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Fronti s p i e ce .  V i ew a cros s  the  s outh o f  E l tham Co unty ,  to the north -wes t ,  wi th Mt . Egmont 
i n  the background , from T i ri moana Road , a t  Nl29/917395 . The l andscape 
s hown here compri ses  an  up l i fted mari ne bench ( Ka i a tea Te rrace ) overl a i n  
by l a hari c brecc i a ( E l tham Lah a rs ) and th i ck vol can i c  a s h . So i l s  a re 
mapped as Stratford hill-Stratford association. 



ABSTRACT 

The s o i l s  o f  El tham Co unty wes t of the Patea Ri ver , a re descr i bed 

and the i r  d i s tri but i o n  s hown on  a map at a s ca l e o f  1 : 50 , 00 0 .  The  s o i l ­

formi ng  fac tors a re d i scussed w i th  part i c ul a r  emphas i s  on  t he  so i l  parent  

1 materi a l s ,  w h i c h  range  from vol ca n i c a s h  i n  the west ,  to  peat and 

s ed imenta ry roc k ,  ma i nl y  s i l t stone  and  s ands tone , i n  the ea s t .  An account  

i s  g i ven of  the g enes i s  and h i s tori ca l  deve l opment o f  the  Ngaere and  

El tham Swamps  and  a c l as s i fi cat i on  made of  the E l tham pea t .  

A deta i l ed account  i s  g i ven o f  the  s trat i gra phy of  the l ate Quaternary 

teph ras i n  centra l  Taranak i . E i gh t  n ew tephra un i ts (p2 ,  p l , E5 , E4 , E3 , 

E2 , E l  a nd Ma hoe ) a re des cri bed , w i th  type secti ons and  reference l oca l i t i es 

des i gnated . I sopach  maps of  thei r d i s tri but i on  a re presented and  an  

attempt i s  made to correl ate  these tephras w i th those  further north . 

Deta i l s  a re g i ven o f  the westernmo s t  occ urrences of  Aokautere Ash  and  the 

imp l i ca t i on s  o f  these  for the Late Q ua ternary i n  Taranak i  a re exami ned . 

Petrograph i c  s tud i es , X- ray fl uores cence and chemi ca l  ana l ys i s  o f  

ti tanomagneti tes by i n ducti ve ly-coup l ed a rgon p l asma emi s s i on spe-ctros copy 

( I . C . P . ) a re a l so a pp l i ed to effect  pos i ti ve i denti fi cati o n  and  corre l ati on  

of the  tephra s . The  compo s i t i on o f  the l i th i c  Ma ngan u i  tephra i s  

es tabl i s hed  as  basa l ti c  . . 

The morphol o gy and phys i ca l  p ro pert i es of  the so i l s  a re des cr i bed as  

are the  s o i l mapp i ng un i ts empl oyed i n  th i s  s u rvey . Characteri s t i cs  of  

the  component  members of  the mapp i ng un i ts a re g i ven i n  a n  extended l egen d .  

Fi fteen s o i l taxonomi c un i ts have been recogn i s ed a n d  named i n  the s o i l 

s urvey . Des cr i p t i ons  des i gned pri mar i l y  for corre l ati o n  and reference 

purpo s es a re prov i ded for each of  the  taxonomi c un i ts . The s o i l s  a re 

i i 

a l s o  rated i n  terms of thei r l i m i ta t i ons  for pas tora l c ro pp i ng ,  hort i c u l tural , 

forestry and  u rban  uses and  i n  terms of  thei r va l ue for food product i o n . 

The pos i t i on o f  the boundary between S tratford and Egmont  so i l s  i s  

es tab l i s hed  and  a bas i s  for d i s t i n g u i s h i ng the two s o i l s  i s  proposed . 

By exami n i ng two s teep l and  s ubcatchments i n  deta i l a n  i ns i ght  i s  provi ded 

i n to the w i de range  of vari ab i l i ty found  i n  the s teep l and  so i l s  i n  the 

eas t  of E l tham Co unty .  An i nd i cat i o n  o f  the presence o f  vol c an i c  ash or  

i ts ab sence due  to ero s i o n  i s  g a i ned by a pp ly i ng  the phos phate retent i on 

and a l l o phane tes t .  Th i s  a l so pro vi des a n  unders tandi ng  o f  the  pattern 

of paren ta l materi a l  vari ab i l i ty .  



Fi na l l y ,  s el ected l a boratory ana l ys es h ave been c ho s en to hel p 

c haracteri se  the  chemi c a l  a n d  phys i ca l  properti es o f  fi ve yel l ow-brown 

l oams , a g l ey ,  an i n tergrade  between yel l ow-brown l oams and  recent s o i l s  

a nd  an  organ i c so i l from E l tham Coun ty .  Deta i l ed a na lyti ca l  data from 

ten New Zeal a n d  So i l  B ureau reference  s i tes i n  Taranaki  a re i nc l uded for 

comparat i ve p urposes . 

i i i  
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CHAPTER 1 

I N TRODUCTI ON 

PRE V I OUS WORK 

The f i rs t  so i l s u rvey o f  the Tarana ki  reg i o n  was pub l i s hed i n  

1 933  as  a reconna i s sance  s o i l map ( Grange and  Tay l or ,  1 933 ) . The 

s u rvey was i n i t i ated b ecau se  i t  was thought  th a t  d i fferences i n  pas tu re 

res ponses  to potash  a n d  l i me were d ue to d i fferences i n  s o i l  types on 

wh i ch  var i ou s  exper iments  were s i ted . The s ca l e  of  the  map was 

1 : 253 , 440  b u t  the ea stern  a nd north-wes tern parts of  E l tham County were 

omi tted . 

A more comprehen s i ve b u t  unpub l i s hed report o f  Taranak i  s o i l s  

p repared by Grange and  Tayl o r ,  became ava i l ab l e a s  a D . S . I . R .  i n terna l 

report dated 1934 . Four  s o i l ser i es were i dent i f i ed wi th i n  the a rea 

now compri s i ng E l tham County .  These were the E l tham , Gl enn , S tratford 

and Egmont  seri es . The ser i es were s ub -d i v i ded i n to so i l types ; the  

more wi de-s pread ones  were the S tratford s a ndy l oam , S tratford sand , 

E gmont  b l a c k  l oam and  E gmon t  brown l oam . S tratford s andy l oam occurred 

where the S tratford S h ower was 0 . 22 m  or l es s  i n  th i c knes s ,  wh i l e  the 

Egmont S h ower was a p pro x i mate l y  0 . 6 -0 . 9m where i t  formed the Egmont  s o i l . 

Accord i ng to Grange a n d  Tay l or four  pri nc i pa l s o i l seri es were deri ved 

from the S tratford S howe r ,  the Patua , Norfol k ,  I ng l ewood and  S tratfo rd 

s er i es . 

I n  a paper  pub l i s hed i n  1933 , Gr immett and  B rogan recog n i s ed the  

w i de var i ety of s o i l textures  i n  Taranak i  a nd  noted how they became 

progres s i ve l y  fi ner away from Mt . Egmont .  

I n  1 95 1 , a n  u np ub l i s hed s o i l map of Tara n a k i  wa s prepared 

( Gi bbs , 1 9 5 1 ) , i n  wh i ch the prev i ous l y  u nmapped a rea of E l tham Cou n ty to 

the wes t of  E l tham Boro ug h  was mapped as Awatuna  l oam , G l enn  l oam , 

S tratford  sand and  S tra tford sandy l oam . To t he  eas t ,  E l tham pea ty 

l oam , S t ra tford h i l l  s o i l s ,  E gmont h i l l  s o i l s  a n d  S tratford s andy l oam 

were map ped . 
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I n  the  genera l s u rvey of  the  s o i l s  of the North I s l and  a t  

1 : 2 5 3 , 440  s ca l e ( N . Z .  So i l  B urea u ,  1 954 ) , add i t i ona l mapp i ng u n i ts were 

i n troduced for the area occ up i ed by E l tham Cou nty .  The ma i n  purpose 

beh i nd the mapp i ng was to obta i n  an overa l l i mpres s i on of  North I s l a nd  

s o i l s , the i r ferti l i zer  needs  a nd  an  est imat i o n  of  the i r  producti on 

potent i a l . I t  was a co-operat i ve warti me project  and  was con s eq uent l y 

l i m i ted by many factors p reva i l i ng a t  that part i c u l a r  t ime .  An  extended 

l egend was compi l ed wi th agr i c u l tura l produc t i on i nformat ion  tenta ti ve l y  

correl a ted w i th the s o i l u n i ts .  P ub l i ca t i on o f  the  col oured s o i l map s  

bega n i n  1945  and was compl e ted i n  1948 . F i na l l y  i n  1954 So i l  B u reau 

B u l l eti n ( n .s .) 5 was i s s ued . 

The  a rea wes t  of  E l tham Borough  was mapped i n  Pa tua , I ng l ewood , 

Kah u i , Awatuna , Gl enn and  S tratford so i l  s ets . Ea s t  of  E l tham Boroug h , 

the E l tham peat wa s i nc l uded  i n  P i a ko so i l set . S tra tford h i l l s o i l s  

a nd  Egmont  h i l l  so i l s  were i nc l uded i n  S tratford and  Egmont  s ets and  

New P l ymou th , Whangamomona  and  Moumahak i  so i l  s ets were a l l i ntroduced . 

The s e  earl y s urveys  were i nva l uab l e  beca use  they prov i ded a ba s i c  

i ns i gh t  i n to the so i l s  o f  Tara na k i , w i th certa i n  i nformat ion  act i ng a s  

l ong�erm s ources of reference . T he  fac i l i t i es tha t were ava i l ab l e for 

s o i l s u rveyi ng at the t ime mu s t  be  ta ken i nto a ccount . I n  the s o i l  

s u rveys of  the 193o • s  th ere were no aeri a l  photograph s ,  h andbooks  or 

co l ou r  books a nd the s ta ndards were genera l a greements among s t  pedo l og i s ts . 

The  i nd i v i dua l  descri p ti o n s  of  s tructure and  con s i s tence vari ed a great 

deal . I n  order to a vo i d amb i g u i ty the publ i sh ed profi l e  descri pti on s  

tended to  b e  s i mpl e depth , col our  and  texture d i fferences between hori zons . 

I t  was not  u nt i l after the So i l Conference i n  1954 , that a certa i n  e l ement  

of  u n i form i ty wa s a c h i eved w i th comprehens i ve descri pt i ons , a nd s ta ndard 

termi nol o gy adopted . 

I n  1970 , Ton k i n p ub l i s h ed a n  account  of  the  south-ea s tern s l opes  

of  Egmont  Nat i ona l  Par k ,  to  the east of the  E l tham County sector  of  the 

Park . Prev i ou s l y  the  s o i l s  had  been mapped a s  B u rrel l and Patua s ets 

( N . Z . S o i l B ureau , 1 9 54 ) . The boundary b etween  the Tah urang i  and the  

B urrel l s oi l s  was  e s tab l i shed  at  the 50mm i sopa c h  of the Tahurang i As h .  

The rel a ti ve ages o f  the so i l s  were est ima ted  by app l yi ng the  tephro­

s tra t i g ra phy of Druc e  ( 19 66 ) . So i l  chemi ca l a na l yses  were carr i ed o u t  

a n d  the so i l s  were c l a s s i fi ed i n  terms of  t h e  N . Z .  Gene t i c  So i l  

C l as s i f i ca ti o n  ( Tayl o r  a nd Poh l e n ,  1 96 2 ) . 
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By the  1 9 70 1S there were more es tab l i s hed so i l correl a ti on 

p rocedure s . So i l  u n i t s h ee ts were i n  u se  for wh i ch  p edo l og i ca l  cri ter i a ,  

s u c h  a s  so i l col o u r ,  depth of  so i l hori zon a nd cons i s tence were a l l 

f i xed , so  that a s tr i c ter  defi n i t i on  of  so i l mapp i ng  a nd  c l as s i fi ca t i on 

u n i ts was o bta i ned .  T hree of the count i e s  adjacent  to E l tham Coun ty 

h ave been mapped i n  th i s  detai l : - Wa i ma te West ,  S tra tford and  Egmont . 

Wa i ma te Wes t Co u n ty was mapped a t  a sca l e of  1 : 63 , 360 and  publ i s hed 

as part of  the Land I nvento ry Survey ( Campbel l a nd Wi l de , 1 9 70 ) . The 

New Zea l a n d  Land I nventory project  wa s s ti mu l a ted by the  1964 Agri cu l tura l  

Devel o pment Conference a n d  a i med to p rov i de bas i c  i nfo rmat i o n  about  the  

l a nd , i ts resources , uses  a nd poten ti a l  i n  a s ta ndard i s ed , read i l y  

ava i l ab l e form .  I t  was underta ken  a s  a County seri es  a nd Wa ima te Wes t 

wa s c hosen a s  a 1 1 tri a l 1 1 for the p roj ect s i nce i t  i s  one  of  the sma l l es t  

count ie s  i n  New Zea l and , occupyi ng  a n  a rea of a pprox i ma te l y  21497  h a . 

S trong ly  mottl ed s ub - s o i l pha ses  were i ntroduced when mapp i ng the Egmon t  

brown l oam and Egmont  b l ack  l oam . I n  add i ti on a modera tel y  deep pha s e  

of  the E gmont  brown  l oam was recogn i s ed .  The H a ngata h ua s eri es  was 

mapped a s  two so i l type s : Hanga tahua sa ndy l oam and Hanga ta h ua s i l t 
was 

l oam,and  a Warea -Awatuna  compl exvrecogn i sed . 

I n  1 9 7 1  a so i l  s u rvey of S tratford County was conducted , a t  a 

sca l e of  1 : 63 , 36 0 ,  by A i t ken e t �·· ( 1978 ) . An extended l egend 

accompa n i ed  the so i l maps  and s umma ri s ed the ma i n  s o i l properti es a nd 

so i l l i mi ta t ions for p a s tora l , fores try and  cropp i ng uses . I t  was the  

fi rst  t ime  so i l s  of  the s teepl and  a nd h i l l  country had  been ma pped i n  

a ny grea t deta i l .  Rowa n , Lowgarth , U i a ,  Koh u ra tah i ,  Ti rang i  a nd Ta hora 

s er i es were a l l i n troduced as new so i l ser i es . F i e l d cr i teri a were 

e s tab l i shed  to d i s ti ngu i s h  the  E gmont  and S tra tford S howers a nd Rowan  

and  Lowga rth s oi l s  were recogn i s ed a s  formi ng  o n  an  u nnamed a s h , above 

the S tra tford a s h . T h i s  l i th i c -ri ch  ash  i s  now i nforma l l y  referred to 

a s  the Manganu i tephra . 

Th e i nformat i o n  on  so i l ser i es  obta i ned  by the  Wa i mate Wes t a n d  

S tratford County Surveys  prov i ded a bas i s  for t h e  i nvest i g a t i on o f  

mag nes i um con tent of  s o i l s  and  pastures  a nd t h e  i nc i dence of  g ra s s  

tetany or  hypomagnesaem i a  i n  Tarana k i . Th e res u l ts of work  by Turner 

et � . •  ( 1978 )  have s uggested a l i nk b etween  s ome s o i l  s eri e s  a nd  

hypomagnesaemi a .  

A n  i ncrea s e  i n  the knowl edge o f  the g eol ogy a nd tephroc honol ogy of  
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Tara na k i  i n  the 1970•s s t imu l ate d  a n  i nterest  i n  the s o i l s  of  the reg i on 

a nd  l ed to the compl eti o n  of  the so i l  su rvey of  E gmo n t  County ,  a t  

1 : 50 , 000  s c a l e by Pa l mer  et � . / ( 1 98 1 ) . I n  tha t s u rvey fourteen new 

so i l  ser i e s  were i n troduced . E x i s t i ng s er i e s  were more narrow l y  

defi ned a n d  the d i s t i nc t i on between  them made exp l i c i t .  T h e  d i s ti n ct i on  

b etween  geograph i ca l l y  a s s oc i a ted s o i l s  wa s exp l a i ned i n  deta i l  a nd t he  

range of  p rof i l e  fea tu re s  w i th i n taxonomi c u n i ts g i ven . I n  mos t cas es , 

i n  the pas t ,  s o i l s  had  b een defi ned on ly  on  the bas i s  of  a modal  or 

cen tra l co ncept ,  wh i c h  mea nt  a g rea t dea l of  i ntu i ti o n  and  experi e nce 

was req u i red to p l ace the  l arge n umber of pedons w i th i n termed i a te 

characteri s ti c s ,  on one  o r  oth er s i de of  the boundary . Empha s i s  

t hrougho u t�e s u rvey tended to b e  o n  s tra ti g ra ph i c  rel at ions h i ps a nd  

the  actua l nature of  t he  parent  ma teri a l , w i th depth of  vol ca n i c  a s h  

a nd  morpho l ogy bei ng  s tres sed , a s  opposed to the  e l evat ion  a nd  ra i nfa l l 

a s pects a s  i n  pa s t  s urveys . Labora tory a na l yses  were carr i ed out  by 

So i l  B u reau  a nd the s o i l s eri e s  were c l a s s i f i ed , accord i ng to the 

New Zea l a n d  Geneti c So i l  C l a s s i fi cat i o n  ( Tayl o r  and  Poh l en ,  1962 ) , 

So i l  Taxo nomy ( So i l  S u rvey S taff , 1 9 75 ) a nd the And i so l  Proposa l  of  1 9 78  

( Smi th , 1 9 78 ) . 

T i me factors have  i n fl u enced the mapp i ng  o f  s o i l s  i n  Tara na k i  a nd  

concepts h ave  been a l tered a n d  abandoned accord i ng to the s ta te of  

current k nowl edge . N ew paren t  mater i a l s have  b een  i denti f i ed and  age 

rel a t i on s h i ps  between s o i l s  h a ve b een estab l i s hed , accord i ng to the  

d i s tr i b uti on of tephra and  l ahar  depos i ts .  

Tab l e 1 . 1  corre l a tes the s o i l  seri e s  now recogn i sed i n  E l tham 

Cou n ty w i th so i l s ets of  the . .  Genera l s u rvey of the s o i l s  of  North 

I s l a nd , New Zea l and  . .  ( N . Z .  S o i l B u reau , 1954 ) a nd u n i ts of  the fou r  o th er 

so i l s u rveys , i n  Tarana k i . These  vari ous  s o i l s urveys refl ect the 

concepts of so i l  cl a s s i fi ca t i on preva i l i ng at the t ime of  thei r 

compi l a t ion . For examp l e ,  the Ha ngata hua  ser i es  h a s  undergone s evera l 

cha nges i n  concept h a v i ng b een  regarded i n  turn a s  a recent  so i l , a 

ye l l ow-brown l oam a n d  now an  i ntergrade b etween yel l ow-brown l oams a nd 

recent  s o i l s .  
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GENERAL  DESCRI PT ION  OF AREA 

E l tham Cou n ty wa s ori g i na l l y  a porti o n  of  Hawera County b u t  was 

estab l i s hed  a s  a s epa ra te county i n  1 904 . I t  i s  bou nded by E gmont  

County i n  t he  wes t ,  Wa imate Wes t  and  Hawera Co unt i e s  i n  t he  south , 

S tra tfo rd County i n  the north and  Patea County i n  the ea s t  ( Fi g ure 1 . 1 ) .  

The tota l  a rea , i nc l ud i ng tha t part w i th i n  Egmont  Nat i ona l Park , i s  

536 km2 ( 53 , 600 ha ) .  

E l tham County extends from Awa tuna , i n  the wes t ,  to the ca tchment  

bound a ry of  Moeawatea S tream , i n  the  eas t .  I n  the north -wes t ,  the 

County bounda ry extends to the s ummi t o f  Mt . Egmo n t ,  25 18m e l eva t ion  to 

i nc l u de a wedge- s ha ped s egment  of  Egmo n t  N at i ona l  Park . Ma ny r i vers 

and s treams f l ow through the Coun ty i n  a southerl y d i rect i on  from 

Mt . E gmon t  ( F i gu re 1 . 2 ) .  The major  towns h i p  i s  E l tham Boro ugh , s i ted 

i n  th e centre of  the County ,  wi th  the sma l l er towns h i p  of  Ka ponga to the 

wes t .  I n  the 1981  cens u s  the popu l a t i o n  of E l tham County wa s 2 ,492 , 

compa red w i th 2 ,4 10 i n  El tham Borough and  398 i n  Kaponga . 

E l tham was the l as t  major s e ttl ement  i n  Tara na k i  to be c u t  o u t  of  

the fores t on  the  ra i l way l i n k  b etween  New P l ymou th and  Hawera . Th i s  

ra i l way l i nk was compl eted i n  1 882 and  i n  1884 E l tham V i l l age  s ettl eme n t  

w a s  e s tab l i shed . The Ma ngami n g i  d i s tri c t ,  i n  the ea s t ,  ( F i gure  1 . 1 ) 

was o pe ned u p  a nd  settl ed i n  189 1 ,  wh i l e  the s ettl eme n t  of  Rawh i ti roa , 

i mmed i a te l y  ea st  of E l tham , fol l owed l a ter i n  1 898 . 

I n  the 1880 ' s  a Ch i naman named C hew Chong recogn i s ed the val ue  of  

t he  ed i b l e Jew ' s -ear fung u s  ( Au ri c u l a ri a  po lytri cha ) found  i n  the d i s tr i ct  

and devel oped an  export i ndu s try for the  product . The  s a l e of  th i s  

p roduct ,  l oca l l y  referred to a s  " Tara na k i  woo l " ,  mea nt  ready cash  for 

Tara n a k i  da i ry farmers , a s  th i s  s upp l emented the i r i ncome . I n  1 885  

Chew Chong sent  two kegs of  E l tham bu tter  to  Engl and . A l though he  l o s t  

money o n  the venture , i t  ha s been  c l a i med th at  th i s  tri a l  s h i pment 

mar ked the b eg i nn i ng of New Zea l and ' s  fl o uri s h i ng da i ry-export i nd u s try . 

I n  1 887 , h e  opened the " J u b i  1 ee Da i ry Factory "  i n  E l tham a n d  was 

res pon s i b l e for the estab l i s hmen t  of  creameri es  a t  H unter Road , Te Roti , 

Ma ngatok i  a nd  Rawh i t i roa , a l l i n  E l tham County .  C hew Chong i ntroduced 

the  concept of  s haremi l k i ng i n to Tarana k i  and  became a domi nat i ng  

i nfl uence i n  the  l oca l  da i ry i ndu s try dur i ng the l a te 1 880 ' s  and  ear l y 

1 890 ' s .  Da i ry fac tori e s  were s ub sequent ly  erected a t  Lowga rth , Ma ta p u , 
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Ri verl e a , Awatuna , Ti ri moana  a n d  Mounta i n  Road .  However , amal gama ti on 

has  reduced the  p resent n umber  of  factor ie s  i n  the County to two , now 

based  at Kaponga and El tham . Furthe r  ama l gama ti on h a s  now occurred 

wi th  the major K iwi  Co-operat i ve , s outh of  Hawera . 

Land u se  w i th i n  the County i s  mai n l y  da i ry farmi n g ,  w i th mi nor 

s heep  and beef catt l e farmi n g .  The re are s everal i nd u s tri es  i n  E l tham 

that  i nc l ude the New Zea l and  Co-op . Rennett Company , w h i ch exports a wi de 

var i e ty of cheeses a nd  H uttons L td . , wh i ch exports mai n l y  b ee f .  
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CHAPTER 2 

S O I L  FORMI NG ENV I RONMENT O F  ELTHAM COUNTY 

Th i s  chapte r  d i s c us s es the fi ve tradi ti ona l  s o i l -formi ng facto rs;  

phys i ography , vegetati on , c l i mate , parent materi a l  and  t ime .  The  l as t  

two factors a re d i s cus s ed together i n  a n  account  o f  the h i s tory o f  the 

parent  materi a l s .  I n  addi ti on the p roces s  o f  drai nage and i ron  movement  

i s  deal t w i th a n d  there i s  a n  acco unt o f  the genes i s  a n d  h i s tor i ca l 

devel o pment  o f  the Ngaere and El tham Swamps . 

1 .  PHYS IOGRAPHY 

E l tham Co unty can be  d i vi ded up  i n to s evera l di s t i nct  phys i og raph i c 

un i ts . A fundamental  two-fol d di v i s i o n of u n i ts i s  recogn i s ed . F i rs t ,  

the wes tern part  o f  the Co unty compri ses  a s egment o f  Mt . Egmo n t  a n d  i ts 

as soci ated vo l c an i c  ri ng p l a i n .  Second , an  extens i ve area  o f  d i s s ected 

h i l l  and s teep l a n d  co untry l i es i n  the e a s t  of the County and  i s  

s eparated from the r i ng p l a i n  by a zone o f  swamps . 

The Egmo n t  r i ng p l a i n  has been b u i l t  u p  g radua l l y  over the l as t  

35 , 000 years ( Ne a l l ,  1979 ) thro ugh the accumu l a t i on of l ah a r ,  a l l uv i um 

and  vol ca n i c a s h  depos i ts .  A l ah a r  i s  " a  l a rge mudfl ow or  debr i s  fl ow 

mos t ly  composed  o f  vo l cani c l a s ti c detri tus , o ften i ncl udi ng 

on or s urroundi ng  the f l anks of a vo 1 cano " , ( Ne a 1 1  , 1976 ) . 

p l ai n  i n  E l tham Co unty i s  l a rge ly  l a har i c i n  or i g i n and can  

i nto two sect i ons , an  up l and and  a l ow l and  terra i n .  

l a rge  b l ocks , 

The r i ng  

be  d i v i ded 

The up l a nd  l ah a ri c terra i n  ranges  from 2 20 - 1 , 100m e l evati on  a nd  

i nc l udes a n  a ffores ted area of  Egmont N at i o na l  Park . Between 220 -460m 

e l evati on a re n umerous l ah a r  mounds , w h i ch may be concentrated togeth e r ,  a s  

for examp l e  above the juncti on o f  Auroa  and Opunake roads . The mounds a re 

con s i dered to h ave formed by accumu l a ti on a n d  s ubseq uent i mmob i l i s at i o n  of  

coarser materi a l  i n  l ah a r  fl ows tha t  trave l  down-s l op e .  T h e  mou n ds 

common ly  produce an easy rol l i ng  o r  rol l i ng l an dscape . Two cumu l odomes , 

the Northern a n d  South e rn Beeh i ves  ( Ne a l l ,  19 7 1 )  a re l ocated  a t  9 5 2  a n d  846m 
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el eva t i on respect i ve l y .  They probab l y  represent  two l ocal  po i n ts where 

magma ro se  a l ong verti ca l  fracture s , a rranged rad i a l l y  a round  the base  of  

Mt .  E gmont  ( Nea l l ,  197 1 ) . Above  600m e l eva t i o n the Ouri  a nd O ta keho 

s treams h ave formed deep l y  i nc i sed  gorges . Lava fl ows , l es s  tha n 

3 , 500 yea rs B . P . , a re ev i dent above the  fore s t  zone and  or i g i na ted from 

the para s i t i c  cone of Fanthams Pea k ,  a t  1 , 96 2m e l eva t i on . 

The  l owl a nd l ahari c terra i n  ra nges between 90-340m e l evat i o n . 

I t  i s  c hara cteri s ed by fl at  to gent l y undu l a t i ng l a ndscape , wi th o n l y  

occa s i o n a l  l a har  mounds . I n  t h e  v i c i n i ty of  E l tham Boroug h remnants o f  

E l tham Lahars have been h i g h l y  d i s s ected to form a d i s t i nct i v e  h i l l y 

l a ndscape . 

The  s treams f l owi ng from M t .  Egmont  form a character i s t i c rad i a l  

pattern . The Ota keho , Mangawhero , Ka upoko nu i , Kapu n i , I na ha , Wa i ngongoro 

and Patea s treams a l l f l ow genera l l y  i n  a s o utherl y d i rect i on thro ug h  

E l tham County to the sea ( F i gure  1 . 2 ) . The  s treams fl ow i n  s teep gorges 

on  the  moun ta i n  and i n  wel l i nc i sed  channe l s ,  as they traverse the r i ng 

p l a i n .  R i ver terraces a nd l evees border these streams i n  thei r l ower 

reaches . 

The  swamps between the vo l ca n i c  r i ng p l a i n  i n  the west and the h i l l  

cou n try to the eas t ,  l i e b etween 2 1 0  and  2 20m e l evati o n . Typ i ca l l y  fl a t ,  

the swamps a re bordered to the ea st  by s teep h i l l s ,  r i s i ng to over 300m . 

T he  s teepl and  country i n  the eastern part of  the Co unty ,  i s  s trong l y  

d i s s ec ted w i th narrow s teep- s i ded v a l l eys , entrenched s treams a nd s harp 

r i dges , reac h i ng e l evat i o n s  of  490m . The  dra i nage pattern i s  typ i ca l l y  

dendri t i c w i th meanderi ng s tream cha nnel s .  S tream grad i ents  a re not a s  

s teep a s  o n  the  vo l can i c  r i ng p l a i n  ( P l a te 2 . 1 ) . 

I n  the south -eas t ,  b etween 1 20- 180m e l evati on ,  th ere a re remnants  o f  

two Quaternary mar i ne terraces , t h e  Brunsw i c k  Terrace and the Ngari no 

Terrace .  The  Ngari no Terrace i s  younger a nd l i es ob l i que l y be l ow the 

Brunsw i c k  Terrace .  The l a ndscape  i s  fl a t  a nd rol l i ng ,  where i t  i s  

d i s s ec ted by the Mangapoua and  Mang i mang i  s treams a nd the i r tr i bu ta r i es . 

2 .  VEGETAT I ON 

T he  exte n s i ve  vegeta t i o n  c l earance conducted f i rst  by the Maor i  a nd 

l a ter  by the  E uro pean s ettl ers , removed a l l b ut  a few i so l a ted remnants o f  

t h e  nat i v e  vegeta t i on be l ow abou t  400m el eva t i on . Above th i s a l t i tude 

fores t  i s  pre served wi th i n Egmont  Nat i ona l  Park . Vesti ges  of  or i g i na l  
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P l a te 2 . 1 

V i ew o f  Mangami n g i  d i s tri c t ,  l ook i ng north-we s t ,  near 
N l l 9 /02949 7 ,  above Mangam i n g i  S tream . 

T he  S tratford Forma ti o n  o c c u rs i n  the foregrou n d  and  
h i g h l y  d i s s ected Ka i a tea terra i n i n  the background . 

Mt . Egmont  i s  v i s i b l e i n  t he  d i s ta nce ( to the l eft ) . 

P l ate  2 . 2  
V i ew o f  Mangami n g i  d i s tri c t ,  near  N l l9/03449 1 .  

The  S tratford Format i on forms the  foreground  a n d  the 
Mangam i n g i  Stream fl ows b eyond to th e ri gh t .  

Ka i a tea  ma ri ne b ench i s  e v i dent  i n  the l eft o f  the photo, 
a pp ro x i mate ly  20 m .  be l ow . Vo l can i c coverbeds formi n g  
the upper 2 m. of the surface in the background. 
M t .  Egmo n t  i s  v i s i b l e i n  t he  d i s tance . 
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n a t i ve fores t  are a l so s t i l l p resent i n  the s teep l and  country of ea s tern 

E l tham County .  An area of  b u s h  ( 2 15ha ) s u rround i ng  Lake Rotoka re ( 18ha ) 

h a s  bee n  reserved a s  a doma i n and  pub l i c  wa l kway . Apart from two l a rge 

Dac ryca rpus dacryd i o i des ( ka h i katea ) ,  the vegeta t i on i n  th e reserve i s  

ma i n l y  Be i l s chmi ed i a  tawa ( tawa ) and  Me l i cytus  rami fl orus ( mahoe ) . 

Typha o r i enta l i s  ( raupo ) and  Phormi um tenax ( f l ax ) s ki rt the l a ke fri nges . 

The ori g i na l  l ow l and  forest i n  the wes t of  E l tham County wa s 

podocarp-hardwood fores t ,  conta i n i ng Dacryd i um c upres s i num ( r imu ) ,  

B e i l s chmi edi a tawa ( tawa ) and  Metros i deros robu sta ( ra ta ) . Wei nmann i a  

ra cemosa  ( kamah i ) ,  rep l a ces t he  tawa wi th i ncreas i ng el evat i on , 

a ccompany i ng the i ncrease  i n  ra i nfa l l and l ea c h i ng . 

E uropean fi res were u sed to c l ea r  a reas of  h eavy bush  for farmi ng , 

g ra s s  s eed then  u s ua l l y  be i ng sown i n  the a s hes . Uncon tro l l ed b u s h  fi res 

were a p robl em at f i rs t  and i n  1908 the Awatuna a nd Auroa d i s tri c t  

experi enced a s eri ous fi re .  However ,  as  t h e  fores t a rea d im i n i s hed so  

d i d  the  r i s k  of  fi re .  I ntroduced pa s ture grasses  es tab l i s h ed i n  the 

l a te 1800 ' s  i nc l uded Lo l i um perenne ( perenn i a l  ryegrass ) , Dac tyl i s  

g l omerata ( cocksfoot ) , P h l eum pratense  ( t imothy ) a nd Festuca ov i na 

( ha rdy s heep's fescue ) a nd  Tri fo l i um s pp . ( c l overs ) . I t  i s  noteworthy 

tha t  gra s s  seeds , espec i a l l y  cocksfoot , were the fi rst  export d i rect ly  

produced from the  l a nd i n  Tarana k i . There was  l i ttl e ferti l i zer  appl i ed 

i n  the ea r l y  days and  w i th the subs equen t ferti l i ty decl i ne accompanyi ng 

the  change i n  the eco- sys tem , came weed i nfes ta t i on , w i th ,  for exampl e ,  

Rubus� ( b l a c kberry ) , U l ex europaeus  ( gors e ) ,  Senec i o  j a cobaea 

( ra gwort )  and P l a n tago� ( pl anta i n) . E l tham was one of  the fi rs t 

a re a s  i n  New Zea l a nd to ta c k l e the prob l em of  nox i ous  weed erad i c ati on by 

pro v i d i ng a hormone-s prayi ng s erv i ce for farmers . 

W i th the advent of ferti l i zer topdres s i ng ,  u s e  of certi f i ed  s eed , 

a nd  contro l l ed g ra z i ng th e fi rst  c l a s s  pastures of  today , cons i s t i ng of  

ryegrass  and w h i te c l over , evo l ved . In  the  poorl y dra i ned a reas 

J u ncu s  �( rush ) , Ranuncu l us� ( bu ttercups ) a nd Rumex obtu s i fo l i us 

( b road- l ea fed dock ) ,  predom i na te .  Berberi s gl a ucocarpa ( ba rberry ) i s  

a n  i n tegra l fea ture of the l a ndscape and  provi des s he l ter for s toc k .  I t  

was  f i r s t  i ntroduced a s  a n  i nexpens i ve means of prov i d i ng s ubd i v i s i on . 

T h e  Ngaere and  E l tham Swamps , ea s t  of  E l tham Borough , conta i n  a 

wel l pre served record of  vegeta t i o n  c hanges , i n  the Tarana k i  reg i on ,  

du ri ng l a te Quaternary t ime . Th i s  record has  b een  obtai ned by peat 

cor i ng of  the swamps a nd s ampl i ng for pa l yno l og i ca l  i denti f i c at i on . 
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Prel im i na ry unpub l i s hed res u l ts ( M .  McG l one and  V . E .  Nea l l ,  pers . comm . ) 

i nd i ca te that 1 3 , 000 years ago  the regi on con ta i ned no fores t and  was 

dom i nant ly  grass l a nd . W i th the post- g l ac i a l  c l i ma t i c  wa rmi ng , fos s i l 

po l l en p resent  i n  cores from the swamps records fores t i n va s i on of  Ta ranak i  

a bo u t  1 2 , 000  years B . P .  a nd cyc l i ca l  c hanges i n  fore s t  compos i t i on s i nce . 

The domi nant  trees on the swamps a t  the ti me of European arri va l  were 

Dac rycarpus dacryd i o i des ( ka h i ka tea ) ,  Laurel  i a  novae- wl and i ae  ( pu ka tea ) , 

Dac ryd i um cupres s i num ( r i mu ) , Be i l s chmi ed i a  tawa ( tawa ) , Metros i deros  

rob u s ta ( ra ta ) and Podocarpus ferrugi neus (m i ro ) . S ome a reas were i n  dead 

s ta n d i n g  b u s h , due to fi r i ng ,  wh i l e  others were i n  Leptospermum scopari um 

( ma n u ka ) . Areas of bog w i th  Carex secta ( n i ggerheads ) , a nd  Phorm i um 

tenax  ( fl ax ) , together w i th Typha ori en ta l i s  ( raupo ) were a l so pres ent . 

As  th e b u s h  o n  the swamp was fel l ed ,  l arge s ta nds of  Sol anum avi cu l a re 

( po roporo ) pro l i ferated . Mos t  of  the Ngaere and  E l tham Swamps have  been 

" s tumped " , dra i ned and deve l o ped i n to da i ry pas ture b u t  i n  some areas 

they rema i n  i n  an undevel o ped s ta te . However , s ta nds  of l i ve bush  a re 

not exten s i ve because , a s  the swamp conso l i da tes , i t  l eaves the roots of 

the  s ta nd i ng  bush i n creas i ng l y  exposed . 

I n  the west of the County an  a l ti tud i na l  s eq uence of  vegeta t i on 

zones  occurs  w i th i n  Egmont  Nat i onal  Park . The  vari ou s  vegetat i on zones 

tend  to merge i n to eac h  o th er w i tho ut  dramati c change . The l owl and  

fore st  zone , from 442- 7 50m e l evat i o n  has  Bei l s chmi ed i a  tawa , Wei nma nn i a  

racemosa  and  Mel i cytus ram i fl orus predomi nat i ng , w i th Dacryd i um c upres s i num 

a nd Metros i deros robusta emergent  over the canopy . Above 750m Dacryd i um 

and  Metro s i deros decrea se  i n  frequency wi th We i nma nn i a  compri s i ng two­

th i rds of the cover . The up l and fores t zone extends between approx i mate l y  

900  a n d  l , lOOm where Podoca rpus ha l l i i  ( Ha l l ' s  totara ) , L i bocedrus 

b i dw i l l i  ( ka i kawa ka ) , F uch s i a  excorti ca ( fuch s i a ) and  Gri s el i n i a  l i ttora l i s  

( broad l eaf ) predomi nate . 

W i th further el eva ti on  the fores t i s  rep l aced g radua l l y by s ub-a l p i ne 

scrub  con s i s t i ng of  Senec i o  e l a eagn i fo l i u s ( l eath erwood ) ,  Hebe � 

( ko romi ko ) ,  and  Pseudopanax  arboreus  ( mounta i n fi ve -f i nger ) . Chionoc h l oa 

rubra ( red  tu s sock ) occurs a bove 3 50m e l evati on . The  area occup i ed by 

h erb s i ncreas es wi th i ncrea s i ng e l eva ti on , s o  tha t  by 1 , 500m i t  has  

repl a ced th e tussoc k .  Above  about 1 , 650m the  mos sy h erbf i e l d becomes 

d i s cont i nuous  and  the mos s es , fl oweri ng p l ants  and  l i c hens decl i ne w i th 

further e l evat i on . 
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A con s p i c uous  feature of the forest  i s  the abse nce of  Nothofagus  

�( beec h )  i n  Egmont  Na t i ona l  Park . 

15 

The  h i l l  and  s teepl and  country i n  the ea s t  of  E l tham County ,  west .r 'ut 
of the Pa tea R i ver , wa s once  a l l c l o thed i n  podocarp- hardwood -beech 

fores t .  Be i  1 schmi  ed i a taw a ,  Dacryd i urn cupress i'num, Dacryca rpus dacryd i o i  des , 

Wei nmann i a  racemosa , Podoca rpus  ferrugi neus a nd Nothofagus spp . 

p redom i nated . Penetra t i on  of the area b egan  i n  th e 1890 ' s  and was 

renewed a fter Wo rl d Wa r I .  However ,  the prac t i ce o f  burn i ng vast  a reas 

of  forest  and sow i ng pastu re gra s ses wa s not a s ucces s .  I g norance of the 

fac t  tha t  the  na tural  s o i l fert i l i ty cyc l e wa s i nh erent ly  a s soc i a ted wi th 

the pre sence of  the nat i ve trees mea n t  that heavy l ea c h i ng l os ses occurred 

a fter c l eara nc e .  A preference for s heep meant  a d i m i n i s hed control  of 

s econd g rowth and th i s  encouraged ferns a nd s econda ry re-growth of  bush to 

c rowd o ut  pa s ture gras ses . T h ere fol l owed a peri od of deteri ora ti on  and  

by  1940  much  of  th i s  a rea wa s c ha racteri s ed by aba ndoned farms a nd ero s i on , 

w i th l a rge a rea s reverted to s econdary growth . 

However , the i ntroduct i on of aeri a l  to pdre s s i ng i n  the 1950 ' s  brought  

abou t a n  improvement i n  pa s tora l  farmi ng . Area s of  vegeta ti o n tha t  had 

reverted to Paes i a  scaberu l a  ( hard fern ) and scrub , have been subsequent l y 

c l eared a ga i n .  Today pa s ture i s  the ma i n  vegeta t i o n  cover of the a rea and  the 

s pec i es vary accord i ng to ferti l i zer u sage and ma nagement .  The spec i es 

Sporobol u s  ca pen s i s ( ra ts ta i l ) ,  Agrost i s tenu i s ( b rowntop )  and  Da nthon i a  

� ( dantho n i a )  tend to preva i l , w i th weeds s uch  a s  S enec i o  j acobaea 

( ra gwort ) , J u ncu s  �( r u s h )  a nd C i rs i um �( thi st l e ) common . 

3 .  CL IMATE 

S i tuated on the we s tern s i de of New Zea l a nd ,  E l tham County i s  

exposed to dom i na nt  wea th er sys tems m i gra t i ng from the wes t over the 

Ta sman S ea .  

There a re three ra i nfa l l record i ng s tat i ons  i n  the County l oc ated 

at Rowan ( 375m ) , R i verl ea ( 259m ) and  E l tham ( 183m ) . A ra i nfa l l record i ng 

s ta ti o n  a t  Omoana ( 21 3m ) , i n  the s teepl and  area , wa s c l osed i n  1 9 7 7 . 

No f i e l d c l imato l og i ca l  s ta t i o n s  are  based i n  the County ,  the neare s t  

be i ng a t  S tratford Demons tra t i on Farm ( 3 1 1m ) , 1 km ea s t  o f  S tratford , and  

Mana i a  Demo n s trat i on Farm ( 98m ) , 1 0 km south of the s o u thern boundary of 

the Cou nty .  ,- I ,) 1/ • .. . .. 



Prec ipi ta t i on 

The  d i s tri buti on  of mean a nnua l ra i nfa l l i n  Taranak i  i s  s hown i n  

F i g u re 2 . 1 .  Th i s  data s h ows h i gh ra i nfa l l zones a re more extens i ve to 

the north o f  M t .  Egmon t ,  res u l t i ng i n  a s teep i so hyet  grad i ent to the 

south . The prec i p i ta t i o n  i s  rel a t i ve l y  even l y d i s tr i buted th ro ughout  

the yea r ,  w i th a wi n ter  max i mum and s ummer m i n imum . The  s easona l  

d i s t r i b u t i o n  o f  ra i nfa l l norma l l y  a l l ows the  wa ter needs of growi ng 

pa s ture to be  met dur i ng mos t of the year  but  the s to re of ava i l ab l e s o i l 

mo i s tu re can  be reduced d uri ng the l a te s pri ng a nd s ummer . A l though the 

ra i nfa l l i s  genera l l y  rel i a b l e ,  a few l ong peri ods  w i thout  ra i n  have 

occurred . For exampl e ,  at  R i verl ea , January month l y  tota l s of  2mm and  

Bmm have b een  recorded for the years 1 9 28 a nd 1 9 7 8 ,  respect i ve l y  

( Tab l e 2 . 1 ) . 

M t .  Egmont  has  a d i s t i nc t  orograph i c  effect  on  the reg i ona l  

d i str i b u t i o n  of  prec i p i ta ti on i n  Tara na k i . Annua l  p reci p i ta t i o n  i ncrea ses  

wi th e l evati o n . Mean a nnua l  prec i p i ta t i on vari e s  from 1 , 600mm a t  1 83m to 

2 , 000mm a t  400m e l eva t i on a nd r i s es yet more s teep l y wi th e l eva t i o n beyond 

tha t .  I t  has been sugges ted by K i dson ( 1 9 30 ) and s u pported more recent ly  

by Ma rk a nd Rowl ey ( 1 976 ) tha t beyond  a n  e l eva ti o n  of  about 1 , 000  to 

1 , 500m a decl i ne i n  the ra i nfa l l amo u n t ,  a s  d i s t i nc t  from overa l l 

p rec i p i ta t i o n  ( i nc l ud i ng s now and  i c e ) , occurs . Co n sequent ly  the ra i nfa l l 

near the s ummi t of Mt . Egmo n t  cou l d be as  l ow a s  3000mm ( Thomson , 1 981 ) . 

I n  the steep l a nd area of ea s tern  E l tham County a s l i g ht  i ncreas e  i n  

prec i p i ta t i o n  w i th i ncrea s e  i n  e l evat i on can  a l s o  be  observed ( Tab l e 2 . 2 ) . 

The numb er of ra i n  days w i th greater than 1mm ra i nfa l l i s  genera l l y  

b etween 1 00 and  1 50 per a n n um ( Thoml i nson , 1 9 76 ) , a l though u p  to 200 days 

occur  on the h i gher s l opes  of M t .  Egmont  ( Cou l ter ,  1 9 76 ) . Heavy 

ra i nfa l l s  c a n  occur i n  comparati ve ly  s hort per i ods , for exampl e dur i ng 

fro n ta l  passages . T he  g reates t fa l l s  of  ra i n ,  i n  2 - 3  day per i ods , a re 

u s ua l l y  the resu l t o f  p ro l o nged fa l l s  of modera te i n tens i ty ( J . D .  He s se l l ,  

pers . comm . ) . 

Duri ng the w i n ter  l i g h t  s now fa l l s  a re recorded down to 360m a nd 

th ere i s  a wi n ter snow l i ne o n  Mt . Egmont  between  1 , 500m and 1 , 800m 

e l evat i o n . The wi nter a n d  s pr i ng s now tends to l i e for l o ng peri ods , 

e s pec i a l l y  i n  g u l l i e s , b u t  d ur i ng the s ummer mon th s  the s now i s  u s ua l l y  

a b s ent  from the u pper s l o pes  o f  the mounta i n .  A permanent i ce cover 

occ u p i es the c ra te r .  
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Fi g ure 2 . 1 Mean a nn ua l  ra i nfa l l i sohye ts , Taranak i  regi on  

( Offi c i a l  New Zea l and , Meteoro l ogi ca l  Offi ce 

data 194 1 - 1970 ) 

1 '7 

!SOHYEIS(mm) 

1200 
1 400  
1 6 00 
2000 
2400 
2800 
3200 
4 0 00 
4 800  
5 6 00 
6 4 0 0  
8000  



Tab l e  2 . 1  

MONTH 

JANUARY 

FEB RUARY 

MARCH 

APR I L  

MAY 

J UN E  

J UL Y  

AUGUST 

S E PTEMB E R  

OCTOB ER 

NOVEMBER  

DECEMB ER 

ANNUAL 

MONTHLY AND ANNUAL RA I NFALL  F I GURES 

FOR R I VERI . EA B ETWEEN 1 9 13- 1 980 ( i n  mm . )  

Supp l i ed by N . Z .  Meteoro l og i ca l  Serv i ce 

NUMBER  OF  MEAN STANDARD H I GHEST OBSERVAT I ONS DEV I AT I ON 

6 3  106 56 2 5 1  

6 3  109 70 3 79 

63 98 53 2 45 

63  1 35 56 310 

62 169 73 433 
63 1 8 1  74 372  

63  1 74 70 399 

6 3  1 5 7  5 6  292 

6 3  1 3 2  54 270 

63  1 4 7  6 7  299 

6 3  1 30 6 2  3 16  

63  1 1 9  59 250 

1 6 5 7  2 2 6  2 1 2 7  

1 8  

LOWEST 

2 

4 

8 

35  

6 3  

3 5  

6 9  

28  

20  

19  

38 

14 

1 2 0 5  



Tab l e 2 . 2 

ELTHAM 

( 198m ) 

OMOANA 

( 2 1 3m )  

N . Z .  METEOROLOGI CAL S ERV I C E  RA I NFALL NORMALS FOR ELTHAM AND  OMOANA 1941- 1970 ( i n  mm . )  

from N . Z .  Meteoro l og i ca l  Serv i ce M i s e . Pub . 145 

Ja n .  Feb . March Apri l May J u ne J u l y  Aug . Sept . Oct .  Nov . 

