7 8 . 4 8 1 2 . 24 0 . 02 1 . 0 9 0 . 1 0 0 . 9 7 3 . 42 3 . 69 - - - - 6 . 20 
7 8 . 8 5 1 2 . 0 5 0 . 0 9 1 . 1 6 0 . 0 6 1 . 02 3 . 0 1 3 . 7 5 - - - - 4 . 60 
7 8 . 5 8 1 2 . 00 0 . 0 8 1 . 3 1 0 . 1 1 0 . 9 7 3 . 1 5 3 . 8 1 - - - - 5 . 01 
7 7 . 6 8  1 2 . 2 9 0 . 1 1 1 . 48 0 . 1 6 1 . 07 3 . 50 3 .  7 1  - - - - 3 . 8 8  
7 7 . 6 7  1 2 . 50 0 . 2 1 1 . 3 8 0 . 1 3 1 . 1 7 3 . 32 3 . 62 - - - - 5 . 28 
7 9 . 4 9 1 2 . 1 8  0 . 2 6 1 . 02 0 . 07 0 . 9 7 2 . 57 3 . 43 - - - - 6 . 22 
7 7 . 6 8 1 2 . 4 8 0 . 0 8 1 . 4 3 0 . 1 1 1 .  2 1  3 . 33 3 . 68 - - - - 5 . 52 
7 8 . 9 2  1 1 . 64 0 . 1 5 1 . 1 6 0 . 07 0 . 8 5 3 . 40 3 . 80 - - - - 5 . 2 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Lwr Smart Rd 7 8 . 54 1 1 . 8 2 0 . 1 9 1 . 3 0 0 . 0 5 0 . 9 0 3 . 2 6  3 . 9 5 - - - - 5 . 04 
7 9 . 1 7 1 1 . 7 8 0 . 04 1 . 08 0 . 0 6 0 . 8 5 3 . 1 2 3 . 90 - - - - 4 . 3 5 
7 8 . 8 6 1 1 . 8 9 0 . 0 5 1 . 33 0 . 08 0 . 80 3 . 06 3 . 94 - - - - 5 . 77 
7 8 . 8 4 1 1 . 7 5 0 . 20 1 . 2 1 0 . 07 0 . 7 9 3 . 3 6 3 . 7 7 - - - - 4 . 2 1 
7 8 . 6 2 1 1 . 8 1 0 . 0 5 1 . 3 5 0 . 0 6 0 . 8 7 3 . 5 5 3 . 69 - - - - 2 . 9 0 
7 9 . 1 9 1 1 . 9 8 0 . 1 8 0 . 5 7 0 . 05 0 . 9 9 3 . 4 5 3 . 59 - - - - 6 . 33 
7 8 . 53 1 1 . 7 5 0 . 1 6 1 .  2 4  0 . 09 0 . 8 4 3 . 5 2 3 . 87 - - - - 4 . 7 9 
7 9 . 4 1 1 1 . 67 0 . 23 1 . 0 8 0 . 04 0 . 6 4 3 . 1 2 3 . 8 1 - - - - 5 . 20 
7 8 . 9 6 1 1 . 9 1 0 . 0 6 1 . 0 9 0 . 0 5 0 . 8 2 3 . 33 3 . 77 - - - - 5 . 3 8 
7 9 . 4 5 1 1 . 8 7 0 . 0 7 1 . 22 0 . 0 6 0 . 8 6 2 . 54 3 . 9 1 - - - - 6 . 06 
7 8 . 6 9  1 1 . 9 2 0 . 0 5 1 . 3 8 0 . 0 5 0 . 8 1 3 . 41 3 . 6 9 - - - - 5 . 63 
7 8 . 8 2 1 1 . 8 8 0 . 0 6 1 . 3 0 0 . 0 6 0 . 8 2 3 . 3 5 3 . 7 1 - - - - 4 . 7 7 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Mountain Rd 7 9 . 04 1 1 . 7 5 0 . 1 3 0 . 9 8 0 . 10 0 . 8 9 2 . 89 4 . 22  - - - - 5 . 9 6 
7 9 . 7 1 1 1 . 8 5 0 . 1 6 1 . 0 7 0 . 1 3 0 . 7 6 2 . 2 1 4 . 1 0  - - - - 8 . 1 2 
7 9 . 1 0 1 1 . 8 9 0 . 1 5 1 . 1 3 0 . 1 0 0 . 8 4 2 . 8 1 3 . 9 8 - - - - 5 . 4 9 
7 9 . 87 1 2 . 03 0 . 1 3 0 . 8 5 0 . 1 2 0 . 8 0 2 . 1 6 4 . 04 - - - - 6 . 40 
7 9 . 14 1 1 . 6 8 0 . 1 6 1 . 0 8 0 . 09 0 . 8 0 2 . 77 4 . 27 - - - - 6 . 63 
7 9 . 9 5 1 1 . 9 6 0 . 1 2 0 . 80 0 . 1 0 0 . 8 2 2 . 1 7 4 . 08 - - - - 7 . 53 



7 9 . 44 1 2 . 48 0 . 1 1 0 . 9 8 0 . 1 3 1 . 1 8 2 . 4 2 3 . 04 0 . 22 7 . 5 4 
7 9 . 6 9 1 2 . 6 8  0 . 1 5 1 . 0 9 0 . 1 1 1 . 1 1 2 . 04 2 . 9 5 0 . 1 7 8 . 2 6 
7 9 . 7 1 1 2 . 34 0 . 1 2 1 . 2 2 0 . 1 2 0 . 9 6 2 . 1 3 3 . 20 0 . 1 9 7 . 4 4 
7 9 . 22 1 2 . 3 6 0 . 10 1 . 1 0 0 . 1 3 0 . 9 4 2 . 8 1 3 . 1 6 0 . 1 8 5 . 7 1 
7 9 . 3 5 1 2 . 30 0 . 10 1 . 1 1 0 . 1 3 1 . 1 8 2 .  7 1  2 . 9 6 0 . 1 7 6 . 0 1 
7 9 . 70 1 2 . 42 0 . 12 1 . 1 6 0 . 1 2 1 . 03 2 . 14 3 . 1 1 0 . 20 8 . 07 
7 9 . 09 1 2 . 4 9 0 . 1 6 1 . 2 6 0 . 1 4 1 . 1 1 2 . 60 3 . 0 1 0 . 1 4 7 . 00 
7 9 . 62 1 2 . 5 0  0 . 13 1 . 1 6 0 . 1 1 1 . 1 5 2 . 00 3 . 13 0 . 2 1 8 . 83 
7 9 . 5 8 1 2 . 2 4  0 . 1 5 1 . 43 0 . 1 0 0 . 9 8 2 . 09 3 . 2 6 0 . 1 7 8 . 1 8 
7 9 . 13 1 2 . 43 0 . 1 0 1 .  2 0  0 . 1 2 1 . 0 2 2 . 88 2 . 9 5 0 . 1 7 6 . 1 9 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AA 7 7 . 6 2  1 2 . 4 1 0 . 0 8 1 . 43 0 . 1 4 1 . 23 3 . 8 5 3 . 04 0 . 20 5 . 49 
Waitui 7 7 . 6 9  1 2 . 48 0 . 1 6 1 . 09 0 . 1 1 1 . 1 2 3 . 22 3 . 9 6 0 . 1 7 4 . 80 
( S ec tion 1 9 ) 7 8 . 40 1 2 . 23 0 . 1 4 1 . 4 5 0 . 09 0 . 9 9 3 . 3 5 3 . 1 7 0 . 1 9 5 . 2 6 

7 9 . 04 1 2 . 43 0 . 1 4 1 . 0 8 0 . 1 4 0 . 9 9 2 . 83 3 . 1 9 0 . 1 6  6 . 9 1 
7 9 . 34 1 2 . 4 5 0 . 1 5 1 . 1 3 0 . 1 1 1 . 0 5 2 . 83 2 . 77 0 . 1 7 6 . 8 5 
7 9 . 1 4 1 2 . 50 0 . 1 6 1 . 0 8 0 . 0 9 1 . 1 5 2 . 9 8 2 . 8 1 0 . 1 1 6 . 30 
7 9 . 34 1 2 . 3 4 0 . 07 1 . 0 6 0 . 1 2 1 . 0 1 2 . 70 3 . 1 5 0 . 2 1 6 . 5 6 
7 9 . 04 1 2 . 3 1 0 . 09 1 . 20 0 . 10 1 . 03 2 . 9 5 3 . 1 0 0 . 1 9 5 . 9 9 
7 8 . 97 1 2 . 4 0 0 . 1 1 1 . 2 9 0 . 1 4 1 . 1 8 2 .  7 1  3 . 0 1 0 . 1 9 6 . 07 
7 8 . 6 5 1 2 . 4 1 0 . 1 7 1 .  2 6  0 . 1 3 1 . 1 4  2 . 9 9 3 . 0 6 0 . 1 9 5 . 9 2 
7 9 . 33 1 2 . 4 7 0 . 14 1 . 20 0 . 1 1 1 . 03 2 . 60 2 . 9 3 0 . 1 9 6 . 6 8 
7 9 . 57 1 2 . 2 9 0 . 1 3 1 . 0 9 0 . 1 1 0 . 9 6 2 . 3 8 3 . 26 0 . 20 7 . 32 
8 0 . 01 1 2 . 2 1  0 . 1 5 1 . 1 3 0 . 1 1 0 . 9 5 2 . 04 3 . 1 9 0 . 20 8 . 28 
7 9 . 43 1 2 . 5 4  0 . 1 1 1 . 2 6 0 . 1 4 1 . 2 5 2 . 1 8 2 . 8 9 0 . 2 1 7 . 8 9 
7 9 . 3 9 1 2 . 3 2 0 . 1 3 1 . 20 0 . 1 1 1 . 1 3 2 . 5 6 2 . 9 8 0 . 1 7 6 . 43 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Re 7 9 . 0 1 1 2 . 4 1 0 . 1 2 0 . 9 4 0 . 1 3 0 . 7 2 3 . 34 3 . 1 4 0 . 1 9 5 . 67 
Onaero 7 9 . 39 1 2 . 4 4 0 . 1 6 0 . 9 2 0 . 1 4 0 . 7 8 2 . 83 3 . 1 8 0 . 1 6 6 . 37 
( S ection 3 0 ) 7 8 . 9 4 1 2 . 4 4 0 . 1 8 0 . 7 9 0 . 1 2 0 . 93 3 . 3 9 3 . 07 0 . 1 5 5 . 47 

7 9 . 2 5 1 2 . 4 5 0 . 1 8 0 . 8 9 0 . 1 2 0 . 8 7 2 . 9 3 3 . 1 2 0 . 1 9 6 . 9 5 
7 9 . 70 1 2 . 4 1 0 . 1 5 0 . 9 0 0 . 1 4 0 . 8 2 2 . 5 6 3 . 1 7 0 . 1 5 7 . 4 5 
7 9 . 54 1 2 . 54 0 . 1 3 0 . 9 2 0 . 1 5 0 . 9 0 2 . 4 7 3 . 1 7 0 . 1 7 6 . 9 0 
7 9 . 7 1 1 2 . 2 6 0 . 09 0 . 83 0 . 1 4 0 . 84 2 . 89 3 . 0 5 0 . 1 9 6 . 9 1 
7 9 . 09 1 2 . 3 2 0 . 1 5 0 . 8 8 0 . 1 7 0 . 7 6 3 . 22 3 . 2 6 0 . 1 6 5 . 4 6 
7 9 . 2 5 1 2 . 3 1 0 . 1 4 0 . 9 7 0 . 1 4 0 . 8 4 2 . 9 7 3 . 1 7 0 . 2 1 6 . 62 



Notes : 

Wm = Waimihia Tephr a ,  AA = Aokautere Ash and Re = Rotoehu Tephra . 
a .  Analyses by P . C . Froggatt , R . S . E . S ,  Victor i a  Univers ity of We l l ington . 
b .  A l l  Fe c a l cul ated as FeO . 
c .  H20 by d i f f erence f rom 1 0 0 % . 



A P P ENDIX 2 . 2  E l ectron M i croprobe Data for Rhyo l i t i c  Glass Shards : 

TEPHRA8 S i O:z A l :z03 

! . Moun t a i n  Road 7 9 . 47 1 1 . 8 6 

2 . Rang i t awa 
( Omahina Road ) 

3 . Mt . Cu r l  
( Mt .  Curl ) 

7 8 . 03 1 2 . 13 

7 8 . 09 1 2 . 3 3 

4 . Lower Smart Rd 7 8 . 8 2  1 1 . 83 
( New P l ymouth rubb i s h  dump ) 

5 . Upper Smart Rd 7 8 . 5 1 1 2 . 0 8 
( New P l ymouth rubbi s h  dump ) 

6 . MGR 1 7 8 . 1 0  1 2 . 1 7  
( Gr i f f i n  Quarry ) 

7 . MGR 2 7 8 . 20 1 2 . 09 
( Gr i f f i n  Quarry ) 

8 . Up . Gri f fin Rd 7 8 . 1 0  1 2 . 1 7  
( Gr i f f in Quarry ) 

9 . Lwr Gri f f i n  Rd 7 6 . 7 6 1 2 . 7 5 
( Gri f fin Quarry )  

TiO:z 

0 . 1 4 

0 . 1 5 

0 . 1 4 

0 . 1 1 

0 . 1 4 

0 . 1 2 

0 . 1 0 

0 . 1 2 

0 . 2 5 

FeOh MgO 

0 . 9 8 0 . 1 1 

1 . 03 0 . 1 2 

1 . 0 1 0 . 1 2 

1 . 1 8  0 . 0 6 

1 . 28 0 . 10 

1 . 1 7 0 . 09 

1 . 1 6 0 . 07 

1 . 1 7 0 . 09 

1 . 2 7 0 . 2 6 

CaO 

0 . 8 2 

0 . 7 8 

0 . 79 

0 . 83 

0 . 9 9 

0 . 8 4 

0 . 80 

0 . 8 4 

1 . 14 

Na20 K20 C l  H20 

2 . 50 4 . 1 1 6 . 6 9 

3 . 3 5 4 . 22 0 . 1 9 5 . 8 6 

3 . 30 4 . 33 4 . 5 5 

3 . 26 3 . 80 5 . 03 

3 . 1 9 3 . 6 9 5 . 23 

3 . 72 3 . 65 0 . 14 5 . 03 

3 . 9 4 3 . 5 5 0 . 08 5 . 62 

3 . 7 2 3 . 6 5 0 . 1 4 5 . 03 

4 . 1 1 3 . 10 0 . 10 5 . 60 

Nd 

6 

3 2  

1 3 2  

1 2  

1 2  

1 4  

1 6  

1 4  

1 7  



Not e s : 

a .  Ana l ys e s  1 ,  4 and 5 by P . C . Froggatt , R . S . E . S . , 
Victor i a  Univer s i ty of Wel l ington . Analyses 2 ,  6 , 7 ,  8 
and 9 from P i l l ans ( 1 9 8 8 ) ;  analysis 3 from Froggatt e t  
a l . ( 1 9 8 6 ) .  A l l  e l ements calcul ated o n  a water- free

-

bas i s . 
b .  A l l  Fe c a l cu l ated as FeO . 
c .  H20 by d i f ference from 100 % . 
d .  Number of analyses upon which mean i s  calcul ated for 

e ac h  e l ement . 



A P P E N D I X  TH R E E  



APPENDIX 3 . 1 WAITUI GRAIN- S IZE AND QUARTZ DATA 

( Expre s s e d  as a percentage of Total S amp l e ; < 2mm ) 