100 100 100 1 20 160 180 1 70 160 1 30 1 50 1 20  

1 19 1 24 1 24 140 188 201 203 185 160 1 7 5  1 47  

Dec . 

1 20 

145  

Y EAR 

1 6 10 

1 9 1 1  

......... 
c.o 



The average number of  days w i th ha i l , thunder , g round fros t a nd a i r  

fro s t ,  for Stratford Demon s trat ion  Farm and  S tra tford Mounta i n  House i s  

s hown i n  Tab l es 2 . 3  and 2 . 4 .  The frequency of  fro s ts i ncrea ses w i th 

i nc rease i n  e l eva ti on . The  i nc i dence of  g round frost  i ncrea ses  dur i ng 

the period May to October , when 10  to 20 fro sts a re recorded per month . 

The frequency o f  ha i l , thunder and s now bel ow 400m i s  l ow .  

Temperature 

Tempera ture da ta i s  ava i l ab l e from S tratford Demonstra t i on Farm for 

21  y ears  of observat i ons ( 1 960- 1980 ) , Tab l e  2 . 3 .  Th i s i nd i ca tes a 

comparati ve abs ence of extreme va l ues . The mean annua l a i r  tempera tures 

tend to be between 1 0° and 1 5°C ,  a l though at h i g her el evat i ons  above 

400m they fa l l  be l ow 10°C ( Thoml i nson , 1 9 76 ) . T he  mean a n nua l a i r  

tempera ture a t  S tra tford Demonstrat i on Farm i s  1 1 . 6°C and the d i fference 

b etween mean summer a nd mean wi nter a i r  temperatures i s  7 . 7°C .  I n  terms 

of S o i l  Taxonomy the so i l tempera ture reg i me over mo st of E l tham County 

i s  mes i c  s i nce  the mean a nnua l  so i l  temperature l i es between 8- 1 5°C and  

the  d i fference b etween the  mean  summer and  mean wi nter so i l tempera ture 

i s  more tha n 5°C .  

The  mean mon th l y  a i r  humi di ty a t  9 . 00 a . m .  averages between 80% 

and 90% throughout  the yea r ,  wi th a max imum i n  wi n ter and a m i n i mum i n  

summer ( N . Z .  Meteoro l og i ca l Serv i ce ,  1 983 ) , a l though the fi gures w i l l  be  

genera l l y  h i gher  o n  the  upper  s l opes of  M t .  Egmont . 

W i nd 

The  preva i l i ng w i nds , i n  ex posed  p l aces , a re from the wes t  but 

orograph i c  mod i f i cat i on i s  l oca l l y i mporta n t . Mt . Egmont  thus mod i f i es  

the  w i nd pa ttern  to  the ea s t ,  a s  we l l a s  s hel teri ng the s outhern part 

of  the  County from northerl y wi nds . Expo sure to s trong w i nds  i ncrea ses  

wi th i ncreas e  i n  e l evat i on , o n  Mt . Egmon t ,  w i th g a l e force wi nds  b e i ng 

exper i enced s evera l t imes a year . The average wi nd s peed a t  the summi t 

of  M t .  Egmont  i s  a bout 40km per hour , w h i l e  the average wi nd s peed for 

a l ow- l evel i n l a n d  s i te ,  suc h as S tra tfo rd ,  i s  l l km per hour ( Coul ter , 

1 976 ) . 

Suns h i ne 

The data from S tratford Demo n s tra t i on Farm s hows an average a n nua l 

sun s h i ne tota l of  1 , 972  hou rs , wh i ch i s  47%  of  the tota l suns h i ne pos s i b l e .  

2 0  



Table 2 . ) .  N . z . l'l£TEOROL0C ICAL SF:NVICE SU11AAR I ES at' CLII1ATOL0C ICAL 08Sf:NVATIONS TO 1980 t'ON STRATF"ORD DEMONSTAATION t'AR11 

E94 l 1 3  STRATt'ORO DEM t'MU1 GRID REfS. NV'IS 1 ,  

NZHS 260 . 

I : 6 3 360 

1 : 50000 

N 1 19872582 

020224068 

I..AT . 19 205 WNG . 174 1HE UT. ) 1 1  11 .  

RAINt'A.LL. 11 1  LLIMETRES 

H IGHEST MONTHLY/ANNUAL TOTAL 

90 PERCENTILE VALUE 

MEAN 

10 PERCENTILE VALUE 

LOWEST MONTHLY/ANNUAL TOTAL 

AVERAGE RAIN DAYS, 1 . 0!'Y1 OR MORE 

MAXIMUM I-DAY RA.INt'ALI� 

KA.Xl/1UM 2-0AY RAINfALL 

TEMPl:: RA'fUR£ Of TilE A I R .  DEGREES Ct.:WilUS 

HlGttEST RECO RDED 

AVERAGE MONTHLY/ANNUAL �XJMUM 

AVERAGE DAILY 1'\A.X I MUM 

MEAN 

AVERAGE DAILY RANGE 

AVERAGE DAILY MINIMUM 

AVERAGE I'ONTHLY/.\NNUA.L .'HN I MUM 

LOWEST RECORDED 

TEMPERATURE Of' THE GROUN D ,  DEGREP.S CELSIUS 

PERIOD 

1960-1980 

1960-1980 

1960-1980 

1 96 0-
-
1 980 

1960-1980 

1960-1980 

1960-1980 

1960-1980 

1960-1980 

1 960- 1 980 

1960-1980 

1960-1980 

1960-1980 

1960- 1 980 

1960-1980 

1960- 1 980 

JAN t"£8 MAR A.PR MAY JUN JUL AUG SEP OC'T NOV DEC YEAR 

294 

262 

144 

51 

21 

10 

81 

1 4 2  

28 . 2  

2 5 .  1 

20 . 7  

1 5 . 8  

9 . 8  

1 0 . 9  

5 . 9  

4 . 0  

1 1 1  290 2 8 5  ) ) 7  378 5 ] )  498 

209 2 ) 0  2 3 8  2 9 3  1 4 3  1 3 2  3 1 2  

1 2 4  140 148 204 2 0 5  2 1 7  2 0 5  

26 4 1  6 1  1 1 9 92 86 1 2 1  

2 2 1  4 9  102 6 6  5 5  1 0 1  

1 0  1 1  1 J  1 4  1 6  1 6  

2 5 4  8 1  1 0 5  1 1 2 1 4 0  1 0 2  1 2 6  

3 1 7 1 0 6  1 2 1  1 9 )  1 5 6  1 50 2 2 9  

28 . 1  2 6 . 6  2 4 . 0  1 9 . S  1 8 . 3 1 6 . 6  t 7 . 4  

2 5 . 1  2 4 . 0  20 . 4  1 7 . )  1 5 . 4  1 4 . 4  1 5 . 1 

20 . 9  1 9 . 6  1 6 . 8  1 ) . 9  1 1 . 6 1 0 . 9  1 1 . 7 

1 6 . 0  1 s . o  1 2 . 5  1 0 . 0  a . o  7 . 1  7 . 9  

9 . 9  9 . 2  8 . 5  7 . 8  7 . 2  7 . 6  7 . 6  

1 1 . 0 1 0 . 4  8 . 3  6 . 1 4 . 4  ) . )  4 . 1  

5 . 5  4 . 1  2 . 2  0 . 1  - 1 . 0  -2 . 3  - 1 . 4  

2 . 2  1 . 0  -0 . )  - 1 . 8  - 3 . 5  -6 . 8  - 3 . 4  

4 4 0  4 2 6  405 
339 298 290 

188 166 168 

1 0 1  7 1  9 3  

76 14 67 

14 13 12 

1 2 2  64 1 1 0 

1 4 6  104 166 

19. 1 2 1 . 6 2 4 .  1 

1 7 . 0  1 9 . 0  20 . 9  

1 3 . 4  1 5 . 2  1 6 . 9  

9 . 4  1 0 . 9  1 2 . 4  

a . o  a .  1 a . 9  

5 . 4  6 .  5 8 . 0  

-0 . 1  0 . 6  2 . 1  
- 2 . 7  - 1 . 6  - 0 . 6  

259 

2 4 0  

1 4 4  

5 6  

46 

1 1  

1 0 9  

1 1 8 

2 7 . 8  

2 3 . )  

1 9 . 0  

1 4 . 4  

9 . 6  

9 .  4 

1 . 6  

0 . 4  

2 6 9 1  

2 4 0 8  

2 0 5 1  

1 6 9 3  

1644 

1 4 7  

2 5 4  

) 1 7  

28 . 2  

26 . 2  

1 5 . 9  

1 1 . 6  

8 . 6  

1 . 1  

-2 . 8  

- 6 . 8  

LOWES'r GRASS M I N l MUH RECORDED 1960-1980 -5 . 0  -4 . 6  -7 . 0  - 1 0 . 1  · 1 0 . 6  - 1 1 . 1  -9 . 8  · 1 2 . 9 - 1 2 . S  - 8 . 8  ·6 . 7  - 3 . 9  - 1 2 . 9  

AVERAGE GRASS HJNIMUH 1960- 1 980 7 . 2  6 . 9  6 . 1  3 . 9  1 . 6  -0 . 2  -0 . 5  1 . 0  1 . 5  2 . 6  4 . 2  6 . 0  3 . 4  

AVERAGE AT 1 0  CM DEPTH 

AVERAGE AT 30 CH DEPTH 

AVERAGE AT 1 M. DEPTH 

fROST 

AVERAGE DAYS OP GROUND f'ROST 

AVERAGE DAYS OF A I R  FROST 

RELATIVE HUMIDITY I \ )  
AVERAGE AT 9 A . M .  

VAPOUR PRESSURE. MILLIBARS 

AVERAGE AT 9 A . M . 

SUNSH I N E ,  TOTAL HOURS 

H IGHEST 

MEAN 

' OF POSSlt5Ll 

LOWES'r 

WIND 

MEAN DAILY W l NDR\JN , KI I/IHETRES 

SPECIAL PHE:�Of1ENA. . AVERAGE OA YS OF 

SNOW 

HAil. 
THUNDER 

GALF: 

roe 

1960-1980 

1960-1980 

1960-1980 

1 7 . )  1 7 . 1  1 5 . 4  1 2 . 6  9 . 4  7 . 2  6 . 1  

1 8 . 0  1 7 . 9  1 6 . 6  1 4 . 1  1 1 . 2  9 . 0  7 . 7  

1 5 . 5  1 6 . 2  1 6 . 2  1 5 . 3  1 3 . 6  1 1 . 8  1 0 . 1 

7 . 0  8 . 9  1 1 . 5  1 ) . 7  1 6 . 1  

8 . 3  9 . 9  1 2 . 2  1 4 . )  1 6 . 5  

9 . 6  1 0 . 1  1 1 . 2  1 2 . 6  1 4 . 1  

1 1 . 9 

1 3  . o  
1 3 . 0  

1960-1980 

1960- 1 980 

o . s  1 . 1  2 . 0  5 . 1  1 0 . 6  1 2 . 3  1 6 . 1  1 4 . 0  1 0 . 6  9 . 5  3 . 7  1 . 8 86 . 3  

0 . 1  1 . 1  2 . 7  4 . 5  2 . 5  1 . 0 0 . 5  1 2 . 4  

1960-1980 82 81 84 85 87 88 88 8 7  8 1  8 1  80 80 84 

1 960- 1980 1 5 . 6  1 5 . 6 1 5 . 0  1 ) . 0  1 1 . 0  9 . S  8 . 9  9 , 5  1 0 . 4  1 1 . 5  1 2 . 3  1 4 . 1  1 2 . 2  

1 9 63 - 1 980 292 262 2 3 )  1 9 7  1 7 5  1 4 0  

1 9 6 3 - 1 980 2 ] )  207 1 7 6  1 5 1  1 2 9  1 0 6  

1963-1980 53 56 48 48 4 4  4 0  

1 9 6 3 - 1 9 8 0  164 1 5 2  1 1 2 95 1 0 1  6 3  

1 9 2  1 7 7  

1 1 8 1 2 1  

4 1  3 9  

7 4  83 

189 223 258 2 8 1  

1 )8 1 8 4  1 9 3  2 1 6  

4 1  47 47 48 

106 1 4 ]  1 3 6  1 7 0  

1 9 6 2 - 1 9 8 0  266 250 1 3 0  2 4 7  1 4 3  1 ] )  2 3 1 2 6 6  285 29.2 2 9 7  2 8 2  

1960- 1 980 

1 9 6 0 - 1 980 

1955- 1 990 

1960· 1'390 

1960-1980 

o .  1 o. 1 

1 . 2  0 . 2 o. 7 0 . ]  

o . )  o .  1 0 . 3  

0 . 8  1 .  7 1 . 4  1 . 5 

0 . 1  o. 2 0. 1 o. 1 

o . 6  o . s  o . e  o . a  
0 . 9  0 . 3  0 . 5  0 . 6  

0 . 3  0 . 4  0 . 6  

o . 8  1 . 0 1 . 1  o . e  

1 . 0 0 . 7  0 . 4  0 . 2  

0 . 5  0 . 4  0 . 8  0 . 7  

0 . 5  0 . 6  0 . 5  0 . 1  

0 . 7  1 . 0  1 . 0  1 ) . 8 

2 1 0 3  

1972 

47 

1 7 3 1  

260 

o . s  
s .  2 

7 . 1 

1 . 9  

N 
� 



Table 2 .  4 .  N . Z .  I'IETEOROLOGICI\L SERVICE SUMMARIES OF CLIMA'rOLOGICAL OBSERVAT IONS TO .1980  FOR STRATFORD MOUNTA IN HOUSE 

E94 3 1 3  STRATFORD MTN HOUSE GRID REFS . NZMS 1 ,  

NZMS 260 . 

1 : 6 3 3 6 0  N 1 1 9 7 0 1 6 1 4  

1 : 50 0 0 0  P20068 1 0 1  

LAT . 39 1 8 S  LONG . 1 7 4  0 7 E  HT . 846 M .  

RAIN FALL . MI LLI METRES 

H I GHES'f MONTHLY/ANNUAL TOTAL 

90 PERCENTILE VALUE 

MEAN 

1 0  PERCENTI LE VALUE 

LOWEST MONTHLY/ANNUAL TO'fi\L 

AVERAGE RAIN DAYS , 1 . 0MM OR MORE 

MAXIMUM 1 - DAY RAINFALL 

MAXIMUM 2-DAY RAINFALL 

TEMPERATURE OF THE AI R .  DEGREES CELSIUS 

HIGHEST RECORDED 

AVERAGE MONTHLY/ANNUAL MAXIMUM 

AVERAGE DAILY MAXIMUM 

MEAN 

AVERAGE DAILY RANGE 

AVERAGE DAILY MIN IMUM 

AVERAGE MONTHLY/ANNUAL MIN IMUM 

LOWEST RECORDED 

TEMPERATURE OF THE GROUN D .  DEGREES CELS IUS 

LOWEST GRASS MIN IMUM RECORDED 

AVERAGE GRASS M I N I MUM 

FROST 

AVERAGE DAYS OF GROUND FROST 

AVERAGE DAYS OF AI R FROST 

RELATIVE HUMIDITY ( \ )  
AVERAGE AT 9 A . M . 

VAPOUR PRESSURE . MILLI BARS 

AVERAGE AT 9 A . M .  

SPECIAL PHENOMEN A .  AVERAGE DAYS OF 

SNOW 

H A I L  

THUNDER 

GALE 

FOG 

PERIOD 

1 96 3 - 1 980 

1963- 1 980 

1 963- 1 980 

196 3 - 1 980 

1 963 - 1 980 

1 96 3 - 1 980 

1963- 1 980 

1963- 1 980 

1965- 1 980 

1965 - 1 980 

1 965- 1 980 

1 965- 1 980 

1965 - 1 980 

1 96 5 - 1 980 

1 96 5 - 1 980 

1 96 5- 1 980 

1 965- 1 980 

1 9 6 5 - 1 980 

1 96 5 - 1 980 

1965- 1 9 8 0  

1965- 1 980 

1 9 7 1 - 1 980 

1 965- 1 980 

1 965- 1 980 

1 9 5 5 - 1 980 

1 965- 1 980 

1965- 1 980 

JAN 

8 7 1 

7 7 2  

364 

66 

3 2  

1 2  

2 7 0  

368 

2 5 . 6  

2 3 . 4  

1 8 . 2  

1 3 . 1  

1 0 . 3  

7 . 9  

2 . 8  

1 . 0  

FEB 

898 

860 

348 

3 8  

3 

1 0  

4 0 8  

7 9 6  

2 7 . 0  

2 3 . 4  

1 8 . 2  

1 3 . 2  

1 0 . 1  

8 . 1 

2 . 9  

-0 . 6  

-2 . 8  -4 . 4  

5 . 3  5 . 4  

MAR 

787 

767 

387 

68 

62 

14 

2 2 2  

3 2 7  

23 . 4  

2 1 . 4  

1 6 . 6  

1 2 . 2  

8 . 8  

7 . 8  

2 . 3  

-0 . 6  

-5 . 0  

5 . 0  

APR 

92 1 

889 

5 0 2  

1 8 4  

1 3 9  

1 6  

286 

492 

2 0 . 5  

1 7 . 7  

1 3 . 2  

9 . 4  

7 . 6  

5 . 6  

0 . 4  

- 1 . 6  

-7 . 5  

2 . 8  

MAY 

9 7 3  

969 

664 

344 

3 3 1 

1 7  

378 

749 

1 6 . 7 

1 4 . 8  

1 0 . 0  

6 . 7  

6 . 6  

3 . 4  

- 1 . 4  

- 3 .  1 

-7 . 7  

0 . 7  

JUN JUL 

1 1 0 7  1 5 7 3  

1 0 46 1 3 59 

64 1 670 

3 2 8  2 1 2  

3 2 2  1 92 

1 9  2 0  

3 0 0  3 4 0  

4 3 9  3 76 

1 3 . 7  

1 2 . 0  

7 . 8  

4 . 7  

6 . 2  

1 . 6 

-2 . 7  

-4 . 3  

1 3 . 2  

1 0 . 6  

6 . 8 

3 . 8  

6 . 0  

0 . 8  

-3 . 0  

-4 . 6  

AUG 

1 6 3 3  

1 4 1 8  

7 28 

484 

463 

2 1  

4 2 7  

7 9 4  

1 4 . 9  

1 2 . 2  

7 . 7  

4 . 6  

6 . 3  

1 . 4  

-3 . 1 

-4 . 7  

-8 . 9  -9 . 5  - 1 0 . 0  

-0 . 7  - 1 . 2  -0 . 4  

SEP 

1 3 60 

1 1 4 7  

626 

280 

2 5 0  

1 9  

388 

4 5 1  

20 . 3  

1 4 . 6  

9 . 5  

6 . 0  

7 . 0  

2 . 5  

-2 . 2  

-5 . 0  

-6 . 5  

0 . 4 

1 . 0  0 . 9  

o .  1 

2 . 5  

0 . 1  

6 . 3  1 1 . 9 1 4 . 4  1 6 . 7  1 3 . 6  1 1 . 4 

0 . 6  4 . 1 9 . 8  1 3 . 2  1 0 . 1  5 . 6  

8 3  8 5  8 9  9 2  

1 2 . 7  1 2 . 7  1 2 . 5  1 0 . 9  

0 . 4  

0 . 7  

0 . 4  

2 . 2  

0 . 1 

o .  1 
0 . 2  

3 . 2  

0 . 1  

0 . 5  

0 . 5 

0 . 3  

3 . 0  

0 . 4  

0 . 7  

0 . 5  

0 . 8  

4 . 6  

9 3  

9 . 0  

1 . 4 

1 . 8 

0 . 9  

0 . 6  

3 . 3  

95 

8 . 0  

2 . 8  

1 . 8 

0 . 6  

3 .  1 

94 

7 . 4 

3 . 9  

2 . 3  

1 . 0  

0 . 4  

3 . 8 

94 

7 . 9  

3 . 6  

1 . 6 

0 . 7  

0 . 6 

4 . 7  

90  

8 . 5  

3 . 0  

1 . 8 

0 . 8  

o .  1 

4 . 5  

OC:T NOV 

9 3 3  1 2 56 

9 2 3  1 0 6 8  

5 0 3  5 0 8 

1 4 1  2 0 4  

5 9  1 9 3  

1 7  1 6  

2 76 380 

3 9 1  564 

2 1 . 7  

1 7 . 5  

1 1 . 9 

7 . 6  

8 . 6  

3 . 3  

- 1 . 5  

- 3 . 0  

2 3 . 9  

2 0 . 0  

1 4 . 1  

9 . 6  

9 . 0  

5 .  1 

-0 . 2  

- 1 . 8  

-9 . 6  -5 . 4  

0 . 7  2 . 7  

1 2 . 1 

3 . 9  

5 .  1 

1 . 1  

DEC 

699 

674 

429 

206 

204 

1 4  

2 4 8 

3 1 1 

26 . 1  

2 1 . 8 

1 6 . 2  

1 1 . 4 

9 . 6  

6 .  6-
1 . 2 

- 1 . 2  

-4 . 6  

4 .  1 

2 . 7  

0 . 2  

82  8 3  82  

9 . 3  1 0 . 1 1 1 . 1  

1 . 9 

1 . 8 

0 . 6  

0 . 2  

3 . 9  

0 . 7  

0 . 9  

0 . 5  

0 . 3  

2 . 9  

0 . 2  

1 . 0  

0 . 9  

0 . 3  

2 . 9  

YEAR 

7294 

7 2 2 0  

6 3 7 0  

5 1 50 

5 1 1 2  

1 9 5  

4 2 7  

796 

27 . 0  

24 . 7  

1 2 . 5  

8 . 5  

8 . 0  

4 . 5  

-3 . 9  

- 5 . o 

- 1 0 . 0  

2 .  1 

98 . 6  

48 . 8  

8 3  

1 0 . 0  

1 8 . 0  

1 4 . 7  

7 . 1:1  

4 . 2  

4 2 . 1 

N 
N 



Th i s  i s  a n  average to h i gh fi gu re when compared wi th the rest  of  

New Zea l a nd . Th ere i s  a gradu a l  d ecrea se i n  s uns h i ne ho u rs w i th i ncrea s e  

i n  e l eva t i o n  due to the accumu l a t i o n  of c l oud  a round the h i g her s l opes  

of Mt . Egmont . 

4 .  SO I L  PARENT MATER IALS 

i .  REG IONAL QUATERNARY H I STORY 

T h e  evo l u t i o n  of the l a ndsca pe a nd a s soc i ated so i l  pa ttern can be 

l a rge l y  a ttr i b u ted to conti nual  vo l ca n i sm and l a hari c depo s i ts ,  on  the one 

hand , and  o n  the o th er to Quaternary upl i ft of  thi c k , moderatel y 

consol i da ted , sed imentary stra ta a nd the i r  s ubsequent d i s s ec t i on by s treams 

and r i v ers . 

Vo l c an i c act i v i ty i n  the cha i n  of Quaternary andes i t i c  vol c a noes i n  

Tara na k i  bega n i n  the no rth , a t  Ka i ta ke ,  about  575 , 000 years B . P .  I t  

moved pro g res s i ve l y  south to the Pou a ka i  centre , a c t i v e  between 2 1 6 , 000 

and 250 , 000 years B . P . and then  Mt . Egmont , w h i c h  f i rs t  became a c t i ve 

about 50 , 000 - 70 , 000 years B . P .  a nd l as t  erupted i n  1 7 55 A . D .  ( S t i p p ,  

1968 ; Nea l l ,  1 979 ) . The gent ly  d i pp i ng s u rface  formed from l a hars and  

other vol ca n i c l a st i c depos i ts that  s urrou nd eac h centre was termed the 

vo l ca n i c  r i ng pl a i n by Mo rgan a nd G i bson  ( 1 9 2 7 ) . The Egmont  r i ng p l a i n  

i s  b es t  p re served a nd forms a ro ugh l y c i rcu l a r  o utl i ne from Cape Egmont  

i n  the  wes t  to S tra tford in  the ea s t ,  w i th i ts s urface  con tours ex h i b i ti ng 

a near perfect catenary curve i n  cros s - s ec ti o n . The r i ng p l a i ns 

a s soc i a ted wi th Ka i take  and  Po u a ka i  h ave  been l a rge l y  des troyed but  the 

northern q uadrants a nd ea stern remna nts of each  r i ng p l a i n  are pres erved 

i n  E l tham County .  

Accord i ng to Gra nt-Tayl or  ( 1 964a , b )  th e per i od s  of r i ng p l a i n  

format i o n  co i nc i ded w i th per i ods  o f  P l e i s tocene g l a c i a t i o n , s i nce  no 

ev i dence of wa rm c l imate f l oras h a s  been found  i n  the l aha ri c depos i ts .  

Po l l en a s s emb l ages from the Opunake a nd S tra tford Lahars  ( Egmo n t  source ) , 

Ma i ta h i  L a hars  ( Poua ka i  sourc e )  a nd  E l tham L a hars ( Ka i ta ke sourc e )  h ave 

a l l i nd i ca ted col d c l i ma tes . I t  wa s a s s umed by Grant-Tayl or  tha t mar i ne 

terraces were formed i n  the warm c l i mate i nterg l a c i a l  per i ods , a s  h i gh 

sea l eve l s c u t  exten s i ve p l a tforms acro s s  the modera tel y  conso l i da ted 

Terti ary s ed iments . I n  s hort , mari ne terrace  forma t i o n  a l ternated wi th 

vol ca n i c aggradati on  dur i ng g l a c i a l  per i ods . However , a g l a c i a l  c l imate 

ori g i n  canno t  a l ways be a s s umed for l a har forma t i o n , s i nce  Nea l l ( 19 7 2 , 1 9 79 ) 
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has  s hown that i n  the p a st  10 , 000  years there have  b een severa l major 

l a hars der i ved from Mt . Egmont . 

The s trat i gra ph i c  re l a t i o n s h i ps between the l a har  u n i ts a nd the 

mari ne terraces recog n i sed  by Grant-Tay l or  ( 1 964a , b )  were adapted by 

Hay ( 19 6 7 )  for the Geo l og i ca l  Map  of New Zea l a nd ,  1 : 250 , 000 , Sheet 7 ,  

Tarana k i . The l a hars  have  never a l l been forma l l y  e s tabl i s hed a nd s ome 

do ubt  ex i s ts as  to whether the New P lymouth , I ng l ewood a nd Lepperto n 

l ahars  are d i s t i nct  s tra t i graph i c  u n i ts .  

The  l o ng term geomorph i c  evo l u t i o n  of  the South  Tara na k i  terrace  

s equence h a s  recentl y b een  quant i f i ed by P i l l a ns  ( 1 981 ) . The 

s trat i gra ph i c  rel a t i on s h i ps and  ages determ i ned i n  h i s  s tudy , together 

wi th unpub l i s hed K/Ar dates  ( 19 68 )  and publ i s hed  C 1 4  dates ( Gra nt-Tayl o r ,  

1 964a , b ;  Nea l l ,  1 9 79 ) have enab l ed a better correl a ti o n  between the 

l a hars and  the South Taranak i  mari ne terraces ( Ta b l e  2 . 5 ) . A 

compl i cat i ng fac tor to age  rel a t i o ns h i ps i s  that o ne l ahar may overwhel m 

a numb er o f  o l d mar i ne benches . Thus  i t  i s  i ncorrect to i n terpret tha t 

each l ahar  depo s i t  on  each mar i ne bench i s  of  d i fferi ng age . Th i s  i s  

parti c u l a r l y  the ca se  i n  the s outh of E l tham County .  

i i . QUATE RNARY H I STORY OF ELTHAM COUNTY 

The Ka i atea terraces ( F l em i ng ,  1 9 53 ) , ( Ta b l e 2 . 5 ) , have been 

subd i v i ded from ol des t to you nges t ,  re s pect i ve l y ,  i nto Ka i a tea I ,  I I  a nd 

I I I  ( Gra nt-Tayl or , 1 964a , b ) . P i l l a n ' s  ( 1 98 1 )  work des i gnated new type 

l oca l i t i es for the th ree Ka i a tea terraces a nd s howed that th ere are a t  

l ea s t  two o l der pre-Ka i a tea terraces . I n  the ea s t  of  E l tham Co unty 

eroded remnants of Ka i a tea terraces are pres erved and  are here referred to 

a s  h i g h l y  d i s sec ted Ka i a tea terra i n  ( F i g ure 2 . 2 ) . Th i s  terra i n  compr i s e s  

rare Ka i a tea  Terrace remnants overl yi ng Pl i ocene Tangahoe Forma ti o n ,  

c ompr i s i ng mas s i ve sa ndy mudstone  w i th sca ttered concret i o ns a nd the 

Matemateonga Format i on , a mas s i ve sandstone , commo n l y  conta i n i ng s hel l ­

beds a nd cong l omera te bands , i n terbedded wi th muds tone and s i l tstone  i n  

the  l ower part ( P l a te 2 . 2 ) . 

The Oma h i na Tephra i s  an  importa nt s tra t i g rap h i c marker i n  the a rea 

and ha s bee n  fi s s i o n  trac k  dated a t �·  370 , 000 years B . P .  ( P i l l a ns , 1 98 1 ) . 

P i l l a n ' s  work s howed tha t the Tephra overl i es wave-cut  s u rfaces of 

Ka i a tea I I I  and  o l der terraces . Th i s  i nd i cates  that the cu tti ng o f  these 

s u rface s  predates  the ex i s tence o f  the Oma h i na Tephra . The Tephra ha s  
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Tab l e 2 . 5  

LAHAR AND  
SOURCE 

Opunake 

S tra tford 

Ma i ta h i  

E 1 tham 

RELATIONSH I PS B ETWE E N  SOUTH TARANAKI  MAR I NE TERRACES AND  

VOLCA N I C  ACT I V I TY I N  WESTERN TARANAKI AS ADOPTED  I N  TH I S  S URVEY  

( Adapted from P i l 1 an s , 1 9 8 1 )  

S OUTH TARANAK I  I NPUT  OF B LACK VOLCAN I C  
MAR I NE TERRACE SAND TO SOUTH ACT I V I TY I N  

AND TARANAK I  MAR I NE WESTERN 

2 5  

K/Ar  AGES 
W ES TERN 

TARANAKI  
LA  VAS 

AGE EST IMATE TERRACES TERANAKI ( S ti p p , 1968 ; 
Nea l l , 19 79 )  

60ka unnamed h i gh 2 1  ± 3ka 

80ka unnamed h i gh 

I naha 105ka h i gh 

EGMONT 

Rapanu i 1 20 ka modera te 

N ga ri no 2 10 ka h i gh 2 24 ± 7 ka 
2 1 6  ± 7 ka 
2 27  ± 7 ka 
246 ± 4 ka 
2 49 ± 3 ka 

POUA KA I  

B runswi ck  3 1 0 ka h i gh 

Upper 
B runswi ck 340 ka moderate 

Ka i a tea I I I  400 ka l ow 

Ka i a tea I I 440ka  1 ow 

Ka i a tea I 520ka 1 ow-modera te 

KA I TAKE 5 75  ± 14ka 

Two 
Pre - Ka i atea 
Terraces 600ka 

680ka 
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S E D I MENTS 

- A l l u v i um 

H o l ocene 
- P e a t  

P l e i s to -
cene 

LEGEND 

LAHA R I C  DEPOS I TS 

� -. . 

� -
. . 

[i] t:,. 
-

� -... 

r..r.� ��( E���".l 

D -

Opua 
Forma t i o n  

Wa rea 
Forma t i o n  

Pungarehu 
Forma t i o n 

Opu n a k e 
Forma t i o n  

S t ra t ford 
Forma t i o n  

E l tham 
L a ha r s  

ANDES I T I C  FLOWS MA R  I N E  T E R RA C E S  

� ­l£.3 

Y o u ng horn b l ende­
a ndes i te fl ows of 
M t . E gmo n t  cone 

H o r n b l ende-a ndes i te 
f l ows of Fan thams 
Pea k cone 

O l i v i n e - pyroxene a n d  
ho rnb l ende-andes i te 
c umu l odomes s u r ro u n d i n g 
Mt .  Egf!1ont 

m � 

Nga r i n o  
Forma t i o n  

B r unsw i c k  
Forma t i on 

� _ H i �hly d i s s ec tEd  l.±._J Ka 1 a tea terra 1 n 
w i th remna n t s  

o f  Ka i a tea terrac e s  
ove r l y i ng Tert i a ry 
s e d i m e n t s  compr i s i ng 
Ta ngahoe Forma t i on 
a nd Ma tema teo n g a  
Fo rma t i o n 
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been found ( i )  on Ti r imoana Road , where i t  occurs  a bove o l d vol c a n i c 

b rec c i a s  a nd ( i i )  on Ro to kare Road , i n  the south -ea s tern h i l l  country 

of E l tham Co unty .  

A t  T i r imoana Road , the Omah i na Tephra overl i es a l a har  depo s i t  

correl a ted wi th the E l tham Lahars ( Gra nt-Tayl or , 1 964 ; Hay , 1967 ) . 

I f  t h i s correl a t i on i s  confi rmed by future s tra ti g ra ph i c  re search then 

the E l tham Lahars mus t be co n s i dered o l der than the Oma h i na Tephra , 

i . e .  o l der than 370 , 000 years B . P .  a nd thus  o l der  than a l l K/Ar da tes 

known from the Pouaka i  centre . Hence , the E l tham La hars presumab l y 

or i g i na ted from the Ka i ta ke centre . 

I n  the v i c i n i ty o f  E l tham Boroug h ,  there rema i ns a n  ex tens i ve 

a rea  of  d i s sected E l tham L a hars , w i th eroded remnants nearby tha t 

represents the E l tham L a ha r  construct i o na l  s u rface ma ntl ed w i th th i c k 

a c c umu l a t i o n s  of  tephra a nd now deepl y d i s sec ted by f l uv i a l  ero s i on 

( P l a te 2 . 3 ) . 

To the south i s  a sma l l mari ne terrace  remna n t ,  named the U pper 

Brunswi c k  Terra ce ,  at a h i g her e l eva t i on tha n the pri nc i pa l  Brunsw i c k  

Terrace  named by F l emi ng ( 1946 , 1 953 ) a nd redefi ned by P i l l a n s  ( 1 98 1 ) . 

The  cover b ed s tra t i gra phy o f  these two terraces  d i ffers from tha t of 

the Ka i a tea Terraces i n  that the Omah i na Tephra i s  a b sent  from wi th i n  the 

Brunswi c k  cover beds . I n  E l tham Co unty remnants o f  the Bru nswi c k  

Terrace o cc ur  i n  the v i c i n i ty o f  Te  Roti . The  Ngar i no Terrace ( D i ckson  

e t �· , 1 974 )  i s  cut  ob l i q u e l y  bel ow the Brunswi c k  Terrace , wi th a 

d i s ti nct  fo s s i l  s ea c l i ff s eparat i ng the two ma ri ne terraces . 

The S tra tford Fo rmat i o n  ( Gra nt-Tayl o r  a nd Kea r ,  1 9 70 ) ( S tra tford 

L a hars , Gran t-Tayl o r ,  1964 ; Hay , 1 967 ) , wh i ch  i s  of  Oti ran age a nd 

g rea ter than 50 , 000  years B . P . , ori g i na ted from the Egmo n t  centre . I t  

i s  a n  exten s i ve s u rface , between E l tham Borough  a nd Ka ponga , mantl ed wi th 

modera te l y  th i ck ( 4 -5m )  a ndes i ti c  tephra depo s i ts ,  a l thoug h  parts have 

been bur i ed by the Pungarehu Forma t i o n ,  around  23 , 000 yea rs B . P .  The  

"Ma ngawhero R i dge" , wh i c h l i e s  between Auroa and  Mangawhero roads , i n  the  

north-west of  the Cou nty , i s  probab l y a remna nt  o f  th e Stra tford s u rface . 

I t  owes i ts ex i s tence to a " proto-Fanthams Pea k cone"  on  the south s i de 

of  Mt . Egmo n t ,  defl ect i ng E gmo n t- source  l a hars to e i ther s i de . 

Sma l l a rea s of Opuna ke Fo rma t i on ( Gra nt-Tayl o r  a nd Kear ,  1 9 70 )  

( Opu na ke Lahars , Grant-Tayl or , 1964 ; Hay , 1 967 ) o f  l a te Oti ra n age  and 

da ted c .  3 0 , 000 - 38 , 000 year s  B . P .  ( Gra n t-Tayl or  a nd Kear ,  1 9 70 ) , a re 
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P l ate  2 . 3 

L oo k i ng  north-wes t  between Mou n ta i n Road and Boy l a n  Road , 
near  N l l9/868400 . 

E l tham Lah a rs occ ur  i n  the  fo reground and are mapped a s  
S tratfo rd h i l l  s o i l s .  

P l ate  2 . 4  

V i ew o f  Mangami ng i  d i s tr i c t , l oo k i ng  west from N l l9/043484 . 

P a tea R i ver i n  the foregro und  w i th Opunake terrace and  
S tratford terrace above . S t ra tford so i l s ,  f i ne  tops o i l 
v ar i a n t  mapped on the terrace s . Whangamomona  s teep l a n d  
s o i l s  occ ur  on the h i gh l y  d i s s e cted Kai atea terra i n  i n  
the  background . 

2 9  
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fou nd i n  the Ka pu n i , Wa i ngongoro a nd  Pa tea ca tchments ( P l a te 2 . 4 ) . 

The depth of  andes i t i c  tephras cover i ng th i s  forma t ion  vari es from 1 - 2m .  

The  Pu ngarehu  Formati on ( Nea l l ,  1 9 79 ) , occurs  i n  the wes t o f  the 

County havi ng been prev i ous l y  ma pped as part of the Opuna ke Laha rs by 

Hay ( 1 967 ) . I t  has  been dated ( NZ 1 6 238 ) a t  2 2 , 7 00 ± 600 years B . P .  

The  source  area appears to have been  s l i g h tl y wes t of the present  

Mt . Egmont  s umm i t .  T he  depos i t i s  typ i ca l l y  u nsorted brecc i a  a nd 

cong l omera te , wi th no beddi ng present  ( P l ate 2 . 5 ) . I t  can  be  seen  j u s t  

be l ow 7m depth i n  road c u tti ngs ,  a l ong  the Opunake and E l tham roads , i n  

E l tham Cou nty .  I t  i s  progres s i ve l y  b u r i ed to the north a nd wes t  by the 

younger Wa rea a nd Opua Format i ons . The  u ppermo s t  un i ts of the Opunake 

Formati on may be a l a tera l fac i es equ i va l ent of the Pungarehu Forma ti o n . 

The Ao kautere Ash  (� .  20 , 000  years  B . P . ) has  been fo und a t  a depth 

of 7m , i n  th e we st  of E l tham Cou n ty . The  th i ck ness  of tephr i c a nd 

a s soc i a ted mater i a l s tha t have accumu l ated above the Aoka u tere A s h  has  

been  establ i s h ed by Geddes  � �. ,  ( 1 980 ) . The rel a t i ve th i c k nes s  

o f  l a te Quaternary a ndes i t i c  tephra i n  E l tham County i s  muc h  g rea ter 

compared wi th the area to the wes t  of  Mt . Egmont , i n  Egmont  County .  

The Warea Formati o n ,  ori g i na ti ng from M t .  Egmo n t ,  wa s depo s i ted 

b etween �· 1 2 , 000  a nd 1 5 , 000 years B . P . , i n  three l obes . The s o u thern 

l obe occurs i n  the extreme wes t of  the County and  i ts d i s tr i b u t i o n  wa s 

restri cted p hys i ograph i ca l l y  by the presence of the Ma ngawh ero R i dge . 

The  l i thol ogy i s  s imi l a r to the Pu ngarehu Forma t i o n , conta i n i ng a ng u l ar 

c l a s ts ,  i n  a coarse brecc i a . However , towards i ts l a tera l marg i ns i n  

E l tham County ,  the  Warea Forma t i o n  becomes reduced to a n  " a shy"  

congl omera te . Adj acent  to the bou ndary wi th Egmont Cou n ty c l o s e l y  s paced 

l a har  mounds  occur  ( P l a te 2 . 6 ) . The cover of  a ndes i t i c  tephra can be 

l es s  than 1m o n  the mou nds ( P l a te 2 . 7 ) , whereas el sewhere the depth of 

tephras var i e s  up to 2m max imum . 

I n  the wes t of  E l tham Co unty ,  i n  the a rea between Rowan Road , 

R i verl ea a nd Kaponga , t here occur depo s i ts of  a young l a ha r equ i va l ent 

i n  age  to th e Opua Fo rmat ion , wh i c h  has  been da ted ( NZ 1 78 1 C )  at  7 , 320 ± 

1 10 years  B . P .  Th i s  a rea was mapped prev i o u s l y as  the south-ea s t  l obe 

of the Warea Format i o n . The l i tho l ogy cons i s ts of  boul ders , s to nes  and  

g ravel s ,  m i xed  wi th vol ca n i c  a s h  a nd grey sa nds ( P l a te 2 . 8 ) . Po s t-Opua 

Format ion  s o i l parent  mater i a l s are dea l t w i th u nder the sec t i o n  o n  

Tephrochrono l ogy . 
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P l a te 2 . 5 P ungarehu  Fo rma ti o n ,  near  Lower Stuart 
Roa d , N l l9 /84 3447 .  

Note the u n s o rted nature o f  the  
l ah a ri c debr i s .  

3 1  



P l ate 2 . 6  

Mt . Egmon t .  L a har  mo unds of the Warea Fo rma t i o n .  
East  o f  Uppe r Auroa Road , bel ow the Egmo n t  Nat i ona l  Park 
Boundary ( 460  m ) , nea r  N 1 18/ 636 5 14 . 

So i l s  mapped as  Rowan h i l l - Mangawhero a s soc i at i on . 

J uncus  �· i n  the  fo regro und . 

P l ate 2 . 7 

Wa rea Lahar  exposed  on Upper Auroa Roa d , a t  N 1 18/634 5 1 3 .  

T h e  poorl y s orted , non-bedded nature of  t h e  l ah ari c brecc i a  
i s  ev i den t .  The  coveri ng of vol can i c a s h  i s  l es s  than 1 m 
th i c k .  

The  s o i l  i s  mapped a s  Rowan h i l l  s o i l . 
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P l ate 2 . 8  

Opua Lahar  exposed on  E l tham Road , nea r R i verl ea , 
a t  N l l9/6 7746 3 .  

Note th e s tones  a nd  g ra ve l s ,  m i xed w i th  vo l can i c a s h  and  
g rey sands . 
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5 .  DRA I NAGE AND I RON MOVEMENT 

The mob i l i sa t i on , movement  and prec i p i ta t i o n  of  i ron i s  a 

s i g n i f i ca nt s o i l - formi ng proce s s  i n  the gene s i s  of so i l s  i n  E l tham Cou n ty .  

I ron  i s  mob i l i sed under pr imari l y  two d i fferent condi t i o ns : -

1 .  where redu c t i o n  of  i ron  occurs under  the i nfl uence of a h i g h 

wa ter-tab l e ,  for exampl e the Mangawhero s eri e s . 

2 .  where th ere i s  exces s i ve movement  o f  water u nder perhumi d 

( h i g h ra i nfa l l )  cond i t ions , i n  a n  o therwi s e  freel y  dra i n i ng 

s o i l , for exampl e i n  the Rowan ser i e s . 

Perched wa ter-tab l es may be found a bove l i th i f i ed or c emented l a ha r  

depo s i ts .  Lahar  depo s i ts are typ i ca l l y  u nsorted and cons i s t of a ndes i te 

bou l ders , s to ne s  and  g rave l , w i th i n  a matr i x  of  sand , s i l t a nd c l ay .  

L i th i f i cat i o n  i s  c ommon i n  the l a har  depo s i ts a nd there are two po s s i b l e 

exp l a na t i ons for th i s  phenomenon . The f i r s t  i nvo l ves cementa ti on  of 

co n st i tuent part i c l es  by the prec i p i ta t i o n  of wea ther i ng products , wh i ch  

are e i th er l eac hed from the so i l  above  o r  deri ved from ground  wa ters . 

T h e  s eco nd expl a na t i on revol ves around the  pos s i b i l i ty of the depo s i ts 

bei ng deri ved from hot l a hari c materi a l , wh i ch  wa s l i th i f i ed immed i a te l y  

after depos i ti on  d u e  to a wel d i ng proces s .  The c emented l ahars  o f  the 

Warea a nd O pua Format i o n s , i n  the west  of  E l tham Co unty ,  ca u s e  so i l  

dra i nage to be impeded s o  that g l eyi ng i s  a feature of ma ny l a har i c  s o i l s .  

The Mangawhero ( P l ate 2 . 9 )  a nd Awa tu na s er i es are poorl y dra i ned s o i l s ,  

wh i c h  have the morphol ogy of gl ey so i l s  u p  to and sometimes w i th i n A 

hori zons . Wea kl y  g l eyed so i l s ,  for exampl e the Ma ka ka and  T i po ka seri es  

are a l so recog n i sed , i n  wh i c h the A hori zon and  one  or  more B hori zons 

are wel l dra i n ed w i th mo ttl i ng confi ned to the l ower-most  hori zons . 

Where poro u s  pumi ceous l a p i l l i  a re concentra ted i n  bands  between  

beds of  fi ner  a s h , a s  i n  the  Mangawhero s eri e s , th e l a pi l l i bands  a c t  as  

aqu i fers  for the  l atera l and downward percol a t i o n  of wa ter . 
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Accord i ng to So i l  Taxonomy the aqu i c  mo i s ture reg ime imp l i es a 

red u c i ng reg i me that i s  v i rtua l l y  free of  d i s s ol ved oxygen beca u s e  the so i l  

i s  sa turated by g round water or  by wa ter of the cap i l l ary fri nge from wh i c h 

the d i s so l ved oxygen has  been removed by the res p i rat i o n  of  m i c ro -orga n i sms , 

roo ts and s o i l fa una . 

Soi l Taxonomy refers s pec i f i ca l l y  to mottl es wi th c hroma s of  two or  

l es s  a s  a cr i ter i on for poorl y dra i ned cond i t i o n s . Howeve r ,  the  cr i ter i o n  



P l ate 2 . 9  Mangawhero s o i l , near R i verl ea , 
at N l 19/ 6834 6 5 .  

I ron p a n  a t  0 . 66 m .  Manganu i  tephra 
occurs  between  1 5-42  ems . 
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i s  d i ff i c u l t to a p p l y  to s o i l s  deve l o ped from dark co l oured vol can i c 

parent  mater i a l s ,  a s  i s  the case  wi th yel l ow-brown l oams . 

Mottl i ng can  be confi ned to i rregu l ar  s u rface  s ta i n i ng o f  pumi ceous  

a nd  l i th i c  l a p i l l i  or  of so i l  aggrega te s . S po t  mottl i ng i s  commo n a nd 

where the ground i s  wet for a l arge proporti o n of  the time , the s po ts are 

hard a nd may grade i nto co ncreti ons . A tendency for th i s  grada t i o n  from 

mo ttl es  to concreti ons  to occur  wi th i ncrea s i ng depth was noted i n  the  

Mangawhero so i l s .  I n  addi t i on there i s  a n  i ncrea s i ng ab undance of  bo th 

mottl e s  a nd concret i ons  wi th depth , es pec i a l l y  a t  the textura l  bo u nda ry 

between vol can i c  a s h  a nd l a hari c debri s .  Tephras may be fo und cemented 

by i ro n  to fo rm a bri ttl e ves i c u l ar  pan . These  i ron  pans have a 

d i scont i nuous  d i stri but i o n  a nd are found  ma i n l y  i n  the we s t  of E l tham 

County .  They a re d i s t i nc t  from p l ac i c  hori zons , a s  descri bed i n  S o i l 

Taxonomy , whi ch a re o ften referred to a s  th i n  i ron  pans . P l a c i c  hor i zons 

have wavy or  convo l u te forms , as i n  Rowa n so i l s ,  a nd range from 2mm to 

lOmm i n  t h i c k nes s . 
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6 .  G ENES I S  AND H I STOR I CAL  D EVELOPMENT 

OF TH E NGAERE AND E LTHAM SWAMPS 

Genera l descript i o n  a n d  h i s tor i ca l  devel opment 

The Ngaere and E l tham Swamps , east of  E l tham Borough , a re l oc a ted 

between the Egmon t  vo l can i c r i ng pl a i n  i n  the  wes t and  d i s s ected h i l l  

country to the eas t .  The s urface o f  both swamps i s  typi ca l l y  fl a t  

( F i g u re 2 . 3 ) .  

An o l d  s u rvey map ,  da ted 1887 , obta i ned from the Department o f  Lands  

and  S u rvey , New P l ymou th , s hows c l earl y the out l i ne of  bus h , as di s t i nc t  

from t h e  two l agoon- l i ke a reas of open swamp . The open swamp i n  the  

north , Ng aere Swamp , i s  marked a s  be i ng 2 , 400 acres i n  area and  the 

E l tham Swamp , to the s outh , a s  2 , 100 acres . Thes e  est imates were 

cons ervati ve , as l a ter es ti mates ( Every ,  1974 ) were 3 , 500 acres for Ngaere 

Swamp and 3 , 000  a cres for E l tham Swamp . 

The Ngaere Swamp and the E l tham Swamp occur  at  two d i fferent  l evel s ,  

220m ( 720 1 ) and 2 10m ( 685 1 ) respecti ve l y .  The  E l tham Swamp i s  dra i ned by 

th e Mangawhero Stream , a tr i b utary of  the Wa i ngongoro R i ver to the wes t 

and by the Mang i mang i  Stream to the s outh . The Ngaere Swamp ( P l a te 2 . 10 )  

i s  drai ned to the north by the Ngaere Stream , a tr i butary of  the Patea 

R i ver .  

I n  the ear l y 1890 1 S  the  Government  bought  the l and compri s i ng the 

Swamps from the Maori s and parti al l y  dra i ned i t  wi th a c i rc u i t dra i n  dug 

round the edge o f  both Swamps . An area of  5 , 076 acres was ava i l a b l e for 

s ett l ement  in  1 89 5  ( Fi gure 2 . 4 ) . The c u tti ng of  s ub s i di a ry dra i ns and 

s tump i ng of  the o pen  swamp l a nd wi thout  s tand i ng t imber was the prerogati ve 

of  the i nd i v i du a l  farmer . The control of  the a rea was under the a u sp i ces 

of  the Hawera County Counc i l .  However , the res ponse  wa s poor , beca use  the 

dra i nage attempt  had not b een  a succes s and the  cond i t ions  of  the Swamps 

reverted back  a l mos t  to the i r ori g i na l  s ta te .  I t  was deci ded th a t  l oc a l  

cont ro l  was neces s a ry ,  i f  t h e  Swamps were t o  be  drai ned effecti ve l y .  

Con s eq uent ly , i n  1 90 1 , the E l tham Dra i nage Board was formed . 

Duri ng the  next 40 yea rs the Board carri ed o ut  further dra i nage  work , 

u s i n g  manua l  l abo u r .  The work i nvol ved cons tructi ng , w i den i ng a n d  

deepen i ng dra i ns  a nd  outfa l l s  a l ong t h e  ma i n  dra i n  reserve . A s tumpi ng  

mach i ne was  broug ht  i n to u se  i n  193 1  a nd s ome areas were s t umped s i x  t i mes , 

then c ropped and  s own i n  pas ture . I n  1 9 31 , the tota l rateab l e  a rea of  the 
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F i g ure 2 . 3  Loca ti on of  the Ngaere and  E l tham Swamps 



P l ate  2 . 10 

V i ew north of  the  Ngaere Swamp from Rawh i ti roa  Road , 
a t  N l l9/89048 3 . 

S tra tford h i l l  s o i l s  are mapped i n  the bac kgro und and  
E l tham peat  i n  the  fo reground . 

P l ate 2 .  1 1  

Exposed roots  o f  a 
Dacrycarpus dac ryd i o i des  
( Kahi katea) due to 
s ub s i dence of the  E l tham 
peat of  a pprox i ma te l y 
1 m ( 3 ' ) .  

V i ew a t  N l 19/896476  on  
the wes tern ma rg i n  of 
the E l tham Swamp . 
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Fi g ure 2 . 4  

D ­
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B -
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Ngaere s ecti on  s urvey map ( 189 5 )  

Dra i n res e rve 

Pub l i c  dra i n  

Confi scat i on l i n e , represent i ng the  boundary o f  an 
ang l ed  area runn i ng from Wh i te C l i ffs , North 
Tara n a k i  to a po i nt j us t  eas t of  E l tham and then 
south -ea s t  to Wa i totara . Land o uts i de th i s 
ang l ed a rea  was confi s cated from the Maori s for 
E uropean l and  s ettl ement .  The l a nd was l a ter 
boug h t  from the  Maori s when Rawh i t i roa was o pened 
up for European  settl ement . 

Stream 



Drai nage D i s tri ct  was 9 , 800  acres , o f  wh i ch 5 , 000  acre s  was swamp . Duri n g  

Worl d War I I  a con s i derab l e amount  of  ma i n tenance  work had to be  del ayed . 

By the  earl y l 9 50 1 s  approx imatel y 3 , 500  acres of the area was s ti l l  

non- product i ve .  I n  1 9 58 , a comprehens i ve i mpro vement  scheme wa s drawn 

up and  appro ved for s ubs i dy .  Th i s  i nvol ved en l a rg i ng and reg rad i ng of 

the ma i n  dra i ns to obta i n  the maxi mum fa l l a nd a l s o  provi d i ng s ubs i d i a ry 

d ra i ns . A l though the s c heme wa s cos tl y i t  cou l d b e  economi ca l l y  j us ti fi e d .  

A l oca l da i ry company s urvey s howed that even wi th undra i ned a reas i nc l uded , 

the average  dai ry farm on the Swamps co u l d produce  7 , 000 l b  of  bu tterfa t 

per annum more than non-swamp farms i n  th e a rea . The fi na l phase  o f  

d ra i nage wo rk was comp l eted i n  1964 a n d  i nvo l ved c u l vert cros s i ngs t o  s i de 

drai ns a l o n g  one s i de of  a l l ma i n  d ra i ns to fac i l i ta te access of mac h i nery 

for future ma i ntenance . Mai ntenance has i nvo l ved c l ea n i ng a nd s prayi ng  

o f  dra i ns to control  a nd  eradi cate nox i ous  weeds , s uch as Sa l i x  d i s co l or 

( pussy w i l l ow ) , U l ex e uropaeus ( gors e )  and  Rubus  fruti cos us  ( b l ackberry ) . 

I n  certa i n  a reas the Swamps s t i l l  rema i n  i n  an  u ndeve l oped s ta te , w i th 

s tumps of  Dacrydi um co l enso i  ( s i l ver  pi ne ) , Leptospermum s copa ri um 

( manuka ) ,  La urel i a  novae- ze l a nd i ae  ( p uka tea ) and  Dacrydi um c upres s i n um 

( r imu )  sca ttered on the s u rface . 

As t he  proces s of  dra i n i ng a nd  devel op i ng the l and i n to da i ry 

pas ture h a s  proceeded ,  so conso l i da t i on by catt l e has  accompa n i ed 

s ubs i dence . The l a nd has  now s ub s i ded 4 . 6m ( 1 5 ' )  o r  more i n  p l aces , a s  

ev i denced by g l eyed s o i l s  now o ccurri ng on  wel l dra i ned s i tes adjacent to 

the Swamps . C i rcu i t dra i ns constructed over 70 years ago a re v i s i b l e 

cros s i ng r i dges , now 3m ( 10 1 ) above the present  swamp l evel . The exposed 

roots of t rees near the  Swamps marg i ns ( P l a te 2 . 1 1 )  i ndi cate a l oweri ng 

of a ppro x i mate l y  1m ( 3 1 ) of the swamp l evel . Th i s  s ubs i dence i s  a 

p rob l em a n d  dra i ns often requ i re re-deepen i ng to ma i n ta i n  effecti venes s . 

The  ma i n  l i mi tat ions  today for i ntens i ve use  a re pres ence of ti mber , poor 

dra i nage a nd d i ffi cu l t eng i neeri ng p roperti es , e s peci a l ly  l ow beari ng 

s trength . 

Genes i s  o f  the Swamps 

The  Ngaere a nd E l tham Swamps occur  a l ong  the contact b etween the 

younger vo l can i c s urfaces o f  the Egmont  r i ng p l a i n  and  the o l der deep ly  

d i s sected E l tham Laha r  s u rface ( F i g ure 2 . 5 ) . Two sma l l o utl yi ng a reas o f  

o f  swamp a l s o  ex i s t  north of t h e  Ngaere Swamp , n ea r  M i dh i rs t  a nd  eas t o f  
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Fi gure 2 . 5  Con tour  map o f  Ngaere and  E l tham Swamps at 100 ' i n terva l s 

Key to base  map 

Key to  overl ay 

635'- 877'  -

900 '  
800 ' 
700 ' 
6 00 ' 
500 ' 

S pot  h ei ghts a l ong  ra i l way 
Genera l i s ed 800 ' contour  
Genera l i sed  700 ' conto ur  
O l der  d i s sec ted E l tham l ahar  s u rface . I n  north bounde d  by 
genera l i sed  800 ' contour  and  i n  s o uth bounded by 700 ' contour .  
I n  wes t bounded by Stratfo rd Formati on . 



Ratap i ko Road . 

A l l th e swamps appe a r  to h ave formed by l ahar i c debri s fl owi ng down 

the Wa i ngongoro Ri ver and  accumul at i ng i n  the mouths  of tri buta ry va l l eys 

to the eas t .  Th i s  b l oc ked the val l eys th at were d ra i n i ng across the 

S tra tford Formati on ( g reater tha n  50 , 000 years B . P . ) to the wes t ,  where 

water then accumul ated, accompani ed by organi c matter and teph ra . S i nce  

the Punga reh u Fo rmati on  ( about 2 3 , 0 00 years o l d )  was  di rected to  the  wes t 

and  di d not  fl ow down the Wai ngongoro Ri ver , i t  s eems l i kel y that the 

Opunake Formati on caused  th e b l ockage . 

Sound i ngs  through  peat to so l i d  gro und , by the  E l tham Dra i nage Boa rd , 

h ave revea l ed an average depth o f  1 2m .  

43 

�1cG l one a nd  Neal l ( 1983 , pers . comm . ) exami ned the s trat i graph i c  

vari ati on  i n  vegetati on i n  the Ngaere Swamp by means  of  deta i l ed pa l yno l og i ca l  

i denti fi c at i on . 

Vari o us zones were recogn i se d  ra ngi ng i n  depth from Zone  1 at 

9 . 3 - 8 . 3m ( 1 3 , 000? - 1 2 , 600  years B . P . ) th ro ugh to Zone 7 at  0 . 6 0m ,  pos t-

3 , 300 yea rs B . P .  Duri ng Zone 1 a wet sedge swamp occupi ed the s i te ,  w i th 

herb- ri ch g ras s l and and  s h rubs domi na nt  and ta l l s h rub l and absent . 

However , i t  i s  e s t imated th at  a round  1 2 , 600 - 1 1 , 200  yea rs B . P . ( Zone  2 )  

podocarp-ha rdwood trees a nd  s h rubs  began to a ppea r .  The trans i t i on from 

g rass l and  th rough a ve ry br ief  s hrub l and ph a se  to ta l l  podocarp-ha rdwood  

forest  was ra p i d ,  w i th the  total  t i me for repl acemen t proba b l y  l es s  th an  

1 , 000 years . No maj o r  c hanges i n  the fo re s t  domi nants occurred duri ng  

Zones 3 a nd  4 .  Duri ng  Zone 5 ,  a t  6 . 3 - 2 . 2m ,  ( es ti mated to  be between 

9 , 300 - 5 , 500  years B . P . ) there was an  i n crease  of Dac ryd i um cupress i num 

and  a reduct i on of  the p revi ous l y  domi na nt  Podocarpus spi catus , refl ecti ng 

a major  c hange  in  fore s t  compos i ti on .  The ma i n  envi ronmenta l  factor 

beh i nd the  change was c l i mati c ,  i n  wh i ch the ra i nfal l was a s  h i gh or  h i gher 

than  th a t  of the presen t ,  the wi n ters mi l d  and  the s ummers warm and  mo i s t .  

Th i s  swamp forest  rema i ned domi nant  wi th Da cryd i um co l enso i , s i l ver p i n e ,  

reach i ng a peri od o f  pea k ab undance , wh i ch ended by a bout  3 , 300 years B . P . 

( Zone 6 ) . I t  i s  s i g n i fi cant  tha t  s i l ver  p i ne i s  not fo und growi ng  i n  

Tarana k i  at  pres ent .  S tumps of  s i l ver p i ne s t i l l  l i tter the s urface and  

a re concentrated i n  c erta i n  parts of the swamps , for exampl e near  H u  Road .  

Duri n g  Zone 7 there was  a n  i ncre as e  i n  th e Dacrydi um cupres s i n um ,  toge th er 

w i th tree and g round ferns s ugge s t i ng not o n l y  a s udden change i n  fores t 

compos i t i on on , o r  c l o se  to the s i te i n ves t i ga ted , b u t  a l s o  a dri er  s u rface 

on the  m i re .  



C l a s s i fi ca t i on of  E l tham pea t  

There h ave been n umerous cr i teri a used t o  cl a s s i fy organ i c  s o i l s ,  

Farnham a n d  Fi n ney ( 1 965 )  made an  extens i ve rev i ew of  the vari o us cri teri a 

for c l a s s i fyi ng organ i c  s oi l s .  Previ ous  sys tems i nc l ude : 

1 )  Topograph i ca l  features  ( e . g .  Sha l e r ,  1 890 ) 

2 )  S u rface vegetat i on  features ( e . g .  He i n se l man , 196 3 )  

3 )  Chemi cal  propert i es ( e . g .  Nygard , 1954 ) 

4 )  Botani cal  or i g i n  ( e . g .  Da v i s  and L ucas , 1 959 ) 

5 )  Morpho l ogy ( e . g .  Veatch , 1 9 53 )  

6 )  Genet i c processes  ( e . g .  Kub i ena , 1 9 5 3 )  

7 )  Pedol ogi cal  methods (e . g .  Harri s ,  1968 )  

Prob l ems of  termi no l ogy h ave ar i sen  s i nce  the parent materi a l  i s  

a l s o the concern of the pea t bota n i s t ,  who c l as s i fi es peat i n  two ways . 

There i s  a b road  c l a s s i fi cat i on  for peat accumu l a t i ons and  th ere i s  a 

more spec i fi c  one for the peat mate r i a l  i ts e l f .  At  a h i gh l evel o f  

c l a s s i fi c a t i on E l th am seri es c a n  be  defi ned as  l oc a l  or  bas i n  peat , wh i l e  

a t  a more s peci fi c l evel  i t  can be  cons i dered mesotroph i c  or  i n termed i a te 

i n  ferti l i ty .  

An a p prec i ati on o f  peat a s  a s o i l , w i th pedo l og i ca l h ori zons , as  

o pposed to  a mere organ i c materi a l  depos i t ,  req u i re s an  unders tandi ng  of  

the proce s s  of  decompos i ti on .  Th i s  i n vol ves hori zons of act i ve 

h umi fi ca t i on towards the  s u rface , an  hori zon of  anaerob i c  decay bel ow , 

w i th a trans i t i on hori zon i nbetween .  The fac t  tha t  peat i s  an  

accumul a t i n g  body means  th at  each  l ayer has  undergone a certa i n  amount  

o f  h umi f i c ati on wh i l s t near the s u rface . The pres ence i n  the Swamps o f  

s oft , decompos i ng l ogs , w i th wel l p reserved woo d  s tructure i nd i cates 

th a t  anaerob i c decay i s  an  i mportant  yet rel at i vel y s l ow proces s .  

There are several  methods for meas uri ng  the amount  or  degree of  

decompos i ti on ,  for exampl e ,  max i mum s aturated water-ho l di ng capaci ty ,  

b u l k dens i ty ,  sod i um pyrophos phate so l ub i l i ty and  the amount  o f  pl a nt  

f i b re and  i ts d urabi l i ty ( A very , 1 973 ; Canada Department o f  Agri c ul ture , 1 9 70 

4 4  



U . S .  Soi l Taxonomy ,  1 9 7 5 ) . F i b res  are defi ned as  recogn i sab l e  p l a nt  

t i s s ue ,  e xc l ud i ng l i ve roots a nd  wood fragments l a rger than  20mm i n  

c ros s - sec t i on ,  whi ch ca nnot  be crus hed or s h redded i n  the hand  and  that  

a re reta i ned  on a 100 -mes h se i ve ( 0 - 1 5mm open i ng s ) . The 0 h ori zon i s  a 

mas ter hor i zon , wh i ch i s  s ubdi vi ded a ccordi ng  to the degree of decompos i ti on 

of  the o rg an i c  matter a s  s hown by the amount  and  durabi l i ty of  p l a nt  fi b re 

presen t .  Fol l owi ng the Canad i an  sys tem , wh i ch has  bee n  a dopted i n  

New Zea l a n d  fo r organ i c hori zons , these a re des i gnated as s hown be l ow by 

the standa rds set  i n  U . S .  S o i l Taxonomy .  

O f  Fi bri c hori zon , an  0 hori zon conta i n i ng l arge 

amoun ts of we l l p reserved fi bre .  

Om Mes i c  hori zon , an 0 hori zon exh i b i t i ng an  

i ntermed i a te degree of  decompos i ti on .  

Fi bre content i s  l es s  tha n for a fi br i c hori zon . 

Oh  Humi c hor i zon . Th i s  i s  a wel l decomposed 

0 hori zon i n  wh i ch the ori g i na l s tructures  of 

organ i c  materi a l  a re unrecogni s a b l e .  The 

hori zo n i s  u sua l l y  b l ack  and the fi bre 

conten t mi n i ma l . 

The terms fi bri c ,  hemi c and  sapri c _ have been app l i ed by U . S .  S o i l 

Taxonomy w i th the s ame mea n i n g  as  th e above des i gnati ons . 

Di ffe rences i n  the  degree of  decompos i t i on together wi th vari a t i ons  

i n  p l ant  rema i ns confi rm that  the vegetati ve cover  and  condi ti ons for 

decompos i t i on have a l tered th roughout  the deve l o pment  of  the Swamps . The 

upper ma s s  of peat i s  deri ved from woody p l ants a nd  can  be des cri bed as  a 

fo re st  pea t ,  wh i l e  a t  depths  of  8 - 9m the materi a l  i s  sedge pea t .  

Organ i c so i l s  tend to h ave v e �  wea k l y  expre s sed morpho l ogy that i s  

d i st i ngu i s hed ma i n l y  on  the  bas i s  o f  organ i c  matter content ,  degree of  

decompo s i t i on and  cons i s tence . I n  the  case  of  the E l tham pea t ,  tephra 

b eds  a re a l s o present formi ng mi neral hori zons . 
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I n  the  E l tham s eri es  the h umi fi ed uppe r hori zons contra s t  s trong l y  

w i th  the l ower part of  the profi l e .  The upper  0 . 40m compri s es dark 

redd i s h- b rown to dark b rown pea t ,  w i th moderate l y  to s trong l y deve l o ped fi ne , 
n utty s tructure g i vi ng  a fri ab l e  cons i s tence . The many to abundant roots  

a re often i ron s ta i ned . I n  many profi l es charcoa l i s  present  from the 



fi res th a t  fol l owed c l earanc e .  The s ubso i l te nds t o  b e  very dark b rown 

to b l a c k  b ecomi ng a dark  reddi s h - b rown s tructure l ess  peat wi th depth . 

However ,  on  dryi n g , i n  d i tch expos ure s  the pea t s hri n k s  formi ng  a s trong l y  

deve l o ped coarse b l o c ky s tructu re ( P l ate 2 . 1 2 ) .  The part l y  decomposed 

fragments of  wood , tw i gs and fi b res , wh i ch  a re a feature throughout  the 

profi l e  a re concentra ted at a pprox i ma tel y 0 . 90m depth . The water -tab l e 

us ua l l y  occ urs between 0 . 60 and  1 . 50m depth . 

P umi ceous a n d  l i th i c  l a p i l l i  may be concen trated i n to conti n uo us 

h ori zons o r  pockets i n  the peat . The l a p i l l i  may be  greater than 20mm i n  

di ameter o r  reduced to a coa rs e as h ,  i mpart i ng a gri tty fee l and  s p eck l ed 

a ppearance . The B urrel l Lap i l l i  (�. 330 years B . P . ) occ urs i n  the upper 

hori zons , w i th the Ka upokon u i  teph ra (�. 2 , 000 years B . P . ) and  Ma ketawa 

tephra (�. 3 , 100 years B . P . ) be l ow .  The d i s t i ncti ve and s cor i aceous 

Manganu i  tephra , w h i c h  has  b een  dated �· 3 , 300 years B . P . , has  been 

i dent i fi ed a t  a depth of  approx i mate l y  0 . 60 to 0 . 70m , where i t  forms a 

gravel l y  hor i zon . The tephras p2 (�. 4 , 500 years B . P . ) and  p 1  ( �. 5 , 1 50 

years B . P . ) occur a t  a depth o f  approx i ma te l y  1m and a re s trong ly  wea thered  

( Fi g ure 2 . 6 ) . The  p re sence of bands of  teph ra i n  these profi l es c reates 

di st i nct  textura l d i s conti nu i ti es . 

T he  sys tem of  o rgan i c  so i l c l as s i fi cat i on that a ppears i n  U . S .  Soi l 

Taxonomy ( So i l S u rvey S ta ff ,  1 9 7 5 )  i s  the res u l t of  many mod i f i ca ti ons  a nd  

changes . The H i s to so l  o rder i s  now defi ned on  the th i ckness  of  organ i c 

materi a l s over l i mn i c  materi a l s ,  mi nera l materi a l s ,  wa ter o r  permafros t .  

A control secti on h as b ee n  estab l i s hed for the i r ta xonomy .  I t  i s  e i ther 

1 30cm or  1 60cm th i ck , dependi ng  on th e k i n d o f  materi a l , p rovi ded th a t  no 

l i th i c  or paral i th i c  contact , th i ck l ayer of  water or  fro zen so i l i s  

encountere d wi th i n those  l i mi ts . Th e control  s ect ion  has been di vi ded 

i n to th ree t i e rs : s u rface , s ub s u rface and  bottom t i e rs .  

The E l tham peat i s  c l as s i fi ed at  the s u borde r l evel as a Sapri s t  on  

the  bas i s  of  i ts mo i s t ure reg ime and  by the degree  of  decompo s i ti on of  the  

organ i c materi a l s .  S apri s ts a re s a tura ted wi th wa ter for s i x  month s  o r  

more of  the year , o r  h ave arti fi c i a l  dra i na ge . Sapri c so i l mater i a l s a re 

the mos t h i gh l y  decomposed  o f  the  organ i c materi a l s and  norma l l y  have the 

smal l es t  amount  o f  p l a n t  fi bre , the h i ghes t b ul k dens i ty and  the l owes t  

water con tent  o n  a dry-wei gh t  b as i s  a t  sa turati on . The b u l k dens i ty i s  

commo n l y  0 . 2  or more and  the E l tham seri es  i s  no except ion ( Tab l e 2 . 6 ) .  

The s od i um pyrophos ph ate col o ur  tes t was carri e d  out , accordi n g  to U . S .  

So i l Taxonomy on s amp l es of  the E l tham pea t .  The co l ours obta i ned were 

a l l characteri s t i c o f  sapri c materi al . 
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P l ate  2 . 1 2 

Secti on  expo s ed i n  di tch on S ha rp ' s  
p roperty a t  N l l 9/889456 show i ng : -

B l .  - B urrel l l ap i l l i  

Kk . - Ka upokon u i  teph ra 

Mt . - Ma ketawa tephra 

Mn . - Ma nga n u i  teph ra 

B l  4 ems . 

P EAT 

Kk 6 ems . 

P EAT 

Mt 8 ems . 

PEAT 

Mn 1 4  ems . 

4 '1 
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Fi gure 2 .  6 

PRO F I L E  O F  ELTHAM PEAT N EAR RAWH I T I ROA ROAD AT N 1 19/90 14 69 

Depth 
( cm )  

0 

Burrel l 
Lap i l l i  

Ka u po kon u i  

Ma nganu i  

tephra 

p2B 

p2A 

7 . 5Y R  3/ 2 ( dark  brown )  p eat  conta i n i n g 1 0YR  7/8 
(yel l ow )  pumi ceous l a p i l l i ,  averag i ng Smm , i n  
d i ameter and  coarse ash , admi xed w i th much  f i ne 
ash ; fri a b l e ;  fi ne nutty s tructure ; abundant  
very fi ne  roots ; wavy , d i s t i nc t  boundary .  

10YR 3/ 2 ( very dark  greyi s h - b rown )  g rad i ng to 
5YR 2/ 1 ( b l a c k ) peat \v i th 2mm l a p i l l i ,  
produc i n g spec k l ed appearance ; s tructurel ess ; 
ma ny very fi n e  roots ; i rreg u l a r ,  d i s t i nct 
boundary .  

2 . 5Y 8/4 ( P.a l e  ye l l ow } pumi ceo us l a p i l l i ,  
scattered 1 n  S YR 2/ 1 { b l ac k )  pea t , w i th poc kets 
of coars e pumi ceous ash ; few very fi n e  roots . 

5YR 2/2  ( dark  redd i s h - brown ) pea t wi th 
2 . 5Y 8/ 2 (wh i te ) pumi ceous l a p i l l i , often Fe 
s ta i ned . 

10YR 4/ 1 ( da rk g rey ) l i th i c  l a r i l l i ,  averag i ng 
2mm , i n  d i ameter . 

Fi ne l i th i c  l a p i l l i  i n  poc kets . 
5YR 2 / 1  ( b l ack ) peat ; s tructurel ess . 

2 . 5Y 8/ 2 ( wh i te )  pumi ceous l a p i l l i ,  coarses t and  
most  concen trated in  centra l  10cms . 
Scattered l i th i c  l a pi l l i ,  averag i ng 10mm i n  
d i ameter .  Lap i l l i  c a n  be Fe s ta i ned . 

5YR 2 / 1  ( b l a ck ) peat w i th twi g s and  fi bres 
and wi th depth , ma ny wood fragmen ts . 



Tab l e 2 . 6  

Hori zon 

Ap 

Oh 1 

Oh 2 

Bh 1 

Bh2  

BULK DENS I TY VALUES FOR THE  ELTHAM PEAT 

Hori zon 
depth 
( cm )  

0 - 20 

2 2 - 30 

30- 5 2  

52-6 5 

65 - 100 

Sampl e 
depth 

( cm )  

6 - 9  

10- 1 3  

2 3- 26 

2 7 - 30 

37-40  

4 1 -44 

5 3 - 56 

5 7-60  

78- 8 1  

82-85  

B ul k 
den s i ty 
( Mg/m3 ) 

0 . 55 

0 . 49 

0 . 30 

0 . 26 

0 . 42 

0 . 30 

0 . 20 

0 . 18 

0 . 26 

0 . 32 
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At the g reat  group  l eve l th i s  s o i l i s  a Med i s a p ri s t ,  on  the bas i s  

of the so i l temperature reg i me , wh i c h  i s  i mportant  s i nce i t  i nfl uences th e 

rate of  decompo s i t i on of  the organ i c materi a l  and  abs ence o f  h umi l l uvi c 

mater i a l . 

At the s ubgroup l evel i t  i s  a Fi bri c Terri c Med i sapri s t .  I t  i s  

Fi bri c beca use  the peat has  more than 1 2 . 5cm o f  the s ub-s urface and bottom 

t i ers cons i s t i n g o f  fi bri c materi a l s .  I t  i s  Te rri c beca use there i s  a 

mi nera l l ayer 30cm or  more th i c k wh i ch  has i ts upper  boundary i n  the control  

s ect i on be l ow the s urface t i e r .  There i s  a l s o  a mi nera l  l ayer between 

5 and 30cm th i c k wi th i n  th e o rgan i c  materi a l s and two or  mo re th i n ,  

con t i n uous  mi nera l  l ayers a re present  i n  the contro l  secti on , be l ow the 

s u rface t i e r .  Terri c s ubgro ups can be further  s ubd i vi ded i n to fami l i es 

by the cr i teri a s peci fi ed for H i s toso l s .  At the fami ly  l evel i t  i s  

med i a l  a n d  mes i c .  I t  i s  med i a l because  l es s  than 35% ( by vol ume ) i s  

g reater than 2mm and i ts water retenti on at  15-ba rs i s  1 2% or  more on  

p revi ous l y  dri ed  samp l es and  i ts water reten ti on a t  1 5-bars of  undri ed 
betw��n 

s amp l es i s v 30 and 100% . I t  i s  mes i c  because the mean ann ua l  temperature 

i s  h i gher  th an 8°C b ut  l ower than 1 5°C .  

Th us , the E l tham s eri es i s  c l a s s i fi ed accord i ng  to So i l Taxonomy 

a s  a Fi b ri c Terri c Medi sapr i s t  ( med i a l , mes i c ) . 

5 0  
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CHAPTER 3 

TEPHROCHRONOLOGY 
OF  C E NTRAL TARANAK I  

1 .  I NTRODUCT I ON 

Mt . Egmont  i s  a 2 5 1 8m h i g h  a n de s i ti c  s tratovo l cano tha t  h as fo rmed 

over the l as t  100 , 000 years ( Nea l l ,  1 97 2 ) . Over th i s  t ime the andes i t i c  

erupt ions  h ave been i n termi tte n t  i n  occurrence , res ul ti ng i n  extrus i on o f  

l ava fl ows , a i rfal l teph ras , pyroc l a s ti c f l ows a n d  the forma t i o n of  l a hars 

and a s soc i ated fl oods . Lahars a nd  pyro c l as ti c fl ows , formed  by co l l a pse  

of  segmen ts of the s tratovo l cano , a re t he  mo s t  vol umi no us depo s i ts a nd  

have produced a ge nt ly  di ppi ng cons truct i ona l s u rface s u rround i ng  

Mt . Egmo n t  wh i c h h a s  been te rmed the ri ng pl a i n .  

P rev i ous  teph rochrono l og i c a l  work a ro und Mt . Egmont was concen tra ted 

to the north and wes t where the maj o r  s tra ti graphy of the pr i n c i pa l  l a te 

Quaternary tephras a nd  nuee a rdente depos i ts wa s estab l i s h e d .  Te n 

formati ons  of  a s h  a nd  l api l l i ,  i nc l ud i ng the Oa k ura and  Okato Tephras  

wh i ch compri s e  the " Egmont  S h ower " o f  Gra nge and Tayl o r  ( 1 9 3 3 ) , were named 

by Nea l l ( 19 7 2 ) . 

The  tephrochrono l og i ca l  work i n  th i s  s tudy i s  cen tred on a detai l ed 

s trati g raph i c  i n ves t i gat i on  of  tephra d i s tr i b uted to the ea s t  o f  

Mt . Egmont  i n  l a te Quaternary ti mes a n d  genera l l y  k nown as  the " S tratfo rd 

Shower" .  The maj o ri ty of un i ts a re defi ned i n forma l l y  a n d  are e i ther  

named o r  n umbered . De ta i l e d des cr i pti ons  of  un i ts from the  uppermo s t  

teph ra p 2 ,  to the l owermost  teph ra Ma hoe teph ra , are i ncl uded . The 

teph ras recogn i se d  a s  occ u rri n g  wi th i n the ori g i na l l y  defi ned S tra tfo rd 

Shower range from the Ka upo kon u i  te ph ra (yo unges t )  to the E 3  teph ra 

( o l de s t )  ( Tab l e  3 . 1 ) . 

I s opach maps are p resented  and  p rovi s i onal  correl a t i o n  to the north 

i s  a t tempted . 
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Tabl e 3 . 1 Ch rono l ogy  and d i str i b u t i o n  of pri ncipa l  Qua ternary vol can i c  d epo s i ts i n  central  and  eas tern Ta rana k i  

Sca l e :  

cm. 

r1: 

COMPOS I TE TEPHRAS 

COLUMN STRAT I GRAPH I C  
UN I T  

� A. /'.... ..11 T..:>" l{!,lf?ll:Mrt-'L 0 _.,  . .  �s l·u \!",;;-,nQ .. i, .... . ..., . .  

B u r i e d  s o i  1 
TEPHRAS 

Teph r i  c 1 oess 

3 Unname d  ashes 

AOKAUTERE 
ASH 

� KORU Koru a s h  

TEPHRA Koru l ap i l l  i 

P R I NC I PAL 
L I THOLOG I ES AND 

D I ST R I B UT I ON 
t h i n a i rfa l l  coa rse 
::l c: h  � hnva. 7?nm 

LAHAR AND ALL UV I AL DEPOS I TS 

STRAT I ­
GRAPH I C  

U N I T  

P R I NC I PAL 
L I THOLOG I ES AND 

D I S T R I B UT I O N  

PUNGAREHU l ah a r i c b recc i a  
FORMAT I ON a n d  congl ome ra te 

OPUNAKE l ah a r i c congl omerate a n d  
FORMAT I ON s a n d s tone w i th i n terbedded 

pea t ,  s a n d  and s i l t  l enses 

STRATFORD l ah a r i c c o n g l ome r a te and 
FORMAT I ON b recc i a  wi t h  l i g n i te l enses 

terres t r i al mud, s a n d  and s i l t  

� OMAH J NA Rhyol i t i c  a s h , from the ( Forma t i ons p res e n t  i n  T a rana k i  b ut Ce n t r a l  North I s l a nd n<X present 1 n  E l tham C o u n ty )  TEPHRA 

ELTHAM 
FORt'IAT J ON 

CHRONOLOGY 
( a fter Nea l l 1 9 7 2 , 1 9 7� 

uni ts dated by rad i o­
ca rbon methods i n  

ears B . P .  

1 7 55AD1 
I 
I 

NZ 1 056A 
( 1 9 , 850 ± 3 1 0 )  

N Z  16238 
( 2 2 , 700 ± 600 ) 

NZ 3 3 1 A  
( 34 , 400 = 1 5 0 0 )  

> 50 , 000 y r .  B . P . 

Mi d - P l ei s tocene 



2 .  DEF I N I T I ONS  AND  TERMI NOLOGY 

There have b een many attempts to s ta ndard i s e the nomenc l a ture of 

py r oc l a s t i c mater i a l s ( Wentworth and W i l l i ams , 1932 ; F i s her , 1 96 1 , 1 966 ; 

Col e a nd  Kohn , 1 9 7 2 ) . I n  1 9 79 , the l UGS Subcommi s s i on on  the Systema t i c s  

o f  I g neous Roc ks  publ i s hed a nomenc l a ture for c l a s s i fy i ng pyroc l a s t i c 

roc k s , wh i ch h a s  been used i n  th i s  s tudy .  

defi ned a s  fo l l ows ; 

Pyroc l a s ts 

The terms used  h ere are 

Wentworth and  Wi l l i ams , ( 19 3 2 )  defi ned " pyroc l a s t i c "  a s  " a n  

adj ect i ve appl i ed t o  rocks  produced by expl os i ve or  aer i a l  ej ect i o n o f  

mater i a l  from a vol ca n i c  vent " . There are two fundamenta l  types of  

pyroc l as t i c  roc k ,  depend i ng u pon  whether they are a i rfa l l tephras 

depo s i ted from erupt i ve c l ouds  by aeri a l  ej ect i o n  or  fl ow depos i ts 

erupted i n  the forms of pyroc l a s t i c  fl ows . The l UGS c l a s s i f i cat i on  uses  

" a verage d i ameter"  i n stead of  the "med i a n d i ameter " , because  the  g ra i n 

s i ze w i l l  u sua l l y  be e st imated v i s ua l l y  ( Tab l e 3 . 2 ) . 

L ap i l l i  

P umi ceou s  l a p i l l i  are c haracteri zed by numerous  smal l ca v i t i es 

present i ng a s pongy a ppearance  wherea s l i th i c l a p i l l i  are of  s tone . 

Tephra 

The  term " tephra " wa s i n troduced by Thorar i n s son  ( 1 944 ) and was 

l a ter  defi ned by h im a s  "a co l l ect i ve term for a l l the c l a st i c vo l can i c 

materi a l , w h i c h  dur i ng an eru pt i on i s  tra ns ported from the crater through 

the  a i r  corre s pond i ng to the term l ava to s i g n i fy a l l the mo l ten ma teri a l  

f l owi ng from t h e  crater "  ( Thorari nsson , 1 9 54 ) . 

The term i mp l i es no part i cu l ar gra i n s i ze and  i s  of  a i rfa l l ori g i n .  

" Cream ca kes "  

Th i s i s  a n  i nforma l term prev i ou s l y  u sed i n  the Centra l  North I s l and  

( Hea l y ,  1 964 ) to  conven i ent l y refer to  the occurrence of d i s cont i nuous  

l ayers or patches  of ash  of much  l i g h ter col our  tha n the  bed  enc l o s i ng 

them . They have a c haracter i s t i c " ca ke "  a ppearance  and form d i s t i nc t i v e  

hori zons , espec i a l l y  i n  weathered expos ures , a nd a ppear t o  represent 

patc hes of  und i sturbed ash  i n  a n  o l d so i l zone . They are found  a t  the 

5 3  



Tab l e 3 . 2  

( average ) 

c l a s t  s i ze 

64mm 

2mm 

Granu l ometri c c l a s s i fi c at i o n  of  pyroc l as ts and 

o f  un i modal , wel l s o rted pyroc l asti c depos i ts 

pyrocl  a st  pyrocl a st i c depos i t  

mai n l y  ma i n l y  conso l i dated : 
unconso l i dated pyrocl as t i c rock : 
teph ra 

a g g l omerate , a gg l omerate , 
bomb , bed  o f  b l ocks agg l uti nate , 
b l ock  or  bomb , b l ock pyroc l a s t i c b recc i a  

tep h ra 

l ayer ,  bed of  
l ap i l l i  o r  l ap i l l i  tuff 

l a p i l l us l a p i l l i  teph ra 

a s h  gra i n coarse  a s h  coarse tuff 4: 
::::5 

0 . 06 3mm - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +-' 

ash  parti c l e  fi ne a s h  fi ne tuff  ......... 

..c 
( du st  parti c l e )  ( du s t )  ( d ust t uff )  Vl 

� 
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upper  contact of  E4 ( F i gure 3 . 7 ) and may a l s o  be found i n  the c entra l 

member of E4 . They may be fo und a s  a th i n " l edge "  bel ow the bur i ed 

so i l  formed on the E3 tephra and as  a ma s s i ve s tructure above E 3  

( F i g ure 3 . 10 ) . They are a l so found as  a d i sconti nuous  band above E 2 .  

" Po c ket i ng "  

The term " poc keti ng " i s  u sed t o  refer to t h e  var i a b i l i ty i n  

th i c kness of s ome of the beds . Mea surements of bed th i ckness  were 

therefore ta ken at the po i nt of max i mum th i c kness  of  a l ayer .  I t  i s  a t  

th i s  po i nt tha t  a l l the u n i t i s  pre served , e l sewhere i t  may have been 

removed or have l a nded on  a vegeta ted s u rface . A l ternati ve l y ,  the 

th i c ker  port i on s  may be zo nes of  accumu l a t i on . 

" S pa l l i ng " 

The term " s pa l l i ng "  i s  u sed to des c r i be the way i n  wh i ch a band of 

tephra frets and fal l s  out i n  vert i c a l  ex pos u re s  para l l e l to the bedd i ng . 

3 .  H I STORI CAL BACKGROUND AND PREV I OUS WORK 

The importance of s o i l  formi ng vol ca n i c a s h  s howers was recog n i sed 

at the s tart  of  so i l s u rvey i n  New Zea l a nd ( Tayl o r ,  1 930 ; Gra nge and 

Tayl or , 1 93 1 ) . Th i s  background mea nt  that pyroc l a st i c depos i ts were 

i n i t i a l l y  regarded as s o i l  parent mater i a l s rather than as l i tho s trat i -

g raph i c  u n i ts . The app l i cat i on of  rad i ocarbon da ti ng to l a te Quaternary 

s trati graphy , i n  the 1 9 50 1 S ,  s t imu l a ted research i n  tephrochro nol ogy and  

the  rel at i o n s h i p between the  so i l pa ttern a nd vo l ca n i c  depo s i ts ,  mos t  of 

these s tud i es tend i ng to concentrate i n  the Central  Vol c a n i c Reg i o n . 

I n  Tarana k i , A . W . B urrel l ,  i n  1 883 , was fi rst  to recog n i s e  the 

f i e l d evi dence of recent  acti v i ty from Mt . Egmont ,  name l y  the presence of 

pumi ce fragments l odged i n  the forks  of l i v i ng trees . L a ter , i n  1929 , 

a Maori oven  was d i scovered by workmen when they were construct i ng 

Pembroke Road . The oven wa s bur i ed b eneath a pumi ceous  l ap i l l i  wh i ch 

was named a fter B urrel l ( O l i ver , 1 9 3 1 ) .  

Gr immett and Brogan  ( 1 933 )  noted that " s cor i a l a p i l r i "  were eas i l y 

v i s i b l e i n  Tarana k i  a nd  were present  i n  s uff i c i ent  qua nt i ty for the s o i l s  

to be c l a s s i fi ed a s  be i ng of a coarse  nature . I n  addi t i on , they were 
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aware of  the fact  that  depos i ts b ecome progre s s i ve ly  f i ner i n  texture , a s  

they were spread o utwards from Egmont . 

I n  the fi rst  s o i l su rvey of  Tara na k i  ( Grange and  Tayl o r ,  1 9 3 3 )  

three ma i n  tephra -showers were recogn i sed a s  so i l form i ng :  ( i )  t h e  

Egmont  ( i i )  t h e  S tratford a nd ( i i i )  t h e  Burrel l s howers . T he  s howers 

were a s s umed to be younger tha n the mudfl ow depo s i ts of the Opuna ke and  

Okato d i stri cts b ut  t h i s has  s ub sequentl y b een  fou nd to  be on ly  partl y 

true . I n  thei r 1 9 33 acco u n t ,  Grange and  Tayl or  menti on that the 

Stratford Shower overl i es the Egmont Shower a nd that i t  was depo s i ted by 

wes terl y w i nds so that  i t  wa s s pread ma i n l y  ea s t  of Egmont . The S tra tford 

Shower wa s mapped from a po i nt 6 km south of 

5 6  

Wa i tara to a po i n t 5 km north of  Normanby , w h i l e  the  Egmont  Shower was Ma.ppc� +o ' po , ;..h .  . 
th� !"'oY.Th o.nd ?ou+h <j th�sr. v No type l oca l i t i es were ever des i g na ted b ut  

0 . 3m o f  S tratford S hower wa s descr i bed a s  res t i ng on  the con s i dera b l y  

o l der Egmont Shower , a t  the Demonstrat i on Farm a t  Stratford . Here was 

recorded : 

{ 7 5mm dark  b rown coarse sands 

S tratford S hower l 50mm da rk brown to brown coarse sands  

{ 75mm brown gravel l y  sa ndy l oam 
on  du l l brown sa ndy l oam 

Egmont Shower 

I n  1962 , We l l ma n  tentat i ve ly  corre l a ted an  ash  at  a coa s ta l  sect i o n , 

7 km north of Ca pe  Egmont , w i th the S tratford Ash . Accord i ng to We l l ma n ,  

the a s h  wa s 1 50mm t h i c k  a t  the secti on , a ndes i t i c  i n  compo s i t i on a nd  of  

a coarse sand  g rade . Wel l man ' s  " S tratford Ash ' overl i es the  S tent  Ash  

and  underl i es the Taupo Pumi ce , and from i ts s tra ti graph i c  pos i ti on 

We l l ma n  cons i dered the a s h  to da te a t  a pprox imate l y  1 , 000 years B . P .  

Nea l l ( 1 979 ) descr i bed the same Ho l ocene coa s ta l  secti on and  re- i n terpreted 

We l l man ' s  Stra tford Ash as the Oakura Tephra , of con s i dera b l y  grea ter age . 

I n  Druce ' s  ( 1966 ) s tudy ,  wh i ch i nvol ved tree ri ng da t i ng of Recent 

Egmont  erupt i ves , a s eq u ence of tephras was determ i ned ( p4 ,  p3 , p 2  and p 1 ) 

from exposures  o n  the S tratford P l a teau Road . Druce corre l a ted the 

tephra sequence w i th the S tra tford Ash . I so pach  maps of po s t - 1 500  A . D .  

tephra s  ( i . e .  pos t-Stratford Shower tephra s )  were a val uabl e fea ture of  

Druce ' s  work .  I n  1968 , G i bbs s ummar i sed  the broad d i s tri b u t i o n  of  the 

B urrel l and S tratford a s hes  wi th a 7 5mm i sopach  and p l a ced a n  u n k nown 

t h i c kness  boundary for the Egmont  A s h .  



The  work of  Druce , together w i th  that of  Tonk i n  ( 1 9 70 ) a nd 

Topp i ng ( 1 9 7 2 ) estab l i s h ed the s tra t i g raph i c  rel a t i on s h i ps of the l as t  

n i ne erupti o ns from M t .  Egmon t ,  wh i c h  are grouped i nto three format i on s  

( Tab l e 3 . 1 ) . 

I t  wa s from th i s  work that the separate s ta tu s  of the Ta hurang i  

( l--·'7 55  A . D . ) , B urre l l ( 1 6 55 A . D . ) a nd Newa l l  ( pr i or to  1 604 A . D . ) 
Format i o n s  wa s recog n i sed . 

Work on the S tratford Shower was l i mi ted and  i t  wa s not unti l the  

s o i l s urvey of  S tratford County ( A i tken et � · ,  1 9 78 ) tha t subdi v i s i o ns  

of  the  Shower were a ttempted . 

I n  S tra tford Cou n ty ,  Rowa n a nd Lowgarth s o i l s  were separated 

because  they were deri ved from an u n named , l i th i c  l ap i l l i  depos i t , younger 

tha n the " Stratford Ash " .  Th i s  d epos i t  has  b een  i nforma l l y  referred to 

a s  the Manga nu i  tephra by W h i tehead ( 1 976 ) and  dated between ( NZ3423C ) at 

3 1 1 0  ± 160 yea rs B . P .  and  ( NZ3353C ) at  4030 ± 1 1 0 yea rs B . P .  Ear l i er 

workers had  i nc l uded the  Manga nu i tephra i n  the S tratford As h .  W h i tehead 

mapped the Ma nganu i tephra and the d i stri b ut i on i nd i cated that the source 

vent wa s Fanthams Pea k .  

Nea l l 1 S  ( 1 9 72 ) work , wh i ch wa s concentra ted to the north and  wes t  

of  Mt . E gmont , was concerned wi th the s trat i g ra phy of  the pri nc i pa l l a te 

Quaternary tephra s  a nd  nuee a rdente depos i ts .  The work named ten 

format i ons  a nd members of ash a nd l a p i l l i ,  o ccurri ng bel ow the Newa l l 

Format i o n . The new l y named tephras i nc l uded the " E gmont S hower" , wh i ch 

Nea l l d i v i ded i nto two s eparate format ion s . The Oa kura Tephra ( u pper ) 
was con s i dered to be l es s  than ( NZ 1 144A ) 6 , 9 70 ± 760 years B . P .  and  the 

Okato Tephra ( l ower ) between N Z 1 144A and ( NZ942A ) 1 6 , 1 00 ± 220 years  B . P .  

T he pumi ceou s  l a p i l l i  depo s i ts recogn i sed i n  the pre sent s tudy a s  

occurr i ng w i thi n t h e  or i g i na l l y  defi ned S tratford S hower ra nge from the 

Kaupo konu i tephra ( younges t ) to the E 3  tephra ( o l des t ) . The l a p i l l i  

are creamy co l ou red and  l es s  wea thered , compared w i th E 2  a nd o l der u n i ts . 

Un i ts be l ow and i nc l ud i ng E 2  wou l d  h ave b een  g rouped i n to the Egmont  

Shower on t he  bas i s  of  the i r  o ra nge a nd  more weathered a ppeara nce  

( Tab l e  3 . 1 ) . 

I t  i s  the tephras present  to 1m depth  wh i ch a re cr i ti c a l  to the 

mapp i ng of  the s o i l s  i n  E l tham Cou nty . For  ease of  reference the  

Kau po kon u i , Ma ketawa and  Mangan u i  tephras  a re here col l ecti ve l y  referred 

to as the y o u n g  l a pi l l i  showers . 
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The  250mm i so pach map of  the y o u n g  l api l l i  showers comb i ned wi th 

the depth of vo l can i c  ash above l a har i c depos i ts has  been u sed i n  th i s  

s o i l s u rvey to s eparate the  Lowgarth and  S tra tford seri es ( F i g ure 3 . 1 ) . 

The  s ame i sopach  has  been u sed i n  c omb i nat ion  wi th dra i nage and  

l each i ng to s epara te Ri verl ea from Ka h u i  seri es , Ma kaka  from T i poka 

seri es  a nd Mangawhero from Awatuna ser i es . 

4 .  METHOD OF STUDY 

Approxi mate l y  100 s ec t i ons were s t ud i ed i n  an area  south  of 

I ng l ewood and east of Awa tuna ( F i gures  3 . 2  and  3 . 3 ) . 