Grain - S i z e  Data Quartz Data 

Phi Phi 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Depth 0 1 2 3 4 5 0 - 5 < 5  S ROCO 5 < 5  Total 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 . 20 - 0 . 30 2 . 9 3 8 . 5 6 2 2 . 7 8 1 2 . 1 5 7 . 7 3 5 . 34 5 9 . 5 1  1 4 . 7 6 2 5 . 73 0 . 03 0 . 03 0 . 06 
0 . 30 - 0 . 4 0 1 . 5 5 4 . 1 1 1 8 . 3 2 1 5 . 7 5 9 . 08 5 . 49 5 4 . 3 2 1 5 . 00 3 0 . 6 8  0 . 0 6 0 . 07 0 . 1 3 
0 . 50 - 0 . 60 1 . 3 6 3 . 10 7 . 8 7 8 . 9 7 1 0 . 2 7  7 . 1 0 3 8 . 6 9 1 9 . 58 4 1 . 73 0 . 0 6 0 . 25 0 . 3 1 
0 . 7 0 - 0 . 80 0 . 54 2 . 59 7 . 67 8 . 24 9 . 6 1 7 . 24 3 5 . 9 2 2 0 . 4 6 4 3 . 6 2 . 0 . 0 6 0 . 38 0 . 44 
0 . 8 0 - 0 . 9 0 0 . 40 2 . 67 7 . 9 3 8 . 1 3 8 . 0 4 5 . 2 9 3 2 . 47 1 7 . 67 4 9 . 8 6 0 . 0 1 0 . 23 0 . 2 4 
0 . 9 0 - 1 . 00 0 . 40 2 . 78 8 . 40 7 . 6 1 7 . 5 9 4 . 64 3 1 . 44 1 5 . 50 5 3 . 0 6 0 . 0 6 0 . 24 0 . 30 
1 . 00 - 1 . 0 5 1 . 3 6 5 . 46 7 . 04 6 . 8 7 6 . 23 3 . 5 0  3 0 . 47 1 3 . 45 5 6 . 08 0 . 05 0 . 3 2 0 . 37 
1 . 0 5 - 1 . 10 1 .  7 7  6 . 44 7 . 1 0 6 . 3 9 5 . 64 2 . 9 2 3 0 . 2 7  1 4 . 47 5 5 . 2 6 0 . 07 0 . 1 2 0 . 1 9 
1 . 10 - 1 . 1 5 2 . 3 5 8 . 4 1 8 . 47 7 . 14 6 . 2 6 3 . 20 3 5 . 84 1 4 . 7 0  . 4 9 . 4 6 0 . 0 6 0 . 4 7 0 . 53 
1 . 1 5 - 1 . 20 3 . 44 9 . 5 7 8 . 2 9 6 . 6 7 5 . 3 7 3 . 0 1 3 6 . 3 6 1 3 . 2 1 5 0 . 43 0 . 0 5 0 . 1 8 0 . 23 
1 . 2 0 - 1 . 2 5 3 . 88 1 2 . 1 8 9 . 07 7 . 0 7 5 . 8 7 3 . 4 1 4 1 . 4 8 1 4 . 8 1 4 7 . 7 1 0 . 0 5 0 . 4 8 0 . 5 5 
1 . 2 5 - 1 . 30 4 . 83 1 4 . 08 8 . 1 8 6 . 32 5 . 23 3 . 1 1 4 1 . 7 6 1 3 . 5 3  4 4 . 7 1 0 . 09 0 . 3 4 0 . 43 
1 . 30 - 1 . 3 5 5 . 34 1 3 . 6 6 8 . 7 7 7 . 43 6 . 1 4 3 . 9 1 4 0 . 64 1 4 . 8 4  4 4 . 5 2  0 . 1 5 0 . 7 2 0 . 8 7 
1 . 3 5 - 1 . 4 0 8 . 9 2 9 . 62 8 . 47 7 . 43 5 . 4 7 3 . 01 4 2 . 9 2 1 6 . 44 4 0 . 64 0 . 07 0 . 3 9 0 . 4 6  
1 . 40 - 1 .  4 5  7 . 8 1 1 0 . 53  8 . 7 1 8 . 00 6 . 1 4 4 . 24 4 5 . 43 1 7 . 1 9 3 7 . 3 8 0 . 3 5 1 . 5 2 1 . 87 
1 .  4 5  - 1 .  5 0  9 . 1 6 1 2 . 5 8  9 . 0 5 7 . 80 5 . 7 7 3 . 87 4 8 . 24 1 8 . 23 3 3 . 5 3  0 . 4 1 1 . 4 2 1 .  83 
1 .  50 - 1 .  5 5  3 . 20 1 0 . 70 9 . 9 4 7 . 9 5 6 . 2 8 4 . 43 4 2 . 5 0  2 1 . 20 3 6 . 30 0 . 5 5 2 . 10 2 . 6 5 
1 .  5 5  - 1 .  6 0  1 . 83 1 0 . 2 5  9 . 4 6 8 . 20 6 . 1 7 5 . 2 6 4 1 . 1 7 2 1 . 8 6 3 6 . 9 7  0 . 8 2 2 . 79 3 . 6 1 
1 .  6 0  - 1 .  6 5  3 . 09 1 1 . 59 9 . 77 7 . 8 8 5 . 7 9 4 . 9 7 4 3 . 0 9 2 2 . 7 5 3 4 . 1 6 0 . 9 7 2 . 5 5 3 . 5 2 
1 .  6 0  - 1 .  7 0  1 .  64  6 . 9 9 8 . 10 6 . 50 5 . 8 1 6 . 20 3 5 . 2 6 2 8 . 7 1 3 6 . 03 1 . 44 4 . 9 7 6 . 4 1 
1 . 70 - 1 . 7 5 2 . 09 5 . 46 7 . 0 1 5 . 23 5 . 47 4 . 6 8 2 9 . 9 4 2 7 . 6 8  4 2 . 3 8 1 .  50 5 . 47 6 . 9 7 
1 . 7 5 - 1 . 80 1 . 47 6 . 2 6 7 . 1 5 5 . 6 5 6 . 04 7 . 33 3 3 . 9 2 2 7 . 58 3 8 . 50 1 .  6 9  5 . 6 5 7 . 3 4 
1 . 80 - 1 . 8 5 4 . 1 5 7 .  7 2  7 . 9 9 3 . 3 6 5 . 9 2 6 . 43 3 5 . 5 7 2 5 . 77 3 8 . 6 6 1 . 43 4 . 07 5 . 50 
1 . 8 5 - 1 . 9 0 7 . 1 2 7 . 7 6 7 . 4 7 6 . 27 6 . 5 9 6 . 50 4 1 . 7 3 2 1 . 1 6 3 7 . 1 1 0 . 9 5 2 . 8 6 3 . 8 1 
1 . 90 - 2 . 00 9 . 3 8 1 7 . 5 1  9 . 9 4 6 . 05 7 . 33 4 . 0 5 5 4 . 2 5 1 2 . 6 9  3 3 . 0 6 0 . 02 0 . 30 0 . 3 2 
2 . 00 - 2 . 0 5 4 . 1 9 8 . 47 7 . 9 7 5 . 02 6 . 08 5 . 9 1 3 7 . 6 5 2 2 . 24 4 0 . 1 1 0 . 8 4 2 . 5 9 3 . 43 