The i n ves ti gat ions  were a l l fac i l i tated by severa l maj o r  road  

cutt i ng s  a l ong the  ma i n  Opunake and E l tham roads . I n  add i t i o n ,  numerous  

mi nor  exposure s  were exam i ned a l ong i ntersect i ng roads a nd  on  farm 

pro p ert i es d u r i ng the course of  s o i l mapp i ng .  I nve st i g at i o n s  were a l so 

carri ed out wi th i n  Egmo nt  N at i ona l  Park . 

S tabl e s i tes  on the l a ndscape were chosen for deta i l ed descri pt ions  

and the  tephra s were character i sed by Munsel l co l our , texture , cons i s tence , 

proport i on of l i th i c  a nd pum i ceous l a p i l l i  and g enera l  appeara nc e .  Where 

the s trat i gra ph i c  sect i on s  were c l o se  together correl a t i on s  between the 

tephra s  was re l a ti ve ly  s tra i g h tforwa rd . However , wi th i ncrea s i ng 

d i s tance  apart , a nd a l so  wi th  i ncrea s i ng d i s tance from Mt . Egmont , 

var i a t i ons c a u sed by d i fferent i a l  wea theri ng and by merg i ng of tephra beds 

a nd format i on s  mea nt that f i e l d correl a t i o n depended u pon the presence of  

marker  beds . I n  order for a tephra to act  a s  a rel i ab l e marker bed i t  

mus t be preserved over a wi de a rea a s  a d i s t i nct i ve and  recogn i sab l e 

depo s i t ,  i dent i fi ab l e where i t  occurs  i n  i so l a t i o n  and di s t i ng u i s hab l e 

from a s soc i a ted tephra l ayers . I n  add i t i on i ts a pprox ima te age  shou l d  

b e  k nown . 

The Ma nganu i  tephra a cts as  the best marker bed i n  the top 0 . 5m of  

mos t  sect i on s . I t  i s  an  a i rfa l l , scor i aceous , f i ne l a p i l l i  and  a s h . 

T he  l ap i l l i  a re a l l l i th i c  a nd have d i st i nct i ve , prom i nent phenocrys ts . 

The tephra has  been dated between ( NZ3423C ) 3 1 10 ± 160  years  B . P .  and  

( NZ 3353C ) 4030  ± 1 10 years  B . P .  

T he  u n i t  E4 acts a s  a marker b ed for the l ower part o f  the 
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s tra t i g raph i c  sect i ons . I t  has  not yet been dated b ut  i ts age has  been 

e st imated � by corre l a t i on to the north and  wes t  of the  s tudy area � a t  

g reater than ( NZ3352B ) 5140 ± 1 50 years B . P .  and  l es s  than ( NZ 1 781C ) 

7 320 ± 1 10 years  B . P . � based o n  i ts pos i t i o n  be l ow the Kori to Tephra and  

above  the Opua  Forma t i on . 

member . 

I t  i s  c haracteri s ed by i ts " s pa l l i ng "  c entra l 

5 .  STRAT I GRAPH I C  UN I TS 

The  forma t i on i s  the primary forma l u n i t  of l i thostrat i graph i c  

c l a s s i f i ca t i on and  a member i s  i ts formal  l i thos trat i graph i c  subd i v i s i o n 

of  l ower ra n k  ( Hedberg � 1 9 76 ) . The th i c k ne s s  of a forma t i o n  fo l l ows no 

s ta ndard and may ra nge i n  t h i c k ness  from s evera l cent imetres to many 

metres . I n  add i t i on �  a forma t i o n  need not  be d i v i ded i n to members u n l e s s  

a u sefu l purpose  i s  served . 

A tephra forma t i o n  i s  u s ua l l y  defi ned from the l ower contact of i ts 

l ea s t  weathered basa l  l ayers � wh i c h u s ua l l y  res t u pon  o l der � more 

weathered l ayers form i ng a pa l eosol  on an o l der format ion  ( V ucet i c h  a nd 

P u l l a r �  1964 ) . The u pper contact  of s uch  forma t i ons � wi th a wea thered 

pa l eosol  hori zon � determi nes  the ba se  of the next format ion s . 

I t  wou l d  be conven i ent  to regard the product  of a s i ng l e erupt i ve  

pha se � separated by a pprec i a b l e t ime brea ks from t he  beds above a nd 

be l ow �  a s  a forma t i o n  b ut  i n  pract i ce  th i s  may be  d i ffi c u l t .  I n  the  c a se  

of  E 2 �  further s ubdi v i s i on of t he  u n i t wa s not carri ed out . T he  u n i t E 2  

i s  probab l y t h e  res u l t o f  e i ther s evera l " s howerS 1 1 or  a c l ose l y s paced 

ser i es  of i ntermi ttent erupti ons . 

The maj or i ty of  u n i ts a re i nforma l and  n umbered . The  " p "  symbol  

wa s u sed by Druce  ( 1 966 ) � wh i l e  the u pper case  1 1 E "  i s  a fter E l tham County .  

Any i nforma l names that have been g i ven to tephra u n i ts a re der i ved from 

l oca l  geograph i c  s i tes � for examp l e Ma hoe tephra . The u n i ts descri bed i n  

deta i l a re a l l l i tho l og i ca l l y  d i st i nct i ve  and  mappab l e .  
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6 .  SYSTEMAT I CS 

Tephras  bel ow the Mangan u i  mar ker bed a re descr i bed i n  the order o f  

younges t ,  ( p2 )  to o l dest  ( Mahoe tephra ) , beca use  w i th i ncreas i ng a g e  they 

are l es s  d i s t i nc t i ve , more wea thered and become more d i ff i cu l t to corre l ate . 

The type sec t i ons  a re a l l l ocated on  acces s i b l e ,  wel l exposed s i tes 

on  the r i ng p l a i n .  S i tes  c l o se to sou rce , i n  the Egmont  Nat i o na l  Park , 

were not chosen s i nce the grea ter th i c knes s of  the tephras , i nterca l a t i o n  

o f  other near source  depo s i ts a nd the general i na cces s i b i l i ty ,  made s uch  

s i tes u n s u i tabl e .  Reference l oca l i t i es a re des i g na ted , i n  o rder to s how 

l a tera l vari a t i on tha t may be present . 

T h i ckness  i n  mi l l i metres a re u sed to determi ne the i sopachs  

presented ( F i g ures 3 . 4 - 3 . 1 1 ) . The majori ty of  the i sopach  l i nes have  

been con structed u s i ng the  more rel i ab l e th i c k va l ues s i nce i t  i s  

d i ff i cu l t to obta i n  rel i abl e th i c knesses for t h i nner tephra l ayers , w i th 

d i s ta nce  from s ource . Gentl e depres s i o ns and  g u l l i es were avo i ded so  

that eros i on and overth i c ken i ng were kept  to  a mi n imum . 

i .  L ATE QUATERNARY TE PHRAS OF  C ENTRAL TARANAKI  

The u n i t  p 2  wa s f i r s t  recogn i sed by Druce ( 1 966 ) . I t  compr i sed 

h i s  u ppermos t  u n i t i n  the " S tratford As h " . T he un i t  ha s been subd i v i ded 

i nto two members p 2B a nd p 2A beca u se  i n  sec t i ons  nea r to source two 

separate , but c l o sel y s paced , bands of tephra can  be recogn i sed . The  two 

ba n d s  merge wi th d i s tance from source . The u n i t p 2  has  been corre l a ted 

wi th  Nea l l • s  ( 1 97 2 )  I ng l ewood Tephra , wh i c h has  been da ted ( NZ5527C ) 

a t  younger tha n  4490 ± 1 60 yea rs B . P .  

The  Mangan u i  tephra forms the u pper contact  of p 2B and ha s  been 

dated between ( NZ34 23C ) at 3 1 10 ± 160 years  B . P .  a nd ( NZ3353C ) at 4030 ± 
1 1 0  years B . P .  The  basa l  contact of p 2B i s  marked by the buri ed s o i l 

above p2A l a p i l l i  member . 

C R I TERI A : The  memb er p 2B i s  d i s t i ngu i s hed by i ts 1 0YR  8/ 2 ( wh i te )  

pumi ceous  l a p i l l i  a nd b l ocks  and  mi nor grey , dense andes i te l a p i l l i ,  wh i ch 

average 20mm i n  d i ameter , a s  recog n i sab l e i n  l ocat ions  between S tratford 

a nd Egmont Nat i ona l Park .  
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The member p2A i s  d i s ti ng u i s hed by 10YR 8/ 3 ( very pa l e brown ) 

pumi ceou s l a p i l l i  and i s  s epara ted from p2B by a bur i ed so i l s  formed 

from coarse a s h  ( P l ate 3 . 1 ) . 

TYPE  S ECT I ON : The type s ec t i o n i s  des i g nated o n  Opuna ke  Road , 0 . 6 km 
* 

from Ma hoe a t  Gri d Reference N 1 1 9/74 1 530 . Here there are two we l l 

exposed road cutti ngs  on the south  s i de of the road where p 2B reaches 

1 00mm i n  t h i c kness  and  p 2A 200mm . 

D I STR I BUTI ON AND SOURCE : p 2  i s  of a i rfa l l o r i g i n  from Mt . Egmo n t .  

I sopachs cons tructed for th i s  u n i t i nc l ude both p 2B a n d  p2A , wi th 

po s s i b l y  th i n  m i nor contr i but i ons  of Ka upoko n u i  ( p4 )  and  Ma ketawa ( p3 )  

tephra . The  i sopachs  s how a broad d i stri b u t i o n  to the south -east  of  

Mt . Egmont  ( F i gure 3 . 4 ) , w i th the 250mm i sopach  extend i ng from near 

Ka ponga , i n  the south to S tratford , i n  the ea s t .  

REFERENC E LOCAL I TY :  A cutt i ng o n  Monmouth Road , l km ea st  o f  Pembroke 

crossroads , at  N 1 19/8 1 3 603 , on  the south s i d e  of the road , s hows P2B 

and p2A occurri ng u p  near the topso i l . 

VAR IAT ION : The pumi ceous  l a p i l l i  are u sua l l y  l oo se  a nd wel l rou nded , 

wi th neg l i g i b l e a s hy matri x .  However , i n  the south  where p 2B and  p2A 

are th i n  a nd d i ffi cu l t to d i s t i ng u i s h a part , they merge i n to wh i te coarse  

l a p i l l i ,  referred to  a s  p 2 ,  occurri ng w i th i n  a fri ab l e yel l owi s h- brown a s h . 

W here p2B and p 2A occur u nder strong l y  l ea c hed so i l s  they are 

s ta i ned dark  brown or  red by i ron/orga n i c  i l l uv i a l  d epos i ts .  

The  u n i t i nforma l l y  des i g na ted p 1  l i es  benea th p2 and above E 5 . 

I t  wa s f i rs t  recog n i sed by Druce ( 1 966 ) . The  u pper and basa l  bounda r i es 

a re d i st i nct but i rregu l a r .  

T he  u n i t p 1  h a s  been correl a ted w i th N ea l l ' s  ( 1 97 2 )  Kori to Tephra , 

wh i c h  h a s  a coarse s a ndy a ppearance  i n  the ea s t  of Tarana k i . I t  has 

* Gri d reference ba sed on  the nat i onal  thou sand -yard g r i d  of the  

1 : 63 , 360 topogra ph i ca l  map seri es ( N . Z .  MS I ) .  I n  th i s  s tudy the  

map s  u sed were pub l i s hed i n  1 976 . 
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P l a te 3 . 1 

S ecti on exposed  on Opunake Road , 0 . 6  km 
from Mahoe , at N 1 19/741 5 30 , s how i ng 
deta i l s  of tephras  p2  and  p 1 .  

Th i s  i s  the type secti on for p 2B , p2A 
and p 1 . Length of  tape i s  1 m.  

Mangan u i  

tephra 

p2A 
buri ed so i l  

--

p2A 
l a p i l l i  

-

p 1  
buri ed s o i l  

p 1  
l a pi l l i  

p2B 
eroded 

p2A 

p 1  
buri ed s o i l 

p 1  
l a pi l l i  

E 5  
buri ed s o i l 

P l ate 3 . 2 

Deta i l of tephra s  p2A and p 1  ( Kori to Tephra ) 
Sect i o n  exposed near Tari k i , between 
S tate  H i ghway 3 and Ra i l way l i ne a t  
N 109/8 1 5703 . 
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been dated ( NZ 3352B ) a t  younger tha n  5 140 ± 1 50 years B . P .  

C R I TERI A :  T h e  u n i t  i s  d i s ti ng u i s hed by 1 0YR  8/ 2 ( wh i te )  pumi ceo u s  

l ap i l l i ,  20mm or  l es s  i n  d i ameter a nd conta i ns more l i th i c  l a p i l l i  than 

p 2B and p2A ( P l ate 3 . 2 ) . It  i s  bounded above a nd bel ow by bur i ed so i l s .  

TYPE  SECT I ON : The type sect i on  i s  des i gnated o n  Opunake Road , 0 . 6 km 

from Ma hoe a t  N 1 19/ 74 1 530 . The two c utt i ng s  are wel l exposed and  on  the 

south s i de of the  road and  the th i c k nes s  of  p1  var i e s  from 80- 100mm . 

D I STR IBUT ION  AND  SOURC E : p 1  i s  d i rec ted to the south-ea s t  of Mt . Egmont ,  

i n  a s imi l a r d i stri but i o n  to tha t o f  p 2  ( F i gure 3 . 4 ) . I t  i s  250mm i n  

th i c kness i n  the v i c i n i ty of Kaponga a nd a n  a i rfa l l or i g i n from Mt . 

Egmo nt  i s  probabl e .  

REFERENCE LOCAL I T I ES : Two reference l oc a l i t i es a re des i g na ted . The 

f i rs t  i s  a ro ad cutt i ng on  Upper Ha s t i ngs  Road , 0 . 5 km from Opuna ke Road 

at N 1 19/ 769 544 , where p1 i s  exposed i n  the east  s i de of the road . 

The s ec ond sec t i on i s  on the south  s i de of Monmouth Road , 2 . 7 km 

from i ts j u n c t i o n  wi th S ta te H i g hway 3 at  N l 19/8 1 5604 ( s ee Sect i o n  18 , 

A ppend i x  I l l ) .  

E 5  

Uni t E 5  i s  i nforma l l y  des i g na ted bel ow p l  and above E4 . The u pper 

boundary i s  i rregu l ar  whereas the basa l  bounda ry i s  d i sti nct and wavy . 

The u n i t has  been tentat i ve ly  corre l a ted w i th part of  the  Oa kura 

Tephra , wh i c h  i s  dated a t  greater than  5 , 000 and  l es s  tha n 7 , 000 years B . P .  

CR I TER I A :  T he  un i t  con s i sts  of three i nforma l members : - a n  upper , 

s pa l l i ng l ayer , c ompri s i ng 10YR 5/ 1 ( g rey ) pumi ceous  l a pi l l i ,  averag i ng 

5mm i n  d i ameter a nd l i th i c  l a p i l l i ,  avera g i ng 1 0mm i n  d i ameter . A m i dd l e 

l ayer of s pec k l ed lOYR 4/4 ( dark  yel l ow i s h-brown ) coarse a s h , averag i ng 

60mm i n  th i c kness , s epa rates the u pper l a p i l l i  member from a ba sa l  l ap i l l i  

of  1 0YR 8/ 1 ( wh i te ) pum i c eous  and  l i th i c  l a p i l l i ,  g reater tha n 20mm i n  

d i ameter ( F i g u re 3 . 5  and  P l ate 3 . 3 ) . 

TYPE  S ECT I ON : The  type s ect i on i s  d es i g na ted o n  U pper Pa l mer Road , ea s t  
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P l ate 3 . 3  

Deta i l  of  secti on exposed  at Ma hoe , on 
Opunake Road a t  N l l9/ 754532 . 

p l  l ap i l l i  

Di s t i nct , i rregu l a r  upper bo undary 

Uooer buri ed s o i l 

E 5  upper 1 a p i  1 1  i ( " s pa 1 1  i ng  1 ay er" ) 

E5  a s h  

E5 b a s a l  l ap i l l i  

Di st i nct , wavy basa l  boundary ----� 

Unnamed a s h  

00 C) A 0 
0 C) 

• 

• 

<:l 

Cemented fi ne a s h  
C l  cream cakes " ) E4 

� 

Fi g ure 3 . 5  Appearance of  un i t  E5 

� 1�1 - Cemen ted fi ne a s h  

� - L i th i c  l ap i l l i  

V >I - Coars e ash  

loo ! - Pumi ceous l ap i l l i  

Jr\ J - Buri ed s o i  1 

en 
-..J 



ban k  by the  Manga to k i  Stream br i dg e ,  l km from the  j unct ion  wi th O puna ke 

Road at  N l l9/746545 . 

D I STRI BUT I O N  AND  SOURCE : The i sopach  map s hows the ax i s  of  d i str i buti on  

of  E 5  to  be d i rected south -east from Mt . Egmo n t ,  through  Ma hoe to  Lowgarth , 

w i t h  the l OOmm i sopac h pa s s i ng through  Ka ponga a nd Stratford ( F i g ure 3 . 6 ) . 

REFERENC E LOCAL I T I ES : Three reference l oca l i t i es are des i g na ted . The 

f i rs t  two a re road cutt i ng s  on Opuna ke Road ; ( i )  0 . 4 km from Ma hoe i n  

the north road ba n k  a t  N 1 1 9/ 744 533 . ( i i )  0 . 8 km from Ma hoe on  the  south  

s i de of  the  road  a t  N l l 9/ 738528 . A th i rd reference l ocal i ty i s  wi th i n  

a c u tti ng o n  U pper Ha st i ngs  Road , 0 . 5 km from Opuna ke Road , a t  N 1 1 9/ 769544 . 

VAR I AT I O N : A sec t i o n  a t  the top of  W a i ngongoro Road a t  N l 1 9 / 748586 

s hows bl o c k s  of  pum i ce i n  the basa l  l ayer . Toward s the south , the  u pper 

s pa l l i ng l ayer decrea ses  i n  gra i n  s i ze to a l OYR  5/ 6 ( yel l owi s h -brown ) 

coarse a s h  a nd may poc ket . 

E4  

Th i s  u n i t  l i es beneath E5  and above E3  and acts a s  a n  important  

marker bed , fac i l i ta t i ng correl a t i o n t hroug hout the western parts of 

E l tham a nd S tratford Count i es . The u pper contact i s  bounded by a 

d i sconti nuou s l ayer of  c emented f i ne  a s h  or  " c ream cakes ' ' . The  l ower 

contact i s  wavy and d i s t i nc t ,  upon a b ur i ed so i l deve l oped on the E3  

tephra . 

C R I TER I A :  T he  u pper member i s  predom i nant l y l i th i c  toward s the  top and  

conta i ns i n  add i t i o n  7 . 5YR  5/ 6 ( s trong brown ) pumi ceous  l a p i l l i  averag i ng 

2 0mm i n  d i ameter w i t h  pum i ceous  bl oc k s  concentrated on top . 

The  centra l member characteri s t i c a l l y  " s pa l l s " and i s  i nterna l l y  

s trati fi ed , w i th  the upper part conta i n i ng pumi ceous l a p i l l i , averag i ng 

2 0mm and l es s  i n  d i ameter and the l ower part conta i n i ng ma i n l y  sma l l l i th i c  

l a p i l l i ,  a verag i ng l es s  than lOmm i n  d i ameter . 

The ba s a l  member has  an  u pper l i th i c  ri c h  l ayer overl y i ng a ba sa l  

pumi ceou s l ayer l OYR  6/4  ( l i g ht yel l owi s h-brown ) averag i ng 20mm i n  d i amete r ,  

wi th mi nor  l i th i c  l a p i l l i  ( F i gure 3 . 7  a nd P l ates  3 . 4 a n d  3 . 5 ) .  
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P l a te 3 . 4  

V i ew of  s ect i on exposed o n  O p un a ke Road , adj acent  to 
Ma ngatok i Stream at N l 19 / 7 5 7 5 3 2 . 

Th i s  i s  the  type s ect i o n  fo r E4  teph ra ( d i rectl y above 
1 . 52 m tape ) . The cen tra l , i ron- s ta i ned  " spa l l i ng "  
member o f  E 4  i s  promi nent  h e re .  
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P l ate 3 . 5  Deta i l of E4 tephra o n  Wai ngongoro 

Road , at N l l9/ 748586 

Unn amed a s h  

� Di s t i nc t ,  s ha rp boundary ----t 

E4 upper l a p i l l i  membe r 

E 4  centra 1 " s pa l l  i n g "  member  

��:S! E4 b a s a l  l a  p i l l  i member ���· 
1.!<�9i'l!ill Di s t i nc t ,  \'Javy bounda ry � 

E 3  B u ri ed s o i l 
� 

Fi g ure 3 . 7 Appearance of u n i t E4 

Ju0 I -
P umi ceo us l a  p i l l  i 

J• •I 
-

L i th i c  l ap i l l i  

J/c j - B u r i e d  s o i l 

Ji· :· ;-·:J - Coa rse  a s h  
·� 
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TYPE SECT I ON : The  type sec t i on i s  des i g na ted on Opuna ke Road , adjacent  

to Mangatok i  S tream a t  N l 19/7 57532 ( s ee S ect i on  1 ,  Append i x  I I I ) .  There 

are extens i ve expo s u re s  e i ther s i de of the road wi th the best secti on  

l ocated on the south  s i de furthes t away from the b r i dge . I t  i s  a t  th i s  

sect i on that the u n i t  averages  600mm i n  t h i c knes s . 

D I STR I BUT ION AND SOURCE :  T he i sopach map s hows a n  ax i s of d i stri b ut i o n  

t o  t h e  south-ea s t  of Mt . Egmo n t ,  w i th a max imum t h i c kness of  700mm i n  

the v i c i n i ty of  Ma hoe ( F i gure 3 . 8 ) . 

E4  i s  of  a i rfa l l  or i g i n  from Mt . Egmont . 

REFERENCE LOCAL I T I ES : Three reference l oca l i t i es are des i gnated . The  

f i rst  two are on  the  south s i de of Opuna ke Road , 0 . 4 km from Mahoe , at  

N 1 19 / 744533 a nd 0 . 8 km from Ma hoe a t  N l l9/ 738528 . Both s ect i ons  are  wel l 

expo sed and d emo n s tra te the " s pal l i ng "  c haracter of  the centra l membe r .  

The th i rd reference l oca l i ty i s  at  Pembroke , o n  the ea s t  ba n k  of  

Card i ff Road at  i ts j u ncti on wi th Pembro ke Road a t  N 1 1 9/802596 . T h i s 

sec t i on best d i s p l ays the s pec i a l c a se  of a l ayer of " cream ca kes " i n  

the m i ddl e of the  centra l member , a s  descri bed be l ow .  

VAR I AT I ON :  A t  c erta i n  l oca l i t i es and , i n  part i c u l a r  a t  Monmouth Road , 

Pembro ke cro s sroad s ,  Card i ff Road , F i  nnerty Road , E l tham Road and Pa l mer 

Road , a d i st i nc t  hori zon of " cream ca kes " can be  found i n  the centre of 

the spal l i ng l ayer . The s pa l l i ng l ayer can  be exces s i ve l y  i ron s ta i ned 

over 400m e l eva t i on and can poc ket , as for exampl e at  the exposure 0 . 6 km 

from Card i ff on  Opunake Road above the Wa i ngongoro Stream a t  N 1 19/ 797 550 . 

Near i ts o u ter l i m i t  of pos i t i ve recogn i t i o n , to the south a l ong 

E l tham Road , E4  re semb l e s a coarse a s h , conta i n i ng an  occa s i o na l 

pum i ceous b l o c k , w i th f i ne l i th i c  l a p i l l i  representi ng the spa l l i ng part . 

E 3  

The u n i t E 3  i s  regarded a s  the  l owermos t  u n i t to have  been i nc l uded 

wi th i n the or i g i na l  concept of  the Stratford S hower . 

The tep hra has  been correl ated from E l tham Cou nty to northern 

Tarana k i  ( F i g ure  3 . 9 ) . 

E 3  i s  s eparated from E4  by a lOYR  5/8 ( yel l owi s h - brown ) a s h  i n  
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wh i c h  a buri ed s o i l has  devel o ped . 

wavy boundary .  

The l ower contact  i s  a d i st i nct , 

CR I TER I A :  The u n i t i s  d i s t i ng u i shed by a d i scont i nuous  l ayer of 2 . 5YR  

4/ 2 ( wea k red ) cemented f i n e  ash  ( " cream ca kes " ) .  The  l oose , dense ly  

pac ked pumi ceo u s  l a p i l l i  beneath  are i nversel y graded and  vary i n  c o l o u r  

from 1 0YR  8/ 1 ( wh i te )  to 7 . 5YR  5 / 6  ( s trong brown ) a n d  i n  s i ze from 

1 0  to 20mm d i ameter . L i th i c  l a p i l l i  l es s  than 20mm i n  d i ameter a re 

concen tra ted i n  the u pper part  of  the tep hra ( F i gu re 3 . 1 0 and P l ate 3 . 6 ) . 

TYPE  SECT I ONS : Two type sect i ons are des i gna ted . The fi rst  i s  i n  the  

ea st  road  ban k  a l ong Upper Pa l mer Road , a t  the Ka pun i  S tream bri dge  at  

N 1 19/ 746497 . The  second type sec t i o n  i s  des i g nated bes i de S tate H i g hway 

3 ,  near  Tari k i , i n  a cutt i ng  by the ra i l way l i ne a t  N 1 09/81 5703 . 

D I ST R I BUT ION AND SOURC E :  I sopachs  i nd i cate a b i - l obed d i s tr i buti on  to 

the south-east  and eas t  from Mt . Egmont . Th i s  i nd i c ates E3 wa s probab l y  

two c l o se ly  s paced a i rfa l l eru pti ons  ( F i gure 3 . 1 1 ) . 

The  1 50mm i sopach extend s approx ima te l y  1 6 km to the south-ea s t  a nd 

1 9 km to the ea s t  of Mt . Egmont . 

REFERENCE  LOCAL I T I ES :  Two reference l oca l i t i es a re des i g na ted . The  

fi r s t  i s  on  Opunake  Road , adj acent to  Mangato k i  S tream at  N 1 19/757532  

( see  S ec t i on 1 ,  Append i x  I l l) .  The  best  exposure i s  l oca ted on  the  south  

road  ba n k  furthes t away from the bri dge , where the u n i t averages 350mm 

i n  t h i c knes s . The second reference l oca l i ty i s  o n  Monmouth Road , 1 km 

ea s t  of Pembro ke at N 1 1 0/ 8 1 3 603 . There are l es s  l a p i l l i  a nd more coarse  

ash  i n  E3 at  th i s expo s ure comp� red wi th the  f i rst  reference l oca l i ty .  

VAR I AT I ON :  The E3  tephra doe s pocket a nd may a l ter from l oose p umi ceo u s  

l a p i l l i  wi th negl i g i b l e matr i x to become fi ner and  form a coarse a s h  i n  

the  ea s t  near  Card i ff .  T h e  " cream cakes "  s tructure a bove the pum i ceo u s  

l a p i l l i  becomes ma s s i ve , averag i ng 6 0  to 80mm i n  th i c knes s , c l o se  to 

source , a l ong Wa i ngongoro Road . 

I n  the  south-wes t  o n  E l tham Road , E 3  i s  s t i l l  recog n i sed by the 

presence of d i st i ncti ve , wea k red " cream cakes " . 

A th i n  " cream cake "  l edge ,  l es s  tha n 70mm i n  th i c knes s , may a l so  
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P l a te 3 . 6  Deta i l  of  E 3  teph ra on  Pemb roke Road , 

1 . 5 km south from B arc l ay Roa d ,  

at  N l 19/ 77859 7 

E4 basa l  l api l l i  �?g��� 
�CJ "' , CS • 

Sharp , wavy boundary 

Bur i ed so i l  

Di sconti n uo us l ayer o f  " c ream ca kes " 

E3  l a p i l l i  

Di s t i nct , wavy boundary 
.--- Unnamed ash  

F i g ure 3 . 10 Appearance of  un i t E 3  

m Pumi ceous l a p i l l i  

� - L i th i c  l a p i l l i  

�� � - Buri ed so i l 

r. ·<: l  - Coarse ash  

H - Cemen ted fi ne a s h  'I 
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Fi g ure 3 . 1 1  I sopach map of un i t  E3  



occur bel ow the buri ed so i l , at  the top of E3 , wi th pum i ceous  l a p i l l i  

grad i ng downwards to f i ne pumi ceous  a nd l i th i c  l a p i l l i  d i rect l y beneath 

( F i gure 3 . 10 ) . 

I n  the  north , near I ng l ewood , there can  be a l ower member of  the 

E3 tephra , wh i c h i s  absent  i n  the sout h . I t  compri ses  a ba nd  of  c l o se ly  

pac ked pum i ceo u s  l a p i l l i ,  1 0mm and  l e s s  i n  d i amete r ,  w i th a few l i th i c  

l ap i l l i ,  l es s  than 1 0mm i n  d i amter . The  pum i ceous  l a p i l l i  a re s trong l y  

weathered a nd form a coarse a s h  a t  the  base . 

Corre l a t i on of E3  wa s po s s i b l e u p  to a d i sta nce of approx i mate ly  

20km south  from Mt . Egmont . 

E 2  

E 2  covers a s equence of  a i rfa l l  tephra s that a re  exposed benea th E3  

tep hra i n  deep  road c u tt i ng s . E2  c a n  be recog n i sed from the tephra 

above by i ts promi nent i ron  s ta i ned l a p i l l i .  The u pper contac t  of the 

E 2  buri ed so i l i s  bel ow an  unnamed a s h  and i s  i nd i st i nct . 

boundary i s  a d i s t i nc t  ba n k  of coar se  pumi ceou s l a p i l l i .  

The l ower 

CR ITER I A :  There i s  a n  a l terna t i ng s equence of l a p i l l i  and a s h . A 

promi nent  band of coarse strong l y  weathered pumi ceo u s  l a p i l l i  and bl ocks , 

wi th m i nor l i th i c s occurs  u nderneath  a l i th i c  l a p i l l i - s tudded coarse a s h . 

A fi rm ,  s a ndy l oam a s h  separa tes a v ery promi nent , i ron sta i ned , coarse 

pum i c eo u s  l a p i l l i ,  5YR 5/8 ( ye l l owi s h-red ) band , wh i ch i s  f i ner , l es s  

than 20mm i n  d i ameter , towards t he  top  a nd  i n  p l aces l oose and  conta i n i ng 

l i th i c l a p i l l i  ( F i g ure 3 . 1 2 and  P l ates  3 . 7  a nd 3 . 8 ) . 

TYPE S ECT I ON :  The  type s ect i on i s  des i g nated 0 . 6 km from Card i ff ,  i n  

the south  road ban k ,  on  Opu nake  Road , above the Wa i ngongoro S tream at  

N 1 19/797 5 50 . 

REFERENC E  LOCAL I T I E S : Two cutt i ngs  are des i g na ted on  Monmouth  Road , the  

fi rst  1 km from Pembro ke at  N 1 1 9/81 3603 , i n  the south  road ba n k .  The 

second c u tt i ng occurs  2 . 7 km from the  j u nct i on wi th State H i g hway 3 ,  at  

N 1 19/81 5604 and i s  on  the south  s i de of  the road ( see Sect i on  18 , Append i x  

I I I ) .  A thi rd c u tt i ng on Pembroke Road , 1 . 5 km south  from Barcl ay Road 

i s  a l s o  d e s i gna ted at  N 1 19/778597  and i s  on the south  s i d e  of the road . 
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P l a te 3 . 7 

V i ew of  s e c t i o n  exposed o n  Pemb roke  
Road , 1 . 5  km  s o uth from Barc l ay Roa d  
a t  N l 19/ 77859 7 .  

Th i s  i s  a re fe rence l oca l i ty for E 2 .  
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P l a te 3 . 8  

De ta i l  of  E 2  a t  the type sect i o n , on  
O p u n a ke  Roa d above the Wa i ngongoro 
S tream , a t  N l l9/ 797550 . 

Unnamed a s h  

I n d i sti nct boundary 

E 2  Buri ed s o i l 

L i th i c  l a p i l l i - s tudded 
coa rse  a s h  

Promi nent b a nd  o f  s trong ly  
weathered pumi ceous bl ocks  

and  l a p i l l i ,w i th mi nor  l i th i cs 

L i th i c  l a p i l l i  band 

Promi nent bas a l  l ap i l l i  

Di st i nct  wavy boundary 

E l  Buri ed  s o i l 

F i g ure 3 . 1 2 
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D I STR IBUT I ON AND SOURCE : 

be  drawn . 

There i s  not enough  data for i sopach  ma ps  to 

The u n i t  E 2  i s  probab l y  the  res u l t of e i ther s evera l 1 S howers 1 or  

a c l o sel y spaced seri es  of i ntermi ttent erupti o n s . 

E l  

E l  occurs bel ow E 2  i n  deep road c u tti ngs . The l a p i l l i  a re heav i l y  

i ron  s ta i ned a nd th ere i s  a prom i nent ba sal  band composed o f  l oo s e ,  yet 

c l o sel y pac ked pumi ceous  l a p i l l i ,  wh i c h ha s been correl a ted wi th Nea l l 1 S  

Ahuahu  L ap i l l i .  The l ower boundary i s  d i st i nct  a nd wavy . 

C R I TER I A : A d i st i nct band of coarse  pumi ceous  l a p i l l i ,  l oo se  wi th a 

l i tt l e coarse a s h ,  occurs  bel ow a bu ri ed so i l . I n  the u pper part a 

coarse sandy l oam a s h , wi th  a few l i th i c l a p i l l i ,  l Omm i n  d i amete r ,  

g rades  t o  a ba sa l  band of  pumi ceou s bl ocks  and l a p i l l i  a n d  f i ne l i th i c  

l a p i l l i ,  5mm and  l es s  i n  d i amter , wi th  ma ny maf i c  c rysta l s ( F i g ure 3 . 1 3 ) . 

TYPE  S ECT I ON : The type sec t i on i s  des i g nated 0 . 6 km from Card i ff ,  on  

the  s outh s i de of Opu na ke Road , above the  Wa i ngongoro Stream , at  N l l9/ 

797550 . 

D I STR IBUT I ON AND SOURCE :  T here i s  not enough d a ta for i sopach  ma ps  

to  be drawn . El  i s  of a i rfal l or i g i n  from Mt . Egmont . 

REFERENCE LOCAL I T I ES : Two reference l ocal i t i e s a re des i g nated . The  

f i rst  i s  on  Opunake Road , adjacent  to  Mangato k i  S tream a t  N l l 9/ 7 57532  

( s ee Sect i o n  1 ,  Append i x I I I) . The u n i t  averag es  400mm i n  th i c knes s ,  

o n  the south  exposure , a t  the  s ec t i on furthest  away from the br i dge . 

The s econd cutt i ng i s  on F i nnerty Road a t  the j u nct i on wi th Ro na l d 

Road at  N l l 9/81051 6 .  

VAR I AT I ON : Away from source  the pumi ceous and  l i th i c  l a p i l l i  are 

progres s i ve l y  redu ced to sca ttered b l ocks  and coarse  ash  wh i c h become 

obscure . 

A l o ng the E l tham Road , between Kaponga and  Pa lmer Road , E 2  a nd  E l  

have a doub l e-ba nded a ppearance caused by the two promi nent  pumi ceous a nd  

l i th i c  l a pi l l i  bands . 
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Basa l  band  o f  p umi ceous b l ocks  a nd l ap i l l i , 
fi ne l i th i c  l ap i l l i  a nd  mafi c c rysta l s  

D i st i nct  wavy bo undary 
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Ma fi c c rys ta l s 

Coars e  a s h  
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Ma hoe tephra 

T he u n i t  i s  a prom i nent tep hra at approx imate ly  3m depth i n  mo s t  

expo sures . T h e  name o f  t h i s  tephra format i on comes from t h e  a rea known 

as Mahoe , l Okm south- wes t  of  Stratford , where the tephra i s  wel l exposed . 

C R I TER IA : The c l o sel y pac ked pumi ceous l a pi l l i ,  7 . 5YR  5/8- 5/ 6 ( s trong 

brown ) a re f i rm and have a d i s t i n ct i ve  lOYR  4 / 1  ( dark  grey ) i nterna l 

col o u r ,  w i t h  a 

averag i ng 20mm 

2 - 5mm 1 i t  h i  c 

ho ney-comb a ppearance . Numerou s  l i th i c  l a p i l l i ,  

or  g reater i n  d i ameter , g rade downwards to very f i ne 

l a p i l l i ,  wh i ch form a d i s t i nc t  u nd u l at i ng l ower bou nda ry . 

The hori zon i s  c ha racteri st i ca l l y  l oose  and  s trong l y  i ron s ta i ned , 

w i th 5YR 4 / 6  ( yel l owi s h - red ) coat i ng s  ( F i gure 3 . 14 and P l a te 3 . 9 ) . 

TYPE  SECT I ON :  The type sect i on i s  des i g nated on  Opunake Road , 0 . 8km 

from Mahoe , i n  the south  road ba n k ,  at  N l l9/ 738528 . The u n i t averages  

3 50mm th i ckness  at th i s  c u tti ng . 

REFERENCE  LOCAL I T I ES : Four  reference l oca l i t i es a re de s i g na ted . 

T he  fi rst c u tti ng i s  on  F i n nerty Road , a t  the j u nc t i on wi th Rona l d  Road , 

i n  the no rth ba n k ,  at  N 1 1 9/81051 6 .  The second cu tti ng i s  0 . 6 km from 

Card i ff ,  on  the south s i de of Opuna ke Road , above the Wa i ngongoro S tream 

at N 1 19/797 550 . 

The t h i rd cutti ng i s  on  the south  s i de of Monmouth Road , l km from 

Pembroke  cro s sroads a t  N 1 19/8 1 3603 . 

The fourth cutt i ng i s  des i g nated bes i de S tate  H i g hway 3 ,  near 

Ta ri k i , i n  a sect i on by the  ra i l way l i ne at  N 1 09/81 5703 , where the u n i t 

averages 200mm i n  t h i c knes s .  

VAR I AT ION : The un i t c a n  conta i n  scattered " cream ca kes " for examp l e ,  a t  

the  type sect ion  expo s u re , and the f i ne l i t h i c s  a t  the ba se  often poc ket ,  

a s  for exampl e on Opu na ke  Road , adj a cent to Mangato k i  Stream at  N l 1 9/ 

7 5 7 53 2 .  

The l i th i c  studded a s h , between E l  and Ma hoe someti mes  conta i ns 

a m i nor ba nd of med i um pum i ceous l a p i l l i ,  wh i c h rema i n s unnamed . 

• 
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Pl ate 3 . 9  

Reference l oc a l i ty for the  Mahoe tephra . 
The cutt i ng i s  on Opunake  Road , 0 . 6 km 
from Card i ff ,  above th e Wa i n gongoro 
Stream at  N l l 9/ 797550 

El  bas a l  band of  pumi ceous b l ocks  

and  l ap i l l i , f i ne l i th i c  l a p i l l i  

and maf i c  crysta l s  
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D i st i nct , wavy boundary 
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Di s t i nct , undu l at i ng  boundary 

Un named ash  
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Oma h i na Tephra 

T he Oma h i na Tephra i s  an important s trati gra p h i c  marker , i n  the 

south-east  of the s tudy area , wh ere i t  has  been i d enti f i ed a t  two 

l oca l i t i es .  I t  i s  a d i st i ncti ve  wh i te ,  rhyo l i t i c  c l ay and  i s  proba b l y  

the a i rfa l l  equ i va l ent of o n e  of t h e  centra l  North I s l a nd  i g n imbr i te 

sheets . 

T he Tephra has been fi s s i on tra c k  da ted at �· 370 Ka B . P .  ( P i l l an s , 

1 98 1 ) .  P i l l a n ' s  work has  s hown that  the Tephra overl i es wave-cut  

s urfaces  wi th i n  p re-Ka i atea I l l  a nd Ka i a tea I l l  terraces but  i s  absent 

from wi th i n the younger Bru n swi c k  cover beds . T h i s i nd i cates  that the 

cutt i ng of pre-Ka i atea I l l  and  Ka i a tea I l l  s urfaces  predates  the  ex i s tence 

of the Oma h i na Tephra . 

The Tephra has  been found i n  the south -eastern h i l l  country of 

E l tham County ,  on  Rotokare Road a t  N 1 19/904423 and  on  T i r imoana Road 

at N 1 1 9/ 9 2241 5 .  The Tephra i s  we l l exposed at the l atter l ocat i on 

( P l ate  3 . 1 0 )  where i t  i s  80 to 1 0 0mm t h i c k ,  occurri ng above vo l can i c  

brecc i a s  tha t probab l y were der i v ed from the Ka i ta ke centre . 

i i .  THE  WESTERNMOST OCCURRENCES  OF AOKAUTERE ASH AND 

I M P L I CAT I ONS FOR THE LATE QUATERNARY IN  TARANAK I  

T h e  Aokautere Ash  ( Cowi e ,  1 9 64 ) i s  a rhyo l i t i c  a s h  now recogn i sed 

a s  the  l ower member of the Kawa kawa Tephra Formati on ( Vucet i c h  and 

Howa rth , 1 9 76 ) . The name Kawa kawa Tephra i s  app l i ed where the  presence 

of two or  more members of th i s  format i on can  be demon strated 

strat i g rap h i ca l l y .  

T h e  u pper Orua n u i  Brec c i a Member , m i dd l e  Sc i nde I s l and  A sh  Member 

and Ao kau tere Ash a l l ori g i nated from the same vol ca n i c  ep i sode , centred 

i n  the L a ke  Taupo a rea , approx imate l y  2 0 , 000 years ago . 

A t  the type s ect i on  on Whangamata Road ( N93/ 373458 )  the Aokautere 

Ash Member compri se s  mu l t i p l e bedded med i um to coarse ash of  a i rfa l l  

ori g i n .  T here i s  a rad i ocarbon age  ( NZ 1 056A ) of 1 9850  ± 3 1 0  years B . P .  

for wood  bel ow the a s h ( Na i rn ,  1 9 7 1 ) .  

A t  l ea s t  1 00mm of the a s h  wa s depo s i ted over much  of the  central  

and ea s tern  North I s l a nd . P u l l ar a nd B i rrel l ( 1 9 73 )  i nd i ca ted that the 
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P l a te 3 . 10 

Sect i o n  exposed on  T i ri moana  Road at N l l9/9224 1 5  
s how i ng the  Oma h i na Teph ra i n terbedded i n  a n des i t i c  a s hes . 

T he  under l yi n g  b recc i a i s  s ee n  to the ri ght  of  p i cture . 



mos t  we s terly occurrences o f  100mm th i ckness  to be  i n  the Wanganu i  and  

Otorohanga  d i s tri cts . Prev i o u s l y  a 900mm depos i t  of  the  a s h  was 

recogn i sed by J . F . Ai tken near Turuturumoka i  Pa , H awera , wh i ch l ed to 

the d i s covery of further s i tes , ea s t  of H awera . Recent ly  a more wi de­

s prea d  di stri buti on  to the wes t of the so urce area  has  been es tab l i sh ed 

i n  the E l tham-Mahoe-Awatuna d i s tri ct  ( Appendi x I I ) .  Th es e a re the 

westernmo s t  l oca l i ti es yet k nown for the Ao ka utere Ash  a nd  occur  between 

200-450m e l evat i on and i n  c l o se p rox imi ty to Mt. Egmont ( F i gure 3 . 1 5 ) . 

I t  i s  s i g n i fi cant that i n  the Hawera area the Ash i s  overl a i n by 

tep h ra and  teph ri c l oess  and occ urs a t  depths of 1 . 5 - 2m ,  wh i l e  to the 

wes t ,  i n  E l th am Cou nty the Ao kautere Ash  has  been l ocated u p  to 7 . 5m 

from the s u rface beneath a deep teph ra sequence wi th some teph ri c  l oess . 

The  a ppearance of  the Aoka utere Ash  a t  Opunake Road near Rona l d Road 

at N 1 19/ 795550 i s : -

80mm t h i c kness  th i n n i ng to 60mm of  7 . 5YR  6/4 ( l i ght  b rown ) 
p umi ceous s a nd  wi th a di ffus e upper bo unda ry and  s harp 

undu l at i ng l ower boundary ( Pl ate 3 . 1 1 ) . 

The di st i nct i ve and often cons pi cuo us appeara nce of  th e Ao kautere 

As h a s  a t ime pl ane  faci l i tates the dati ng of  l ah a ri c depos i ts .  The Ash  

occurs  l es s  than 1m above vo l can i c brecci as to th e s o uth -east  of  Mt . 

Egmont  and  the se  b recc i as can  be correl ated w i th the Pungarehu Formati o n ,  

dated ( N Z 1623A ) a t  22 , 100 ± 6 00 yea rs B . P . These s u rfaces were former ly  

mapped as Lepperton Lahars ( Hay , 1967 ) a nd as cri bed to  a fri g i d c l i mati c 

peri od pri or to the Stratfo rd Lah a rs , w h i c h  were k nown to be  o l der tha n 

4 5 , 000 years ( Grant-Tayl o r ,  1 970 ) . These dates a re no l o nger tenabl e .  

The former col l a p se  of Mt . Egmont  abo ut 2 2 , 000 yea rs ago mus t now be 

regarded as havi n g  been a much l a rger event than was prev i o u s l y  

apprec i a ted , probab l y  repres enti ng a Bezymi anny-type explos i on a n d  e o  l l  apse . 

The th i c knes s of tephri c a nd  assoc i ated materi a l s  exc l ud i ng l ah a ri c 

and  a l l uv i a l  depos i ts ,  that have acc umul a ted above the Aokautere As h ,  i n  

Taranak i ,  h ave been pl otted ( Fi g ure 3 . 1 6 ) . Where the Aokautere As h has  

not been pos i t i ve l y i denti fi ed data on  the th i ckness  of materi a l s above 

the Pungareh u Formati on (�. 2 2 , 000 years o l d ) and the Sa unders Ash  

(� .  1 7 , 000 yea rs o l d ) have been  i nc l uded . The i sopachs for these  materi a l s 

i nd i cate that dur i ng the l a s t  20 , 000 yea rs there has  been mo re than 7m 

a cc umul a t i on of  tephra i n  the v i c i n i ty of Mt . Egmo n t .  
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P l a te 3 . 1 1  
Sect i on exposed  i n  paddock  adj acent  to 
Opunake  Roa d , n ea r  Rona l d  Road a t  
N l l 9 /795550 . 

The Aoka utere Ash  i s  80 mm th i ckness  
thi n n i ng  to 60  mm , w i th a s h arp base  
at  a dep th o f  7 m .  
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Scattered coarse p umi ceous  l a p i l l i  

lOYR 4/ 2 s peck l e d a s h  

Den s e l y  packed p um i ceous  l a p i l l i  
wi th fi ne l i th i c  l a p i l l i  

. lOYR 6/4 fi n e  a s h  
, Dense ly packed  pum i ceous  l a p i l l i  

Speck l ed 2 . 5Y4/.4 q s h  w i th p umi ceous  
. a n d  l i th i c l a p i l l 1  

P umi ceous l a p i l l i  w i th l i th i cs 

L i th i c s tu dded lOYR 5/6  a s h  

Scori aceous l i th i c  l a  i l l i  
lOYR  5/4  and  lOY R 4/ 1 
fi ne a s h  

As h 

s tudded a s h  
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F i g ure 3 . 1 6  I s opachs ( a t  lm i nterva l s )  of tephri c materi a l s 

po s t- 2 0 , 00 0  years B . P . , i n  Taranak i  

T h i cknesses  are p l otted from g ro und  s urface to t h e  base of  the Ao ka u tere As h .  
Lahar and  a l l uv i a l  depos i ts have been excl uded from th i ckness val ues . 
Th i ckn es s es west o f  Mt . Egmo n t , where Aoka utere Ash h as not  been i dent i fi ed ,  
a re based on l oca l l y  dated depos i ts of  s i mi l a r age to the Ash . 
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CHAPTER 4 

M I N E RALOGI CAL I DENTI F I CAT I ON 
OF CENTRAL TARANAKI TEPHRAS 

1 .  PREV IOUS WORK 

I n  an ear ly  account o f  the erupt i ve roc ks  of  N ew Zea l a nd ,  H utton 

( 1889 ) referred to the vo l ca n i c  roc ks of  Mt . Egmont  as hornb l ende , a ug i te 

and  ol i v i n e  andes i tes . Later , Mars ha l l ( 1 908 ) named them hornbl ende-

aug i te  andes i tes a l though  men t i o n i ng that horn b l ende i s  comp l etel y reso rbed 

i n  some of  them .  Marsha l l ,  a l so descri bed a u g i te- free hornbl ende andes i tes 

from the Ka i ta ke and Poua ka i Ranges and i dent i f i ed o l i v i n e i n  some of  the  

andes i tes from Mt . Egmont . C l arke ( 1 9 1 2 ) noted the occu rrence  of  

hypers thene in  some of the Taran a k i  andes i tes but  recogn i s ed on ly  hornb l ende 

and a ug i te andes i tes i n  roc k s  descri bed as  agg l omerates nea r New P l ymouth . 

Morgan and  G i bson ( 1 927 ) found hypers thene was not present  i n  a ny of  the  

th i n  sect i ons of  andes i te s  they observed from Egmont Subd i v i s i o n .  They 

noted that  a ug i te wa s common to a l l andes i tes from Egmont and  that 

hornb l ende never exceeded a ug i te and wa s absent from some of  the andes i te s . 

They a l so descri bed ho rnb l e nde a u g i tes , some wi th  b i o t i te , a nd others 

wi thou t a ug i te from the  Po u a ka i  Range .  Attent i on wa s a l so  drawn to the  

frequent  occurrence of  xeno l i ths , part i c u l ar ly  of  other andes i tes , i n  t he  

l a  vas . 

Gow ( 1 967 , 1 9 68 ) attemp ted to s how the ma jor  trends of  petrograph i c  

va r i a t i on i n  Egmont andes i tes  by exami n i ng detri ta l  a ndes i te bo u l ders from 

the Ra pan u i  Forma t i on . I n  add i t i on to the commo n l y  acknowl edged hornb l ende  

andes i tes  Gow i dent i f i ed severa l  other vari et i es ,  i nc l ud i ng aug i te andes i tes  

comp l ete ly  devo i d  of horn b l ende  and  basa l ti c andes i tes  con ta i n i n g up to 7%  

moda l  o l i v i n e .  I n  h i s deta i l ed petro l og i ca l  study a c l a s s i f i cat ion  ba s ed 

on the re l at i ve abundance  of  ferromagne s i an phenocrysts wa s adopted . Gow 

noted that hypers thene andes i tes  were not present and i n  mos t  of the  andes i te s  

exami n ed i n  th i n secti on t he  c ompos i t i on of  p l a g i oc l a s e ,  a ug i te and 

hornbl ende tended to rema i n  c o nstant . Th i s  he i n terpreted a s  i n d i ca t i ng 

that the  vari a t i on i n  c hem i s try wa s probab ly  due  to d i fferences i n  the  

proport i ons  of  pri nc i pa l  m i nera l s as  opposed to  any s i gn i f i cant  c hange  i n  

the  compo s i t i on of  the mi nera l s .  
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A l l the pr i nc i pal  Tara n a k i  tephras are c haracteri sed  by abundant 

aug i te ,  t i tanomagneti te and  rare hornb l ende i n  the heavy mi nera l a s s embl ages . 

An a l ys i s o f  the maj or and mi nor e l ements of t i tanomagnet i tes i n  twe l ve 

tep hras from northern Tarana k i  ena b l ed fi ve groups  of  tephra to be 

d i st i n g u i shed ( Kohn  and Nea l l ,  1 9 7 3 ) . T hese  groups  are c haracteri s ed by 

s pec i f i c  a bundances of  chromi um ,  vanad i um ,  n i c ke l , coba l t and  manganese .  

However , i nd i v i du a l  tephra marker bed s , wh i c h  were capab l e of be i ng 

d i s t i n g u i s hed on f i e l d cri teri a ,  were not ab l e to be reso l ved by the i r 

t i tanomagnet i te c hemi stry or  opt i c a l  methods . B u l k chemi c a l  ana l ys es 

offer re l at i ve dat i ng est imates  due  to the  rap i d  weatheri ng of  g l a s s  i n  

these tephras . 

A l though cr i ter i a  s uch  as  strati gra ph i c  pos i t i on and  genera l 

macroscop i c  features have enab l ed tephra to be d i s t i ngu i s hed w i th i n 2 5 km of 

so urce , probl ems o f  i dent i f i cat i on ar i se at  greater d i stances . Here there 

i s  i n crea sed var i a b i l i ty i n  l i tho l ogy and weatheri ng appearances  of a tephra 

so tha t correl at i on i s  often on l y  tentat i ve . 

The ma i n  purpose of th i s  s tudy wa s to attempt to pos i t i ve ly  i dent i fy 

and characteri se  s pec i f i c  centra l  Tarana k i  tephras us i ng c hemi ca l  a nd  

mi nera l og i c a l  methods . A s  a f i na l  a i m ,  a n  attempt wa s made to corre l ate 

s i x  tephras found i n  a dr i l l ho l e i n  E l tham Swamp wi th tephras mapped i n  

northern Tarana k i . 

2 .  X -RAY FL UORESCENCE  S P ECTROMETRY 

I n troduct i on :  

X - Ray Fl uores cence ( XR F )  a na l yses were conducted to detect any maj or 

chemi c a l  d i fferences t hat may characteri se  tephra from Mt . Egmont . Sampl es 

of s eventeen rel ati vel y unweathered , coars e tephras , each from at l ea s t  

two d i fferent s i tes near to  so urce , were s e l ected ( Tab l e  4 . 1 ) .  Samp l es were 

a l l p umi ceous  l ap i l l i , wi th two except i ons  of l i th i c l ap i l l i ,  the fi rst  

bei ng the  Ma ngan u i  tep hra , the  s econd be i ng the un named l i t h i c  l a p i l l i  a bove 

the Ao kautere As h ,  wh i c h for conven i ence  i s  hereafter referred to a s  the  

post-Ao kautere l i th i c  l a p i l l i .  

Method : 

The  sampl es were ground  and  prepared a s  l i th i um borate g l a s s  fus i on 

d i scs , fo l l ow i n g  the  procedure of  Norri s h  a nd  Hutton ( 1969 ) . The d i scs  were 



Tab l e  4 . 1 Major e l ement a n a lyses by X- ray F l uorescence 

o f  a teph ra s egeunce in Tarana k i  

Loca l i ty 
Samp l e  number 
n umbe r  Tephra ( See Append i x  I )  

1 .  Ka upokon u i  2 5  

2 .  Ka upokon u i  7 

3 .  Ka upoko n u i  

4 .  Ma ketawa 1 7  

5 .  Mang a n u i  ( Uppe r )  8 

6 .  Manga n u i  ( Lowe r )  8 

7 .  p2B ( Da r k )  2 4  

8 .  p2B ( L i gh t )  24 

9 .  p2B 5 

10 . p2A 24 

1 1 .  p2A 5 

1 2 .  p2A 1 7  

1 3 .  p 1  24 

14 . p 1  8 

1 5 .  p 1  5 

1 6 .  p 1 9 

1 7 .  Pos t Aok a u tere 
l i th i c  l ap i l l i  

N I M  Ga 

N IM Gb 

S i 02 A l 2o3 

5 5 . 60 1 7 . 65 

5 1 . 70 1 7 . 4 0 

49 . 80 1 8 . 00 

5 3 . 40 1 8 . 00 

4 6 . 90 1 5 . 9 5 

4 7 . 1 2  1 6 . 4 5 

54 . 55  1 9 . 40 

52 . 62 1 9 . 2 1 

5 3 . 00 1 9 . 70 

5 2 . 4 0  1 8 . 7 5  

52 . go 1 g . 2Q 

56 . 10 1 8 . 50 

53 . 80 1 8 . 66 

5 1 . 90 1 9 . 50 

49 . 60 2 0 . 22  

50 . 00 2 0 . 00 

4 9 . 20 1 8 . 80 

7 5 . 97 1 2 . 29 
1 0 . 74 ! 0 . 20 

75 . 70 1 2 . 08 

* Mean v a l ues and s ta n d a rd dev i a t i ons o b t a i ned for N ! MROC g ran i te 

N I M-G ( 5  a n a l y s es ) d u r i ng t h i s  work . Reported v a l ues for 

N I M-G ( S teel a nd Hansen , Geos tanda rds News l e tte r , October 1 9 79 ) .  

Fe 2o 3 

6 . 32 

8 . 48 

8 . 20 

7 .  4 3  

* 

10 . 9 2 

1 0 . 9 2 

7 . 0 1  

7 . 4 2 

6 . 2 7 

7 . 67 

6 . 6 7 

5 . 68 

7 . 00 

7 . 45 

7 . 84 

7 .  34 

1 0 . 00 

1 .  95  
! 0 . 0 3  

2 . 00 

M gO 

2 . 46 

3 . 5 3  

3 . 7 2 

3 . 23 

6 . 55 

6 . 10 

2 . 55 

2 . 50 

1 .  74 

2 . 95 

2 . 20 

1 .  76  

2 . 38 

2 .  50 

2 .  7 5  

2 . 2 5 

4 .  10 

< 0 . 0 1  

0 . 0 1  

CaD 

6 . 35 

7 . 65 

7 .  4 0  

7 . 55 

1 1 . 0  

10 . 72  

7 . 67 

8 . 00 

6 . 7 3  

8 . 30 

7 . 09 

6 . 4 8  

7 . 48 

7 . 69 

7 . 85 

7 . 0 7  

8 . 70 

0 . 80 
0 . 0 1  

0 . 78 

Na2o 

4 . 50 

3 . 70 

3 . 80 

4 . 66 

3 . 48 

2 .  76 

4 . 4 7  

3 .  4 6  

4 . 70 

5 .  50 

3 . 46 

4 .  70 

4 . 00 

3 . 40 

3 . 40 

3 . 50 

4 . 20 

3 . 59 
1 0 .  50 

3 . 36 

K2 0 

z . g4 

2 . 20 

1 .  98 

2 . 2 1  

1 .  39 

1 . 44 

2 . 05 

1 .  9 1  

1 .  9 7  

2 .  10 

2 . 0 3 

2 . 3 7 

2 . 2 5 

1 .  96 

1 .  70 

l .  72 

T i 02 

0 .  79  

o . g 5  

0 . 96 

0 . 80 

1 .  1 9  

1 .  24 

0 . 80 

0 . 85 

0 .  70 

0 . 88 

0 . 79 

0 . 6 3 

0 . 85 

0 . 86 

0 . 92 

0 . 85 

1 . 4 1  1 . 1 7 

5 . 09 0 . 09 
1 0 . 08 1 0 . 0 1 

4 . 9g 0 . 09 

* T o t a l  Fe as Fe2o 3 

t we i gh t  l os s  f o l l ow i ng i gn i t i on at 1000°C 
for 1 hou r .  A l l percen tages expres sed 

. on oven d r i ed ( 1 05°C) ba s i s .  

M nO 

0 .  1 3  

0 . 16 

0 .  1 6  

0 . 1 5  

0 . 1 6 

0 .  14  

0 .  14 

0 .  17 

0 .  1 5  

0 .  1 6  

0 . 1 7  

0 . 1 6 

0 . 1 5 

0 .  1 5  

0 . 1 5  

0 . 1 5  

0 .  1 7  

0 . 0 1  
0 . 0 1  

0 . 02 

P205 

0 . 30 

o . zg 

0 .  34 

0 . 26 

0 . 24 

0 .  24 

0 . 30 

0 . 3 1 

0 . 30 

0 . 33 

0 . 33 

0 . 29 

0 . 30 

0 .  34 

0 . 3 7 

0 .  2 3  

0 . 26 

0 . 02 
0 . 0 1  

0 . 0 1  

L 0 1 t 

1 .  5 7  

1 .  1 7  

4 . 89 

1 .  49 

0 . 2 3 

0 . 38 

2 . 07  

1 .  7 1  

4 .  1 6  

1 . 06 

3 . 55 

1 .  88 

1 .  58 

2. 7 7  

4 . 2 3 

5 . 0 7 

1 .  7 3  

0 .  70 

0 .  70 

To ta 1 

98 . 6 1  

9 7 . 7 7  

99 . 25 

99 . 1 8 

98 . 0 1  

9 7 . 5 1 

10 1 . 00 

9 8 . 1 6  

99 . 4 2 

100 . 10 

9 8 .  39 

9 8 . 55  

98 . 4 5 

9 8 . 52  

99 . 0 1  

9 8 . 1 8  

99 . 74 

1 00 . 5 1 

9 9 . 74 

P a r k e r ' s  
I ndex 

87 
84 
79 
9 1  
90 
8 2  
8 3  
74 
80 
96 
72 
84 
83 
74 
75 
73 

86 

P a r k e r ' s  I ndex ( Na ) a + ( Mg ) a + ( K ) a + ( Ca ) a X 100 

0 . 35 0 . 9  0 . 25 0 . 7 

To convert o x i de to e l eme n t  x by 0 . 74 1 9 ( Na ) , 0 . 8302( K ) , 0 . 7 l 4 7 (Co.) 
and 0 . 6 0 3 1 (1"1� ) .  

� 
c., 



produced i n  dup l i cate , w i th s i mi l ar d i s c s  made a s  b l anks . 

was conducted by Mr .  J .  H un t ,  Soi l Burea u , DS I R .  

Res u l ts : 

The XRF  ana l ys i s  

Res u l ts o f  the ana l yses  are g i ven i n  Tab l e 4 . 1 .  There i s  a marked 

d i fference i n  va l ues  obta i ned for l i th i c l a p i l l i  compared wi th pum i c eous  

l ap i l l i .  Thi s revea l s  that  the  Mangan u i  tephra and post-Aokautere l i th i c  

l a p i l l i  are basa l t i c i n  compos i t i on ,  wi th l ower S i 02 , Al 2o3 and  K2 o val ues 

and h i g her MgO , CaO  a nd Fe2o3 ( FeO + Fe2o3 ) va l ues than the pum i ceous  

tephra s .  These d i fferences i n  maj or e l ement  c hemi stry a re refl ected i n  

the m i neral ogy , w i th o l i v i n e occ urri ng i n  the  l i th i c  l a pi l l i  b ut  absent  from 

the  p umi ceous l a p i l l i .  

I n  contra s t ,  the  XRF ana lyses of  pumi ceous l a p i l l i  are s i mi l a r to 

prev i ou s  ana lyses  of  Egmont  andes i tes . The K20 and Al 2o3 contents of the  

pum i c eous  tephra a re h i gh be i ng d i s t i nct l y h i gher than those from the  

Tongar i ro andes i tes  o f  the c entra l North I s l and vo l can i c zone . Egmont  

andes i tes conta i n  a pprec i abl y more a l umi na  ( over 16%  tha n mos t  andes i tes 

( Gow , 1968 ) , hence the bas i c  members trend i n to the h i gh -a l umi na  bas a l t 

fi e l d ( F i gure 4 . 1 ) .  There i s  a marked var i a nce  i n  the K20 contents o f  the 

pumi ceous  l a pi l l i .  The Ka upo konu i , p2A and  p 1  tephras wou l d on the i r 

comb i ned K2o and  S i 02 con tents be c l a s s i f i ed i n  the h i gh -a l umi na ba sa l t 

reg i on , whi l e  the Ma ketawa and  p2B teph ras a re i n  the l ow- s i l i ca andes i te 

reg i on .  Howeve r ,  these va l ues may a l so be expl a i ned by l os s  o f  S i 02 
dur i ng  weather i n g .  The h i gher  K20 va l ue s  wou l d s upport the i dea that  

weatheri ng has  been  m i n i ma l  and  these  a re rea l i s ti c h i gh -a l umi na ba sa l ts . 

D i s c us s i on : 

I n  order to d i fferent i ate whether the  ana l yses represent h i g h - a l um i n a  

bas a l ts o r  weathered ande s i tes , i t  i s  neces sary to i n vest i gate t h e  degree of  

weatheri ng of the  s ampl es . 
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A rel i ab l e i ndex of  weatheri ng for s i l i ca te rocks where hydro l ys i s  i s  

the ma i n  cause of  s i l i cate  weatheri ng ( Nea l l ,  1976 ) i s  Parkers I ndex ( P . I .  ) .  

I t  rel ates  the a tomi c mas s  to atomi c propo rt i ons of Na , K ,  Ca and  Mg , wh i c h  

a re c on s i dered t o  be  the mos t  mob i l e  a n d  thus  sens i t i ve of  the maj or e l ements 

to weatheri ng ( Parker , 1970 ) . From the XRF ana lyses , P . I .  was  determi ned 

for each samp l e ( Tab l e 4 . 1 ) . 

The rate o f  tephra weatheri ng i s  thought  to be  determi ned pr imar i l y  by 

prec i p i tati on ( R uxton , 1968 ) but  i s  a l s o  i n fl uenced by so l ub l e  orga n i c  

compounds deri ved from vegeta t i on ( An twe i l er ,  1981 ) .  
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An i nverse rel at i ons h i p  between e l evat i o n  and  exchangeab l e  Mg content 

was ob served by T u rner et �· , ( 1 978 ) that  wa s a ttri buted to d i fferences 

i n  s o i l texture and ra i nfa l l w i th d i s tance from Mt . Egmont because  of 

greater l ea c h i ng  of Mg at h i gher el evati o n s . In th i s  study coars e ,  near to 

source tep hras occurri ng  i n  h i gh ra i nfa l l a reas ( > 2600mm ) s howed h i gher  

P . I .  va l ues than d i sta l  tephras of the  s ame age , i n  l ower ra i nfal l a reas 

( Ta b l e  4 . 1 ) .  For exampl e ,  tephra p 1  ( sampl e s  1 3- 16 ) s hows s uch  a trend 

of decrea s i ng P . I .  wi th i n creas i n g  d i s tance  from source ( F i gure 4 . 2 ) ,  

s uggest i n g  that decrea s i ng gra i n  s i ze and  i ncreas i ng mean annua l  temperature 

has  a far g reater effec t  on the weatheri ng  of pumi ceous  l ap i l l i  than 

rai nfa l l in Tarana k i . 

Thus , a n a lyses of  the d i sta l  teph ra s ( s ampl es 3 , 9 , 1 1 , 1 5 , 1 6 , 1 7 )  a re l es s  

l i ke ly  to  be  rel i ab l e i n d i cators of ori g i n a l  roc k  compo s i t i on compared to 

the near to source  ( s ampl es 1 , 2 , 4 , 5 , 6 , 7 , 8 , 10 , 12 , 1 3 , 14 )  coarser tephra s . 

Th i s s uggests that  samp l es 3 ( Kaupokon u i ) ,  1 1  ( p2A ) and 1 5 , 1 6 ( p 1 )  a re not 

rea l i s t i c  h i g h - a l umi na basa l ts . 

I n troducti on : 

3 .  CHEMI CAL ANALYSES O F  T I TANOMAGNETI TES 

FROM TARANAKI TEPHRAS 

The p urpose of th i s  i n ves ti gat i on was to use  el ementa l vari ati on  i n  

t i ta nomagneti te c ompos i t i on as  a means  o f  i dent i f i ca t i on of the p umi ceous 

l ap i l l i  descri bed and mapped in  th i s  s tudy .  I nduct i on coupl ed p l asma 

emi s s i on ( I CP ) a t  DS I R ,  Pal mers ton North was a readi l y  ava i l ab l e means  for 

a mul t i e l emen t  a n a lys i s .  Thus , th i s i nvesti gat i on  became a p i l o t s tudy 

i n to the  u se  of I CP on the e l ement contents of  t i tanomagneti te . 

T i tanomagneti te was c hosen s i nce  i t  i s  common to a l l the tephra 

s ampl es  and i t  has  been s hown to be rel a t i ve l y  s tab l e duri ng weather i n g  

( Aomi n e  a n d  Wada , 1962 ; Ruxton , 1968 ) . I n  a dd i t i on , i t  can be s i mp l y  

extracted i n  a re l at i ve ly  pure form w i th the u s e  o f  a mag net , a nd  i ts range 

in  chemi ca l  compo s i t i on i s  con s i derab l e ( Ewart , 1967 ; Momose  e t �· , 1968 ; 

Duncan and Tayl or , 1968 ) .  

S amp l e s  co l l ected for th i s s tudy were from l ocati ons  both c l o se  to 

and d i sta l  from s ou rce  ( Tab l e  4 . 2 ) . Sampl e s  2 5 - 29 were from northern 

Tarana k i . 
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Tab l e 4 . 2  Chemi ca l ana ltses  of ti tanomagneti tes from Taranak i tef:!h ras 

Teph ra + 
E l ements ( ppm) Sampl e l oca l i ty no . 

n umber  Group ( See Append i x I )  Co Cr  C u  Mn s S r  Zn 

1 p 2B 24 185 2 2 3  16 1 5725  854 35 1008 

2 p 2B 1 7  133  1 1 5 1 3 1  9023 8 1 6  2 7  1 385 
3 

A p 2B 5 1 37 1 10 1 32 8248 904 34 1 30 2  
4 p 2A 24 244 297  178  6 444 820 44 1 159  

5 p2A 5 192 26 1 348 7578 8 1 1  2 1  1284 
6 p 2  16 146 409 18 1  8647 848 32 1 375  

7 p 1  24 20 1 295 164 5 732 737  38 1032  
8 B p 1  5 2 1 3  182 252 6298 822 36  1 32 2  

9 p 1  1 6  1 36 14 1 175  856 7 9 18 39 1446 

10 E5 1 175 190 273 6692 709 28 1 240 
1 1  c E5 6 1 7 1  1 9 1  1 38 7044 7 50 28 1229 

12 E5  1 2  164 192  94  6 720 707 1 7  1 16 3  

13  E4  Upper 1 2 1 2  1 2 7  1 7 1  5950 726 44  1 1 28 

14 E 4  Upper 12 196 1 26 <65 6 120 625  2 3  1084 

15 
D E4 Cen tra l 1 2 16 185 128 55 16 650 33  1064 

16 E4  Ce ntra 1 12 ( 304 ) ( 9 26 )  ( 132 ) ( 7 739 ) ( 5 39 ) ( 1 1 7 )  ( 1 1 340 ) 

1 7  E4  Bas a l  1 156 < 85 186 594 2 686 30 1 170  

18 E4  Ba sa l  12  1 74 < 85 122  6448 6 10 1 3  1 15 7  

19 E 3  1 166 1 16 8 1  5642 6 49 33 1088 

20 E E 3  6 193 1 5 1  88 5088 6 31 35 992  

2 1  E 3  16 1 7 3  1 7 2  <65  5230 6 39 1 7  102 3 

22 Mah oe 1 304 359 187 4 122  692 14  856 

23 F Ma hoe 6 293 1 50 20 7 4404 64 3 24 885 

24 Mahoe  1 2  306 1 26 287 436 1  688 1 3  9 5 2  

25  I ng l ewood 26  196 302 170  6344 7 14 2 2  1 208  

2 6  Kori to 26 125  182  <65  4848 <346 32 756  

27 u Kori to 27 196 1 2 1  135  6397 6 5 7  1 8  1 160  

28 LONer  Ko ri to ? 23  2 14 164  206 6217  729 15  1 1 7 2  

29 E3 23  246 3 18  308 5590 692  27  109 1 

30 E 2  1 2  314 240 300 4963 695  20  102 1  



Experi menta l procedure : 

The sampl e s were g ro u n d  i n  an  a ga te mortar and  a Fra n tz I sodynami c 

s epara tor was used to s epara te ferromagnes i an mi nera l s i n  the s i z e  range  

2-4  0 ( 250 -63 � ) .  Ti ta nomagneti te was extracted by a hand  magnet and  the 

t i tanomagneti te concentra tes p uri fi ed by repeated gri ndi ng under acetone  

fo l l owed by further repeated magneti c separati ons . 

The ti ta nomagneti te s ampl es were fused wi th a l i th i um tetraborate 

fl ux , composed  o f : -

60  parts L i 2B4o7 
10 parts L i 2co3 
1 part Rb i 

( previ o us l y  h ea ted to 4 50°C for 2 ho urs ) 

( he ated to 200°C for 1 hour )  

The  samp l e and fl ux were mi xed thoroug h l y  i n  a rat i o  of 1 : 10 

( 0 . 1g s ampl e to 1g fl ux )  a nd  p l aced i n  a covered p l a ti num cruci b l e  h eated  

over a butane a i r burne r .  When fus i o n was compl ete the base of  the 

cruc i b l e was p l unged i n to col d water to s ha tter the bead and fac i l i tate 

i ts remova l .  Cruc i b l e a n d  bead were then p l aced i n  25  ml s of  concentrated 

HCl  i n  a pl ast i c beaker and about 50 ml s .  de- i oni sed  water added . The 

bea ker  was p l aced on a magneti c s ti rrer unti l the bead had  di s s o l ved and 

then the so l ut i on was fi l tered i n to a 250 ml s vo l umetri c fl as k .  The beaker 

was washed and ri nsed wi th de- i on i sed  water to ma ke up to 400 ml s vol ume . 

I n  add i ti on to mach i ne s ta n dards , s i x  b l anks  were a l so  i nc l ude d .  O f  these  

one was s p i ked w i th 1 ppm Co , N i , Cu and  Cr , the other  wi th 0 . 5  ppm Co , N i , 

C u  and  Cr .  

The i n s trumental determi nati ons  were carri ed out  by Dr . J .  Lee , 
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App l i ed B i ochemi stry Di v i s i o n ,  DS I R ,  us i ng an Appl i ed Research Labora tori es 

model  34000 i n ducti vely coup l ed argon  p l asma-opti ca l  emi s s i on s pectrometer 

( I . C . A . P .  - O . E . S . ) wi th 2 3  e l ement capabi l i ty .  The e l ements ana l ysed were : ­

Al , As , B ,  Ca , Cd , Co , Cr , Cu , Fe , K ,  Mg , Mn , Mo , Na , N i , P ,  Pb , S ,  S e ,  S i , 

S n , S r ,  Zn . 

I ns trumenta t i on : 

The I . C . P .  di ffers from c l as s i ca l  fl ame , s park and arc d i scharges i n  

the way i n  w hi c h  free atoms are exci ted . When the s ampl e aeroso l  i s  

i n troduced i n to an i ndu cti ve ly  coup l ed rad i o frequency argon p l asma 

1 1 to rc h 1 1 an emi s s i on s pectra from a toms and  i ons can  be obs e rved . Magnet i c 

f i e l ds read i l y  i n teract wi th p l asmas a nd  the h i gh freq uency currents a round  

the  enc l os i ng q u a rtz torch generate an  o sc i l l a ti ng magneti c fi e l d i n  the 

p l a sma .  The i n teract i on  res u l ts i n  temperatures between 6 ,000° and  

10 , 000° K caus i ng the s amp l e to be  vapori zed and exci ted s o  t hat  c hemi ca l  

MASSEY U N I'/!:RSlTX. 
W\.ARY. 



i n teract i on s a re neg l i g i b l e .  The s pa t i a l  s tructure of the p l a sma a l l ows 

the atomi c em i s s i on to be observed above the h i gh background of the p l asma 

1 0 0  

i tse l f ,  enab l i ng l a rge s i gna l - to-no i se rat i os to be  obta i ned . The p ract i ca l  

s i gn i fi cance of  the p l a sma so urce i s  tha t a na lyti cal  sens i t i v i t i es equ i va l ent 

to those from the atomi c ab sorpti on method and  often i mproved for s ome 

e l ements , a re a ch i eved w i th a wi der and  l i nea r  concen trati o n  range , i n  

s ome cases up  to fi ve orders of  magn i tude . 

The u s e  of  a pol ych romator for observ i ng the  emi tted s pectra means  

that  the meta l s or  meta l l o i ds can be determi ned s i mul taneo us l y  a t  the 

u l tratrace , trace , mi nor  and maj or  concentrat i on l evel s ,  under one s et  of  

experi menta l parameters . 

I n terferences may ari se from trans port , s pectra l or s ca ttered l i ght  

effects . A computer contro l l ed moveab l e pri mary s l i t  enab l es the  i mmed i ate 

v i c i n i ty of a ny l i ne to be scan ned for poss i b l e  i n terferences . The  

coeffi c i ents  descri b i ng the  ana l yte/ i nterferent  response functi ons  a re 

s tored i n  an  a na lyti ca l  tas k  fi l e  a nd are empl oyed a utomat i ca l l y  dur i ng  

a na l ys i s  ro uti nes . Reagent i mpuri ti es a re a l s o  a s ses sed and  correcti ons 

made from s tored  data . 

Changes i n  the phys i ca l  properti es of s o l ut i ons a sp i ra ted i n to the 

p l asma affect the emi ss i o n i n tens i t i es .  V i scos i ty ,  s urface tens i on and  

dens i ty a l l h a ve an  effect  on  dropl e t  s i ze and  the  amount o f  ana l yte 

reach i ng the  observat i on zone i n  the torch . I n  add i ti on i t  has  been s hown 

that an i n crea se  i n  a c i d concentra t i on of a so l ut ion  genera l ly  res u l ts i n  a 

decrea se  i n  the net i n tens i ty of  ana l yte emi ss i on ( Da hl q u i s t  and  Knol l ,  1978 ) . 

Mat r i x  e l emen ts can be expected to be a source of potenti a l  i n ter-

ferenc e .  Efforts were made to mi n i mi se  matri x effects by d i l u t i on . Th i s  

can , however , res u l t i n  l oweri ng  the  ori g i na l  ana lyte co ncentrati on  bel ow 

detect i on l i mi ts . I n  addi t i on the  effect of  h i gh l evel s o f  certa i n  e l ements 

resu l t i n  pl asma fl u ctuati ons  and  s uppre§i on or  enhancement  of  ana l yte 

s i gna l s .  

Res u l ts :  

The res u l ts o f  the ana l ys es a re �i ven i n  Tab l e 4 . 2 .  

that were found to be o f  quant i tat i ve use  a re s hown .  

O n l y  those  e l ements 

H i gher  chromi um 

wi th the  same tephras 

Neal l • s  ( 1973 ) s tudy . 

techn i q ues  u sed . 

and copper v a l ues were fo und i n  th i s  s tudy compared 

anal ysed by s park  emi s s i on s pectrometry i n  Kohn  and  

Th i s  i s  p ro bab l y  a res u l t of  the  d i fferi ng  a na l yt i ca l  



Canon i ca l  var i a te ana l ys i s  was app l i ed to l oo k  for comb i nat i ons  of  

the e l ements , wh i c h maxi mi s e  the  rat i o  of  between-group vari a n ce to wi th i n  

g roup  vari ance . Fi g ure 4 . 3 i nd i cates how wel l the groups of  teph ra can  
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be s eparated us i ng va l ues of  manganese and  z i nc .  Group B ( p 1 tephra ) i s  the 

o n l y  group on  the g raph , i n  wh i ch  the p l otted poi n ts were s ca ttered . The  

other  groups s how a l i near trend wi th age , w i th the younges t  teph ra, p2 , 

h av i ng h i gher va l ues of  manganese and  z i nc and  the o l des t teph ras hav i ng  

l ower val ues . 

The i denti ty of  s ampl es  28 and  29 from Bedford Road , northern Taranak i  

wa s uncerta i n . The graph i ndi cates that  tephra sampl e 28 cou l d we l l be l ong  

to g roup D ( E4 tephra ) and  confi rms tha t  teph ra s ampl e 29  was  E 3 .  The 

t i ta nomagnet i te compo s i t i on of s ampl es  25-27  from northern Ta rana k i , d i d  

not al l ow fi rm correl ati on to b e  made . 

The extreme vari ab i l i ty of chromi um h as been noted by Duncan a nd 

Tayl or ( 1 968)  who  concl uded th at  i t  mi g ht  be useful  i n  the s trati graph i c  

correl a t i on o f  products of a s i ng l e erupt i o n .  Ka hn and Neal l ( 197 3 )  fo und 

chromi um to be between three to e i ght  t imes  h i gher  i n  Tongari ro 

t i ta nomagneti tes compared w i th ti ta nomagnet i tes from Tara na k i  and s ucces s ful l y  

app l i ed chromi um va l ues to confi rm teph ra correl at i on . I n  th i s s t udy 

chromi um was a l so  fo und to be the mos t  va l uab l e e l ement both between and  

wi th i n  groups b u t  was not he l pful i n  d i s t i ng u i sh i ng these  part i c u l a r  tephras . 

Rat i o - rat i o pl ots for trans i ti on meta l s  e . g .  TJ , M� and  �� were used  

by Kahn  ( 1970 ) a s  a means  of  d i scri mi nati ng  between tephras . The cho i ce  of 

rat i o  appears to h a ve been determi ned by whether i t  d i s t i ngui s hed teph ras 

and not as  Hodder ( 198 1 )  has poi nted out , for any thermodynami c  cr i teri a .  

I n  Kahn and Top p i ngs  ( 1 978 )  work i t  a ppears p l ots of  vanad i um vers us  

c h romi um are i nd i cat i ve of  a sys temat i c di fference i n  magma ti c compos i t i on 

between upper and  l ower members of the  Ta upo s ub-gro u p .  However , i n  th i s  

s tudy ,  vanad i um ,  t i tan i um and  z i rcon i um cou l d not be ana l ys ed o n  the I CP 

i n  Pa l mers ton No rth . 

There i s  l es s  compos i ti ona l  d i fference i n  t i tanomagneti tes from 

andes i t i c  th an w i th rhyo l i ti c  tephra s . Th i s  may b�ons i s tent  wi th andes i tes  

bei ng the products  of  sma l l erupti ons  where expu l s i on from the magma chamber 

has not perturbed the pare n t  magma ( Hodde r ,  198 1 ) . Th i s  i s  cons i s tent w i th 

the mi nera l og i ca l  homogenei ty i n  Egmont  a ndes i tes noted by Gow ( 1968 ) . 
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D i scus s i o n :  

Part i cu l a r  e l ements o r  e l ement  rat i os a re expected o n  the bas i s  of 

c rys ta l  fi e l d theory to be i nd i cati ve o f  magmati c proces s es pri or  to 

erupt i on ( Hodder ,  198 1 ) .  

I f  the c rysta l fi e l d s tab i l i s at i on energ i es ( C FSE )  for tetrahedra l  

s i tes i n  the magma i s  s ubtracted from the CFS E  for octahedral  s i tes i n  the 

c rysta l , a val ue  for the " s i te pre ference energy " for an octahedra l  s i te 
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may be obta i ned for any trans i t i on e l ement ( Burns a nd  Fyfe , 1964 ) . The 

octahedra l  s i te preference energ i es of d i va l ent ferromagnes i an trace 

e l emen ts , Ni and Co , exceed the s i te preference energ i es of  Fe2+ and  

s imi l ar ly  the s i te preference energ i es of tri va l ent  ferromagnes i a n trace 

e l ements Cr , Mn , V and Ti exceed th at  of Fe3+ . Con sequent ly  the p roport i on 

of  ferromagnes i an trace e l ements i s  g reates t i n  the early-crysta l l i s i n g 

a nd l east  i n  the  l a te- crys ta l l i s i ng magneti te .  

Accordi n g  to Ewart ( 1963 )  ti tanomagneti tes and i l men i te a re genera l l y  

t he fi rst  mi nera l s that eo- prec i p i tate from central  North I s l and magmas . 

E l ements concentrated wi th i n  th e t i tanomagneti tes therefo re probab ly  refl ect  

the ava i l a b i l i ty of el ements wh i ch can be favo urab l y  i ncorporated i n to the 

l att i ce , ma k i n g  them s ens i ti ve recorders of changes i n  magma compos i t i on .  

I n  Egmont ti ta nomagneti te ana l yses th i s  el ement va ri ab i l i ty wa s mos t 

not i ceabl e wi t h  Mn , Zn , Cu , Cr and Co . 

I n troducti on : 

4 .  M I N ERALOGY OF  TH E TEPHRA S EQUENCE  

An  i n ves t i gati on o f  the mi neral ogy of the  teph ra sequence was 

conducted to determi ne the domi nant ferromagnes i a n a s semb l ages for corre l at i on  

p urposes and  to d i s cove r  any trends i n  a s s emb l ages w i th t i me .  

The s amp l es c hosen were representati ve of each tephra bei ng i n ves t i gated . 

S i x teen wel l d ra i ned s i tes were sel e cted for corre l a t i on i n  E l tham , S tratford 

a n d  I ng l ewood Count i es ( Tab l e 4 . 3 ) . 

I n  a dd i t i o n  sampl es  were exami ned from a dri l l ho l e i n  E l tham Swamp 

( F i g ure 4 . 4 )  a nd  from a sect i o n  on Durham Road , I ng l ewood  County ( Fi gure 4 . 5 ) 

whe re seven rad i ocarbon dates of  wood , peat s amp l es pl ace max i mum and mi n i mum 

dates  on the a ges of the tephras . Hence there i s  a need to correl ate a l l 

the  tephras to these l oca l i ti e s .  



Tabl e 4 . 3 Percen tage Augi te , Hornb l ende and  H��ers thene  

i n  the te�hra s equence 

Tephra Sampl e l oca l i ty Aug i te Hornb l ende 
sampl ed ( S i te n umber s ee % % Append i x  I V )  

Kaupoko n u i  Type s ec t i on ( 1 )  69 28  
Dawson Fa  1 1  s ( 8 )  7 2  2 5  
North Egmont  Tra c k  ( 25 )  7 5  2 5  
Mana i a  Road* ( 7 ) 6 9  3 1  

Ma ketawa Type s ec t i o n  ( 1 ) 4 3  5 7  
Dawson Fal l s  ( 8 )  4 9  5 1  
Pembroke  Road ( 1 7 )  44 56 

p2B Type sect ion  ( 1 ) 33 6 7  
North Egmont  Tra c k* ( 25 )  56 44  
Ma hoe ( 5 )  3 1  6 9  
Monmouth  Road  ( 1 8 )  4 0  60  
Tari k i * ( 2 1 )  32 68 

p2A Type s ecti on ( 1 )  69 30 
North Egmont  Track** ( 2 5 )  54 4 5  
Ma hoe 
Monmo uth Road* 
Tari k i *  

p 1  Type s ect i on 
Bedford  Road* 
Pembroke  Road* 
Mahoe 
Monmouth  Road 
Tari k i *  

E5  Type sect i o n  
Upper Pa l mer Road 
Fi nnerty Road 
Mahoe 
Monrnouth  Road 
Opunake Road 

E4 Upper Type s ecti on 
l a p i l l i  F i n nerty Road 

Mahoe 
Monmou th Road 
Opunake Road  

*Prob ab l e I denti fi c at i on  

**Tentati ve I denti fi ca t i on 

( 5 ) 2 7  7 2  
( 18 )  6 2  38 
( 2 1 )  49 5 1  

( 1 ) 77  23  
( 2 3 )  7 2  2 6  
( 16 )  56 37  

( 5 )  6 1  38 
( 1 8 )  6 2  38 
( 2 1 )  60  40 

( 1 ) 6 3  3 6  
( 9 )  53  46  

( 1 1 )  6 1  39 
( 6 )  5 5  4 5  

( 1 8 )  6 6  34 
( 1 2 )  69 3 1  

( 1 ) 89 1 1  
( 1 1 )  88 1 2  

( 6 ) 83  17  
( 18 )  7 7  2 3  
( 1 2 )  68  32 

Hypers the ne  

% 

3 
3 

1 
1 
1 

2 
7 
1 

1 
1 

1 0 4  

Total  
n umber of 

g ra i ns 
co un ted 

3 1 2  
3 1 7  
449 
4 2 6  

3 2 6  
3 5 6  
3 7 2  

550 
448 
7 1 6  
769  
532  

620  
526  
564 
577  
530 

3 1 6  
566  
480 
9 5 5  
333 
500 

5 1 8  
698  
262 
3 7 3  
42 1 
373  

325  
374  
449 
507 
6 1 7  



Tab l e 4 . 3  contd . 

Teph ra Samp l e l ocal i ty 
samp l e d  ( S i te n umber s ee 

Append i x I V )  

E4 Centra 1 Type s ecti on 
Fi n nerty Road 
Ma hoe 
Monmouth  Road 
Opuna ke Road 

E4 Basa l  Type  s ecti on 
l a p i l l i  Fi n n erty Road 

Ma hoe 
Monmouth Road 
Opunake  Road 

E3 Type s ecti on 
York Road* 
Pembrok e  Road 
F i n nerty Road 
Mah oe 
Monmouth Road 
Tari k i ** 
Opunake  Road* 

E2 Type sect ion  
Fi n nerty Road 
Ma hoe 

E l  Type s ecti on 
Upper P a l mer 
Ma hoe 
Opunake Road 

Mahoe Type s ec ti on 
Ma hoe* 
Tari k i *  
Opunake Road 

*Probabl e I dent i fi ca t i on 

**Tentati ve I dent i fi cat ion  

Road 

( 1 )  
( 1 1 )  

( 6 )  
( 18 )  
( 1 2 )  

( 1 )  
( 1 1 )  
( 6 )  

( 18 )  
( 12 )  

( 1 ) 
( 20 )  
( 16 )  
( 1 1 )  
( 6 )  

( 18 ) 
( 2 1 )  
( 12 ) 

( 1 )  
( 1 1 )  
( 6 )  

( 1 ) 
( 9 )  
( 6 )  

( 1 2 )  

( 1 )  
( 6 � 

( 2 1 
( 1 2 )  

1 0 5  

Tota l 
Aug i te Hornb l ende Hypers thene n umber of  

% % % g rai ns  
co unted 

85 14 1 354 
80 19 1 334 
74 24 1 4 35 
76 24 36 1 
85 1 5  4 14 

6 4  3 5  1 4 79 
60  40  324  
58 42 500 
5 1  49 308 
66  34 1 73  

58 4 1  1 247 
50 46  4 55 1  
65  34 1 642 
69  30 1 458 
89 10 1 282 
58 4 1  1 39 7 
57  38 5 452 
75 23 2 4 72 

90 9 1 244 
69 30 1 354 
86 14 4 1 4  

7 3  2 3  4 508 
78 2 1  1 36 7 
6 1  38 1 236 
59 40 1 595 

81 1 5  4 345 
74 26 198 
7 5  19 6 314  
82 1 1  7 323 



Fi gure 4 . 4  Prof i l e  of E l tham Peat from 

E l tham Swamp a t  N l l9/901469 

Mangan u i  Teph ra 
I ng l ewood Tephra 

( p2B + A )  
/ jj lff_j_ 

J E l tham 20 
E l tham 21 

J E l tham 22 

Wood NZ55 27B 4 , 0 70 ± 

10 6 
Est i mated a ges 
of  peat based  
on  sedi me n tati on  
rates between 
teph ras . 

Kori to Tep h ra 
( p 1 )  

...J E l th am 23 60 yrs B . P .  

E4  

E 3  

E 2  

E l  

1 .  25m teph ra 
i n  col umn . 

. . 
. . . . . . . . 

. . · . . . . . 

� 

J E l tham 5 

Wood 
...J E l tham 6 

}-- NZ3 1 5 38 10 , 450 ± 
100 yrs B .  P .  
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Method : 

The pumi ce  samp l es were each ground , us i ng 

and the h eavy mi nera l s separa ted  w i th bromoform .  

an  agate pes t l e  a n d  mortar ,  

The 2-4 0 ( 2 50-63� ) 

heavy mi nera l  fract i on was mo unted i n  L a kes i de and ferromagnes i an mi nera l 

proport i on s  determi ned us i ng a Swi ft po i n t coun ter . 

Res u l ts : 

The res u l ts a re s hown i n  Tab l e  4 . 3 and are based on between 300 and  

600  po i n t counts . 

The  ferromagnes i an assemb l ages  compri s ed hornb l ende , a ug i te , 

ti tanomagneti te and  hypers thene . Aug i te was domi nant  i n  the majori ty of  

teph ra s amp l es , w i th the  excep t i o n  of the Maketawa and  p2B  tephras . 

Hypersthene was p resent i n  neg l i g i b l e  amo unts and  was absent from the 

Maketawa , p 2B and E4 ( upper and l ower member )  teph ras . The ti tanomagneti te 

was s t udi ed  as a s eparate consti tuent for trace e l ement  ana l ys i s  and was 

reported i n  the prev i ous sect i on . 

The  mi neral rati os for the d i fferent  tephra a re presented i n Tables 4 .4 , 4 .5 .  

F i g ures  4 . 6  and 4 . 7  s how the range of aug i te val ues i n  the teph ra seq uence . 

I n  the case  of  the p2A and E3  teph ras , the w i de range of rat i os made i t  

di ffi c u l t to d i s t i ngu i s h  them from the other tephras . Aug i te va l ues of  

the  sampl es  from E l tham Swamp and  Durham Road were p l o tted on the g raphs  

and  s upported the correl at i ons  made i n  Tab l e 4 . 4 .  

Di s c u s s i on :  

The mi nera l o gy of  Mt . Egmont  teph ras i s  q u i te d i st i nct  from the 

mi nera l ogy of  other centres  i n  New Zea l and . Hypers thene andes i tes , wh i ch  

are present i n  the Tongari ro g roup  of vo l ca n i cs ( O ' S hea , 1 959 ; C l a rk ,  1960 ) 

appear to be absent from Egmo n t .  

Accord i n g t o  Gow ( 1 968 )  t h e  vari ous  types of andes i te g rade i n to one  

another  b ut  a ug i te-hornb l ende andes i tes are by far the mos t  abundant .  The  

fo l l ow i ng groups of  Egmont  andes i tes , based on the re l a ti ve abundance of  

ferromagnes i an phenocrysts , h ave been recogn i sed  by Gow : -

1 .  Aug i te-hornb l ende andes i te ( a ugi te > hornb l ende ) 

2 .  Aug i te-hornb l ende andes i te ( a ug i te = hornb l ende ) 

3 .  Aug i te-hornb l ende andes i te ( hornb l ende > a ug i  te ) 

4 .  Aug i te andes i te ( devoi d of hornb l ende ) 

5 .  Aug i te-ol i v i ne andes i te ( conta i ns up to 7% moda l  o l i vi ne ) . 



Tab l e 4 . 4  Rat i os  o f  ferromagnes i a n mi neral s i n  the teph ra s equence 

Ferromagnes i an rat i o* Correl ati on wi th Corre l at i on wi th Corre l at i on wi th 
Teph ra Augi te : Hornbl ende : Hypersthene Gow ' s  ( 1968 ) E l tham Swamp Durham Road 

g ro ups ( Fi g .  4 . 4 ) ( Fi g .  4 . 5 ) 

Kaupokonu i  Augi  te  > Hornb 1 en de » Hypers the ne  7 : 3  1 

Ma ketawa Hornbl ende > Augi te 6 : 4  3 

p2B Hornb l ende > Augi te 7 : 3  3 2 2  

p2A Aug i te > Hornb l ende >> Hypers thene 7 : 3  1 

p 1  Augi te > Hornb l ende 7 : 2  l 23  

E5  Augi te > Hornb l ende 6 : 4  1 

E4 Upper Augi te >> Hornb l ende 9 : 1  1 

E4 Centra l Augi te » Hornbl ende » Hype rs thene 8 : 1 1 5 

E4 Basa l  Augi te > Hornb l ende 6 : 4  1 

E 3  A u g i  t e  > Hornb 1 en de  » Hypers thene 6 : 3  

E2 Augi  te » Hornb l ende » Hypers the ne 9 : 1  l 6 

E l  Augi  te > Hornb l ende » Hypers the ne 7 : 2  1 - 1 

Mahoe Augi  te > Hornbl ende » Hypers thene 7 : 2  1 

* Type sect i on tephra val ues . ..... 
0 
CJ:) 



Tab l e 4 . 5  

Swamp 
s ampl e s  

20 

2 1  

22  

2 3  

5 

6 

Durham Road 
s ampl es 
( Loca l i ty 
s i te no . 22 ) 

1 

2 

3 

Rati o s  of  ferromagnes i an mi neral s i n  teph ra s ampl es  f rom 

E l tham Swamp and  Durham Road 

Tota l 

1 1 0  

Aug i te Hornbl ende Hypers the ne numbe r  A ug i te : Hornb l ende 
co unted 

40% 58% 2% 295 4 : 6  

87%  13% 305 9 : 1  

36% 64% 4 2 7  4 : 6  

6 2%  38% 33 1  6 : 4  

7 1% 29% 357  7 : 3  

79% 2 1% 3 1 3  8 : 2  

70% 30% 4 6 7  7 : 3  

64% 36% 340 6 : 4  

64% 34% 2% 498 6 : 3  
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The f i rs t  three o f  these g roups can  be re l ated to the teph ras i n  

t h i s  study ( Tab l e 4 . 4 ) but  groups 4 a nd  5 are not represented . O l i vi ne 

obse rved i n  the l i th i c  Manganu i  tephra forms a d i s ti ncti ve mi nera l  

marker .  Hype rs thene w a s  o n l y  observed i n  Gow ' s  group  1 andes i tes . 

Tab l e  4 . 4  i n di cates th a t  sampl es 2 2 , 2 3 , 5 and 6 from E l tham Swamp can  be 

tentati ve l y  correl a ted w i th the p2B , p l , E4 a nd  E2 teph ras res pect i ve l y .  