2 . 0 5 - 2 . 10 0 . 8 5 3 . 8 5 5 . 24 4 . 63 5 . 8 7 6 . 3 1 2 6 . 77 2 6 . 5 2 4 6 . 7 1 1 . 1 2 4 . 2 6 5 . 3 8 
2 . 1 0 - 2 . 1 5 0 . 7 3 4 . 2 6 5 . 8 1 5 . 1 0 5 . 6 5 5 . 70 2 7 . 2 5 27 . 1 6 4 5 . 5 9  0 . 9 7 4 . 09 5 . 0 6 
2 . 1 5 - 2 . 20 0 . 8 8 5 . 20 6 . 74 5 . 0 1 5 . 0 5 4 . 7 7 2 7 . 6 5 2 5 . 1 7 4 7 . 1 8 0 . 8 1 4 . 0 5 4 . 8 6 
2 . 20 - 2 . 2 5 1 . 0 7 5 . 9 6 8 . 5 2 5 . 8 8 5 .  7 2  4 . 9 3 3 2 . 09 2 1 . 90 4 6 . 01 0 .  7 1  2 . 49 3 . 20 
2 . 2 5 - 2 . 30 1 .  6 2  7 . 5 5 8 .  7 1  6 . 3 1 5 . 84 4 . 8 5 3 4 . 8 9  20 . 8 5 4 4 . 2 6 0 . 5 9 2 . 34 2 . 93 
2 . 30 - 2 . 3 5 1 .  6 1  9 . 07 8 . 4 5 6 . 44 5 . 5 2 4 . 23 3 5 . 3 2 1 8 . 8 6 4 5 . 8 2 0 . 5 1 1 .  73 1 .  2 4  
2 . 3 5 - 2 . 40 0 . 9 6 6 . 1 9 8 . 00 6 . 1 5 5 . 5 6 4 . 23 3 1. 09 20 . 05 4 8 . 8 6 0 . 43 3 . 03 3 . 4 6 
2 . 40 - 2 . 4 5 0 . 5 6 4 . 9 7 8 . 5 1 5 . 5 6 6 . 1 3 5 . 1 7 3 0 . 9 1 1 9 . 79 4 9 . 30 0 . 8 5 2 . 07 2 . 9 2 
2 . 4 5 - 2 . 50 0 . 6 4 2 . 9 6 6 . 33 5 . 1 9 5 . 63 4 . 8 6 2 5 . 6 1 1 9 . 57 5 4 . 8 2 0 . 5 6 2 . 47 3 . 03 
2 . 50 - 2 . 5 5 1 . 1 0 3 . 9 2 7 . 43 6 . 43 6 . 5 5 5 . 7 6 3 1 . 1 9 1 9 . 9 4 48 . 87  0 . 63 2 . 0 6 2 . 6 9 
2 . 5 5 - 2 . 60 0 . 1 8 1 . 28 7 . 9 2 1 2 . 50 1 0 . 40 1 0 . 3 7 4 2 . 67 20 . 3 8 3 6 . 9 5  0 . 3 8 1 . 9 2 2 . 30 
2 . 60 - 2 . 6 5 0 . 9 1 3 . 04 7 . 5 4 8 . 04 7 . 04 5 . 1 9 3 1 . 77 2 1 . 68 4 6 . 5 5  0 . 43 1 .  7 6  2 . 1 9 
2 . 6 5 - 2 . 70 2 . 1 2 1 .  9 8  5 . 6 2 6 . 63 6 . 53 4 . 7 7 2 7 . 6 5 2 1 . 69 5 0 . 6 6 0 . 40 2 . 1 9 2 . 5 9 
2 . 70 - 2 . 7 5 1 . 1 4 3 . 3 5 5 . 6 1 6 . 1 9 6 . 32 5 . 0 5 2 7 . 6 6 23 . 37 48 . 9 7 0 . 52 1 .  78  2 . 30 
2 . 7 5 - 2 . 80 0 . 2 6 2 . 8 7 5 . 20 5 . 3 1 6 . 3 1 4 . 3 8 2 4 . 1 3  2 1 . 87 5 4 . 02 0 . 4 5 2 . 7 4 3 . 1 9 
2 . 80 - 2 . 8 5 0 . 43 3 . 8 2 6 . 9 0 6 . 27 6 . 53 4 . 9 2 2 8 . 8 7 23 . 5 6 4 7 . 57 0 . 68 2 . 1 3 2 . 8 1 
2 . 8 5 - 2 . 90 1 . 29 4 . 5 5 7 . 1 7 6 . 2 9 5 . 84 4 . 6 8 2 9 . 8 4 22 . 00 4 8 . 1 6 0 . 57 2 . 29 2 . 8 6 
2 . 90 - 2 . 9 5 2 . 1 2 6 . 6 5 8 . 7 8 7 . 3 8 6 . 3 1 4 . 1 4 3 5 . 3 9 22 . 2 5 42 . 3 6 0 . 3 5 1 . 3 1 1 .  6 6  
2 . 9 5 - 3 . 00 6 . 9 6 7 . 8 2 8 . 70 7 . 44 6 . 60 3 . 1 3 4 0 . 6 5 20 . 8 5 3 8 . 50 0 . 30 1 . 6 4 1 . 9 4 
3 . 00 - 3 . 0 5 7 . 7 2 9 . 6 9 8 . 8 5 6 . 9 2 6 . 03 3 .  7 1  4 2 . 9 2 20 . 6 6 3 6 . 42 0 . 24 0 . 9 2 1 . 1 6 
3 . 0 5 - 3 . 10 7 . 63 7 . 03 7 . 00 6 . 2 7 5 . 9 1 4 . 0 2 3 7 . 8 7 1 7 . 39 44 . 74 0 . 3 2 1 . 0 5 1 . 37 
3 . 1 0 - 3 . 2 5 5 1 . 64 2 9 . 1 6 0 . 03 0 . 0 2 0 . 02 0 . 0 1 8 0 . 2 1 5 . 4 6 1 4 . 33 0 . 00 0 . 02 0 . 02 
3 . 2 5 - 3 . 30 6 . 8 8 9 . 48 8 . 4 1 6 . 8 3 5 . 9 6 4 . 1 9 4 1 . 77 1 5 . 32 4 2 . 9 1 0 . 1 9 0 . 5 8 0 . 77 
3 . 30 - 3 . 3 5 4 . 49 1 0 . 5 8  9 . 67 7 . 7 7 6 . 38 3 . 8 5 4 2 . 73 1 6 . 68 40 . 5 9 0 . 1 0 0 . 4 6 0 . 5 6 
3 . 3 5 - 3 . 40 4 . 1 4 7 . 77 9 . 9 6 1 2 . 3 9 7 . 8 1 4 . 6 6 4 6 . 72 1 6 . 28 3 7 . 00 0 . 07 0 . 3 1 0 . 3 8  
3 . 40 - 3 . 4 5 7 . 1 1 1 5 . 13 1 1 . 27 7 . 1 3 4 . 2 2 1 .  9 6  4 6 . 8 1 1 5 . 5 5 3 7 . 64  0 . 00 0 . 08 0 . 08 
3 . 4 5 - 3 . 50 6 . 03 9 . 6 1 1 0 . 6 7 9 . 24 6 . 77 4 . 69 4 7 . 03 1 5 . 9 2 3 7 . 0 5 0 . 05 0 . 62 0 . 67 
3 . 50 - 3 . 5 5 7 .  7 1  1 0 . 1 8 1 0 . 7 5 8 . 8 5 6 . 8 6 4 . 08 4 8 . 43 1 6 . 9 2 3 4 . 6 5 0 . 0 5 0 . 1 8 0 . 23 
3 . 5 5 - 3 . 60 6 . 29 1 1 . 46 1 0 . 3 1 8 . 6 6 6 . 8 1 4 . 7 6 4 8 . 1 3  1 5 . 6 5 3 6 . 22 0 . 0 5 0 . 3 5 0 . 37 
3 . 60 - 3 . 6 5 9 . 05 1 3 . 3 7 1 0 . 8 5 7 . 8 6 6 . 5 1 4 . 3 3 5 1 . 9 9 1 5 . 5 8 3 2 . 43 0 . 04 0 . 1 1 0 . 1 5 
3 . 6 5 - 3 . 70 5 . 1 4 1 1 . 8 4 1 2 . 6 5 9 . 57 7 . 39 4 . 1 7 5 0 . 78 1 5 . 60 33 . 6 2  0 . 04 0 . 2 7 0 . 3 1 
3 . 70 - 3 . 7 5 9 . 9 8 1 3 . 8 6 1 1 . 30 7 . 6 1 6 . 1 9 4 . 24 5 3 . 02 1 4 . 9 1 3 2 . 07 0 . 04 0 . 30 0 . 3 4 

3 . 7 5 - 3 . 80 5 . 1 8 1 2 . 40 1 7 . 20 1 2 . 8 4 7 . 93 3 . 1 6 5 8 . 73 0 . 08 4 1 . 1 9 0 . 02 0 . 03 0 . 0 5 

3 . 80 - 3 . 8 5 4 . 7 8 7 . 9 9 1 0 . 1 7  9 . 8 2 7 . 93 5 . 0 6 4 5 . 7 6 1 6 . 5 5 3 7 . 6 9  0 . 09 0 . 4 8 0 . 5 7 

3 . 8 5 - 3 . 9 0 5 . 0 1 5 . 43 8 . 8 8 1 0 . 5 2  7 . 9 7 5 . 3 5 4 3 . 1 7 1 6 . 53 40 . 3 0  0 . 1 1 0 . 3 7 0 . 4 8 

3 . 9 0 - 3 . 9 5 4 . 74 4 . 9 9 8 . 50 1 0 . 44 7 . 80 5 . 2 8 4 1 . 7 6 1 6 . 9 1 4 1 . 33 0 . 08 0 . 60 0 . 6 8 

3 . 9 5 - 4 . 00 3 . 5 9 4 . 9 8 9 . 6 5 1 1 . 1 4 7 . 60 5 . 00 4 1 . 9 6 1 6 . 9 2 4 1 . 1 2 0 . 0 6 0 . 4 1 0 . 47 

4 . 00 - 4 . 0 5 3 . 0 8 4 . 02 1 0 . 3 2 1 2 . 0 6 7 . 8 6 4 . 9 7 4 2 . 32 1 6 . 59 4 1 . 09 0 . 1 3 0 . 5 8 0 . 7 1 