Samp l e 1 from Durham Road , i n  northern Ta rana k i , can  be ten tat i ve l y  

corre l ated w i th the E l  tephra . However ,  the ferromagnes i an ra ti os  i n  

samp l es 2 a nd  3 di d not enabl e corre l a t i ons to be made wi th the o l der 

teph ras mapped i n  E l tham County .  

5 .  CONCLUS I O N  

Mt . E gmont  i s  connected w i th s upra-Ben i off zone ( SBZ ) i gneous 

acti vi ty ,  wh i c h vari es sys tema ti ca l l y  w i th depth of magma generat i on a l ong 

the Ben i o ff zone . Hence probl ems ari s e  wi th the nomencl a ture of SBZ 

vol cani c rocks . I t  has  been s hown by Ho.+'her-toh and  v �ckr nson ( 19 67 )  that 

i n  the c i rc um- Paci fi c i s l and a rcs and act i ve conti nental ma rg i n s the re 

appears to be  a re l at i ons h i p between the potash  content o f  an  andes i te 

vo l cano and  the  depth of  se i smi c ( Ben i off ) zone bel ow that  vo l cano . 

The h i gh pota s h  va l ues i n  the X- ray fl uores cence ana l ys i s  corre l a te wi th 

the deeper pos i ti on of  the Ben i off zone under Mt . Egmont .  
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The ab i l i ty of  the  parti c u l a r  methods to s ucces s ful l y  effect  

i denti fi cat i on and  corre l ati ons o f  tephra depend on thei r sens i t i v i ty to 

pos t-depos i t i ona l  changes , contami nati on  effec ts and i n tra- tephra va ri ati ons  

bei ng  l es s  than  i n ter-tephra di fferen ces . 

Mul t i component methods a l l ow corre l at i on  to be made on  the bas i s  of 

present-day propert i es o f  tephra s  but re l a ti ve proporti ons  of  mi nera l s may 

be modi fi ed by di fferent i a l  weather i ng  and con tamt nati on . The trace 

e l ement content  of  ti tanomagneti tes method does l essen  these  effects , 

a l though there i s  a need to cons i der  rel at i ve rather th an  abso l ute va l ues . 

Gow ( 1 968 )  s ugges ts crysta l l i s a t i on  of  Egmont  tephras h a s  occ urred from 

a un i form magma and the  ana lys i s  of t i tanomagneti tes i n  th i s  s t udy i ndi cates 

a fa i rl y  h omogeneous magma , w i th no one  e l eme n t  fo und to vary d i s t i nc tl y .  

Separati on  o f  tephras  cou l d be a c h i eved by p l otti ng manganese t o  z i nc  

va l ues of  t i tanomagnet i tes . 



The ori g i na l  magma compos i t i on of  p umi ceous l a pi l l i  i s  bes t p reserved 

i n  the near to s ource , coarse  teph ras . XRF ana lyses were ab l e  to 

c ha racteri se  s uch  tep hras  a nd  i t  was es tabl i s hed  tha t  decreas i ng g ra i n  s i ze 

and  i ncreas i ng mea n  annua l  temperature and  not  rai nfa l l have the g reater 

i nfl uence on the wea theri ng of pumi ceous  l a p i l l i  i n  Tarana k i . Th i s  

observati on i s  o f  con s i derab l e  i mportance to teph ra weatheri ng  s tud i e s  and 

the need to obta i n  unweathered samp l es representati ve of former magma 

compos i t i ons . 

Correl ati on was ach i e ved  us i ng th ree groups  o f  ferromagnes i an 

a s s emb l ages as  def i ned by Gow ( 1968 )  together  wi th s trati graph i c  pos i t i on .  

However ,  the ferromagnes i an a s semb l a ges cou l d not be used to corre l a te to 

the th ree samp l es  obtai ned from Durham Road . The ch�racteri s t i c o l i vi ne 

content of the Manganu i  teph ra , cons i s tent  w i th i ts basal ti c compo s i t i on ,  

does provi de one mi nera l og i ca l l y  d i st i nct i ve marker bed . 

Con fi den t corre l ati on s  of  andes i t i c  teph ra requ i re a mul ti p l e  

cri teri on approach  to tephra ch aracteri s a t i on . These stud i es h ave s h own 

that teph ra i de nt i fi cati on based on unweathered t i tanomagneti te compos i t i on 

i s  one  of  the mo s t  rel i ab l e methods fo r corre l at i on . To a l es s er  extent 

domi nant  ferromagnes i an mi neral s ,  i n  comb i nat ion  wi th strat i graphy and 

gros s  d i fferences i n  bu l k chemi stry of unwea thered tephra may a l s o  be 

used to i denti fy i n d i vi dua l  tephra from Mt . Egmo n t .  

1 1 4  



CHAPTER 5 



CHAPTER 5 

SO I LS OF ELTHAM COUNTY 

l . SO I L  MAP P I NG AND TAXONOM I C  UN I TS 

A c l ear d i s t i nct ion  i s  made i n  th i s  study between the taxonomi c 

u n i t ,  w h i ch i s  categori ca l  i n  nature and the so i l  ma ppi ng u n i t ,  wh i c h 

attempts to represent the rea l body of  s o i l i n  the f i e l d .  

T he  so i l ma pp i ng u n i ts , wh i ch are d i s crete u n i ts on  the so i l map , 

are a rranged accord i ng to the i r  pos i t i o n  i n  the l a nds cape i nto a 

phys i ograph i c  l egend ( Tab l e  5 . 1 ) . The mapp i ng un i ts may represent e i ther 

an  area domi nated by a s i ng l e s o i l or  more commo n l y  a n  area i n  wh i ch two 

or more s o i l s  are found i n  c l ose a s soc i a t i on . 

The so i l taxonom i c  un i ts ,  i n  th i s  s urvey ,  are of s o i l ser i es ra n k  

and a re  a rranged i n  a pedo l og i ca l  l egend ( Tab l e 5 . 2 ) . A s o i l seri e s  i s  
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a g roup i ng of so i l s  w i th s imi l ar profi l es ,  s imi l a r tempera ture and moi s ture 

reg imes  a nd the s ame or very s i mi l a r parent materi a l s .  At seri es l evel , 

the taxonomi c u n i t represents a s tri ctl y defi ned central concept , w i th a 

defi ned range of var i a t i on . 

I n  th i s  s u rvey the S tratford seri es , fi ne topso i l  var i ant , i s  

i n troduced . Th i s  so i l u n i t  i s  too d i fferent  to be  cons i dered a taxadj unct , 

too exten s i ve to be cons i dered a ma pp i ng i nc l us i on , but unt i l now has  not 

been found over a s uffi c i entl y wi de area to be con s i dered worthy of  new 

ser i es  des i gnat i on . 

The l i m i ts of the taxonomi c un i t  a re contro l l ed by natura l  fa ctors 

of s o i l forma t i on , whereas the l i m i ts of ma pp i ng un i ts a re contro l l ed by 

add i t i ona l co n s i dera t i ons , wh i ch i nc l ude both the s ca l e and purpose of 

a s o i l map .  At the sca l e  of mapp i ng empl oyed i n  th i s  s urvey of 1 : 50 , 000 , 

i t  i s  not pos s i b l e  to map every i nd i v i dua l  k i nd of  so i l enco u n tered , so  

that the mapp i ng un i ts often conta i n more tha n one  taxonomi c u n i t .  

One of the so i l  mapp i ng u n i ts u sed i n  th i s  s urvey i s  the so i l  

a s soc i a ti on . The so i l a s soc i a t i o n  wa s f i rs t  i n troduced i n  Ca nada ( E l l i s ,  

1 932 ) to represent a drai nage s eq uence of  s o i l s  on  a gi ven parent mater i a l . 

The use  of the s o i l  a s soc i a t i on , i n  E l tham County ,  fol l ows th i s  defi n i t i on 

wi th the connota ti on  of a pred i ctabl e pa ttern of s o i l s, rel a ted to both 



SOIL MAPPING UNITS AR�lGED PHYSIOGRAPHICALLY 

SOIL OF La�LAND LAHARIC TERRAIN (generally below 3Som) 

On flat to strongly rol ling land between 90-34� elevation 

Rfverlea-Hakaka assoc1at1on - - - - - - - - - - - - - - - -

Riverlea-Hangawhero association _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Kahui-Tipoka association - - - - - - - - - - - - - - - - - -

Tipoka-Kahu1 association - - - - - - - - - - - - - - - - -

Hakaka-Riverlea assoc1at1on - - - - - - - - - - - - - - - -

Lowgarth soils - - - - - - - - - - - - - - - - - - - - - -

Lowgarth soils, strongly rolling phase - - - - - - - - - ­

Stratford soi 1 s - - - - - - - - - - - - - - - - - - - - - -

Stratford soils, strongly rolling phase - - - - - - - - - ­

Stratford soils, fine topsoil variant - - - - - - - - - - -

In low-lying areas or i n  depressions between 120-340m elevation 

Makaka-Hangawhero association - - - - - - - - - - - - - - ­

Hangawhero-Riverlea association - - - - - - - - - - - - - ­

Awatuna-Tipoka associatiOn 

A�atuna-Kahui association 

Ngaere-Stratford association - - - - - - - - - - - - - - -

On strongly rol ling, hilly land between 120-290m elevation 

Lowgarth hill soil s - - - - - - - - - - - - - - - - - - - ­

Stratford h111 soils - - - - - - - - - - - - - - - - - - -

Stratford h i l l-Stratford association 

Stratford hi 1 1 -S tra tford sof I s ,  
strongly rolling phase association 

SOIL TAXONOMIC UNITS ARRANGED PEDOLOGICALLY 

YELL0'�-BRa.IN LOAMS 

fr0111 > 251l!m I/OUJI9 l•p.Lll1 show'ors (Kaupokonui, Haketawa 
and Hanganui tephras) on thin (with minor thick) volcanic 
ash, overlying laharic debris 

-
IKII•· Tit I 
ITk·KUI I 
1 Mk-av] 
-

Stv ('V 

strongly leached, iron i l luvial _ _ _  Rowan series - - - - - - -
moderately to strongly leached _ _ _  Riverlea series _ _ _ _ _ _ 

weakly gleyed - - - - - - -- _ _ _ _  Makaka series _ _ _ _ _ _ 

I Re � 
[JDt � 

from > 250nm young l•p.HJ.i showus (Kaupokonui, Maketawa 
and Manganui tephras ) on thick volcanic ash 

moderately to strongly leached _ _ _  Lowgarth series 

fr0111 < 25Dnln young lap1lli. showtu:s ( Kaupokonui ,  Maketawa 
and Manganui tephras) on volcanic ash overlying laharic 
debris 

moderately leached _ _ _ _ _ _ _ _ _  IWwi s:eries _ _ _ _ _ _ _ g 
weakly gleyed _ _ _ _  - - - - - - - - Tipoka series - - - - - - � 

fran < 25Q:n 11011119 lap11J.1 show�rs (minly Jo'.anganui 
tephra) on pumiceous lapt l l i-bearing ash showers 
(tephras p2, pl (Druce, 1966) ES and E4) on thick 
volcanic ash 

moderately leached _ _ _ _ _  - - - - Stratford series _ _ _ _  _ 

weakly gleyed _ _ _ _ _ _ _  - - - - - Ngaere series 

from pumiceous lapilli -bearfng ash showers (tephras 
p2, p1 (Druce, 1966) ES and E4) on thick volcanic ash 

moderately leached Stratford series, 
fine topsoil variant _ _  _ 

GLEY SOILS 

from > 250mm young lapilli showers (Kaupokonui, Maketawa 
and Manganui tephras) on thin (with minor thick) volcanic 
ash, overlying laharic debris 

Mangawhero series - - - - E]r 

• v 

SOILS OF UPLAND LAHARIC TERRAIN (generally above 300m) 

On lahar mounds and flat to rolling land 
between 310-76� elevation 

Rowan-Makaka association _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

Rowan-Mangawhero association - - - - - - - - - - - - - - - -

On lahar QOunds between 360-460. elevation 

Rowan hili -Hangawhero association 

In low-lying areas or in depressions 
between 220-460m elevation 

Mangawhero-Makaka assoc1ation 

On flat to hilly slopes on Mt. Egmont 
between 760-l , lOOm elevation 

Tahurangi-Tahurangi h i l l  association _ _  - - - - - - - - - _  

SOILS OF SUBALPINE AND ALPINE TERRAIN (above 1 ,100m) 

On steep and very steep slopes on the very steeply sloping 
terrain, on the southerly flanks of Mt. Egmont between 
1,100-2,518m elevation 

unnamed Subalpine soils - - - - - - - - - - - - - - - - - ­

unnamed Alpine soils - - - - - - - - - - - - - - - - - - - -

SOILS OF RIVER FlATS AND TERRACES 

lrah-TahHI 

11 $ I 11 
I �i I 11 

Hangatahua-Okato association _ _ _ _ _ _ _ _ _ _ _  - - - - - I Hn-Ok. 
Okato-Hangatahua association _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I Ok-Hn 

SOILS OF DRAINED SWAMPLAND 

El  tham soils 

SOILS OF STEEPLAND TERRAIN 

Whangamomona steepland soils - - - - - - - - - - - - - - - -

GlEY SOILS 

from < ZS!i:D gounq LapilJ.1 show•n (Kaupokonuf. 
and Manganui tephras) on thin (with •inor thick) 

Haketawa 
volcanic 

I �ds Ill 

ash, overlying laharic debris 
Awatuna series - - - - - - - - � 

from recent andesitic sands and gravels 
� Okato series - - - - - - - - - � � 

INTERGRADE BETWEEN YELLOW-BROWN LOAMS AND RECENT SOILS 

from recent andesitic sands and gravels 
r:::-1 Hangatahua series - - - - - - �t 

RECENT SOlLS 

from thin volcanic ash (Tahurangi Formation) on 
older volcanic ashes 

very strongly leached - - - - - Tahurangi ser1es - - - - - - - � 

LllMOSOLS AND SKELETAl SOILS 

frOtJ andesitic rock, scree and tephra 
unnamed Subalpine soils _ _ _ � 
unnallled Alpine soils _ _ _ _ _  � 

ORGANIC SOfLS 

from woody peat with interbedded tephra layers 
El tham series _ _ _ _ _ 

STEEPLANO SOILS RELATED TO YELLOW-BROWN EARTHS 

from s i l ty sandstone 
Whangamomona series _ _ _ _ _  � 

t Not shown separately on thos map 



TABLE  5 . 1 

SO I L  MAP P I NG UN I TS ARRANGED  PHYS I OGRAPH I CAL LY 

SO I L  OF  LOWLAND LAHAR I C  TERRA I N  ( genera l ly  bel ow 350m ) 

On fl a t  to strong l y  rol l i ng  l and  between 90- 340m el evati on  

R i verl e a -Maka ka a s soc i at i o n  Rv -Mk 

Ri verl ea-Mangawhero a s soc i at i on _ _ _ _ _ _ _ _ _ _ _ _ _ _  Rv-Mw 

Ka hu i -Ti poka a s soc i a t i on Ku i -Tk 

T i poka - Ka h u i  as soci at i on 

Ma kaka-R i verl ea a s soci a t i on 

Lowgarth soi l s  

Lowgarth so i l s ,  s trong ly  ro l l i ng pha se  

S tra tfo rd s o i l s  

Stra tford so i l s ,  strong ly  ro l l i ng phase  _ _ _ _ _ _ _ _ _  _ 

Stratford so i l s ,  fi ne to pso i l  vari ant  _ _ _ _ _ _ _ _ _ _  _ 

I n  l ow - l yi ng  areas o r  i n  depres s i on s  between 1 20-340m e l eva ti on 

Ma ka ka-Mangawhero assoc i a ti on _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Mangawhero-Ri verl ea assoc i a t i on _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Awa tuna-T i poka a s soc i a ti on 

Awatuna - Kahu i  assoc i at ion  

Ngaere -Stratfo rd a s soc i at i on 

On  s trong l y  ro l l i ng , h i l l y l a nd between 1 20 - 290m e l evat i on  

Lowgarth h i l l  s o i l s  

S tratford h i l l s o i l s  

S tratford h i l l -Stra tford a s soc i a ti on 

Tk -Ku i  

Mk -Rv 

Lo 

S tv 

Mk -Mw 

Mw- Rv 

At-T k  

At-Ku i  

Ng-St  

LoH 

S tH 

S tH -St 
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S tra tford h i l l -S tra tford s o i l s ,  
s tron g l y  ro l l i n g phase assoc i a t i o n S tH - S t 1 



SO I LS OF UPLAND LAHAR I C  TERRA I N  ( genera l l y  above 300m ) 
On l ahar mounds  and fl a t  to rol l i n g  l a nd  
between 3 1 0 - 760m el evat i o n  

Rowan-Ma kaka  assoc i a ti on 

Rowan-Mangawhero a s soc i ati on  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

On  l a har mounds  between 360-460m el evati on  

Rowan h i l l -Mangawhero assoc i a t i o n 

I n  l ow-l yi n g  a reas  or  i n  depre s s i ons  
between 220-460m e l eva t i on 

Mangawhero -Ma kaka a s soc i a t i on _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

O n  fl at  to h i l l y s l o pes  on Mt . Egmont  
between 760- l , lOOm e l eva ti on  

Tahurang i -Ta h urangi  h i l l  a ssoc i a t i o n  _ _ _ _ _ _ _ _ _ _ _  _ 

SO I LS OF S UBALP I NE AND ALP I NE TERRA I N  ( above l , lOOm ) 
O n  s teep and  very s teep s l opes on  the very s teep ly  s l op i ng 
terra i n ,  on  the s outh er ly  fl a n k s  of �1 t .  Egmont  between 
1 , 100-2 , 5 18m e l evati o n  

1 1 7 

Rc-Mk 

Rc-Mw 

RcH -Mw 

Mw-Mk 

Tah-TahH 

unnamed S uba l p i ne so i l s  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ S 

unnamed Al p i ne  so i l s  A l  

SO I LS OF R I V ER  FLATS AND  TERRACES 

Hanga tahua-Oka to a s so c i a ti on _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ Hn-Ok  

Okato -Hangata h ua as soc i a ti on _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ Ok-Hn  

S O I L S  OF  DRA I NED  SWAMPLAND 

E l tham s o i l s  E l  

S O I L S  O F  STEEPLAND TERRA I N 

Whangamomona  s teep l and so i l s  WgS 



TABLE  5 . 2  

SO I L  TAXONOMI C UN I TS ARRANGED P EDOLOGI CALLY 

YEL LOW-BROWN LOAMS 

from > 250mm young l a pi l li showers ( Ka upokonu i ,  Ma ketawa 
and Ma ngan u i  teph ra s ) on th i n  ( w i th mi nor th i c k )  vol can i c  
ash , overl y i ng l a har i c debr i s  

s trong ly  l eached , i ron i l l uv i a l  

modera te ly  to  s trong ly  l eac hed 

Rowa n seri es 

R i verl ea seri es  

wea k ly  g l eyed _ _ _ _ _ _ _ _ _ _ _ _  Ma ka ka series  

from > 250mm young l a pi l li s howers ( Ka u pokonu i ,  Ma ketawa 
and Manganu i tephra s ) on th i c k vol ca n i c a s h  

modera te ly  to s tron g l y  l eached _ _ _  Lowgarth s eri es  

from < 250mm yo ung l api l l i  showers ( Ka upokonu i ,  Ma ketawa 
and Ma nganu i  tep hra s ) on vo l ca n i c  a s h  overl y i ng l a hari c 
debr i s 

moderate l y  l eached _ _ _ _ _ _ _ _ _  Kah u i  seri es 

wea k ly  g l eyed _ _ _ _ _ _ _ _ _ _ _ _  T i poka seri es 

from < 250mm young l api l l i  showers ( ma i n l y  Mangan u i  
teph ra ) on pumi ceou s l a p i l l i -b eari ng a s h  s howers 
( tephras  p2 , p1  ( Druce , 1966 ) E5 and E4 ) on t h i c k  
vol c an i c a s h  

modera te l y  l ea c hed S tra tford seri e s  

wea k l y  g l eyed _ _ _ _ _ _ _ _ _ _ _ _  Ngaere seri es 

from pumi ceous l ap i l l i -bear i ng a s h  s howers ( tephras 
p2 , p1  ( Druce , 1966 ) E 5  and E4 ) on th i ck vo l ca n i c  a s h  

modera te l y  l ea ch ed _ _ _ _ _ _ _ _  S tra tford seri es , 
f i ne topso i l vari ant  _ _  _ 

GLEY SO I L S  

from > 250mm young l a pi l l i  s howers ( Ka u po konu i ,  Ma ketawa 
and Mangan u i  tephra s )  on th i n  ( w i th mi nor th i ck )  vol ca n i c 
a s h , overl y i ng l ah ar i c debri s 

Ma ngawhero s er i e s  

1 1 8  
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GLEY  SO I LS 

from < 250mm young l api l l i  s howers ( Ka upo kon u i , Maketawa 
and Mangan u i  tephras ) on th i n  ( w i th mi nor  th i c k )  vo l can i c  
a s h , overl yi ng  l a hari c debri s 

Awatuna s eri es  

from recent  andes i t i c  sands  and  g ravel s 

O ka to seri es 

I NT ERGRADE B ETWEEN  Y ELLOW -B ROWN LOAMS AND RE CENT SO I LS 

from recen t  ande s i t i c s ands and g rave l s 

Hangatahua  seri es 

REC E NT SO I LS 

from thi n vo l ca n i c  a s h  ( Tahurang i  Format i on )  on 
o l der vol can i c ashes  

very s trong ly  l eached  _ _ _ _  _ Tah urang i  seri es  _ _ _ _ _ _ _ 

L I THOSOLS AND S KE LETAL S O I LS 

from andes i ti c  roc k ,  s cree and tephra 

ORGAN I C  SO I L S  

unnamed Suba l p i ne so i l s  

unnamed Al p i ne so i l s  

from woody peat  wi th i n terbedded tephra l ayers 

E l tham seri es 

STE E PLAND S O I LS RE LATED TO Y ELLOW-BROWN EARTHS 

from s i l ty s andstone 

Whangamomona ser i e s  

At 

O k  

H n  

Tah 

s 
Al 

El 

Wgs 
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dra i nage and  rel i ef .  I n  th i s  s urvey the members of  the a s soc i a t i o n  a re 

so i l ser i es  and phases  of these and  un l i ke the a s soc i at i o n  i tse l f ,  can  

be c l a s s i fi ed i n  the pedol og i ca l  l egend . Each so i l  a ssoc i a t i on con s i s ts 

of  two or  more members . The a s soc i a t i on i s  named after the  two mos t  

extens i ve members , w i th the name of  t h e  domi nant member f i rs t .  Tab l e 5 . 3  

l i s ts the  so i l  a s soc i ati ons s hown o n  the s o i l map and i nd i cates  the 

pos i t i o n  of domi na nt and subdomi nant members i n  rel a t i on to the i r po s i t i o n  

i n  the l a nds cape a n d  t o  thei r natural  dra i na ge . 

1 2 0  

I n  some areas the so i l i s  rel a t i v e l y  u n i form and there are o n l y  mi nor  

occurrences or i nc l u s i ons of so i l s  of  other taxonomi c u n i ts . Where the 

proport i on of  i nc l u s i ons i s  l es s  tha n  about 15% , the mapp i ng un i t  i s  

named a fter the dom i nant taxonom i c  un i t ,  a nd the term " s o i l s " as  opposed 

to " s eri e s "  i s  a pp l i ed to d i s t i ng u i s h  the ma pp i ng un i t from the taxonom i c 

u n i t .  

Phases  of so i l s ,  ba sed o n  s l o pe , are separated a s  d i s t i nct  mapp i ng 

u n i ts becau s e  they are cons i dered s i g n i fi cant  for l a nd  use . On  h i l l y  and 

steep l a nd , where so i l profi l e s may be vari ed depend i ng on s l ope , po s i t i on 

on the s l o pe and a s pect , compl ex mapp i ng u n i ts termed h i l l  so i l s  and 

steepl and  so i l s  a re u sed . These compl ex ma pp i ng un i ts are named after 

the domi nant  taxonom i c  un i t  to avo i d  the mu l t i p l i cati on of g eogra ph i c  

ser ies  names ( e . g .  S tra tford h i l l  s o i l s ,  Whangamomona steep l a nd so i l s ) . 

I n  t h i s  secti on , the so i l ma pp i ng un i ts and so i l  taxonom i c  un i ts 

are d i scu s s ed separate l y .  

So i l  ma ppi ng un i ts are descri bed i n  the  same order a s  they occur i n  

the phys i og ra ph i c  l egend . Areas of each so i l mappi ng un i t ,  and  i f  

necessary memb ers w i th i n i t ,  are g i ven  a s  wel l as  the nature of the 

l a ndscape on  w h i c h  ea c h  un i t occurs . Characteri s ti cs of the component 

members of  the mapp i ng un i ts a re g i ven  i n  the extended l egend ( Append i x  I V ) . 

The s o i l taxonom i c  u n i ts are d i scu s sed i n  rel a t i o n to thei r 

pedol og i ca l  character i s t i cs . 

F i g ure 5 . 1  s hows the rel a t i ons h i p  betwee n  Quaternary geo l og i ca l  

format i on s  as  prov i ders of  so i l parent ma teri a l s ,  topography a nd t he  so i l  

ser i es i dent i f i ed i n  th i s  survey . 

The s o i l s  are rated i n  terms o f  the i r l i mi tat i ons for pas tora l , c ropp i n g , 

hort i cu l tura l , forestry and urban uses  and  i n  terms o f  thei r va l ues for food  

product i o n  ( Appendi x V ) . 

S o i  1 taxonomi c un i t s h P P t ::  � re p�8': �  d2 d 1 r, Mf.Jf.!e r t d i  x V 1 .  



SO I L  l<£1t1£RS W l lli i N  �SSOC I�T IOHS �HO Tl<E I R  REL�TI OII TO TOPOGAAP!i i C�L S I TES 

Assoc i 4 t i on 

Po-an P'l l l l  
• � ru�awhero 

M.1nc;4whero 
- �"�• k • k a  

,.,..!l l'lt;Whtro 
- ;� , ve r l td 

�-'.d 'd k l  
- :: , ver l ea 

� h t r l u  
- "'..a ngawhero 

T i poka 
- K:ahuf 

A""a t u na  
- T i poka 

Awatuna 
- �ahui 
Nqu�re 
- S t ra t ford 

Str•t fo,-d h i l l  
- S tri!lt ford 

S t ,·Hford h t l l  
- S t r a t ford s o i  1 .  

s trong l y  
ro l l 1 ng phut 

�"�•""9' tdhua 

- JkHo 

Oita to 
· �-<�ng . t .t hu.t 

S 1 des and crests 
o f  Uphrt .,, t 1 ed 
l 11'1ar MOund s ,  and 
d i s s e c ted l ahar­
p l a nezu , h i l l y  
l a n d .  
We l l  c1rA i n � .  

ROW�H 
h i l l  so i l s  ( > 50\) 

S TRATFORO 
h i l l  s o i l s  ( > 50!) 

S TRA !FORO 
h i l l  so i l s ( · 50!) 

S tronq l y rol l  i nq 
hnd . 

We l l  drained. 

Stra t ford 
so i l , s trongl y 
ro l l i ng ph.tH 

Ltvtl to very 9en t l y 
s l oping s i tes on f l a t  
t o  u s y  rol l 1 nog  o r  
rol l i ng hnd . 

Wel l  drai ned . 

Ro-'tn so i l s  

Rowan sol  1 s 

ROIIAN SO I L S  ( • 50�)  

R i ve r l u  soi l s  

R I VERL[A SO ILS (> 50!) 

Rl verlea so i l s  

R I V[RLE� SOILS (> 50!) 

KAHUI SOILS (> 50!) 

KAHUI SOILS ( •SO�) 

Kahuf soi  1 s  

S t ra t ford soi l s  

S t ra t ford s o i l s  

HANG.l TAHUA 
SO ILS ( •SO<) 

Hanga tahua so i l s  

"4�mes o f  dOtn i nt n t o r  co-dCJII'I i na n t  rne-n"Cers a r e  s hown , ,  c � p i t.t l s ,  
Sutldom , n a n t  membe- rs are s h ()!W n  , ,  l ()!Wer c .t s e .  

l )  L';l to I S  o f  s o i l s  o t h er thin t hOse l i s ted a bove """Y occur 1 n  
so� o f  the mappi ng un i t s .  

On f l a t  t o  gen t l y  und u l H H '9 ! ana 
or fn dt p ru s t ons surround 1 nq 
hhflr mounds . 

lmperfec t 1 y 
dra i ned.  

M.akak.a s o i  1 s 

Ma k a k a  s o i l s  

�kaka s o i l s  

KO.KAKA 
SOILS ( > 50!) 

Ma k t k a  sot  1 s  

Makaka so i l s  

H.t l u k a  S 0 1 1  S 

KO.KAKA 
SOILS (• so:) 

Makaka sot 1 s 

T i po k 4  soi 1 s  

TIPOKA 
SOILS ( 50!) 

T IPOKA 
SOiLS ( 50!)  

T i poka soi 1 s 

NG.AERE 
SO I LS ( ·SO� ) 

Poo r l y  dra 1 ne c .  

Mtnqawhero s o , l s  

Ma n gawh e ro s e l l s 

KANGAWHE RO 
SOILS ( , SO 

MANGAWH[RO 
SO ILS  ( . 50 , 

AWATU"" 
SOILS ( 50 . )  
AWATUNA 
SOILS ( · ;.:) 

O k a to s o ;  l s 

OKATO SOILS ( · 50 I 

1 2 1  



F i g u re 5 . 1 
Hypo th e t i c a l  c ro s s - s ec t i o n o f  E l tham C o u n ty s h o w i ng s o i l s e r i es  i n  rel a t i o n to l ea c� i ng ,  d ra i n age a nd pa ren t ma te r i a l s  

D ra i n a g e  
C l a s s  

S t rong l y  
l ea ched 

�1ode ra te 1 y 
to s trongly 

l ea c h e d  
-

Modera t e l y 
l ea c hed 

� -6 

[] . 
. 

-
. 

� ­L�j 

W . D .  I .  D .  p .  D .  

Ka h u i  T i poka  Jlwa t u n  a 

l�es t 

< 250mm Ka u po kon u i , 
Ma k e tawa a n d  
Ma n ga n u i  t e p h r a s  

H a n g a t a h u a  G r a v e l s 
a n d  S a n d s  

W a r e a  a n d  Opua 
Forma t i ons 

I .  D .  
P . D .  

0 +-' 10 � 0 

W . D . 

10 
:::l £ 10 +-' 10 Q) 
c ro :r: 

W . D .  

Rowan 

U v e r l ea 

� ­
�-
· -

I .  D .  p .  D .  W . D .  W . D .  I .  D. 
- --· 

0 
!-Q) Q) !-10 £ � 3 Q) 

Lowg a r t h  10 10 10 0> � Q) z 10 c :£ 10 --

:£ 

S t ra t fo r d  

-- ---- - -- ---

> 2 5 0mm Ka u po k o n u i , 
Make tawa a nd 
Man g a n u i  t e p h ra s  

O p u n a k e  a n d  
P u n ga re h u  Fo rma t i o n s  

S tra t fo r d  F o rma t i on 

D ­
D -

p .  D .  W . D . W . D .  W. D .  I .  D .  P .  D .  
- ---- - -

10 c 0 E 0 E 10 Q) c 
10 

..c 
S t r a t f o rd fine S t ra t ford 3 

E l  tham 

--- --

tops o i  1 
v a r i a n t  

---·- -- -

Woody pea t w i th 
i n t e rbedded 
t e p h ra s  

T e rt i a ry 
s e d i men t a ry 
roc k s  

s e r i e s , h i l l  
s o i l 

. ---··-----

Dra i nage C l a s s  

Ea s t  

W . D . - We l l d r a i ned 

I . D . - I mperfec t l y  
d r a i n e d  

P . D . - Poo r l y d r a i n e d  

� 
ro 
N 



2 .  SO I L  GROUPS I N  S URVEY AREA 

So i l  groups  recogn i s ed i n  th i s  s urvey compri s e  yel l ow-brown l oams , 

an i ntergrade between yel l ow-brown l oams a nd recent s o i l s ,  recent so i l s ,  

l i thoso l s ,  s ke l etal  s o i l s ,  g l ey so i l s ,  organ i c  s o i l s  and s teep l and  so i l s  

rel a ted  to yel l ow-brown earths ( Tab l e  5 . 2 ) . Al l occur i n  the Central 

Reg i o n of the so i l  zones of  New Zea l and  ( Leamy a nd F i e l des , 1976 ) . 

Y ELLOW -B ROWN LOAMS 

The yel l ow-brown l oams a re the mo s t  extens i ve s o i l s  i n  E l tham 

County and i nc l ude  the Rowa n ,  R i verl ea , Ma ka ka , Ka hu i , T i poka , Lowgarth , 

S tratford , Stratford fi ne topso i l  vari ant  a nd Ngaere so i l s .  They are 

wel l d ra i ned and a re character i s ed by l ow bu l k dens i t i es ,  fri ab l e  

con s i s tenc i es a nd  yel l owi s h - brown or  brown B hori zons . The  s tructure 

i n  A hori zons i s  a modera te l y  to strong l y  devel o ped nut  s tructure and  i s  

typ i ca l l y  s tronger tha n that  of B hori zons , wh i ch  have wea k l y  deve l oped 

med i um or coarse nut or b l o c ky s tructures  brea k i ng to fi ne crumb . 

1 2 3  

A fea ture o f  the ye l l ow-b rown l oams of E l tham County i s  that profi l es 

conta i n p umi ceous  and l i th i c  l a p i l l i ,  w h i c h  can be sca ttered or  concentrated 

i n  bands  a nd wh i ch become more s trong l y  wea thered wi th depth . The 

coarseness  of tephra parent mater i a l s i ncreases w i th i ncrea s i ng prox i mi ty 

to Mt . Egmont . Lahar i c  debri s may occur  at  varyi ng depths i n  so i l  

prof i l e s wi th the concomi ta nt  presence of g ravel s ,  s tones a nd bou l ders . 

The c l ay mi nera l ogy i s  dom i nated by a l l o pha ne , wh i ch produces  a 

character i s t i c  g reasy or smeary feel to the so i l s  and a l ow res i s ta nce to 

s tres s a nd crush i ng .  The a l l ophane content determi nes the characteri s t i c 

phys i ca l  a nd chem i cal  properti es of the yel l ow-brown l oams , as  wel l a s  the 

g l ey s o i l s  and to a l esser  extent , the mos t  coarse ly  textured recent  s o i l s  

and the i r  i n tergrade wi th yel l ow-brown l oams . 

The mean annual  ra i nfa l l ,  i n  the s tudy area , var i es from 1 330mm , a t  

90m e l eva t i o n t o  above 4000mm a t  7 6 0m  e l evat i o n .  Be l ow 3 10m e l evat i on 

ra i nfa l l i s  l es s  than 2400mm and  so i l s  a re moderatel y l ea c hed and 

moderate l y  to s trong l y  l eached ye l l ow-brown l oams . Above 3 10m e l eva t i on , 

where the ra i nfa l l exceeds 2400mm the so i l s  a re s trong ly  l ea ched , w i th 

i ro n  i l l u v i at i o n  evi dent i n  wel l dra i ned profi l es .  I n  the imperfectl y 

dra i ned s o i l s  fl uctuat i on s  i n  the water-tab l e l eve l  cause  s ub - s urface 
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g l ey i ng , w h i c h  tends to ma s k  the effects of  ra i nfal l .  These  so i l s  a re 

recogni s ed a s  wea k l y  g l eyed yel l ow-brown l oams i n  wh i ch g l eyi ng affected 

the l ower hori zons of profi l es ,  w h i l e  the u pper hori zon s  resemb l e those 

of  wel l dra i ned so i l s .  

GLEY SO I LS  

These  i nc l ude Ma ngawhero , Awatuna and O kato so i l s .  The so i l s  

a re poorl y dra i ned and have the morphol ogy of  a g l ey so i l w i th g l eyi ng u p  

to a nd s omet imes wi th i n A hori zons . The g l eyed B hori zons  are 

character i s ed by pal e col ours of  lOYR hue , varyi ng from brown to l i ght  

yel l owi s h - brown , w i th dark  redd i s h - brown to  yel l owi s h -red mottl es . The  

mott l es i ncrease wi th depth and  ca n be  confi ned to  the  i rregu l ar  s urface 

sta i n i ng of  the  l i th i c and pumi ceo u s  l ap i l l i  or a s soc i ated wi th so i l 

aggregates . I ron ox i de concreti o n s  may be a feature of the profi l es and 

can be cemented together , to form an i ndura ted , ves i c u l a r  i ron  ox i de pan 

a t  the textura l bou ndary between the overl yi ng tephras a nd the underl yi ng 

l ahari c depos i ts .  

The d i s t i nc ti on between yel l ow-brown l oams , wea k ly  g l eyed yel l ow­

brown l oams and  g l ey s o i l s  i s  based o n  the depth to wh i ch  g l ey i ng i s  fi rst  

encountered i n  the  profi l e . Th i s  fol l ows the procedure adopted i n  the  

Egmont County s urvey , where i t  was noted that s i nce the three groups form 

a conti nuu� , a ny separati on  mu s t  be regarded as arb i trary . l l  

1 2 4  

5 ods 'i'liTh non - rye�eJ. l--.or·12.ons -t-o o. �<Gptk � \ m  we� c.l"'ssed CIS \.{e. ovJ -b'rt>wn loa.r"'\S . So.,b wi+h ')le;t� horh.on5 brzr.e"'-c/1-. non -c;,/e'\eJ .f (3 nor1z..on s ) w ere.. d 
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wue2. da.s se! o.s ���e.�§. ) 1 
I NTERGRADE B ETW EEN  YEL LOW-BROWN LOAMS AND RECENT SO I L S  

O ne  so i l  series , t he  Hangata hua  i s  recogn i s ed as  an  i n tergrade between 

yel l ow-brown l oams a nd recent so i l s  a n d  i s  deve l o ped from recent a ndes i ti c  

sands  a nd g rave l s .  There i s  ev i dence of the devel opment o f  a n  i nc i p i en t  

Bw hori zon b u t  weather i ng has  not proceeded s uffi c i ent ly  for the s o i l to 

have fu l l y devel o ped the prof i l e  c hara c teri s t i cs  of  a ye l l ow-brown l oam . 

RECENT S O I LS 

One s o i l s eri es , the Tahurang i ,  i s  recogn i sed a s  a recent so i l . 

Recent so i l s  are  those so i l s  where prof i l es s how A hori zon devel o pment  but  

there i s  l i tt l e o r  no  hori zon d i fferent i a ti on benea th . They a re ma i n l y  



coarse-texture s o i l s ,  deri ved from young  depos i ts of  a l l uvi um o r  vo l can i c  

a s h . 

L I THOSOLS AND  S KE L ETAL S O I LS 

Unnamed s uba l p i ne a nd  a l p i ne  so i l s  a re found at  e l evat i ons  over 

lOOOm on the s teep to prec i p i to us s l opes of Mt . Egmont . The s l opes are 

c omposed of  l a va fl ows covered by s c ree and recent teph ra , w i th a 

vegetat i on  of  s uba l p i ne s crub and tussock  or  absent a l together . The 

prec i p i ta t i on var i es from 4000 to over  8000mm and s o i l s  that fo rm s how 

weak profi l e  deve l opmen t and  a re s ubject  to severe eros i on o r  freq uent 

add i t i ons of fresh  materi a l . 

ORGAN I C  SO I L S  

The orga n i c  El tham s o i l i s  de ri ved from woody peat , w i th i n ter­

bedded andes i t i c  tephra l ayers . The A hori zon has  a s tron g l y  deve l oped 

nut s tructure , con trast i ng wi th the s ubso i l wh i ch becomes a s tructurel e s s  

pea t  wi th depth . 

STEEPLAN D SO I LS RELATED  TO Y ELLOW-BROWN EARTHS 

On ly  one s o i l ser ies  ( Whangamomona ) b e l o ng i n g to the s teep l and  s o i l 

group  rel ated to yel l ow-brown earths i s  recogn i sed i n  th i s  s urvey . 

However ,  i n  th e a rea there i s  a wi de range of so i l profi l e  vari ab i l i ty 

dependant on vari a t i ons  of parent mater i a l  w i th i n  s hort d i s ta nces ; s l ope ; 

and  pos i ti on on s l ope , and wi th mo re detai l ed work add i ti ona l  s eri es  wou l d 

be recogni sed  and  s eparated out . 
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Smal l s ca l e maps show i ng  the broad  d i s tri buti on of s o i l gro ups , depth 

of  vol ca n i c ash to l ahari c debri s and  ra i nfa l l i sohyets are g i ven i n  

Appendi x V I I .  

Y ELLOW BROWN LOAMS 

3 .  SO I L  TAXONOMI C UN I TS 

from > 250mm young l a pi l l i  s howers ( Ka upo konu i  , 

Ma ketawa and  Manga n u i  teph ras ) on th i n  ( w i th mi nor 

th i ck ) , vol can i c a s h ,  o verl yi ng  l ah a ri c debri s .  



Rowan seri es 

Rowan seri es  was i n troduced by Ai tken et �. , ( 1978) to i nc l ude  

modera tel y  to  s tron g l y  l eached s o i l s  deri ved from a l ap i l l i -beari ng  

" u n named ash "  over  " S tra tford As h " . The s eri es  was separa ted i n to two 

so i l types , Rowan coarse sa ndy l oam and Rowan gravel ly  l oam . 

I n  th i s  s u rvey Rowan ser i e s  i s  defi ned a s  a we l l dra i ned , s trong l y  

l eached , i ro n - i l l uv i a l  yel l ow-brown l oam . T h e  topso i l  i s  formed i n  the  

Ka upokonu i ,  Ma k etawa and  Manga n u i  tephras  > 2 50mm th i cknes s , hereafter  

referred to as  t he  yo ung l api l l i  showers ( P l a te 5 . 1 ) . I n  the s ub so i l 

th ese  tephras overl i e  tephras p2  and p 1  ( Druce , 1966 ) , wh i ch  i n  turn 

overl i e  l ahari c debri s of  the Wa rea Forma t i on ( 1 2 -1 5 , 000 years B . P . ) . 

Rowan seri es  oc curs on fl at  to h i l l y  l a nd , i n  tephra mant l ed , 

up l and l ahari c terra i n ,  from 3 10  to 760m e l eva t i o n . 
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Profi l es have dark  redd i s h - brown or  dark  brown sandy l oam A hori zons . 

L i th i c  and pumi ceous  l a p i l l i  a re cha racteri s t i c throughout  the pro fi l es ,  

w i th 5YR or 2 . 5YR  i ro n - i l l uv i a l coa ti ngs . The yo ung l api l l i  showers 

impart a gravel l y  mod i fi cati on to the topso i l  and upper B hori zon s . The 

B hori zons range from yel l owi s h -brown to dark  brown i n  col o u r ,  w i th wea k  

b l ocky s tructures a nd i ron i l l u vi a l  coat i ngs  on  ped surfaces a n d  p umi ceous 

and l i th i c l a p i l l i . The l a pi l l i  occur e i ther s ca ttered or  concen trated 

i n  a band ( P l ate 5 . 2 ) . 

The underl y i n g  l a har i c debri s of  the Warea  Forma tion  i s  composed  of 

g rave l  and brecci a a nd i s  u sua l l y  cemented . The  th i c knes s  of  vol can i c  

a s h  over l ahari c debr i s va ri es from 0 . 80 to g rea ter than 2m . 

Rowan seri es  d i ffers from the Lowgarth a n d  Ri verl ea seri es i n  be i ng 

found at h i gher e l evat i ons . W i th ra i nfa l l ra ng i n g from 2060 to 3860mm , 

i t  i s  mo re s tron g l y  l ea c hed tha n the Lowgarth and  Ri verl ea seri es ,  w h i ch  

a re moderate l y  to  s trong l y  l eached . 

Rowan seri es d i ffers from Ka h u i  s eri es i n  be i ng con s i derab l y  more 

l ea ched , wi th greater tha n  2 50mm th i ckness  of yo ung l a pi l l i showers 

present i n  the profi l e , w h i c h  i mpa rt a grave l l y  modi fi cati on to the upper 

hori zon s . Profi l es of  Rowan s eri es  on h i l l  s l o pes of  the l a har  mounds  

may conta i n  a few s tones  and bo u l ders from the l a hari c materi a l s beneath  

the a s h  cove r .  These  s o i l s  occur i n  a sma l l a rea , in  the v i c i n i ty of  

Upper Auroa  Road . 

I nc l uded wi th i n  Rowan s eri es i s  an  unnamed vari an t ,  characteri s ed by 



P l ate 5 . 2  

, ___ 0 

2C  

P l ate 5 . 1 

Rowan s o i l a t  N l l9/66 3 5 2 1 
Upper Ma ngawhero Road 

Kaupokonu i  
tephra 
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Maketawa 
tephra young l api l l i  showers 

Manga n u i  
teph ra 

Traces of p 2  teph ra 

Rowan so i l , nea r Upper Mangawhero 
Road , at  N l l9/6 74 526 ( S . B .  9 707 ) . 

N ote the p umi ceous l a p i l l i  
( Ka upokonu i  and  Ma ketawa tephras ) 
i n  the  topsoi l a n d  abundant  g ra ve l s 
( Ma nganu i  teph ra ) con cen trated  i n  
the l ower part o f  the Bs  hor i zon . 



a p l ac i c hor i zon . P l ac i c hori zons h ave wavy o r  convol ute forms and range 

from 2mm to 1 0mm i n  t h i ckness  and a re found i n  profi l es above 4 20m 

e l evati on . 

R i ver l ea seri es  

Ri verl e a  s eri es  i s  a wel l dra i ned , modera te l y  to  s trong l y  l ea ched 

yel l ow-brown l oam , wh i ch has  been i dent i fi ed for the fi rs t ti me i n  th i s  

s u rvey . I t  i s  formed on l eve l to very gentl y s l o p i ng  s i tes , i n  tephra 

mantl ed , l ow l and l a har i c terra i n ,  between 220 and 3 10m e l eva t i on . 

Annua l ra i n fa l l ranges from 1 7 30 to 2 060mm . 

Pro fi l es of R i verl ea seri es  have  very dark  g reyi s h -brown to very 

dark brown l oam to s a ndy l oam A hori zons , over dark yel l owi s h -b rown to 

yel l owi s h -brown s i l t l oam to s andy l oam B hori zons . L i th i c a nd  pumi ceous  

l ap i l l i  a re a chara c teri st i c feature of Ri ver l ea s o i l s ,  w i th t he  young 

l api l l i  s howers be i ng concentrated i n  the A and  upper B hori zons . O l der 

l i th i c and pumi ceous  l a p i l l i  occur e i ther  sca ttered or  concentra ted i n  

bands , i n  the l ower B hori zons and  a re more s trong ly  wea thered tha n  the 

young l api l l i  showers ( P l a te 5 . 3 ) . The th i ckness  of  vo l ca n i c a s h  over 

l ahari c debri s ranges from 0 . 70 to 2m . Lahari c deb ri s i s  composed of 

brecci a ,  g rave l  and s ands and can be  cemented . 

R i verl ea  ser i es d i ffers from Lowgarth and S tra tford ser i es i n  be i ng 

found i n  s h a l l ower , ( not greater th an  2m ) , vo l can i c a s h . I n  addi t i o n , 

i n  the S tra tford seri es th ere i s  l es s  than 250mm th i cknes s  o f  young lapi l l i 

showers present .  

Ri verl ea  seri es grades i n to Ka h u i  seri es , a s  the young l api l l i 

showers become l e s s  th an 250mm i n  th i cknes s . 
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Ri verl ea seri es  di ffers from Rowan seri es i n  be i ng modera te l y  to 

s trong l y  l eached . The  Kaupo kon u i  a n d  Ma ketawa tephras are s ca ttered 

throughou t the topsoi l i n  the R i verl ea s eri es but a re present  as a di s ti nc t  

band i n  the Rowan s eri es . 

Ma kaka  seri es 

Mak a ka s eri es  i s  i n trodu ced i n  th i s  s u rvey for an imperfectl y dra i ned , 

wea k ly  g l eyed yel l ow-brown l oam , formed i n  young l api l l i showers greater 

tha n 2 50mm i n  th i cknes s , wh i ch overl i e  tephras p2 and p1 ( Druce , 1 966 ) on 

l a hari c debri s .  



ems . 

Ap  

--- 28 

Bw 1 

--- 6 1  

Bw2 
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P l a te 5 . 3 

R i verl e a  s o i l , near  El tham Road 
at N l 19/6 7945 7 .  

Note dark brown , wel l devel o ped 
top so i l conta i n i ng Manganu i  
teph ra . P um i ceous l ap i l l i  
o cc ur s cattered i n  the B h o ri zons . 

P l a te 5 . 4  

Ma kaka  s o i l a t  the type sect i on , 
near Upper Mangawhero Road , at  
N l 19/6 53504 . ( S . B .  9 70 3 ) . 

1 5  Note abundant  i ro n - s ta i ned g ravel s ,  

58  

( Mangan ui  teph ra ) concentra ted  i n  
the A and BA ho ri zons . Andes i te 
s tone i n  B g 1  h o ri zon deri ved from 
l ahari c debri s .  



Mak a k a  seri es occurs i n  an  envi ronment where g l ey i ng and  l each i n g  

p roces ses  both operate together . T h e  seri es i s  found i n  s trong ly  l eached  

and  moderate ly  to s tron g l y  l ea ched  env i ronments b ut gl eyi n g  tends to  be  

t he  domi nant  process i n  t he  l ower s ubsoi l s .  

Prof i l es h ave a very dark greyi s h - b rown to dark b rown A hori zon 

overl yi ng  e i th er  one or two non -g l eyed  hori zons . The no n- g l eyed hori zons  

are dark  b rown or brown i n  co l o ur and  are us ua l l y  gravel l y  due to  the  

presence of  the  Mangan ui  tephra (�. 3 , 300 yea rs B . P . ) . 

The l owe r B hori zons  a re g l eyed and va ry from dark grey i s h - brown 

to yel l ow i s h - b rown i n  col o ur ,  wi th red to dark reddi s h -brown mo ttl es , 

wh i ch a re u s ua l l y  a s soc i a ted wi th the modera te l y  to strong ly  wea th ered 

p umi ceous l a pi l l i ,  wh i ch a re s cattere d or concentra ted i n  bands ( P l a te 

5 . 4 ) . I ron concret i ons  may be p resent and  a re con cen trated w i th i n the 

l a p i l l i  b ands . An i ro n  pan can occur a t  the textu ra l  break  wi th the 

l ahari c debri s .  The th i cknes s of  vo l can i c a s h  over l ahari c debri s 

ra nges from 0 . 60 to 2m . 

Mak a k a  seri es d i ffe rs from Rowan and  Ri verl ea s eri es i n  tha t g l eyi n g  

occurs above a de pth o f  lm , o r  above the con tact  between vol ca n i c a s h  a n d  

l ahari c depos i ts ,  where th i s  contact i s  s h a l l ower .  Makaka  seri es di ffers 

from Ti poka  s eri es i n  hav i ng greater  than 250mm th i ck ness o f  young l api l l i  

showers , p roduc i ng a gra vel l y  mo di fi cati on , i n  the upper hori zons . 

Lowga rth s eri es  

from > 2 50mm young l api l l i showers 

( Ka upokon u i , Ma ketawa and  Manga nui  tephras ) 
on  th i ck vo l ca n i c a s h  

Lowga rth s eri es  was  i n troduced by A i tken  et �. , ( 1978 )  as a 

mo de rate l y l eached s o i l deri ved from a l ap i l l i -bea ri ng " unnamed as h "  o ver  

"S tratford As h 1 1 • One  s o i l type , Lowgarth s a ndy l oam wa s  recogn i se d .  
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I n  th i s  s urvey , the Lowgarth seri es i s  s omewhat  more cl o se ly  defi ned 

as a we l l dra i n ed ,  moderatel y to s t rong ly  l ea ched yel l ow-b rown l oam , formed 

i n  th i ck , ( greater than 2m ) , vol ca n i c a s h . The upper s o i l  hori zons  a re 

formed from young l api l li showers greater tha n  2 50mm i n  th i cknes s . 

L owgarth seri es g ra des  i n to S tratford s eri es  a s  the young l api l l i  showers 

become l es s  than 2 5 0mm i n  th i cknes s . Th us the  tops o i l and  uppe r B hori zon 
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i n  the S tra tfo rd seri es  l a ck  a g rave l l y  modi f i ca t i on . 

The A hor i zons vary from very dark  g rey i s h - brown to dark brown and  

have  a wel l deve l o ped nut  s tructu re over  wea k l y  s tructured , dark yel l owi s h ­

brown to ye l l ow i s h -brown B hori zon s . Th e tops o i l and upper B hori zon 

o f  Lowga rth so i l s  a re characteri s ed by the p resence  of abundan t l i th i c 

l ap i l l i  of  the  Mangan u i  tephra , w h i ch produces  a d i s t i n ct g rave l l y  and  

g ri tty mod i fi cat i on to  the  sandy l oam to  l oam texture . 

Th e l ow er B hori zon s are of  softer penetra t i on and fi ner  texture , 

varyi ng from sa ndy c l ay l oam to l oam . Many con centrated , to few 

s c attered , pumi ceous  l a p i l l i  a re present and become mo re s trong l y  

weath ered w i th depth ( P l a te 5 . 5 ) . 

Lowgarth s er i es occu rs on  l evel  or  gent l y s l opi ng  s i tes , on  f l at  

to  strong l y  ro l l i ng an d h i l l y l a nd , i n  tephra mant l ed l owl and l ahar i c 

terra i n ,  between 230 - 340m el evati on . Lowgarth seri es di ffers from Rowan 

s eri es i n  th a t  i t  i s  found at  l ower e l evat i on s  a nd  i s  not s trong l y  

l eache d .  I t  di ffers from the R i verl ea s eri es  i n  tha t  i t  i s  norma l l y  

formed from young l api l l i  showers overl y i ng  th i c k vo l can i c as h .  

Profi l es of  Lowga rth seri es  on h i l l s l opes  are very s im i l a r to 

Lowga rth seri es on f l a tter areas . 

I n c l uded wi th i n  Lowgarth s eri es i s  an un named i mperfect ly  dra i ned 

vari ant , wh i ch i s  c haracteri s ed by mott l es i n  the subso i l .  Th e g l ey i n g  

i s  assoc i ated wi th t h e  presence of pumi ceou s  l a p i l l i , j u s t  above one  

metre de pth . Th i s  i mperfect ly  dra i ned vari a n t  occurs i n  depres s i on s , on  

f l at to  gent ly  undu l a ti ng l and  b ut  i t  i s  not  separa ted out  on  the  s o i l  map .  

Lowgarth ser i e s  was i n c l uded i n  I ng l ewoo d ,  S tra tford and Awatuna 

s ets by N . Z .  S o i l B u reau  ( 1 954 ) . 

Ka h u i  s eri es 

from < 2 50mm yo ung l api l l i  showers 

( Kaupokonu i ,  Ma ketawa and  Manganu i  teph ras ) 

on  vo l can i c a s h  over l y i ng  l ahari c debri s 

Kahu i seri e s  was i n trodu ced by N . Z .  S o i l B ureau ( 19 54 ) . The s o i l 

un i t  " Ka h u i  set "  i n c l uded a vari ety o f  s o i l s ,  wh i ch were mo re s tron g l y  

l eached than Egmont  or  S tratfo rd s o i l s  a n d  were deri ved from " Egmont  a n d  
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P l a te 5 . 5 

Lowgarth s o i l , a t  type s e c t i on , 
nea r Lower Has t i ngs  Road , a t  
N l l9/ 7965 1 5 .  ( S . B .  9 706 ) . 

Note  dark b rown tops o i l w i th 
a bundant  grave l s ( Ma nganu i  tephra ) 
a nd  ma ny , mode ra te l y  wea the red 
p umi ceous l a p i l l i  concen tra ted i n  
th e Bw2 hori zon . 

P l ate  5 . 6  

Ka h u i  s o i l core , near  R i ver l ea , 
at  N l 19/6784 4 3 .  

Note dark co l o ured top so i l wi th 
traces o f  Manga n u i  teph ra over  
y e l l ow i s h-brown s ubso i l conta i n i n g 
moderately to s trong l y  wea the red 
p umi ceo us l a p i l l i .  



S tra tford As h "  on  l a hari c debri s .  The  a rea of  Kah u i  seri e s  mapped i n  

t h i s s urvey was  previ o u s l y  mapped i n  E gmon t  and Gl enn sets by N . Z .  S o i l 

B ureau ( 1 9 54 ) . 

Ka hu i  seri es  was defi ned by Pa l mer e t �· , ( 1 981 ) , a s  a moderate l y  

to s tron g l y  l eached , wel l drai ned s o i l , formed from 0 . 40 to 2m o f  vo l can i c  

a shes on l ahar i c depos i ts ,  between 1 6 5  and  430m e l eva ti on . I n  E l tham 

County Ka h u i  seri es occurs at  l ower e l evati on s ,  2 10 to 270m . 

I n  E l tham County Kahui  s eri es i s  defi ned as  a modera te l y  l ea ched , 

we l l  dra i n ed s o i l formed from l es s  th an 2 50mm th i ckness  of y o u ng l api l l i  

showers , o ver lyi ng tep hras p 2  a nd  p 1  ( Dru ce , 1966 ) , on  fi ne textured 

ashes , over  l ahari c debri s of  the Opua  and  Wa rea Formati ons . The Opua 

Formati on i s  dated at 7320 ± 1 10 yea rs B . P .  ( NZ 1 781C ) and W a rea  Forma ti on 

depo s i ted between c .  1 2 , 000 and �· 1 5 , 000  years B . P .  I n  E gmon t  County 

Kah u i  ser i es d i ffers i n  th at  i t  i s  l a rge ly  fo und above l ahar i c debri s of  

the  o l der Pungarehu  Formati on , dated a t  2 2 , 700 ± 600 yea rs B . P .  ( NZ 1623B ) . 

Pro fi l es h ave very dark greyi s h -b rown to dark b rown co l o u red A 

hori zons , w i th l oam to s i l t l oam textures . The B hori zons vary from 

brown to ye l l owi s h -brown , w i th s a ndy cl ay l oam textu res . A th i n band of  

l oamy sand  may occur  above the  l a hari c debri s .  

Th ere a re traces  of young l api l l i  showers i n  the upper part of  

Ka hu i  s e ri es .  I n  th e l ower B hori zons  moderate ly weath ered , s ca ttered 

pumi ceou s  a nd l i th i c l ap i l l i  occur  and  are mo re s trong ly  weath ered at  

depth . I n  E l tham Cou n ty a band of  s tron g l y  weathered pumi ceo u s  l ap i l l i ,  

probab l y  tephras  E 5  and  E4 , a re concen trated j ust  above one metre and 

fo rm a ch aracteri s ti c  feature o f  Ka hu i  s o i l s  ( P l ate 5 . 6 ) . 

The  Ka hu i  seri es  di ffers from Stra tford s eri es  i n  be i ng  found where 

l ahari c debri s occurs at  l es s  than 2m depth . 

Ka h u i  s eri es d i ffers from Rowan and Ri verl ea s eri es  i n  hav i ng l es s  

th an  2 50mm th i c k ness  o f  young l api l l i showers , i n  the profi l e .  

Ka h u i  s eri es g rades i n to Egmo n t  seri es , where traces of  the young 

l api l l i s howers become unrecogn i s ab l e .  

T i poka  seri es 
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Ti poka seri es was i ntroduced by Pa l mer � �. , ( 1 98 1 ) a s  a modera te l y  

wel l dra i ned and i mperfect ly  dra i ne d , wea k l y  g l eyed s o i l , deri ved from 

0 . 6 -2m o f  vol can i c  a s h , overl yi ng  l ahari c materi a l . 



I n  E l tham County Ti poka s er i es i s  more c l ose l y defi ned a s  a n  

imperfec t l y dra i ned ,  wea k l y  g l eyed s o i l deri ved from l es s  than 2 50mm 

th i cknes s of young l api l l i  showers , overl yi ng tephras p2 a n d  p 1  ( Druce , 

1966 ) on  fi ne textu red ashes  over  l ahari c debri s o f  the Opua  and  Warea 

Format i on s . Th e s eri e s  i s  fou nd  i n  a modera te l y  l ea ched envi ronment  

but  g l ey i ng tends to  be  th e domi nant  process  i n  t he  l ower s ubso i l s .  

T i poka seri es occurs i n  depre s s i o ns  i n  fl a t  to gen t l y  undu l a t i ng 

l and , i n  vol can i c  a s h  mant l ed , l ow l and l a hari c terra i n ,  between 2 1 0  and  

270m e l evat i on . 

Pro f i l es have a very dark  grey i s h -b rown to dark  brown A hori zon , 

over l yi ng  e i ther one  or  two brown or  dark brown non-g l eyed B hori zons . 

Th ese hor i zons con ta i n  a few s ca ttered pumi ceous a nd l i th i c l a p i l l i  o f  the 

yo ung l api l l i showe rs . The l ower B hori zons a re g l eyed and have brown to 

l i gh t  ye l l ow i s h -brown co l ours , wi th red to yel l owi s h -red mottl es . The 

mott l es a re a s soci a ted wi th the s trong l y  weath ered p umi ceo u s  l ap i l l i , 

whi ch a re sca ttered or co ncentrated i n  the l ower part of the prof i l e  

( P l a te 5 . 7 ) . Concreti ons  may be present and  i ncrease  i n  ab unda nce wi th 

depth . 

The  th i c kness  of vo l ca n i c a s h  over l ah ari c debri s ranges from 

0 . 50 to 2m . 

T i po ka seri es d i ffers from Ka h u i  seri es  i n  that gl eyi ng  o ccurs 

above a d e pth of  1m or ab ove the con tact between vo l can i c a s h  and l a hari c 

deb ri s ,  wh ere th i s  contact i s  s ha l l ower .  

Ti p o ka ser i es has s imi l a r dra i nage to Ma kaka s eri es b u t  d i ffers i n  

hav i n g l e s s  than 2 50mm th i ckness  o f  young lapi l l i  showers i n  the p rofi l e .  

T i po ka ser ies  wa s i nc l uded i n  G l enn and Egmont  sets by N . Z .  So i l  

B ureau ( 1 954 ) . 

S tratford s eri es 

from < 2 5 0mm young l api l l i  showers 

( ma i n l y  Mangan u i  tephra ) on  pumi ceous  

l api l l i -bea ri n g  a s h  s howers ( tephras p2 , p 1  

( Druce , 1966 ) E5  a n d  E 4 )  on th i ck vo l can i c  a s h . 
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S tra tfo rd ser i es was i n troduced by Grange and Tayl or  ( 19 3 3 )  for s o i l s  

deri ved from the S tratford S howe r .  The seri es  was d i vi ded i n to two s o i l 
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P l a te 5 . 7  

Ti poka  s o i l ,  near  Auroa 
Roa d , at N 1 1 8/64 3445 . 

The dark b rown topso i l has  
a modera te ly  deve l oped 
nut s tructure and overl i es 
an  unmo tt l ed B h o ri zon . 

Th e mottl es pres e n t  i n  
the B g 1  h o ri zon a re 
a s soc i a te d  wi th  s trongl y 
weath ered pumi ceous  l a p i l l i . 

P l a te 5 . 8  

H a n gatahua  s o i l , near  
Mana i a  Roa d ,  2 . 5  km so uth  
of  Kaponga a t  N 1 19 / 7 1844 5 
( s .  8 .  9 70 2 ) . 

N o te very dark b rown top-
s o i l con ta i n i ng a few 
modera tel y weathered 
p umi ceous  l a p i l l i . 

A very d ark greyi s h - b rown 
fi n e  s a n d  hori zon  occurs  
at  6 5  cm . , w i th s c atte re d ,  
s trong l y  weathered pumi ceo us  
l ap i l l i .  



types , S tra tford sa ndy l oam and  S tra tford s and . The S tratford s a ndy l oam 

occurred wh ere the S tratford S h ower was 2 2 5mm or l es s  i n  th i c knes s . 

S tratford s a ndy l oam occurs i n  a 1 1 2 5 - 1 7 50mm ra i nfa l l zone and  S tratford 

sand  i n  a 1 500-2500mm ra i nfa l l zone . 

I n  N . Z .  So i l B u reau ( 1 954 ) S tra tford s a ndy l oam , h i l l  s o i l and  

S tratford sand , h i l l s o i l were i n troduced .  

A i tken e t � . ,  ( 1 9 78 ) , i n  S tratford County ,  redefi ned S tra tford 

seri es to i n c l ude wel l dra i ned , modera te l y  l eached s o i l s  formed from 

" S tratfo rd A s h "  overl y i ng the o l der depo s i ts of Egmont  Ash  and  bou l dery 

l ahar detri tus . Three un i ts were redefi n ed ,  Stra tfo rd coarse sandy l oam ,  

S tratford fi ne sandy l oam and  Stra tford h i l l  so i l s .  

I n  E l th am County the parent ma teri a l  of S tra tford seri es  i s  more 

c l ose l y defi ned as cons i s ti ng of modera te l y  wea thered tephra compri s ed of  

Manganu i tephra , l e s s  than 250mm i n  th i c knes s ,  the  tephras p 2  and p l  

( Druce , 1966 ) a s  d i s t i nc t  bands  of  pumi ceou s l a p i l l i , wi th E 5  and  E4  

present ,  l es s  than  1m from the s u rfa ce , e i th er on th i c k ash  or  sed i menta ry 

rocks . S tratford seri es di ffe rs from Egmo n t  seri es i n  tha t i t  i s  formed 

i n  younger tephras , con ta i n s pumi ceou s  l ap i l l i  th roughout the so i l profi l e  

and has  a coarser tex ture . Stra tford seri es a l so  fo rms under a s omewhat 

h i gher ( 1 330 - 18 10mm ) mean annual  ra i nfa l l range , compared wi th E gmont  

s eri es ( 1 10 0 - 1600mm ) . 
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P ro f i l es have A hori zons va ry i ng i n  co l our  from very dark  grey i s h­

brown to very dark brown and i n  texture from l oam to s i l t  l oam . B hori zons 

a re yel l ow i s h-brown and vary i n  texture from s i l t l oam to s a ndy l oam . The 

s ubso i l  i n  S tra tford s o i l s  i s  characteri sed  by co nta i n i ng p um i ceou s l a p i l l i ,  

wh i ch a re u s ua l l y  concen trated i n  di st i nc t bands b u t  may be s cattered 

throughout  the profi l e .  The l a p i l l i  a re wea k l y  to moderate l y wea thered 

i n  the u pper  B hori zon s b u t  a re more s tron g l y  weathered at dep th ( P l a te 5 . 9 ) . 

S tra tford seri es  di ffers from S tratford seri es , fi ne  topso i l vari an t ,  

i n  havi n g  ( i ) tra ces  o f  Mangan u i  tephra ( i i ) the tephras p2  and  p l  

( Druce , 1 966 ) present a s  d i s ti nct  bands  o f  p umi ceous  l a p i l l i  a nd  

( i i i ) t he teph ras  E 5  and  E4 present  l es s  t han  1m from the s u rfa ce . 

S tratford s o i l s  on  h i l l y s l opes h ave s imi l a r profi l es b u t  the  

pumiceous  l a p i l l i  tend  to be more s trong l y  wea thered wi th depth . Abundant  

mafi c c rys ta l s  produce a s peck l ed a ppearance , i n  the l ower B hor i zon s . 

I n  some profi l es ,  fragmen ts of the u nderl y i ng Terti ary sedi mentary rocks , 

s uch a s  s i l ty sandstone , may be adm i xed wi th vol ca n i c a s h  i n  the s ubso i l .  



Ngaere s eri es  

Ngaere s eri es  was  i n troduced i n  th i s  s u rvey for i mperfectl y dra i ned , 

wea k l y  g l eyed yel l ow-brown l earns , deri ved l a rge ly  from pumi ceous  l a p i l l i  

tha t i nc l ude  traces of  the young l api l l i showers , tephras p 2  and  p 1  

( Druce , 1966 ) and E 5  a n d  E4 , o n  th i c k vol can i c a s h . 

Ngaere s e ri es occurs  on l evel  o r  near  l eve l s i tes and  i n  depres s i ons  

on fl at  to  gen t ly  und u l a t i ng l a n d , i n  vol ca n i c  a s h  mantl ed l owl and  l a hari c 

terra i n ,  b etween  1 50 a nd 240m e l eva t i on . 

Prof i l e s are s i mi l a r to those  of S tra tford seri es b ut  Ngaere ser ies  

i n  co ntra s t  s hows evi dence of g l ey i ng . 

Ngaere ser i es profi l es have very dark  brown to dark  b rown l oam A 

hori zons , w i th a few s ca ttered l i th i c l a pi l l i .  There may be one or  two 

non -gl eyed hori zons , above the g l eyed l ower B hori zons . I n c l u ded  wi th i n  

Ngaere seri es i s  a poor ly  dra i ned vari a n t ,  i n  whi ch a l l the B hori zons 

a re g l eyed . 
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The upper B hori zons vary from dark redd i s h -brown to brown , weathered , 

s andy l oam to l oam . The l ower B hori zons  ra nge from strong b rown to 

redd i s h -brown to yel l owi s h -brown col o u r ,  w i th dark  reddi s h -brown to 

yel l owi s h -red mo ttl es . Mottl es tend to be assoc i a ted wi th the moderatel y  

to s trongl y weath ered p umi ceous l ap i l l i  present , wh i c h a re s ca ttered or  

concentrated i n  a band . A fea tu re of  the Ngaere seri es a re few to  many 

i ron concret i ons , us ua l l y adjacent to p umi ceous l a p i l l i .  

Ngaere seri es was i nc l uded i n  Stra tford set  by N . Z .  S o i l B u reau ( 19 54 ) . 

from pumi ceous lapi l li -bea ri ng  a s h  s howers 

( tephras  p2 , p l  ( Druce , 1966 ) E5 and E 4 )  

on  th i c k  vo l can i c  a s h .  

S tratford seri es ,  fi ne topso i l  vari ant  

I t  was  found  neces sary to i n troduce one  new named so i l  var i ant ,  i n  

the s u rvey , h ere refe rred to as  S tra tford seri es , fi ne top so i l vari a n t . 

The var i ant  i s  c l o sel y rel a ted to S tra tford seri e s  bu t i s  too d i s t i nct i ve 

to be regarded as a taxadj unct  and  too extens i ve to be con s i dered a mapp i ng  

i nc l us i on .  

Profi l es are we l l  d ra i ned and  modera te l y  l eached . They a re 



characteri s ed by very dark  brown co l o ured A hori zo ns of s i l t l oam texture 

and  modera te l y  wel l deve l oped crumb s truc ture . The upper B hor i zon , i n  

a Stra tford seri es , f i n e  topso i l vari ant  i s  typ i fi ed by s ca ttered , 

s t ron g l y  weath ered pumi ceous l ap i l l i , w h i c h  average l ess  than 1 0mm i n  

d i ameter . T he  l ower B hori zons are yel l owi s h -brown i n  co l o u r ,  w i th  a 

s peck l ed  appearance due to the presence o f  mafi c crysta l s and a l oam to 

sandy c l ay l oam texture ( P l a te 5 . 10 ) .  

S tra tford s e ri e s , fi ne tops o i l var i a n t  d i ffers from S tra tford seri es 

i n  hav i ng ( i )  no Manganu i  tephra present , ( i i )  the teph ras  p 2  and  p l  

( Druce , 1 966 ) , together wi th E 5  a nd E 4  s ca ttered throughou t the s ub so i l .  

On average these  tephra a re l e s s  than 10mm i n  d i ameter . 

S tratford seri es , fi ne topso i l vari an t ,  d i ffers from Egmo n t  seri e s  

i n  hav i ng been formed u nder  a h i gher  mean a n n ua l  ra i nfa l l range , 1 500-

1900mm .  

T h e  areas o f  thi s s o i l mapped i n  E l tham County were previ o u s l y  

map ped i n  New P l ymouth and Egmont  s ets by N . Z .  S o i l B u rea u ( 1 95 4 ) . 

GLEY  S O I LS 

from > 2 50mm young l api l l i showers 

( Ka upo konu i ,  Ma ketawa and  Manganu i 

teph ra s ) on th i n  ( w i th mi no r th i c k )  

vol can i c  ash , overl y i ng l a hari c debri s .  

Mangawhero ser i es  

Mangawhero s er i es i s  i denti fi ed for  the fi rs t  t ime i n  t h i s  s u rvey . 

I t  i s  a g l ey s o i l and i ts c l oses t co rre l a t i on i s  w i th Awatuna ser i es . 

However , i t  d i ffers i n  hav i ng  greater than 2 50mm of  young l api l l i  s howers , 

wh i ch i mpart a g rave l l y  mod i fi cati on  to the u pper hori zons . 

I t  forms i n  depre s s i ons , on f l at  to gen t l y  undu l ati n g  l and , i n  

teph ra man t l ed  u p l a nd  and  l ow l and  l ahari c terra i n ,  between 2 20 and 760m 

e l eva t i o n . 

Pro fi l es have  A hori zon s  vary i n g  from very dark greyi s h -brown to 

very dar k  brown i n  co l our  and from l oam to s i l t l oam i n  texture . 
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The B hori zons a re a l l g l eyed and  have  co l o urs vary i ng  from 

yel l owi sh -b rown to pa l e  brown , wi th dark  reddi s h -brown to red mott l e s , 

wh i ch are few and  fa i n t ,  near  th e s urface , b u t  i ncrease to many , d i s t i nct  

mottl es , wi th depth . Th e concreti ons  a re redd i s h -brown and  can  be  

cemented together to  form an  i ndura ted , ves i c u l ar  i ron ox i de pan , a t  the 

textura l  bounda ry between tephra and  l ah a ri c depos i ts benea th ( P l a te 2 . 9 ) . 

The mottl es a nd  co ncret i ons te nd to be fo und  i n  associ at i on wi th l i th i c  

and  pumi ceous  l a pi l l i ,  wh i ch may be concentrated i n  di sti nct  bands  or  

s ca ttered . 

The  Man ga n u i  te phra i s  u s ua l l y  concentrated i n  the upper g l eyed 

hor i zons . The upper part of the teph ra con s i s ts of i ron s ta i ned l i th i c 

l a p i l l i  and the l ower part i s  a heav i l y  i ron  s ta i ned , di s cont i nuous  

l i th i c  tuff . 

The th i c knes s  of  vol ca n i c  a s h  over l ahari c debri s vari es  from 0 . 50 

to 2m . 

I ncl uded wi th i n  Mangawhero seri es i s  a peaty topso i l va r i an t .  

Awatuna s er i es 

from < 250mm young l api l l i  showers 

( Ka upokonu i ,  Ma ketawa and  Manganu i  tephras ) 
on th i n  (w i th mi nor  th i c k ) vo l can i c  a s h , 

overl yi ng l ahar i c debri s .  
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Awatuna ser i e s  was i n troduced by Grange  and  Tay l o r  ( 1 9 3 3 )  to i nc l ude 

poor ly  dra i ned s o i l s ,  rel ated to Gl enn s er i es , deri ved ma i n l y  from vo l ca n i c  

debri s depos i ted by s treams , covered w i th about  2 5mm o f  S tra tford S h ower 

i n  p l ace s . 

I t  was i ncl u ded i n  Awa tuna set  by N . Z .  So i l B u rea u ( 19 54 )  a nd  defi ned  

a s  a g l ey so i l  of  modera te natura l  dra i nage , deri ved from " Egmont  and  

Stra tford Ash " . Awa tuna s et  s ti l l  rema i ned re l a ted to Gl enn set  but  

occurred under h i g her  ra i nfa l l .  The  a rea  mapped as  Awa tuna seri es i n  

th i s  s u rvey was p revi o us l y  mapped i n  the G l enn  set  by N . Z .  So i l  B u reau  ( 19 54 ) . 

I n  Wa imate W e s t  County ,  Campbe l l a nd  W i l de ( 1 9 70 )  des cri bed Awa tuna 

s an dy l oam a s  a poo rl y dra i ned to i mperfectl y  dra i ned s o i l , formed o n  fl ood 

p l a i ns from a l l uv i um of vol ca n i c ori g i n .  The parent materi a l  wa s ma i n l y  

coarse textured , w i th a th i n  coati ng o f  " S tratford A s h "  i n  p l a ces . 



However ,  i n  E gmont  County the Awa tuna s er i e s  was redefi ned by 

Pa l mer  e t � . ,  ( 1 98 1 ) . I t  i s  s t i l l  regarded as  a g l ey so i l b u t  i s  no 

l onger cons i dered s imp l y  a h i gher ra i nfa l l equ i va l ent of  Gl enn s e ri es .  

Awa tuna s eri es i s  deri ved from between 0 . 60 and  1 . 50m of vo l ca n i c a s h  

o n  l ahari c debri s .  

I n  E l tham County the above defi n i ti on  i s  fo l l owed but  i s  further  

q u a l i fi ed as havi ng  l es s  than 2 50mm th i c knes s of  young l api l l i  showe rs , 

over ly i ng tephras p 2  a nd  p 1  ( Dru ce ,  1966 ) , o n  fi ne textured ashes  over 

l ahari c debri s .  

Profi l es of the Awa tuna ser ies  have very dark  greyi s h - brown to dark  

grey A h ori zons over g l eyed B h ori zons . 

A few pumi ceo u s  and  l i th i c  l ap i l l i  may be  fo und i n  the A a nd  u pper  

B hori zon s . P l ant  roots  are u s ua l l y  i ron s ta i ned . Da rk redd i s h -brown 

to yel l owi sh -red mottl es i n crease  from bei ng  few ; fa i n t to many , d i s t i n c t  

mott l es wi th depth . Concreti ons may b e  a featu re of the pro fi l e  a n d  

s i m i l ar ly  i n crea se w i th depth . Th e mottl es a nd  concreti ons  tend to b e  

a s so c i a ted wi th the presence of  l i th i c  a n d  pumi ceous  l api l l i  tha t a re 

e i th er concentrated i n  d i s t i nc t  bands or  s cattered th roughout the 

pro fi l e .  The concre t i o n s  can be cemented togeth e r  to form an i ndura ted , 

ves i cu l a r  i ron ox i de  p an , a t  the textural boundary between the tephra 

and  underl y i n g  l a hari c debri s .  The water- tab l e i n  Awatuna s e ri es  i s  

often l es s  than one metre from the s u rface . 

Awa tuna s er i es i s  found i n  s i mi l a r paren t ma ter i a l s as  T i poka ser i es 

b ut  d i ffers i n  havi ng  g l ey i n g  throughout  a l l the B hori zons . 

Awa tuna seri es d i ffers from Mangawhero s eri es i n  havi ng l es s  tha n  

2 5 0mm th i c k ness  of  yo u n g  l api l l i  showers i n  the upper hori zons . 

from recen t  andes i ti c  s ands a n d  grave l s 

Okato s eri es  

Okato seri es i s  a g l ey s o i l i n troduced by Pa l mer et il· • ( 1 981 ) to 

i n c l u de i mperfect ly  and  poor ly  dra i ned s o i l s ,  i n  Egmont County ,  deri ved 

mai n l y from recen t andes i t i c  a l l uv i um .  The depos i ts vary i n  texture 

from l oamy s a nd to coarse  sand  and may be s tony , g ra vel l y  or  bou l dery i n  

n a tu re . Th ere i s  no vol can i c  a s h  cove r .  The s ame defi ni ti on h a s  been  
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fo l l owed i n  E l tham Cou n ty .  

A hori zo ns  vary from dark  redd i sh-brown to da rk brown s i l t l oam to 

l oamy s a nd . I n  i mperfect ly  d rai ned profi l es a non-g l eyed B hori zon , 

s im i l ar  to those of wel l dra i ned s oi l s ,  forms be l ow the A hori zon . I n  

poo r l y  dra i ned profi l es the A hor i zon res ts di rect ly  on  g l eyed B hori zons . 

Th e g l eyed B hori zons vary from very dark g reyi s h -brown to dark b rown , 

wi th dark  red mottl es . Textures vary from l oam to l oamy sa nds . The  

B hori zons have a weak l y deve l o ped s tructure or  a re s i ng l e g rai ned . 

The C hori zons a re g l eyed , wi th many mott l es  and va ry i n  tex tu re 

from s i l t to coarse sand . Th ere can be A/C profi l es ,  w i th B hori zons 

ab s ent . 

O k ato seri es d i ffers from Hangatahua seri es , i n  hav i ng g l eyed 

hor i zons , w i th i n one me tre of the s u rfa ce . 

Okato seri es was i nc l uded i n  E s k  set  by N . Z .  So i l  B u reau ( 1 9 54 ) a nd 

i n  ea r l i er work by Grange and Tayl or  ( 1 933 )  wa s i n c l uded w i th Hangatahua 

seri es . 

I NTE RGRADE B ETWE E N  YELLOW -B ROWN  LOAMS AND RECENT S O I LS 

from recen t andes i t i c  s a nds and grave l s 

Ha ngatahua seri es 

Hang atahua  seri es wa s i n troduced by Grange and Tay l o r  ( 1 933 )  to 

i nc l ude  a l l Ta ranak i  so i l s  formed from vo l can i c materi a l  resorted by 

s treams . T he  seri es was s ubd i v i ded i n to l oam ,  bou l dery l oam , sand  and  

grave l l y  sand  so i l types . I n  N . Z .  So i l B ureau ( 19 54 )  Hangatahua seri es  

was  i n c l uded i n  Esk  set . I n  the so i l s u rvey of  Wa i mate Wes t County ,  

Campbe l l  a nd  W i l de ( 1 970 ) , des cr i bed Hanga tahua  so i l s  as wel l dra i ned  and  

wel l d ra i ned to  s omewhat exces s i ve l y  drai ned s o i l s ,  deri ved from vo l ca n i c 

a l l u v i um on  fl a t  l and . Ha ngata h u a  s i l t l oam was mapped on wel l dra i ned  

terra ces and  broad l evees , deri ved from o l d a l 1 uv i a l  depos i ts ,  whi l e  

Hangatahua s andy l oam was mapped i n  the va l l eys  of  s treams , on  l ower 

terraces th an  the s i l t  l oam . Hangata h ua s andy l oam was a l so  mapped by 

A i t ken  et �. , ( 19 78 )  i n  S tratford Cou n ty ,  as  a we l l  dra i ned so i l der i ved 

from a l l uv i um that was free from f l oodi ng . I t  was con s i dered  to s how 
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enough p rofi l e  deve l o pment to be  c l a s s i fi ed a s  a wea k l y  wea thered  

yel l ow-brown l oam . I n  Egmo n t  Cou n ty Pa l mer  et �. , ( 1 981 ) defi n ed the 

Hangatahua s er ie s  a s  a wel l dra i ned , wea k l y  weathered i n tergra de between 

yel l ow-brown l oams and  recent s o i l s , devel o ped on non -accumu l a t i ng  

a l l uvi um a nd debri s f l ow depos i ts o f  Hangatahua  Gravel s and Maero Debri s 

F l ows . 

I n  E l tham Cou n ty Hanga tahua  ser i es i s  s i mi l a rl y  defi n ed a s  a wel l 

dra i ned , non-accumu l a t i ng  i n tergra de between yel l ow-brown l oams and  

recent s o i l s  deve l o ped from andes i ti c  a l l uv i um .  

I t  s hou l d b e  no ted that the Hangatahua  s eri es has undergone s evera l  

changes  i n  concept a n d  cl as s i fi cat i on hav i ng been regarded i n  turn as  a 

recent s o i l , a yel l ow -b rown l oam and  now an i n tergrade between yel l ow­

brown a nd recen t s o i l . The c l as s i fi c a t i on and defi n i ti on o f  th e 

Ha nga tahua  s eri e s  has  now been s ta b i l i s ed . 

Prof i l es are cha racteri sed  by b l a c k  to dark  brown A hor i zon s . 

Textures are var i ab l e and ra nge from s i l t l oam to fi ne l oamy s a nd . The 

B hori zons have dark greyi s h -brown to yel l owi s h -brown co l ou rs and s how 

e i ther wea k l y  deve l oped s tructures or s i n g l e g rai ns . Th e C hori zons  are 

very dark to dark grey i s h -brown , fi ne to coarse sands , wh i c h may be l oo se  

or  fi rm ( P l a te 5 . 8 ) . Gravel  and s tones  are u s ua l l y  present  and  i n crea se  

i n  concentrat i on wi th depth . 

the ri vers . 

RECE NT SO I LS  

Bou l ders may be present in  areas  c l o se  to 

from th i n  vo l ca n i c a s h  ( Ta h urang i  Forma t i o n )  

o n  o l der vo l ca n i c a s hes 

Ta h u rangi seri e s  

Tah u ra n g i  s eri e s  was i ntroduced by Ton k i n ( 19 70 )  i n  a sma l l s urvey 

of the s outh -eas tern s l opes of Mt . Egmont .  Tah urang i  fi ne  s andy l oam and 

Tah urang i  h i l l s o i l s  were c l a s sed a s  very strong l y  l eached , ye l l ow-brown 

pumi ce so i l s ,  from ande s i te tep hra . 

Ai tken e t �. , ( 1 978 )  mapped Ta hura n g i  f i ne  sa ndy l oam and  Tah urang i  

h i l l  s o i l s  i n  S tra tford County .  Tah uran g i  s o i l s  were c l as s i fi ed a s  
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recent  so i l s  from tephra of the Ta hurang i Forma t i on over the Burre l l 

Forma t i on . They occur  on  the upper s l o pes  of Mt . Egmont between 

760- 1 , 1 00m el eva t i o n  and the i r natural  dra i nage i s  i mperfec t .  

I n  Egmont  County Tahurangi  seri es  i s  a very s trong l y  l ea ched , i ron  

i l l uv i a l , recent so i l from s ha l l ow vol can i c  a sh  of the Ta hura n g i  Format i on , 

on  o l der vo l can i c  a s hes and debri s fl ow depo s i ts ( Pa lmer et �. , 1 98 1 ) . 

The l ower l i m i t o f  Tahurang i  seri es fo l l ows the 50mm i so pach  of  the  

Ta hurang i Format i on , ta ken  from Druce ( 1 96 6 ) . The  Format i on reaches up  

to  lOOmm i n  th i c k ness  where Tahurang i s er i e s  occurs . 

I n  E l tham Cou nty the above defi n i t i on of  Tah urang i seri es  i s  

fo l l owed . Tah u ra n g i  ser i es occurs on fl a t  to h i l l y s l o pes  of Mt . E gmont , 

between  760 and 1 , 1 00m el evat i on . 

Prof i l es of  Tahurang i seri es are characteri s ed by t h i n ,  dark  

greyi s h -brown sandy l oam A hori zons of wea k , f i ne crumb s tructure , over­

ly i ng a dark brown , l oamy coarse sand s ub so i l ,  conta i ni ng i ron-coated 

pumi ceous  and l i th i c  l a pi l l i  ( B u rre l l Format i on and Pun i ho  L ap i l l i  I ) , 

l yi ng on  a l ayer of  g ravel and sand , w i th dark  redd i s h -brown coat i ng s  of 

i ron ox i de .  N . Z . S o i l B ureau ( 1 954 ) ma pped Ta hurang i  so i l s  a s  "Mo u nta i n  

so i l s " . 

L ITHOSOLS AND S KEL ETAL S O I LS 

from andes i t i c  roc k ,  s cree a nd tephra 

Unnamed suba l p i ne a nd a l p i ne so i l s  

U nnamed subal p i ne  a nd a l p i ne so i l s  were i n trod uced by A i tken et �. , 

( 1 978)  i n  Stra tford County for s o i l s  deri ved from andes i t i c  vo l ca n i c  a s h  

a n d  roc k  a t  h i g h e l evat i o ns , on  Mt . Egmont . 

Unnamed s uba l p i ne  and a l p i ne so i l s  were mapped i n  Egmont  County ,  

above the l evel  of con t i nuous fore st  cover , b u t  were not exam i ned i n  

deta i l .  

I n  E l tham Cou n ty unnamed suba l pi ne so i l s  occur  i n  the area of 

s ubal p i ne scrub and t u s soc k ,  b etween 1 , 100 and 1 52 5m el evat i o n , under 

ra i nfa l l s  vary i ng from about  4000 to 6000mm per annum .  
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Unnamed a l pi ne so i l s  occ ur  above 1 5 2 5m e l evati o n , where vegeta t i o n  

i s  l a rge l y  absent  and ra i nfa l l s  vary as  h i g h a s  8000mm annua l l y .  

Ne i ther o f  these s o i l s  were exami ned i n  deta i l  i n  th i s  s u rvey . 

ORGAN I C  S O I L S  

--- from woody peat w i th i n terbedded tephra l ayers 

E l tham ser ies  

E l tham seri es wa s fi rs t  i n trodu ced by Grange  and  Tayl or ( 1933 ) a s  

E l tham peaty l oam , deri ved from a mi xture of  peat and  vol can i c  a s h . 

The N . Z . So i l  Bureau ( 1 954 ) i nc l uded E l tham s er i es wi th i n P i a ko 

set , de sp i te the h i gher ra i nfa l l and the woody na tu re of the peat i n  

Tarana k i . 

A i tken � �. , ( 1 9 78 ) redefi ned E l tham seri es , as a moderate l y  

deve l o ped orga ni c so i l , deri ved from a l owmoor , woody pea t ,  w i th i nter­

bedded th i n andes i t i c  tephra l ayers . Th i s  defi n i t i on i s  fol l owed i n  

E l tham County . 

E l tham seri es  occurs on f l a t  l a nd , on the edge of  the vo l ca n i c  

r i ng p l a i n ,  between 2 10- 2 20m e l eva t i on and  under mean annua l  ra i nfa l l s ,  

rang i ng between 1 6 20 and 1890mm . 

Profi l es of E l tham s er i e s  have dark redd i s h -brown to dark  brown A 

hor i zons , w i th s i l t l oam to pea ty l oam texture and s trong l y  devel o ped 

n ut  structure . The roots a re u sua l l y  concentrated i n  the topso i l and 

are often i ron s ta i ned . The s ub so i l tends to be very dark brown to 

b l ac k ,  b ecomi ng a dark redd i s h -brown , s tructure l e s s  peat w i th depth . 

The d i s tr i but i o n  of  pumi ceou s and  l i th i c  l a pi l l i  i s  i rregul a r  a nd can  be 

concentra ted i n  bands or pockets . Pumi ceous l a p i l l i  vary i n  d i ameter , 

from l es s  tha n  1mm to greater than  20mm and  become s trong ly  wea thered 

wi th depth . The d i st i nct i ve l i th i c -ri ch Mangan u i  tephra ( £. 3 , 300  years 

B . P . ) has been i denti f i ed at a depth of  a pprox i ma te l y  0 . 60 to 0 . 70m 

and res u l ts i n  a gravel l y  hori zon . 

Partl y decomposed fragments of wood , twi g s  and f i bres are a feature 

throughout  the profi l e  and a re concentrated at a pprox imate ly  0 . 90m depth . 

The water- tab l e u s ua l l y  occurs b etween 0 . 60 and l . 50m . 
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STEEPLAND SO I LS RELATED TO Y E L LOW-BROWN EARTHS 

from modera te l y  conso l i dated s i l ty s a nd stone  

Whangamomona seri es 

Whangamomona s eri es  wa s i ntroduced by N . Z .  So i l  B u reau  ( 19 5 4 )  for 

so i l s  der i ved from s a ndy muds tone a nd s a nd stone � ( Whangamomona s i l t  

l oam ) and  mudstone a nd sandstone �  S tratford a nd Egmont a s h  ( Whangamomona 

compl ex ) �  i n  ea stern Tarana k i . The area mapped i n  th i s  s u rvey wa s 

prev i ou s l y  mapped i n  Whangamomona a nd Moumahak i  sets . 

I n  N . Z .  So i l  B u reau ( 1 968)  Wha ngamomona so i l s  were descr i bed as  

bei ng der i ved from sandstone a nd were mapped i n  assoc i a t i on wi th 

Mangama hu  so i l s ,  from sandstone  a nd mudstone . 

Whangamomona s o i l s  were more c l o se ly  defi ned a s  be i ng formed from 

moderate ly  conso l i da ted s i l ty sandsto ne by Ai tken et �· � ( 1 978 ) . 

These a u thors  accepted that due  to parent mater i a l  d i fferences a 

con s i derab l e vari ety of so i l s  were i nc l uded w i th i n  the mapp i ng u n i t �  

Wha ngamomona s o i l s .  I n  E l tham County , Whangamomona seri es i s  s im i l a r ly  

reserved fo r those s o i l s  deri ved from s i l ty sands tone . However ,  pa rent 

roc k  compo s i t i o n  wi th i n  the mapp i ng u n i t ca n range from hard s a nd s tone  

to s i l ty mudstone � w i th  varyi ng amo u n ts of  vo l ca n i c  a s h  present  i n  the 

profi l es .  Occa s i ona l outcrops of  s he l l y  l i me stone a l so occu r .  In  a 
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more detai l ed s u rvey these vari a t i on s  wou l d be  separa ted out  a s  a d i fferent  

s o i l  seri es . 

Whangamomona seri es occurs o n  s teep and  very s teep s l opes , i n  

d i s sected Tert i a ry age sed i mentary roc k terra i n �  between 1 20 a nd 490m 

e l eva t i on , u nder mean a nnua l  ra i nfa l l s  between 1 500 and 1 900mm . 

I n  th i s  s u rvey ,  a catena - l i ke pattern of s o i l s  on  va l l ey s i des  

( Campbel l ,  1 9 7 3 )  i s  recogn i sed , w i th fo ur  d i s t i nct  so i l u n i ts occurri ng 

o n  1 )  r i dge top 2 )  i n termed i a te s teep s l ope 3 )  eroded s l ope and  

4 )  a ccumu l a t i o n  s l ope . The ser i e s  o n  the i n termed i a te steep s l ope  i s  

ta ken as  the pr i nc i pa l , name-g i v i ng component of  the ca tena , w h i l e  the 

rema i n i ng s o i l s  a re a ccommodated a s , ri dge , eroded s l ope and  a ccumu l a t i on 

s l ope  phases . 

Profi l es o n  the i ntermed i ate s teep s l ope have dark grey i s h -brown to 

brown A hori zons , overl yi ng th i n ,  l i g h t  yel l ow i s h -brown to brown i s h ­

yel l ow s ubso i l s .  Mottl e s  can  be a fea tu re of the s ubso i l  and  i ncrea se  



wi th depth . Fragments of  s i l ty s a nds tone  may be present  throug hout  the 

p rofi l e  a nd there i s  o ften a s ha rp , d i s t i nct  boundary to the moderate l y  

conso l i dated s i l ty sandstone . 

Whangamomona ri dge phase  d i ffers from the i n termed i a te s teep s l ope  

by  havi ng a more strong ly  deve l oped f i ne nut  s tructure , i n  the  A hor i zon  

and more weathered B hori zons , wi th a BA hori zon often present . The 

dep th to parent  rock i s  u s ua l l y  greater and the trans i ti o n  to parent 

roc k i s  more gradua l . 

Whangamomona eroded s l ope phase d i ffers  from the i ntermed i a te s teep 

s l o pe by hav i ng a wea k l y  s truc tured s ha l l ower topso i l . L a tera l  s eepage 

i s  a common feature , wi th mottl es and  concreti ons  bei ng a character i s ti c  

of  the prof i l e . The de pth to parent roc k  i s  sha l l ower than i n  the 

i n termed i a te s teep s l ope . 

Whangamomona accumul a t i on s l o pe phase  d i ffers from the i n termed i a te 

s teep s l o pe by hav i ng mo re s i l ty sand s tone fragmen ts , es pec i a l l y  i n  the 

l ower hori zon s and a g rea ter depth to the parent roc k .  

4 .  SO I L  MAPP I NG UN I TS 

The fo l l ow i ng bri ef descr i pti ons  g i ve deta i l s  of  the s o i l mapp i ng 

un i ts recogn i sed i n  th i s  s urvey . The members of  each so i l  a s s oc i at i on 

( one of  mapp i ng u n i ts used ) s hown on the so i l  map are l i s ted i n  Tab l e 5 . 3  

i n  rel a ti on to topography and dra i nage . I nd i v i dua l  memb ers of the 

mapp i ng un i ts ( so i l  a s s oc i a t i on s ) are des cr i bed i n  more de ta i l  i n  the 
extended l egend ( Append i x  I V ) . 

SO I LS O F  LOWLAND LAHAR I C  TERRA I N 

1 .  On  fl at  to s trongly ro l l i ng l a nd b etween 90-340m e l evat ion  

R i verl ea-Ma ka ka as soc i a t i o n ( Rv-Mk ) : 

Mapped over a tota l a rea of  7 70ha  west o f  Kaponga and  eas t of  

U pper Rowan Road , between the Mangawhero i ti S tream and the  Ota keho 

S tream . R i verl ea  seri es i s  the domi nant member and occurs on  wel l 
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dra i ned s i te s  wh i l e  Ma k a ka seri e s  occup i es  the i mperfect ly  d ra i ned , 

l ower- ly i ng s i tes . I nc l us i ons  of  Kah u i  seri es  occur near  the 

boundary b etween R i verl ea s er i e s  and  Kah u i  seri es . Th i s  bounda ry 

i s  grada t iona l  and i s  based on the 250mm i sopach for the y o ung 

l api l l i  showers . I n cl us i o ns of Rowan ser i es occur i n  the north 

of  the mapp i ng u n i t .  