4 . 0 5 - 4 . 1 0 2 . 9 8 3 . 9 1 9 . 08 1 0 . 3 8 7 . 8 9 5 . 3 6 3 9 . 60 1 4 . 5 1 4 5 . 8 9 0 . 09 0 . 4 5 0 . 54 
4 . 1 0 - 4 . 1 5 2 . 40 4 . 9 3 7 . 3 9 8 . 1 8 8 . 63 6 . 3 2 3 7 . 8 5 1 5 . 7 7 4 6 . 3 8 0 . 09 0 . 7 4 0 . 83 
4 . 1 5 - 4 . 20 2 . 1 4 5 . 44 6 . 9 8 6 . 1 2 5 . 8 1 4 . 5 8 3 1 . 08 1 6 . 08 52 . 84 0 . 09 0 . 6 2 0 . 7 1 
4 . 20 - 4 . 2 5 3 . 5 8 6 . 3 8 8 . 7 2 7 . 6 7 6 . 8 1 3 . 9 1 3 7 . 07 1 6 . 1 7 4 6 . 7 6 0 . 03 0 . 67 0 . 70 
4 . 2 5 - 4 . 30 3 . 8 1 8 . 6 7 1 0 . 3 2  7 . 9 9 6 . 50 3 . 4 1 40 . 72 1 6 . 8 2 4 2 . 46 0 . 0 5 0 . 30 0 . 3 5 
4 . 30 - 4 . 3 5 2 . 3 6 8 . 63 1 1 . 3 9 7 . 8 2 6 . 4 6 3 . 8 2 40 . 49 1 4 . 8 5 44 . 6 6 0 . 0 5 0 . 3 8 0 . 43 
4 . 3 5 - 4 . 4 0 3 . 1 5 8 . 80 1 2 . 47 7 . 7 8 6 . 29 3 . 33 4 1 . 82 1 5 . 13 43 . 0 5 0 . 0 1 0 . 2 8 0 . 2 9 
4 . 40 - 4 . 4 5 3 . 5 9 9 . 6 1  1 2 . 3 8 9 . 5 8 6 . 7 9 3 . 79 4 5 . 7 5 1 8 . 69 3 5 . 5 6 0 . 0 6 0 . 23 0 . 2 9 
4 . 4 5 - 4 . 5 0 4 . 1 6 8 . 9 3 1 0 . 9 5 1 0 . 1 0  7 . 6 8 4 . 5 1 4 6 . 34 1 7 . 5 8 3 6 . 08 0 . 03 0 . 23 0 . 2 6 
4 . 50 - 4 . 5 5 4 . 3 5 9 . 3 8 9 . 8 8 1 0 . 3 4 7 . 22 4 . 04 4 5 . 23 1 5 . 8 8 3 8 . 8 9 0 . 04 0 . 1 0 0 . 1 4 
4 . 5 5 - 4 . 6 0 2 . 8 9 8 . 23 9 . 2 8 1 0 . 2 7 8 . 4 1 4 . 4 9 43 . 57 1 6 . 24 40 . 1 9 0 . 0 6 0 . 1 7 0 . 23 
4 . 60 - 4 . 6 5 4 . 0 8 1 2 . 50 1 2 . 34 9 . 50 6 . 5 4 3 . 8 1 4 8 . 7 8 1 6 . 30 3 4 . 9 2 0 . 03 0 . 00 0 . 03 
4 . 6 5 - 4 . 7 0 3 . 02 1 2 . 07 1 1 . 9 9 9 . 1 4 7 . 50 4 . 43 4 8 . 80 1 6 . 84 3 4 . 3 6 0 . 0 6 0 . 1 4 0 . 20 
4 . 7 0 - 4 . 7 5 1 .  6 4  1 1 . 1 9 1 1 . 7 9 8 . 2 8 6 . 5 6 4 . 6 2 44 . 09 1 4 . 9 4  40 . 9 7 0 . 06 0 . 2 2 0 . 28 
4 . 7 5 - 4 . 8 0 0 . 74 6 . 6 6 1 1 . 54 9 . 8 6 7 . 8 5 4 . 3 8 4 1 . 03 1 6 . 83 4 2 . 14 0 . 03 0 . 29 0 . 3 2 
4 . 80 - 4 . 8 5 0 . 6 5 5 . 4 1 1 0 . 9 1 9 . 1 4 6 . 67 4 . 6 9 3 7 . 48 1 5 . 40 47 . 1 2 0 . 03 0 . 2 9 0 . 3 2 
4 . 8 5 - 4 . 9 0 0 . 80 4 . 77 1 0 . 0 6 9 . 53 7 . 2 1 4 . 73 3 7 . 1 1 1 4 . 1 1 4 8 . 7 8 0 . 05 0 . 3 2 0 . 37 
4 . 90 - 4 . 9 5 0 . 9 9 6 . 8 1 1 2 . 52 8 . 9 5 6 . 78 4 . 33 40 . 4 1 1 6 . 01 43 . 5 8 0 . 0 6 0 . 1 6 0 . 24 
4 . 9 5 - 5 . 00 1 . 0 6 5 . 07 9 . 09 7 . 1 3 6 . 7 9 5 . 00 3 4 . 1 5 1 5 . 9 7  4 9 . 8 8 0 . 0 6 0 . 60 0 . 6 6 
5 . 00 - 5 . 0 5 0 . 7 2 5 . 67 7 . 6 7 8 . 1 9 6 .  7 1  4 . 49 3 3 . 4 5 1 6 . 22 50 . 33 0 . 0 6 0 . 6 8 0 . 74 
5 . 0 5 - 5 . 1 0 1 . 60 6 . 5 9 7 . 44 6 . 8 6 6 . 42 4 . 7 1 33 . 6 2 1 6 . 39 4 9 . 9 9 0 . 1 1 0 . 8 8 0 . 9 9 
5 . 1 0 - 5 . 1 5 2 . 6 9 6 . 5 4 7 . 8 1 6 . 5 9 5 . 6 7 3 . 5 6 3 2 . 86 1 5 . 78 5 1 . 3 6 0 . 0 6 0 . 6 7 0 . 73 
5 . 1 5 - 5 . 20 3 . 6 7 9 . 48 8 . 8 5 6 . 7 5 5 . 9 2 3 . 9 8 3 8 . 6 6 1 5 . 9 6 4 5 . 3 8 0 . 08 0 . 50 0 . 5 8 
5 . 20 - 5 . 2 5 5 . 04 1 2 . 2 7 8 . 3 8 5 . 8 9 5 . 09 3 . 2 8 3 9 . 9 6 1 5 . 33 44 . 7 1 0 . 08 0 . 5 6 0 . 64 
5 . 2 5 - 5 . 30 8 . 8 8 1 8 . 08 8 . 4 5 5 . 02 4 . 6 5 2 . 9 2 4 8 . 0 1 1 5 . 6 6 3 6 . 33 0 . 0 5 0 . 1 8 0 . 23 
5 . 3 5 - 5 . 40 1 1 . 1 3 1 9 . 04 7 . 8 7 4 . 9 8 4 . 6 5 3 . 04 5 0 . 72 1 4 . 46 34 . 8 2 0 . 02 0 . 1 4 0 . 1 6 



APPEND I X  3 . 2  ONAERO GRAI N - S I Z E  AND QUARTZ DATA 

( Expre s s e d  as a Percentage of Tot a l  S amp l e ;  < 2mm ) 

Grain- S i z e  D a t a  Quartz D a t a  

Phi Phi 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Depth 0 1 2 3 4 5 0 - 5 < 5  SROCO 5 < 5  Total 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 . 20 - 0 . 30 
0 . 30 - 0 . 40 
0 . 40 - 0 . 50 
0 . 50 - 0 . 60 
0 . 60 - 0 . 70 
0 . 70 - 0 . 80 
0 . 80 - 0 . 9 0 
0 . 9 0 - 1 . 00 
1 . 00 - 1 . 10 
1 . 1 0 - 1 . 20 
1 . 20 - 1 . 30 
1 . 3 0 - 1 . 40 
1 . 40 - 1 .  5 0 
1 .  50 - 1 . 60 
1 .  6 0  - 1 .  7 0  
1 .  7 0  - 1 . 8 0  
1 .  8 0  - 1 .  9 0  
1 . 9 0 - 2 . 00 
2 . 00 - 2 . 10 
2 . 1 0 - 2 . 20 
2 . 20 - 2 . 30 
2 . 30 - 2 . 40 
2 . 40 - 2 . 50 
2 . 50 - 2 . 60 
2 . 60 - 2 . 70 

1 .  8 8  3 .  7 7  1 0 . 08 
0 . 93 2 .  7 1  8 . 7 5 
0 . 20 1 . 9 6 6 . 7 6 
0 . 20 2 . 23 6 . 1 0 
0 . 07 2 . 1 1 5 . 7 5 
0 . 07 3 . 3 7 6 . 8 1 
0 . 3 5 4 . 8 6 8 . 4 2 
0 . 23 3 . 80 8 . 02 
0 . 00 1 . 4 4 7 . 4 7 
0 . 00 1 .  5 5  7 . 5 6 
0 . 24 1 . 1 3 6 . 09 
0 . 13 1 . 1 5 6 . 30 
0 . 1 9 1 . 53 9 . 2 2 
0 . 1 5 1 . 6 1 7 . 03 
0 . 57 1 . 5 8 5 . 6 9 
3 . 47 3 . 6 6 5 . 5 9 
8 . 47 7 . 2 9  7 . 5 1 

1 0 . 0 6 7 .  73  7 . 36 
1 0 . 2 1 9 . 0 5 9 . 01 

2 . 1 6 8 . 8 5 1 1 . 4 6 
1 .  8 2  7 .  9 2  1 1 . 80 
1 . 0 5 5 . 6 6 9 . 0 6 
0 . 6 8 3 . 9 1 8 . 0 5 
0 . 43 3 . 6 7 8 . 9 8 
0 . 27 2 . 4 8 8 . 3 2 

1 0 . 6 9 7 . 3 9 4 . 3 6 
9 . 1 5 7 . 1 5 3 . 7 9 
8 . 1 6 6 . 4 6 3 . 8 5 
6 . 9 5 5 . 50 3 . 1 0 
6 . 3 5 5 . 49 3 . 3 6 
6 . 22 5 . 41 3 . 48 
6 . 9 9 5 . 3 1 3 . 78 
7 . 09 5 . 5 8 4 . 1 9 
7 . 3 6 5 . 9 1 5 . 3 7 
6 . 1 8 5 . 1 5 5 . 03 
5 . 60 4 . 84 4 . 5 9 
6 . 5 9 5 . 09 3 . 9 6 
8 . 33 6 . 5 8 4 . 9 1 
8 . 4 6 7 . 23 5 . 9 6 
8 . 8 6 8 . 3 6 6 . 9 4 
6 . 63 6 . 54 4 . 29 7 . 2 2 6 . 09 3 . 40 6 . 63 6 . 02 3 . 4 6 
6 . 77  5 . 6 5 3 . 31 
7 . 97 6 . 33 4 . 00 
9 . 4 7 7 . 2 6 4 . 33 
9 . 90 7 . 7 6 4 . 1 3 
8 . 9 9 7 . 03 4 . 27 
8 . 6 2 6 . 60 3 . 6 1 
7 . 9 6 5 . 80 3 . 30 

3 8 . 1 2  1 5 . 1 1  4 6 . 77 0 . 00 0 . 6 1 0 . 6 1 
3 3 . 08 1 6 . 27 50 . 6 5 0 . 1 4 0 . 74 0 . 9 2 
2 7 . 40 1 7 . 4 6 5 5 . 1 4  . 0 . 1 9 0 . 8 2 1 . 0 1 
2 4 . 09 1 8 . 1 9  5 7 . 72 0 . 1 8 1 . 3 9 1 . 5 6 
23 . 1 2 1 9 . 72 5 7 . 1 6 0 . 3 6 2 . 1 2 2 . 48 
2 5 . 37 1 9 . 1 1 5 5 . 5 2  0 . 4 9 1 . 9 5 2 . 44 
2 9 . 7 1 2 1 . 79 48 . 50  0 . 5 4 3 . 9 4 4 . 47 
2 8 . 9 3  23 . 00 48 . 07 1 . 03 5 . 07 6 . 10 
2 7 . 5 6 2 2 . 6 7  4 9 . 7 7 1 . 5 1 4 . 7 9 6 . 30 
2 5 . 49 24 . 29 50 . 22 1 . 2 5 6 . 22 7 . 47 
2 2 . 5 2  2 5 . 82 5 1 . 6 6 1 . 27 6 . 79 8 . 0 6 
2 3 . 23 20 . 5 6 5 6 . 2 1  0 . 9 4 4 . 3 5 5 . 29 
3 0 . 77 20 . 37 48 . 4 6 0 . 67 3 . 32 3 . 9 8 
3 0 . 4 5 20 . 6 1 49 . 9 4 0 . 69 3 . 1 9 3 . 8 8 32 . 01 2 2 . 00 4 5 . 9 9 0 . 70 3 . 30 4 . 00 
3 0 . 19 1 9 . 42 50 . 39 0 . 6 5 2 . 80 3 . 45 
4 0 . 02 17 . 59 42 . 39 0 . 33 1 . 89 2 . 2 2 
4 1 . 2 6 1 6 . 50 42 . 24 0 . 1 7 1 . 1 5 1 . 3 2 
44 . 00 1 6 . 08 39 . 92 0 . 09 0 . 67 0 . 7 5 
4 0 . 7 8 1 7 . 45 41 . 77 0 . 07 0 . 63 0 . 70 
4 2 . 6 0  1 7 . 05 40 . 3 5 0 . 04 0 . 7 1 0 . 7 5 
3 7 . 59 1 7 . 54  44 . 87 0 . 1 1 1 . 1 1 1 . 2 1 
3 2 . 94 1 6 . 3 5 50 . 7 1 0 . 1 2 1 . 3 2 1 . 43 
3 1 . 93 1 6 . 32 5 1 . 7 5 0 . 1 2 1 . 0 1 1 . 1 3 
2 8 . 1 4 1 7 . 01 54 . 8 5 0 . 10 0 . 7 3 0 . 8 3 



2 . 70 - 2 . 8 0 0 . 2 6 2 . 84 9 . 8 4 8 . 6 3 6 . 1 7 3 . 7 5 3 1 . 50 1 6 . 4 6 5 2 . 04 0 . 1 1 0 . 8 6 0 . 9 7 
2 . 80 - 2 . 9 0 0 . 08 2 . 2 2 8 . 3 7 8 . 1 8 5 . 6 7 3 . 3 2 2 7 . 8 5 1 6 . 7 1 5 5 . 44 0 . 08 0 . 8 3  0 . 9 1  
2 . 9 0 - 3 . 00 0 . 1 4 1 .  9 7  8 . 3 9 7 . 7 3 5 . 42 3 . 1 8 2 6 . 83 1 4 . 80 5 8 . 37 0 . 1 1 1 . 02 1 . 1 3 
3 . 00 - 3 . 1 0 0 . 2 2 2 . 7 5 1 0 . 2 7  8 . 3 5 5 . 6 9 3 . 2 4 3 0 . 54  1 5 . 4 1 5 4 . 0 5  0 . 2 1 1 . 0 6 1 .  2 7  
3 . 1 0 - 3 . 20 0 . 2 9 3 . 01 9 . 6 1 7 . 2 5 4 . 8 9 2 . 6 6 2 7 . 72 14 . 7 1 5 7 . 5 7 0 . 09 0 . 8 6 0 . 9 5 
3 . 20 - 3 . 30 0 . 3 8 4 . 1 0 1 1 . 09 7 . 50 5 . 1 7 3 . 0 8  3 1 . 34 1 6 . 23 5 2 . 43 0 . 1 2 0 . 9 6 1 . 0 9 
3 . 30 - 3 . 40 0 . 5 6 4 . 8 3 1 2 . 74 7 . 8 2 5 . 1 8 2 . 9 5 3 4 . 1 0  1 5 . 47 5 0 . 43 0 . 1 2 0 . 7 7 0 . 8 9 
3 . 40 - 3 . 50 0 . 3 6 3 . 9 3 1 2 . 07 7 . 8 2 5 . 50 3 . 1 0 3 2 . 78 1 6 . 40 5 0 . 8 2 0 . 1 1 0 . 6 8  0 . 7 9 
3 . 50 - 3 . 60 0 . 4 5 3 . 88 1 1 . 6 1 8 . 0 8 5 . 9 9 3 . 47 3 3 . 49 1 6 . 1 1  5 0 . 40 0 . 1 1 0 . 80 0 . 9 1 
3 . 60 - 3 . 70 0 . 4 6 3 . 9 7 1 0 . 2 1  8 . 0 1 5 . 9 3 3 . 6 2 3 2 . 20 1 5 . 44 5 2 . 3 6 0 . 1 6 1 . 1 0 1 . 2 6  
3 . 7 0 - 3 . 80 0 . 3 5 3 . 9 8 1 0 . 5 0  7 . 73 5 . 60 3 . 44 3 1 . 58 1 6 . 27 5 2 . 1 5 0 . 1 5 0 . 8 6 1 . 01 
3 . 80 - 3 . 9 0 0 . 2 9 4 . 5 1 1 2 . 3 6 7 . 2 4 4 . 9 6 2 . 77 3 2 . 1 5 1 6 . 00 5 1 . 8 5 0 . 09 0 . 79 0 . 8 6 
3 . 9 0 - 4 . 00 0 . 4 7 4 . 1 3 9 . 7 6 7 . 5 3 5 . 8 2 3 . 43 3 1 . 1 5 1 6 . 48 5 2 . 37 0 . 1 6 1 . 1 6 1 . 3 2  
4 . 00 - 4 . 1 0 0 . 5 5 4 . 6 1 1 1 . 4 5 9 . 5 1 6 . 9 2 4 . 02 3 7 . 07 1 9 . 20 43 . 73 0 . 27 1 . 1 1 1 . 3 8 
4 . 1 0 - 4 . 20 1 . 0 6 5 . 1 2 8 . 9 5 7 . 3 5 6 . 07 3 . 41 3 1 . 9 7 1 7 . 44 5 0 . 5 9 0 . 23 1 . 2 2 1. 4 5  
4 . 20 - 4 . 30 1 . 8 2 6 . 24 6 . 64 5 . 8 8 5 . 1 7  3 . 1 6 2 8 . 9 2 1 7 . 79 5 3 . 29 0 . 20 1 . 3 6 1 .  5 6  
4 . 30 - 4 . 40 1 .  8 0  8 . 1 4 6 . 84 6 . 07 5 . 1 5 2 . 8 6 3 0 . 8 7  1 6 . 1 2 53 . 0 1 0 . 1 8 1 . 4 1 1 .  5 9  
4 . 40 - 4 . 50 3 . 23 9 . 83 7 . 3 8 6 . 22 5 . 09 2 . 73 3 4 . 48 1 6 . 94 4 8 . 58 0 . 1 8 0 . 9 2 1 . 1 0 
4 . 50 - 4 . 60 2 . 80 1 0 . 3 5 7 . 8 0 6 . 5 5 5 . 6 5 2 . 9 1 3 6 . 06 1 8 . 75 4 5 . 1 9  0 . 1 4 0 . 52 0 . 6 6 
4 . 60 - 4 . 70 2 . 8 1 1 1 . 0 1 8 . 7 5 7 . 2 6 5 . 44 2 . 67 3 7 . 9 6 1 5 . 1 5  4 6 . 8 9 0 . 08 0 . 9 4 1 . 02 
4 . 7 0 - 4 . 80 2 . 7 9 1 2 . 8 6 1 0 . 6 8  7 . 2 6 5 . 27 2 . 7 1 4 1 . 58 1 4 . 9 5 . 43 . 47 0 . 04 0 . 37 0 . 4 1 
4 . 8 0 - 4 . 9 0 1 .  5 3  1 0 . 1 5 1 1 . 20 7 . 04 5 . 24 2 . 6 1 3 7 . 77 1 5 . 0 8  47 . 1 5 0 . 03 0 . 5 1 0 . 5 4 
4 . 9 0 - 5 . 00 2 . 1 4 7 . 9 2 1 1 . 63 7 . 1 0 5 . 5 6 2 . 93 3 7 . 30 1 4 . 34 4 8 . 3 6 0 . 08 0 . 80 0 . 8 8 
5 . 00 - 5 . 1 0 1 . 4 6 7 . 4 5 1 2 . 49 7 . 40 6 . 07 3 . 44 3 8 . 32 1 5 . 04 4 6 . 64 0 . 12 0 . 7 3 0 . 8 5 
5 . 10 - 5 . 20 1 . 03 3 . 8 1 1 0 . 8 9 7 . 6 9 6 . 5 6 3 . 7 5 3 3 . 74 1 7 . 07 4 9 . 1 9 0 . 2 1 1 . 1 0 1 . 3 1  
5 . 20 - 5 . 30 1 . 3 7 2 . 44 8 . 4 8 7 . 83 6 . 94 4 . 1 3 3 1 . 2 1 1 9 . 8 9 4 8 . 9 0 0 . 4 1 2 . 04 2 . 4 5 
5 . 3 0 - 5 . 40 0 . 63 2 . 03 7 . 6 6 7 . 84 7 . 1 9 4 . 6 9 3 0 . 05 20 . 6 1 4 9 . 34 0 . 5 1 2 . 64 3 . 1 5 
5 . 40 - 5 . 50 0 . 4 0 2 . 42 6 . 5 1 7 . 04 6 . 63 4 . 8 0 2 7 . 8 1 2 2 . 5 7 4 9 . 62 0 .  7 1  3 . 5 8 4 . 2 9 
5 . 50 - 5 . 60 0 . 4 5 2 . 4 8 7 . 20 7 . 8 4  6 . 7 8 4 . 60 2 9 . 3 6 2 1 . 33 4 9 . 3 1 0 . 57 2 . 83 3 . 40 
5 . 60 - 5 . 70 0 . 2 6 1 .  7 4  6 .  7 2  7 . 6 4 6 . 2 8 3 . 9 7 2 6 . 6 1  20 . 1 1 53 . 28 0 . 3 8 2 . 0 6 2 . 44 
5 . 70 - 5 . 80 0 . 1 7 2 . 1 1 7 . 7 6 8 . 2 1 6 . 1 3 3 . 64 2 8 . 04 1 8 . 7 6 53 . 20 0 . 2 9 1 .  6 6  1 . 9 5 
5 . 80 - 5 . 90 0 . 3 8 3 . 0 5 1 0 . 0 6 8 . 9 9 5 . 7 5 2 . 7 6 3 0 . 9 9 1 6 . 4 1 5 2 . 60 0 . 09 0 . 8 2 0 . 9 1 
5 . 9 0 - 6 . 00 0 . 3 5 3 . 33 1 0 . 63  7 . 7 9 5 . 1 7 2 . 5 1 2 9 . 80 1 5 . 50 54 . 70 0 . 09 0 . 47 0 . 5 6 
6 . 00 - 6 . 1 0 0 . 53 4 . 5 2 1 2 . 1 0  7 . 9 6 5 . 00 2 . 4 6 3 2 . 5 8 1 6 . 03 5 1 . 3 9 0 . 04 0 . 22 0 . 2 6 
6 . 1 0 - 6 . 20 0 . 5 9 4 . 83 1 1 . 9 1 8 . 2 8 5 . 2 6 2 . 5 5 3 3 . 44 1 6 . 29 5 0 . 27 0 . 05 0 . 37 0 . 42 
6 . 20 - 6 . 30 0 . 40 3 . 9 8 1 1 . 1 3 8 . 00 5 . 28 2 . 60 3 1 . 40 1 5 . 7 1 5 2 . 8 9 0 . 0 6 0 . 43 0 . 4 9 
6 . 30 - 6 . 40 0 . 4 3 3 . 30 1 0 . 7 2  7 . 47 5 . 5 6 2 . 9 9 3 0 . 47 1 5 . 3 6 54 . 23 0 . 0 6 0 . 30 0 . 3 6 
6 . 40 - 6 . 50 0 . 00 3 . 1 1 1 1 . 3 8 6 . 9 6 5 . 05 2 . 7 5 2 9 . 2 6 1 4 . 70 5 6 . 04 0 . 03 0 . 1 1 0 . 1 4 



6 . 50 - 6 . 60 0 . 30 4 . 4 1 1 2 . 70 7 . 02 4 . 83 2 . 22 3 1 . 49 1 5 . 0 6 5 3 . 4 5 0 . 04 0 . 1 4 0 . 1 8 
6 . 60 - 6 . 70 0 . 2 1 5 . 30 1 5 . 03 7 . 7 9 5 . 06 2 . 4 7 3 5 . 8 7 1 5 . 8 5 4 8 . 2 8 0 . 04 0 . 1 0 0 . 1 4 
6 . 70 - 6 . 80 0 . 1 2 4 . 4 7 1 2 . 0 6 7 . 8 7 4 . 9 9 2 . 44 3 1 . 9 5 1 4 . 8 5 5 3 . 20 0 . 02 0 . 1 9 0 . 2 1 
6 . 80 - 6 . 9 0 0 . 29 3 . 57 8 . 5 5 7 . 54 4 . 8 6 2 . 4 1 2 7 . 2 2  1 4 . 2 1  5 8 . 5 7  0 . 03 0 . 1 5 0 . 1 8 
6 . 9 0 - 7 . 00 0 . 1 8 3 . 42 7 . 90 8 . 60 4 . 9 8 2 . 4 6 2 7 . 5 5 1 5 . 37 5 7 . 08 0 . 03 0 . 3 1 0 . 33 
7 . 00 - 7 . 10 0 . 5 9 2 . 9 1 8 . 68 9 . 3 5 5 . 1 3 2 . 37 2 9 . 03 1 4 . 8 9 5 6 . 08 0 . 0 5 0 . 42 0 . 47 
7 . 1 0 - 7 . 20 0 . 5 8 2 . 90 9 . 2 9 1 0 . 74 5 . 3 7 2 . 6 1 3 1 . 49 1 4 . 7 5 5 3 . 7 6 0 . 0 6 0 . 4 2 0 . 48 
7 . 20 - 7 . 30 0 . 8 2 3 . 47 1 0 . 3 2 1 1 . 64 5 . 5 5 2 . 9 8 3 4 . 78 1 5 . 74 4 9 . 48 0 . 04 0 . 4 2 0 . 4 6 
7 . 30 - 7 . 4 0 1 .  5 4  5 . 28 1 1 . 5 1 1 0 . 40 5 . 3 6 2 . 8 5 3 6 . 9 5 1 5 . 5 9 4 7 . 4 6 0 . 08 0 . 3 6 0 . 44 
7 . 40 - 7 . 50 2 . 70 6 . 33 1 2 . 9 9 8 . 50 6 . 2 1 3 . 1 9 3 9 . 9 2 1 7 . 1 8  4 2 . 9 0 0 . 0 6 0 . 20 0 . 2 6 
7 . 50 - 7 . 60 2 . 7 2 7 . 32 1 0 . 63  8 . 7 9 6 . 1 5 3 . 27 3 8 . 8 9 1 7 . 7 5 43 . 3 6 0 . 09 0 . 4 8 0 . 57 
7 . 6 0 - 7 . 70 0 . 80 4 . 4 9 1 0 . 1 1 8 . 9 6 6 . 9 2 3 . 90 3 5 . 1 9 1 5 . 1 4 4 9 . 6 7 0 . 1 4 0 . 3 9 0 . 53 
7 . 70 - 7 . 8 0 0 . 6 2 2 . 73 1 0 . 24 9 . 22 6 . 43 3 . 5 1 3 2 . 77 1 6 . 2 5 5 0 . 9 8 0 . 0 8 0 . 6 8 0 . 7 6 
7 . 8 0 - 7 . 9 0 0 . 3 9 2 .  72  1 0 . 0 6 9 . 24 5 . 9 8 3 . 1 0 3 1 . 50 1 6 . 1 6  5 2 . 34 0 . 1 4 0 . 4 5 0 . 5 9 
7 . 9 0 - 8 . 00 0 . 2 7 3 . 01 1 2 . 0 6 1 1 . 3 5 5 . 9 8 2 . 9 5 3 5 . 63 1 4 . 9 8 4 9 . 3 9 0 . 1 2 0 . 27 0 . 3 9 
8 . 00 - 8 . 1 0 0 . 2 6 2 . 90 1 0 . 3 1 1 0 . 7 1  5 . 73 2 . 7 1 3 2 . 6 3  1 5 . 4 1 5 1 . 9 6 0 . 1 0 0 . 28 0 . 3 8 
8 . 1 0 - 8 . 20 0 . 2 7 2 . 1 4 8 . 0 5 9 . 5 7 5 . 07 2 . 4 1 2 7 . 52 1 3 . 8 9 5 8 . 5 9  0 . 07 0 . 20 0 . 27 
8 . 20 - 8 . 30 0 . 57 3 . 44 8 . 3 5 8 .  5 9  4 . 9 3 2 . 48 2 8 . 38 1 3 . 22 5 8 . 40 0 . 0 5 0 . 2 9 0 . 3 4 
8 . 30 - 8 . 40 0 . 5 4 3 . 9 9 8 . 2 1 8 . 07 5 . 13 2 . 60 2 8 . 5 5 1 3 . 73 5 8 . 05 0 . 0 6 0 . 3 5 0 . 4 1 
8 . 40 - 8 . 50 0 . 4 1 3 . 93 6 . 8 1 7 . 2 5 5 . 09 2 . 52 2 6 . 02 1 5 . 3 6 5 8 . 62 0 . 0 6 0 . 1 2 0 . 1 8 
8 . 50 - 8 . 6 0 0 . 24 3 . 2 1 7 . 8 9 7 . 53 5 . 27 2 . 6 6 2 6 . 8 2 1 4 . 2 4  5 8 . 9 4 0 . 07 0 . 20 0 . 27 
8 . 60 - 8 . 70 0 . 1 6 3 . 3 6 7 . 8 5 7 . 73 5 . 37 2 . 5 6 2 7 . 0 5  1 4 . 3 6 5 8 . 5 9  0 . 07 0 . 53 0 . 60 
8 . 70 - 8 . 8 0 0 . 2 5 3 . 7 1 9 . 0 5 7 . 9 9 5 . 1 9 2 . 63 2 8 . 84 1 4 . 9 9 5 6 . 1 7 0 . 07 0 . 47 0 . 54 
8 . 80 - 8 . 9 0 0 . 4 1 3 . 9 2 9 . 6 1 7 . 5 5 4 . 8 5 2 . 7 5 2 9 . 1 0  1 5 . 49 5 5 . 41 0 . 1 1 0 . 5 7 0 . 6 8 
8 . 9 0 - 9 . 00 0 . 5 0 3 . 8 1 8 . 1 3 7 . 19 4 . 53 2 . 53 2 6 . 6 9 1 6 . 44 5 6 . 87 0 . 1 1 0 . 60 0 . 7 1 
9 . 00 - 9 . 1 0 1 . 08 5 . 82 9 . 8 1 7 . 74 4 . 44 2 . 53 3 1 . 54 1 6 . 1 0 5 2 . 3 6  0 . 1 1 0 . 2 6 0 . 5 7 
9 . 1 0 - 9 . 2 0 1 . 08 5 . 00 1 0 . 1 0  8 . 29 4 . 8 9 2 . 6 9 3 2 . 0 6 1 6 . 80 5 1 . 1 4 0 . 09 0 . 3 6 0 . 4 5 
9 . 20 - 9 . 30 1 . 9 4 8 . 68 9 . 08 7 . 84 4 . 8 5 2 . 9 2 3 5 . 32 1 6 . 1 1  4 8 . 5 7 0 . 1 0 0 . 34 0 . 44 
9 . 30 - 9 . 40 2 . 43 1 0 . 3 9  1 2 . 64 9 . 90 5 . 03 2 . 7 1 43 . 1 1 1 4 . 4 2 4 2 . 47 0 . 1 0 0 . 3 6 0 . 4 6 
9 . 40 - 9 . 50 1 . 0 5 6 . 80 2 8 . 9 7 1 7 . 04 5 . 02 1 . 9 8 6 0 . 8 6 1 5 . 44 2 3 . 70 0 . 0 5 0 . 04 0 . 09 
9 . 50 - 9 . 6 0 0 . 1 8 6 . 24 3 9 . 5 8  20 . 2 5 4 . 63 1 .  5 4  7 2 . 4 2 1 1 . 9 9 1 5 . 5 9 0 . 0 1 0 . 0 6 0 . 07 



A P P ENDIX 3 . 3 1 5 - BAR WATER CONTENTS OF A )  Selected S amp l e s  from S 1  a n d  L 1 . 1  a t  
Waitui , a n d  B ) t h e  upper c . 2 . 6 0m of the Onaero S e c t i on . 

1 5 -bar H20 1 5 -bar H20 % decrease o f  
f i e l d  moist air dri e d  f r e s h  1 5 -bar H20 
s amp l e  ( % ) s amp l e  ( % )  

A )  WAITUI 

S 1  

0 . 70 - 0 . 80m 8 0  2 9  5 2  6 4  
0 . 8 0 - 0 . 9 0rn 8 9  3 2  5 7  6 8  
0 . 9 0 - l . OOm 9 3  3 3  6 0  6 5  

L 1 . 1  

2 . 4 5 - 2 . 5 5m 8 2  4 2  4 1  4 9  
2 . 6 0 - 2 . 70m 8 1  4 5  3 6  4 5  
2 . 70 - 2 . 8 0m 9 6  4 5  5 0  5 3  

B )  ONAERO 

S l  

0 . 4 0 - 0 . 5 0m 8 2  3 4  4 8  5 8  
0 . 50 - 0 . 6 0rn 9 0  33  57  6 3  
0 . 6 0 - 0 . 7 0m 9 3  33  6 0  6 4  
0 . 7 0 - 0 . 8 0m 83  30 53 6 4  
0 . 8 0 - 0 . 9 0m 7 5  2 9  4 6  6 1  



L1.1 

0 . 9 0 - L OOm 73 3 2  4 1  5 6  
1 . 00 - 1 . 1 0m 6 9  3 5  34  49  
1 . 1 0 - 1 . 2 0 m  7 0  3 6  34 48 
1 .  2 0  - 1 . 3 0m 8 5  30 55 6 5  
1 . 3 0 - 1 . 40m 9 1  33 58 64 
1 . 40 - 1 .  50m 68  41  2 7  4 0  
1 .  5 0  - 1 .  60m 63  42  21  3 3  
1 .  6 0  - 1 .  7 0m 6 5  4 1  24  37  
1 .  7 0  - 1 . 8 0m 7 2  3 9  3 3  4 6  
1 . 8 0 - 1 . 9 0m 6 7  3 8  2 9  4 3  

L l . 2  

1 .  9 0  - 2 . 00m 63 42  2 1  3 3  
2 . 00 - 2 . 1 0m 5 8  5 3  0 5  0 9  
2 . 1 0 - 2 . 20m 58 48  1 0  1 7  
2 . 2 0 - 2 . 30m 58 47 11  19  
2 . 3 0 - 2 . 40m 6 9  5 0  1 9  2 7  

S 2  

2 . 40 - 2 . 5 0m 8 6  4 1  4 5  5 2  
2 . 5 0 - 2 . 60m 77 42  35  45  



APPENDIX 3 . 4  CH�M I CAL ANALYS ES OF SELECTED SAMPLES ( A ir dry ; < 2mm )  
FROM WAITUI ( S ECTION 19 ) AND ONAERO ( S ECTION 30 ) .  

Pyrophosphate Extraction Ac id-oxal ate Extraction 

Fe % Al Fe Al Si --

W a i t u i  

S l  
0 . 9 0 - L OOm 0 . 03 0 . 3 2 1 .  6 5  7 . 80 3 . 70 

L l . l  
2 . 7 0 - 2 . 8 0m 0 . 03 0 . 4 2 1 .  65  7 . 5 5 4 . 6 5 

Onaero 

S l  
0 . 6 0 - 0 . 7 0m 0 . 0 2 0 . 3 1 2 . 20 8 . 9 5 4 . 2 5 

L l . l  
1 .  7 0  - 1 . 80m 0 . 02 0 . 2 8 0 . 8 6 6 . 7 5 3 . 9 0 

A l / S i  rat i o  = Al0 - A lp/ S i 0  

W a i t u i  
S l  7 . 80 - 0 . 3 2 /  3 . 7 0 = 2 . 02 
L 1 . 1  7 . 5 5 - 0 . 42 /  4 . 6 5 = 1 . 53 

Onaero 
S 1  8 . 9 5 - 0 . 3 1 /  4 . 2 5 = 2 . 03 
L 1 . 1  6 . 7 5 - 0 . 2 8 /  3 . 9 0 = 1 . 6 5 