R i verl ea -Mangawh ero a s soc i a ti on ( Rv-Mw ) 

Ma pped over a total  area of  6 20ha i n  two l oca l i ti es . The f i rst  

i s  i n  the  extreme wes t  of  E l tham County ,  i n  an  a rea between the  

Otakeho  Stream and ea s t  of  the Oeo  S tream . The second i s  an  
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a rea  i n  the v i c i n i ty of Kaponga , between Dunns  S tream and  i mmed i atel y 

east  of Upper Rowan Road . R i verl ea seri es  occurs on the wel l 

dra i ned , fl a t  to gentl y undu l at i ng l a nd and occup i es more tha n 50% 

of the mapp i ng u n i t .  Mangawhero s er i es occurs i n  the l ow- l yi ng , 

poorl y dra i ned depress i ons . The i mperfectl y dra i ned Ma kaka  ser i es 

i s  a l s o  present . 

Ka hu i -T i poka a s s oc i a t i o n  ( Ku i -Tk )  : 

Ma pped over a tota l a rea of  180ha i n  two l ocal i t i es . The  f i rs t  

i s  a n  a rea sou th -wes t  o f  Ka ponga , i n  the v i c i n i ty o f  Dunns  S tream 

and the second i s  a s tr i p  a dj a cent  to the Wa i ma te West  Cou nty 

Boundary , i n  the extreme wes t  o f  E l tham County .  Ka h u i  s eri es 

occup i es 5 0% or  more of  the mapp i ng un i t  on the wel l dra i ned ,  fl a t  

t o  gent ly  undu l at i ng s i tes  wh i l e  T i po ka ser i es occurs on i mperfectl y 

dra i ned , l ower- l yi ng s i tes . 

T i po ka-Ka h u i  a s soc i a t i on ( Tk -Ku i ) : 

Mapped i n  a s i ng l e  area of  2 20ha , i n  the s outh-west  of  E l tham 

County , adjacent  to the Wa i mate Wes t  County Boundary between Rowan 

and Mangawhero Road s . T i poka and  Ka h u i  ser i es occupy about  equa l  

porti on s o f  th i s  map p i ng u n i t .  I nc l u s i on s  o f  Awa tuna ser i es  occur 

i n  l ow-l y i n g , poor l y  dra i ned s i tes . 

Ma kaka -R i verl ea a s soc i a t i o n  ( Mk -Rv ) 

Mapped i n  a s i ng l e sma l l a rea o f  lOOha , near R i verl ea , bel ow 

Opunake Road , between Mangawhero i t i S tream and  one  of i ts tri b utari es  
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to the  eas t .  Ma ka ka s eri es  occup i e s  50% or  more of  the mapp i ng un i t  

i n  i mperfect ly  dra i ned s i tes . Ri verl ea s e ri es  occurs i n  the wel l 

dra i ned s i tes , w i th  i nc l u s i o n s  of Mangawhero ser ies  i n  the poorl y 

dra i ned s i tes . 

Lowga rth so i l s  ( Lo ) : 

Ma pped over 1960ha  of  fl a t  to ro l l i ng l and  between Kaponga ,  i n  the  

wes t  and  S tuart Roa d , i n  the ea s t  and to  the  north of E l tham Roa d . 

Con s i s ts predomi n a nt ly  of  Lowgarth seri es , w i th i nc l u s i ons of 

S tratford seri es , n ear  the bou ndary between Lowgarth and S tra tford 

seri e s . Th i s  bou ndary i s  gradati ona l and i s  based on  the 250mm 

i sopach  for the young l api l l i  showers . 

Lowga rth so i l s ,  s trong l y  ro l l i ng phase ( Lo l ) 

Mapped over a to ta l a rea o f  9 70ha between Upper Stuart Road and  

Lower Hast i ngs and  Hunter Roads , to th e wes t  o f  Upper Pa l mer Road and  

between I naha S tream and Upper  Pa l mer Road . Cons i s ts predomi nant ly  

of  Lowgarth so i l s ,  s trong l y  ro l l i ng pha se , wi th i nc l u s i o ns of  Stra tford 

so i l s ,  s trong ly  ro l l i ng pha se , due to the g radat iona l  na ture of the 

boundary ,  based on the 2 50mm i sopach for the yo ung l api l l i  showers . 

Stratfo rd so i l s  ( S t ) : 

Ma pped over 7890ha of fl a t  to ro l l i ng  l a nd east  of  Kaponga . 

The mappi ng un i t  cons i sts predomi nan t l y  o f  S tratford ser i es wi th 

i nc l u s i ons of Ngaere s eri es ,  where dra i nage i s  i mperfec t .  

Stra tford so i l s ,  s trong ly  ro l l i ng  pha se  ( S t 1 ) : 

Ma pped on s trong l y  rol l i ng  l a nd wes t and  s outh -wes t of  El tham 

Boro ug h . The ma pp i ng un i t con s i s ts predomi nant ly  of  Stra tford so i l s ,  

s tron g l y  rol l i ng phase  and  has  a to ta l a rea of 1640ha . 

S tra tford soi l s ,  f i ne tops o i l vari ant  ( S tv ) : 

Ma pped over a total a rea of 1 , 2 50ha . I t  occurs i n  several  a rea s , 

s p ec i fi cal l y  i n  the  ea s t  of  E l tham County . Th ere i s  an  area i n  the  

v i c i n i ty of  T i ri moana Road , s everal sma l l areas  above  the Pa tea  R i ver  

and an  area i n  the  v i c i n i ty of  Mangami n g i  Road . Cons i s ts predomi nantl y  

o f  S tra tford s o i l s ,  fi ne topso i l  vari ant , w i th i nc l u s i ons of  S tra tford 

s er i e s . 



2 .  I n  l ow- ly i ng areas or  i n  depress i ons between  120- 340m e l evati on 

Mak a ka-Mangawhero a s soc i a t i on ( Mk -��� ) : 

Ma pped over a tota l area o f  1 330ha  i n  s e vera l  a reas wes t of 

Kaponga . Makaka  seri es i s  the domi nant  member  o f  th i s  a s s oci a t i on 

and occurs on the i mperfectly drai ned , l e vel o r  near l evel s i tes , 

wh i l e  Mangawhe ro s e ri es occupi e s  th e poorl y drai ned , l ow- ly i ng  

s i tes and  o l d s tream channe l s .  

Mangawhero-R i verl e a  a s soci ati on  ( Mw-Rv )  : 

Mapped on a s i ng l e area  of 1 60h a , wes t o f  Kaponga , i n  the 

vi ci n i ty of Rowan and  Opunake c ros s - roads . Mangawhero s eri es i s  

the domi nant  member  of  the as s o ci ati on a n d  l i es  i n  the l ower ,  poo rly 

dra i ne d  parts . Ri verl ea s eri es occurs on  the wel l d ra i ned s i tes , 

w i th Ma kaka  seri es  o ccurri n g  i n  i n termedi ate pos i ti ons  where the 

drai nage i s  i mperfect . 

Awatuna-T i poka a s soc i a ti on ( At-Tk ) : 

Mapped i n  a s i n g l e  area  of  4 3ha , i n  the s outh-wes t of  E l th am 

County , between the Mangawhero S tream and j us t  wes t o f  Lower 

Mangawhero Road . Awatuna and  Ti poka s eri es occ upy about eq ua l 

po rti ons of  th i s  mappi ng  un i t .  

Awa tuna-Kahu i  as soc i at i o n  ( At-Kui ) 

Ma pped  on a s i ng l e area  of  1 70ha i n  the so uth-wes t  of  E l tham 

Co unty ,  between the Kaupokonu i  Stream and  j us t  eas t of Lower Rowa n 

Road . Awa tuna s eri es l i es i n  th e poo r ly  drai ned depres s i o ns , wi th 

Ti poka seri es occurri ng where drai nage i s  i mperfe ct .  Kah u i  s e ri es 

occurs on h i gher , wel l dra i ned s i tes . The  Awa tuna seri es i s  th e 

domi nant  member . 

N gaere-S tratfo rd as soci ati on  ( Ng-St )  : 

Mappe d over  a total a rea  of  2 10ha , near  E l tham Borough , adj ace n t  

t o  the E l th am Swamp . N gaere seri es i s  t h e  domi nant  member o f  the 

ass oci ati on . S tratford s e ri es ,  the s ub domi nant member , o cc urs on  

the  wel l dra i ned s i tes . 
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3 .  On s trongl y rol l i ng ,  h i l ly and  s teep l and  between 1 20- 290m e l evati o n  

Lowgarth h i l l  s o i l s  ( LoH ) : 

Mapped i n  two sma l l a reas , wes t of Upper S tuart Road , of  tota l 

a rea 1 7 h a . 

S tratfo rd h i l l  s o i l s  ( S tH ) : 

1 5 0  

Mapped  over a to tal a rea  o f  1 850ha , s urround i ng E l tham Boro ugh and  

to the  eas t and  s o u th -eas t i n  E l tham Co unty ,  where there are h i gh l y  

di s s ected remnants o f  E l th am l a har  s u rfa ce s . 

S tratfo rd h i l l - Stra tford assoc i a ti on ( S tH -St ) 
Mapped over a to ta l area  o f  1690h a ,  eas t  a nd  south - eas t o f  E l tham 

Borough , where there a re remnants of  the E l tham l ah a r  s u rfaces . 

The mo s t  h i gh ly  di s s ec ted areas  produce a di s t i ncti ve l a nds cape, wi th 

Stratfo rd h i l l  s o i l s  on the h i l l y s l opes a n d  S tratfo rd s o i l s  on the 

fl a tter areas . 

Stratfo rd h i l l - Stra tford s o i l s ,  strong l y  ro l l i n g  phas e  ( S tH -St l ) : 

Mapped over a tota l  a rea of  250ha , wh i ch i nc l udes a sma l l a rea 

wes t o f  Lower Stuart Roa d ,  an  a rea to the west of  E l tham Borough , 

be tween  the Wai ngongo ro Ri ver and Upper and  Lower S tuart Roa ds , a nd  

an a rea  i n  the vi c i n i ty of  Lake  Rotokare , between Sangs ter  and  

Rotok a re Roads . 

Stra tford seri es , h i l l s o i l occurs on the h i l l y l and  and occupi es 

mo re than 50% of  the mappi ng  un i t wh i l e  the S tratford seri es , s t rong l y  

ro l l i n g  phase occ urs o n  the s trong ly  ro l l i ng terra i n .  

SO I LS O F  UPLAND  LAHARI C  TERRA I N  

1 .  O n  l ahar  mo unds a nd  fl at  to ro l l i ng l a nd  between 3 10- 760m e l evat i on  

Rowan-Makaka as s oc i ati on ( Rc-Mk ) : 

Ma pped over a total  area o f  890ha . Co ns i s ts p redomi nantl y  of  

Rowan s e ri es on wel l d rai ned s i tes . Ma kaka  s er ie s  o ccurs on  
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i mperfect ly  dra i ned s i tes , wh i l e  smal l e r  a reas o f  Mangawhero seri es 

occupy poorly dra i ned s i tes . 

Rowan-Mangawhero associ a ti on  ( Rc-Mw ) : 

Ma pped over a to ta l a rea  o f  940ha , mai n ly  wi th i n  E gmont  Nati ona l 

Park , up to an  e l evati on  of  abo ut 760m and an a rea wes t o f  the 

Otakeho Stream , above 300m e l evati o n .  Rowan s eri es occurs o n  the 

wel l drai ned s i tes , w i th Makaka  s eri es occupyi ng  i mperfectly dra i ned 

s i tes a nd Mangawhero s e ri es on the poo rly dra i ned s i tes . No one 

member domi nates the others . 

2 .  On l ah a r  mounds between 360-460m el evati on 

Rowan h i l l - �1angawhero assoc i ati on  ( RcH -Mw ) : 

Ma pped on a s i ng l e smal l a rea of  40ha , i n  th e v i ci n i ty of  Uppe r 

Auroa  Road . The mapp i n g un i t  covers a l ands cape o f  l a h ari c mounds , 

wh ere Rowan s eri es , h i l l s o i l occurs on the s i des a nd  cres ts o f  

l ahar  mo unds a n d  Mangawhero s e ri es l i es  i n  the mos t poo r ly  drai ned 

p arts of i n terveni ng dep res s i ons . 

i n termedi ate pos i ti ons . 

Ma kaka  seri es occurs i n  

3 .  I n  l ow- lyi ng areas or i n  depres s i ons between 2 20-460m e l evat i on  

Mangawhero -Makaka  a s soc i ati on ( Mw-Mk ) : 

Mapped o n  a s i ng l e a rea  o f  160ha  to the eas t  of Upper Auroa  Roa d ,  

be l ow 4 50m e l evati on . Mangawhero seri es i s  the  domi nant  member and 

occurs i n  l ow depre s s i ons and  o l d s tream channel s ,  wh i l e  Makaka  

s eri es occ urs on rai sed  a reas , where dra i nage i s  s l i g ht ly  better th an  

i n  Mangawhero seri e s .  

4 .  On fl a t  to h i l l y s l opes on  Mt . Egmon t  between 760- l , lOOm 

Tah u rang i  s o i l s  and h i l l so i l s  ( Tah- TahH ) : 

Tah u rang i s eri es  oc curs on fl a t  to ro l l i n g  topography and  

Ta h u rang i  s eri es , h i l l s o i l oc curs on h i l l y s l o pes , wh i ch i nc l ude 



gu l l y  s i des  and s tre am ch anne l s .  These s o i l s  occur  wi th i n  the 

one mappi ng uni t ,  wh i ch covers the upper s l opes o f  Mt . E gmo n t  

between 760 a n d  1 , 1 00m e l evati on  over a total  a rea of  460ha . 

S O I LS O F  S UBALP I NE AND ALP I NE TE RRA I N  

O n  s teep and  very s teep s l opes on the very s teeply s l opi ng 

terrai n on the s outherly fl anks  of Mt . Egmont  

between 1 , 100 a nd  1 , 5 25m e l evati on 

Unnamed s ubal p i ne s o i l s  ( S )  : 

Ma pped above the l evel o f  conti nuous fores t cover on s uba l pi ne 

s teep l ands  of  Mt . E gmo n t  over an  area of  2 10h a . 

between 1 , 52 5  and  2 , 5 18m el evat ion  

Unnamed a l pi ne s o i l s  ( A l ) 

Ma pped above the l e ve l o f  conti n uous  p l a n t  cove r  o n  the 

upper mos t  s l opes of Mt . E gmont  over a tota l a rea of  about  200ha . 

SO I LS OF  RI V ER  FLATS AND  TERRACES 

between 1 20 a nd  460m e l evati on  

Ha ngatah ua-Ok ato a s soc i ati on  ( H n-Ok ) 

Mapped over a tota l a rea of  490ha a dj acent  to many s tream 

channel s i n  El tham County ,  i n  s uch  catchme n ts as  the O takeho , 

Mangawhe ro , Mangawh e ro i t i a nd  Ka puni  S treams , wi th an extens i ve 

a rea a l o ng the Kaupo konu i  S tream . 

T he  a s s oc i ati on  i s  mapped on a l l uvi a l  fans , l e vees and  ri ver 

terraces . Hangatah ua s e ri es occupi es 50% or  more of  the a rea  and  

occurs on wel l dra i ned s i tes . Okato seri es ,  the s ubdomi nant  member ,  

occ urs i n  s i tes o f  i mperfect or  poor dra i nage . 
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Okato-Han gatah ua  a s s oci at i o n  ( Ok-Hn ) 

Mapped over  a tota l a rea o f  200ha  adj acent  to severa l  s tream 

channe l s and extens i ve i n  catchments of Dunns , Wa i n gongoro and  

Mangawhero Streams . The  as soc i at i on i s  mapped o n  a l l uv i al  fa ns , 

l e vees an d ri ver te rraces . O k ato seri es  oc cupi es 50% or  more o f  

t h e  a rea  and  occ urs on i mperfect  or  poo rl y  dra i ned s i tes . 

H angatah ua seri es ,  the s ubdomi nant member ,  occ urs o n  we l l dra i ned 

s i tes . 

SO I LS O F  DRAI N E D  SWAMPLAND 

E l tham s oi l s  ( E l ) : 

Mapped on  the dra i ned swamps eas t of E l tham Borough . 

The  E l tham Swamp and  the Ngaere Swamp occur  at two di fferent  

l e ve l s ,  2 10m and 2 20m , res pect i ve ly . 

Th e mapp i ng un i t  cons i s ts p redomi nantly of  E l tham seri es and 

occup i es a tota l a rea of  2670ha . The l an d  i s  typ i ca l l y  fl a t ,  wi th 

the swamps bordered to th e eas t by s teep h i l l s and to the wes t by 

the  vo l can i c ri ng  p l a i n .  

SO I LS O F  STEEPLAND  TERRAI N 

Whangamomona s o i l s  ( WgS ) 

Mapped over an extens i ve area  of 6000ha ea s t  of E l tham Borough , 
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on s teep and  very s teep l a n d ,  i n  the di s s ec ted Terti a ry sedi mentary 

rock  terra i n .  The s e ri es  on the i n termed i ate s teep s l o pe i s  taken 

as the p ri nc i pal  name- gi vi ng  component of  the mapp i ng uni t ,  wh i l e  the 

rema i n i n g  s o i l s  a re accommodated as  ri dge , ero ded  s l o pe and 

accumu l at i on  s l o pe phases . The phases can  gradua l l y  merge i nto one 

anoth e r  and  separati on  can  be d i ffi cu l t .  

O ve ra l l the s o i l s  fa l l w i th i n  the i mperfectl y dra i ned  cl ass . 

Th ere are i nc l u s i ons o f  Moumahak�  Ti rang i  a nd  Ta hora s teep l and  

s o i l s .  Mo umahak i  s teepl and  s o i l s  occur  whe re the  parent  materi a l  i s  

s tron g l y  conso l i dated  s a nds tone , T i rangi  s teep l and s o i l s  where the 



parent mate r i al i s  s andy s i l ts tone and  Tahora steep l and  s o i l s occur  

wh ere the  parent ma teri a l  i s  s a ndy muds tone . The map un i t a l so 

i nc l udes smal l a reas of  Stratfo rd s o i l s ,  fi ne topso i l vari ant  on 

vol can i c ash mant l e d  terraces . 
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5 .  D I S T I N GU I SH I NG STRATFORD SO I LS FROM EGMONT SO I LS 

S tra tford a nd  Egmon t so i l s  a re the two mo s t  wi des pread s o i l s eri es  

i n  centra l Tara na k i . Of  the wel l dra i ned ye l l ow- brown l oams i n  E l tham 

County Stratford s o i l s  are the mos t common a nd are deri ved from modera te l y  

weathered andes i t i c  vol ca n i c  a s h  and  p umi ceous l a p i l l i .  Further s o uth 

Egmont  so i l s  a re recogn i s ed , and  become extens i ve i n  south Taran a k i . 

I n  the pa s t ,  mapp i ng of th e Stratford s eri es h as rel i ed upon rather 

vague concepts of  the d i s t i nc t i on between S tra tford and Egmont  Ash  

Showers . The terms Stratfo rd Shower and  Egmont  Shower have i mpl i ed 

l a rge l y  pumi ceous  a n d  l argel y non-pumi ceous  depos i ts res pec ti ve l y .  Th i s  

h as res ul ted i n  di ffi cu l ty recogn i s i ng s o i l s  i n  the bounda ry areas where 

both s o i l  seri es approach one a nother i n  a g rada t i o n a l  fas h i on .  Part of 

th i s  resea rch s tudy was to i nves ti gate and to accura te ly  l ocate the 

po s i ti o n of  the boundary and to e l uc i da te cri teri a n eces sary for 

di s t i n g ui s h i ng S tra tfo rd from Egmont  so i l s .  

H i s tory a nd Di s tri b u t i o n  

Egmont  So i l s  

E gmont  so i l s  were f i rs t  named by Grange a nd Tayl or ( 19 3 3 )  for s o i l s  

deri ved from vol can i c  a s h  bel ong i ng to the " Egmont  S hower " .  Egmon t  

seri es was di v i ded i n to two s o i l types based  ma i n l y  o n  the col o u r  of the 

topso i l . I n  the s outh , between Mana i a  and  Mo ko i a and  i n  the north , 

between Onaero a nd  Oka to , ( areas wh i ch were formerl y covered wi th fern 

and s crub i n  pre - E u ropean ti mes ) , the topso i l  i s  dark  grey to b l a c k  a nd 

the s o i l was mapped as  Egmont  b l ack  l oam . I n l and  where th e pre- European 

vegeta ti on  was a l l fores t ,  th e topso i l i s  nota b l y  b rowner and  was mapped 

as Egmont  brown l oam ( Fi g ure 5 . 2 ) . 

The di s tri b uti o n  of  Egmon t  b l ack  a n d  b rown l oams wa s remapped by 

N . Z . So i l  Bureau ( 19 54 )  us i ng the concept  of  the  s o i l set . The 

redefi ned  di s tri b ut i on i s  s hown i n  Fi g ure 5 . 3 . The so i l set wa s a 

New Zea l and  mapp i n g  u n i t for group i ng  s o i l s  w i th l i k e  profi l es o r  l i k e  

a s semb l ages of profi l es .  I t  was empl oyed as  a conven i en t  mapp i ng  u n i t 

for the general s u rvey of  the  s o i l s  of  the North I s l a n d .  Th e con s t i tue nt  

so i l s  i n  a set  a re  n ot  neces s ar i l y  geograph i ca l l y  a s soc i a ted . Egmon t  

brown l oam , Egmont  brown l oam , h i l l s o i l a n d  Egmo n t  b l ack l oam ( i nc l u d i ng 

Warea b l ack  l oam ) were a l l s o i l s e ts b el o ng i ng  to the Egmon t  S u i te 

( N . Z . S o i l B u reau , 1 9 54 ) . 
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F i gure 5 . 2  Grange and  Tayl o r • s  reconna i s sance s o i l 

map o f  wes tern Taran a k i  mod i fi ed to show 

d i s tri buti on o f  Egmont a nd S tratford 

s o i l seri es i n  v i c i n i ty o f  s tudy a rea  

Soi l ma��i ng un i ts 

D - Stratford s a nd  

} Stra tford 

D - S tratford s a ndy l oam s o i l s  

D - Egmont  brown l oam } � - Other so i l s  

Egmont  

D - Egmont b l a c k  l oam s o i l s  
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The Egmont  so i l s  were formed from approxi mate l y  0 . 6  to 0 . 9m 

t h i ckness of  Grange and  Tayl or ' s  Egmont  Shower . 

The d i s ti ncti on  between Egmo n t  b l ack  and brown l oams was con ti n ued 

by Campbel l and W i l de ( 19 70 )  i n  the i r s urvey o f  Wa ima te West County .  

They mapped the bo undary between the two Egmo n t  l oams a t  a ppro x i ma te l y  

6 7m e l eva t i o n  a nd  3 . 2 k m  i n l and from the coas t .  I t  wa s recogn i s ed  tha t  

E gmont  Ash d i rectly o verl ay gravel a nd  l a har  depos i ts o f  the Opunake 

Formati on i n  p l aces . I n  s uch c i rc ums tances the ash  was common l y  greater 

th an  lm th i ck .  However , i n  oth er a reas the ash  was as th i ck a s  5m , 

where i t  overl ay the S tratfo rd Forma ti o n .  A modera tel y  deep phase  of  

the  Egmont  brown l oam was  mapped where Egmont  Ash  i s  on ly  0 . 6  to  0 . 9  m 

th i ck and overl i es compac t  depos i ts o f  s and  or  g ravel . Nea l l ( 19 7 2 )  

l a ter  recogn i sed  two d i st i nct tephras  w i th i n the Egmont  Shower , name l y  

the Oakura ( upper )  a n d  Okato ( l ower)  Teph ra s , a s  be i ng w i des pread i n  

wes tern and no rthern Ta ra nak i .  

A deta i l ed i n ves ti gat i on  i nto the  parent  materi al s trati graphy o f  a 

representat i ve E gmont b l a c k  l oam , near Hawera , was conducted by S tewart 

e t  �. , ( 1 977 ) . I t  s howed tha t  the s o i l parent materi a l  to the eas t 

cons i s ted of  tephra , o ver  tephri c l oe s s , w h i ch  overl i es aeol i a n s a nds . 
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I n  that s tudy two l i tho l og i cal  un i ts wi th i n  the " Egmont  As h "  were 

recogn i s ed . The Ap , Bw l and Bw2 hori zons of the Egmont  s o i l a re recog n i s ed 

as havi ng deve l o ped wi th i n an  upper teph ra u n i t wh i l s t the 2 C u 1  and  2Cu2  

hori zons a re devel oped i n  a l ower teph ri c l oess  u n i t .  L ap i l l i  are rare 

wi thi n the l ower un i t ,  except for a band p reserved a t  the base res ti ng  on  

2m  of " s peck l ed ash " nearer to  Mt . Egmo n t .  Pa l mer et �· , ( 198 1 ) 

de s cri bed Egmont  s o i l s  from Egmont  Co unty deve l o ped  on modera te l y  

wea th ered a ndes i ti c  vo l ca n i c ashes , c ompri sed  of  Oa kura and  Okato Teph ras , 

on l ahari c and  fl uvi a ti l e  sandstone and  cong l omerate of  the Opunake 

Format i on . Here the Egmont s o i l s  s how mo re than 1 . 5m th i c knes s of 

vo l ca n i c ash  or  vol cani c ash over teph ri c l oess . I n  the Egmont  Co unty 

s urvey Egmo n t  s o i l s  were mapped as a s eri es ,  w i th no s ubdi v i s i on based on 

co l our  of  the topso i l .  The Egmont ser i es was restri cted to the so u th -wes t 

of the County ,  i n  the vi c i n i ty of  Oeo and  P i h ama , and extend i ng north 

towards Awatuna . I n  the 1 933 and 1954  maps Egmont  so i l s  were a l so  mapped  

a l ong the  wes tern coas t ,  near  Cape Egmont , b u t  a re now rega rded a s  bel ong i ng 

to the Warea ser i es  ( Pa l mer  et �. , 1 98 1 ) .  



Stratford So i l s  

S tratford s o i l s  were fi r s t  n amed by Grange a nd Tayl or  ( 19 3 3 )  for 

s o i l s  deri ved from vol can i c a s h  and l api l l i  bel o n g i ng  to the " S tra tford 

Shower " .  The Stra tfo rd Shower overl i es th e E gmont  Shower and was 

depos i ted by wes ter ly  wi nds s p readi ng  tep h ra eas twards from Mt . Egmo n t .  

N o  type l oca l i ti es were ever des i gnated b u t  0 . 3m of  S tratfo rd S hower was 

des cri bed  as res t i n g  on the con s i dera b l y  o l der Egmont  Shower at the 

Demonstrati on Farm , S tratford .  I n  a n  i n terna l unpub l i shed  report o f  

thei r s u rvey Grange  a n d  Tayl or  des cri be s eve ra l l oca l i ti es and  s ect i ons  

showi n g  the Stratfo rd Shower , wh i ch are now known to compri se  at  l east  

th ree d i fferent  aged p umi ceous teph ras . 

G range and Tay l or  di vi ded S tratford s eri es  i n to two types , th e 

Stratfo rd s andy l oam , wh ere ra i nfa l l va ri es  from 1 1 2 5- 1 7 50mm per a nn um 

and  the Stratford s a n d , wi th a ra i n fa l l of  1 500- 2500mm per a nn um .  The 

S tratfo rd sa ndy l oam was recog n i sed where the Stra tford Shower was 0 . 22m 

(9  i n . ) or  l ess  i n  th i c k nes s and  was mapped borderi n g  the S tratford sand 

i n  two bel ts , one to the north , i n  a 6 . 4  km wi de zone , and  the oth e r ,  to 

the s o uth , i n  a 9 . 6  km wi de zon e .  The S tra tford s a nd  wa s mapped i n  a 

s tri p from E l tham , i n  th e s outh , to Lepperton , i n  the no rth . S tratfo rd 

s and , h i l l  s o i l s  a n d  S tratford s a ndy l oam , h i l l  s o i l s  were i ntroduced by 

N . Z . S o i l B u reau i n  1 9 54 .  

I n  Wai mate West  County Campbe l l a nd  W i l de ( 19 70 )  recogn i sed  that  

" s o i l s  deri ved from th i n  depos i ts of  the younger a ndes i ti c  ash  o f  the 

S tratford As h Formati o n  occ ur  i n  smal l a rea s , i n  the northern part of 

the co unty" . However ,  the S tratford s o i l s  were cons i dered no t extens i ve 

e nough to be mappe d a s  a separate mappi ng u n i t .  

I t  wa s not unt i l the S tratford County S urvey ( Ai tken et �. , 1 978 )  

that  a ttempts were made  to  s ubdi vi de the S tratford Shower .  I n  S tra tford 

County ,  Rowan and Lowgarth s o i l s  were s epara ted from S tratfo rd seri es 

because they were deri ved from an un named l i th i c l ap i l l i  depos i t , younger 

than the "S tra tford As h " .  Th i s  depos i t  was s ubsequent ly  i n forma l l y  

referred to as  the Mangan ui teph ra by Wh i teh ead  ( 19 76 ) . Earl i er workers 

h ad  i nc l u ded  the Mangan u i  teph ra i n  the S tra tfo rd As h .  

The pum i ceo us depo s i ts th a t  a re now recog n i s ed wi th i n the o ri g t na l l y  

defi ned S tratford S hower ,  ra nge from the Kaupokon u i  tephra , wh i ch i s  

younges t to E 3 ,  th e o l des t ( Tab l e ,  5 . 4 ) . I n  the sense  o f  Ai tken e t � . •  

( 1 978 ) , the " Stra tford As h "  s hower  woul d o n l y  h ave i nc l uded u n i ts p2B  
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Tab l e 5 . 4  

STRATFORD 
ASH 

( Ai tken 
e t  ill_. ,  

19 78 )  

EGMONT 
ASH 

( A i tken  
et Ql. , 

1 9 7 8 )  

-
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TEPHRAS C URRENTLY RECOGN I S E D  I N  ELTHAM COUNTY 

p2  B 

p2  A 

Oakura 
Tephra 

1 
Ok ato 
Tephra 

I 
I 

"' 

l 

Ka upokonui  tephra ( p4 o f  Druce , l966 ) 

( N Z3886 C 1 990 ± 70 yrs . B . P . ) 

Ma ketawa tephra ( p3 of  Druce , 1966 ) 

( NZ34 23C  3 1 10 ± 160 yrs . B . P . ) 

Mangan u i  tephra ( Wh i teh ead , l9 76 )  

( NZ3139 C  3630 ± 80 yrs . B . P . )  

p2  o f  Druce ( 1966 ) I ng l ewood Teph ra 

( NZ335 3C 40 30 ± 1 10 yrs . B . P . ) 

p 1  of  Druce ( 19 66 ) Kori to Teph ra 

( NZ3352B 5 140 ± 1 50 yrs . B . P . ) 

un i t  E5  

un i t  E4 

un i t  E 3  

un i t  E 2  

un i t  E l  

Mahoe tephra 

5 unnamed pumi ceous and l i th i c  l ap i l l i  beds 

Sa unders ( N Z942B 16 , 6 00 ± 1 50 yrs . B . P . )  

Carri ngton teph ras 

Aokautere As h 

Koru Teph ra 

Omah i na  Teph ra 
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(younge s t )  to E 3  ( o l des t ) . Un i ts bel ow E 3  were grouped i n to the E gmon t  

Showe r ,  o n  the bas i s  o f  the i r o ra nge  a n d  mo re weathered  a ppearance , 

compared to the creamy col o u re d  l ap i l l i  of  the 1 1S tratford As h 1 1 • S tratford 

s o i l s  were redefi ned  by Ai tken e t �. , ( 1 9 78 )  to i nc l ude s o i l s  formed 

from 1 1 S tratford Ash 1 1 overly i n g  the o l der depos i ts of Egmo n t  As h a nd 

boul dery l ahar  detri tus . The s o i l s  mapped were s ubdi v i ded i n to S tra tford 

coarse  s an dy l oam c l ose  to Mt. Egmont , where Stratford Ash i s  both deeper 

and  coa rser- textured , and  S tra tford fi ne s a n dy l oam and  S tratford h i l l 

so i l s ,  e as t  of  S tratford .  

I n  th i s  s u rvey , s o i l s  bel o ng i ng  to the  S tra tfo rd seri es h ave been 

more c l o s e l y  defi ned .  They a re wel l dra i ned , modera tel y  l eached s o i l s ,  

formed i n  vo l can i c a s h , greater th a n  two metres  th i ck , conta i n i ng 

pumi ceo us l ap i l l i - beari n g  ash  s howers . I n  the topso i l there i s  no  mo re 

than 2 50mm th i ckness  of  Manga n u i  teph ra . I n  the s ubso i l the tep h ra s  p 2  

and  p 1  ( Druce , 1966 ) are present  as  a di s t i n ct  b a nd  o f  p um i ceo us l ap i l l i , 

overly i n g  E 5  and  E4 , l es s  than  o ne  metre from the s u rface . 

area  of  S tratford s o i l s  i s  mapped eas t of  Kaponga . 

An extens i ve 

A S tra tford fi ne  topso i l vari a nt  was i n trod uced i n  th i s  s u rvey for 

so i l s  i n  wh i ch the Manganu i  tephra i s  abs ent  from the topso i l , a n d  the 

strong l y  wea thered  teph ras p 2  a n d  p1 ( Druce , 1966 ) , and E 5  and E4  a re 

scatte red  and  average  l es s  than  lOmm i n  d 1o.rM.ter , becomi n g  a speck l ed 

ash  i n  the s u b soi l . Stratford ser i es , fi ne topso i l  vari a n t  i s  mapped i n  

the eas t of  the County ,  i n  the vi c i n i ty of Ti r imoana a nd Mangami ng i  Roads 

and adj acent  to the Patea Ri ver .  Th i s  vari a n t  h as a l so been mapped i n  

Wai mate West  County to update Campbel l  and  W i l des ( 19 70 )  map and  occurs 

between the Kapokon u i  and  Kapun i  ri vers , no rth of Ma na i a ( Fi g ure 5 . 4 ) . 

The above defi n i ti ons o f  the S tratford s e ri es and  S tratford s eri es , 

fi ne tops o i l  vari a n t ,  w i th the l i mi ts of  tephra i denti fi cati o n  and  th i ckness  

of ash , a re based on deta i l ed s o i l mo rpho l ogi ca l  and  teph rochrono l og i ca l  

s tudy . Th i s  tephrochrono l ogi cal  a pproach a l l ows the so i l s eri es to be 

defi ned on p rec i s e  tephra and l i tho l og i ca l  ch aracteri s ti cs , wh i ch not on ly  

pro vi de a c h ronos trat i graph i c bas i s  b ut  a l s o d i cta te the phys i ca l , 

chemi cal  a n d  m i nera l og i ca l  properti es  of  each so i l s eri es . 
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Fi g ure 5 . 4  Map to s how present known d i stri but ion  

o f  Stratford and  Egmo nt  so i l s  i n  

v i ci n i ty o f  study area 

So i l  mappi ng un i ts 

� - S tratford seri es 

� - S tratford seri es , h i l l  s o i l 

� - Stratford seri es , fi ne topso i l  vari ant  

� - Egmont  seri es 

� - Other  s o i l seri es 
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Morpho l ogi cal  Properti e s  

The  e l evat i on  and  ra i nfa l l ranges , l a ndfo rm a nd  mean annua l  a i r 

temperature under w h i ch S tratford , Stratford fi ne topso i l  vari a n t  and  

Egmont  s o i l s  a re fo und a re s hown i n  Tabl e 5 . 5 .  

Each so i l un i t  i s  a deep , wel l dra i ned , mode ra te l y  l ea ched  ye l l ow­

brown l oam h avi ng  s imi l ari ti es of yel l owi s h- b rown s ubsoi l co l o u r ,  fri a b l e 

cons i s tence and  l i g h t  to med i um te xture , vary i n g  from s andy l o am to 

s i l t  l oam . Al tho ugh the morpho l ogy of  the three s o i l s  i n i ti a l l y  appears 

un i form , di s t i nc t  d i fferences can be recogn i s ed . The presence o f  l es s  

than 2 50mm th i cknes s o f  the gra ve l l y  Mangan u i  tephra i n  the tops o i l a nd  

pumi ceous  l a pi l l i , a verag i ng  20mm i n  di ameter and  us ual l y  concentra ted  

i n  bands i n  the s ub s o i l ,  a re a di s ti ngu i s h i n g  fea ture of  the  S tratfo rd 

ser ies . The pumi ceous  l ap i l l i  i n  the Stratfo rd ser i es a re wea k l y  to 

moderate ly  weath ered i n  the upper B hori zons a n d  become mo re s trong l y  

weath ered wi th depth . The S tratford s eri es , fi ne topso i l vari ant  
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conta i ns no vls i 6\e. Ma.n�e�t)u; \o.f i l l i. The vari ant  i s  d i st i ngui s hed by the p res ence 

of  the s trong ly  weathere d  tephras  p2 and p l  ( Druce , 1 966 ) , and E5 and E4 

( averagi ng l ess  th an  lOmm i n  di ameter ) s ca ttered i n  the uppe r B hori zons . 

I n  the Egmon t s o i l , the absence of Man gan� teph ra , and  the rare p re sence 

of  s trong ly  weathe re d  p umi ceous l ap i l l i , scattered  throughout  the s ubs o i l 

a re di s t i ngui s h i ng features . Here the p umi ceous l a p i l l i  average l es s  

than 20mm i n  di ameter a n d  become reduced to a s peckl ed  a s h  wi th depth . 

Typ i cal  profi l e  des cri pti ons of Stratfo rd , S tratfo rd fi ne tops o i l 

vari ant  and  Egmont  s o i l s eri es a re g i ven bel ow . 

The  ra nge o f  general  mo rpho l og i ca l  feature s  obs erved i s  s umma ri s ed 

i n  Tab l e  5 . 6 .  



Tab l e  5 . 5  

So i l 

Stra tford 

Stra tford 

fi ne  topso i  1 
va ri a n t  

Egmont  

RANGE OF  ELEVAT I ON AND RAI N FALL , LANDFORM 

AND MEAN ANNUAL A I R  TEMPERATURE UNDER WH I CH 

STRATFORD , STRATFORD F I N E  TOPSO I L  VAR I ANT 

AND EGMONT SO I L S  ARE FOUND 

E l evat ion  
Range 

120-290m 

90- 240m 

Landform 

Vo l ca n i c a s h  

mant l ed l ow l and 

l a hari c terrai n 

Vol ca n i c a s h  

man tl ed terraces 

and l ow l and  

l ahar i c terra i n  

S . L . - 2 30m Vo l ca n i c a s h  

mantl ed mari ne 

p l a i n  and l owl a nd 

l ahari c terra i n  

Ra i nfal l Ra nge 
and So i l  

Mo i s ture C l a s s  

( So i l Survey 
S taff , 1 975 ) 

1 330- 2790mm 

( Ud i c )* 

1400- 1900mm 

( Ud i c ) 

1 100- 1600mm 

( Udi c ) 
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Mea n Annua l A i r 
Tempera ture and  

Temperature Reg i me 

( Soi l S u rvey 
S taff , 1 9 7 5 ) 

1 1 .  6° C 

( Mes i c )t 

1 2 . 7° C 

( Mes i c ) 

* The ud i c mo i s t ure reg ime i mp l i es th a t  i n  mos t  years the s o i l mo i s ture 

contro l  s ecti on i s  not dry i n  a ny part for as l ong as 90 days ( cumul at i ve ) . 

t The  mes i c  temperature reg i me i mp l i es that the mean annua l  s o i l temperature 

i s  8°C or  h i gher but l ower th an  1 5°C and the di fference between mea n  s ummer 

and mean wi nter s o i l temperature i s  more than  5°C at  a depth of 50cm . 



Locat i on 

E l eva t i on 

S l ope : 

Rai nfa l l 

Vegeta t i on 

Parent  ma teri a l  

Profi l e  Ap 

0 - 35cm 

Bw l 

35-65cm 

Bw2 

65- lOOcm 

STRATFORD SO I L  

Lower Ha st i ngs  Roa d ,  1 . 5km from Ma ta p u . 

Farm 2 30 , s econd paddock a l ong from hayba rn . 

N l l9/ 797423  

1 330- 2790mm 

Ryegras s and c l ove r  

Moderate l y  weath ered andes i ti c  vo l can i c a s h , 

compri sed  of  Manganu i  teph ra < 250mm i n  thi ckness , 

on pumi ceous  l ap i l l i - bea ri ng ash  s howers , teph ras 

p2  a nd  pl ( Druce , 196 6 )  and E5 a nd  E4 , on th i ck 

vo l can i c  as h .  
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very dark brown ( 10YR2 / 2 )  l oam wi th Ma nganui  grave l s 

confi ned to top 0 . 25m ; modera te l y  weathered pumi ceous 

l api l l i  < 20mm i n  d i ameter ; very fri ab l e ;  s l i gh t l y  

p l as ti c ;  s l i ght ly  s t i cky ; gri tty fee l ; mode ra te l y 

deve l o ped coarse  b l ocky s tructure break i ng to fi ne 

crumb ; fi rm penetrati on ; abundant ve ry fi ne roots ; 

di s t i nc t  wavy boundary .  

dark b rown ( 10YR3/ 3 )  s a ndy l oam wi th abundant  

moderate l y  wea thered  p umi ceous l a p i l l i ,  ave ra g i n g  

20 - lOmm i n  d i ame te r ,  occa s i ona l  l i th i c  l a p i l l i ;  

fri abl e ;  non p l a s ti c ;  non st i cky ; wea k , medi um 

b l ocky s tructure b rea k i ng to fi ne crumb ; fi rm 

penetrat i on ; common roots ; i ndi s ti nct  wavy bounda ry .  

yel l owi s h -brown ( 10YR5 / 4 )  l oam ,  wi th s cattere d  

s trong ly  wea thered pumi ceous l a pi l l i ; fri ab l e ;  

s l i ght ly  s t i c ky ; s l i gh t l y  p l a s ti c ;  gr i tty fee l ; 

wea k ly  deve l o ped , med i um b l ocky s tructure ; fi rm 

penetrat i on ; few roots . 



Locati on 

E l evat i on 

S l o pe : 

Ra i n fa 1 1  

Vegeta t i on 

Parent materi a 1 

P rofi l e :  Ap 

0- 2 5cm 

Bw l 

2 5 - 52cm 

Bw2 

5 2 - lOOcm 

STRATFORD F I NE TOPS O I L  VARI ANT 

H i cks  Road . 

N 1 29/7 23359 

1400 - 1900mm 

Da i ry n umber 259 . 

Ryegrass  and  c l o ve r  

Moderate l y  weathered andes i ti c  vol can i c  as h ,  

compri sed of  s trong l y  wea th ered teph ras , p 2  and 

pl  ( Druce , 1966 ) and E 5  a nd  E4 , on th i ck  vol can i c 

a s h . 

very dark b rown ( 10YR2/ 2 )  s i l t  l oam wi th moderate ly  

weath ered , s ca ttered p umi ceous l ap i l l i , a ve rag i ng 

l es s  th an 20mm i n  di ameter ;  fri ab l e ;  mode ratel y 

deve l oped fi ne n u t  s tructure ; abundant roots ; 

d i s t i nct  wavy boundary .  

da rk brown ( 10Y R3/ 3 )  l oam wi th mo derate l y  wea thered 

p umi ceous l ap i l l i ,  greater than 20mm i n  di ame ter ; 

fri ab l e ;  gri tty fee l ; wea k l y  deve l o ped fi ne n ut  

s tructure ; many roots ; di s t i nct wavy boundary .  

da rk yel l ow i s h - b rown ( 10YR4/ 4 )  sandy c l ay l oam ; 

occas i ona l  s trong l y  weath ered pumi ceous  l a p i l l i ; 

fi rm ; mas s i ve ;  few roots . 
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Locat i on 

E l evat i on 

S l ope : 

Ra i nfa l l 

Vegeta t i on 

Parent mater i a l  

Profi l e  Ap 

0- 1 7cm 

BA 

1 7 - 27cm 

Bwl 

2 7 - 55cm 

Bw2 

55- lOOcm 

EGMONT SO I L  

Normanby Road , l km ea s t  o f  j unct i o n  wi th 

Ma na i a  Road . R i chardson ' s  property .  

Da i ry n umber 339 . 

N l 29/ 7 19 343  

1 100- 1600mm 

Ryegra s s  and  c l over 

Moderate l y  wea thered a ndes i t i c  vo l ca n i c  ashes , 

compri sed  o f  Oa kura and  Okato Tephras on the 

Stratford Format i o n .  

b l a c k  ( 1 0YR2/ l ) l oam wi th rare pumi ceous l a p i l l i , 

a verag i ng l ess  than 20mm i n  d i ameter ; very fri ab l e ;  

s l i g ht l y p l a st i c ;  s l i gh t l y  s t i c ky ;  modera te l y  

deve l oped f i ne n u t  s tructure ; ab undant very fi ne 

roots ; d i s t i nct , wavy boundary .  

very dark greyi sh-brown ( 10YR3/ 2 )  l oam ; fri a b l e ;  

non  p l a s t i c ;  non s ti c ky ;  gr i tty feel ; moderate 

to  wea k l y  deve l oped fi ne  n ut  and cr umb s tructure ; 

ma ny fi ne roots ; di st i nct , i rregu l ar  bounda ry .  

brown ( 10YR4 / 3 ) l oam w i th scattered s trong l y  

weathered pumi ceous l a p i l l i ,  avera g i ng l es s  tha n  

20mm i n  d i amete r ;  fri a b l e ;  s l i ght ly  p l a s ti c ;  

s l i ght l y s t i c ky ;  wea k l y devel oped medi um b l o c ky 

s tructure ; few roots ; i nd i s ti nct  bo undary .  

yel l owi sh -brown ( 10YR 5/ 4 )  sandy c l ay l oam ; 

mas s i ve .  
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Tabl e 5 . 6  

STRATFORD 

STRATFORD 

F I N E  

TOPSO I L  

VAR I ANT  

EGMONT 

top 

s o i l 

s ub 

s o i l 

top 

so i l 

s ub 

soi l 

top 

so i l 

s ub 

s o i l 

RANGE OF  GENERAL MORPHOLOGI CAL PROFI L E  FEATURES 

10YR2/ 2 ( very dark brown ) ,  10Y R3/ 2 ( very dark 
g reyi s h -brown ) 
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s i l t  l oam ,  l oam ; Mangan u i  teph ra < 2 50mm i n  th i cknes s ;  

ve ry fri ab l e ,  fri ab l e ;  

modera te l y  to weak ly  deve l oped fi ne  to very fi ne crumb 
s tructure . 

1 0YR3/ 3  ( da rk b rown ) ,  10YR4/3  ( da rk brown-brown ) ,  
10YR4/4 ( dark ye l l owi s h -brown ) ,  10YR5/4 (yel l ow i s h - brown ) 

s i l t  l oam ,  l oam , s andy l oam ; wea k l y  to moderate l y  
weathered pumi ceous l a pi l l i ,  avera g i n g  20mm i n  di amete r ,  
c a n  b e  concen trated i n  a band o r  s cattered and s tron g l y  
weathe red w i th depth ; 

fri ab l e  to fi rm ; 

wea k ,  co arse  to very coarse  b l ocky s tructure . 

1 0YR2/ 2 ( very dark brown ) , 10YR3/ 2 ( very dark 
g reyi s h  - brown ) 

s i l t  l oam , l oam ; may conta i n  a few s ca tte red p umi ceo us  
l ap i l l i  < lOmm i n  di amete r ;  

ve ry fri ab l e ,  fri ab l e ;  

modera te l y  deve l oped very fi ne , f i ne n ut  s tructure . 

1 0YR3/ 3 ( dark brown ) ,  10YR4/4  ( dark  yel l owi s h-b rown ) ,  
10YR5/4 (yel l ow i s h -brown ) ,  10YR5/6 (yel l owi s h -brown ) 

l oam , sandy c l ay l oam , s andy l oam ; may have a gri tty 
mod i fi cat i on and  s peck l ed appearance due to concen trat i on  
of mafi c crys ta l s ;  

fri ab l e ;  

wea k , fi ne , coa rse , medi um ,  n u t ,  b l o cky or  mas s i ve .  

10YR2/ l ( b l ack ) , 10YR2/2 ( very da rk brown ) ,  10Y R3/ l 
( very dark g rey ) 

s i l t l oam , l oam ; rare p umi ceous l ap i l l i  < 20mm i n  
di amete r ;  

very fri ab l e ,  fri abl e ;  

moderate ly  devel o ped fi ne n u t  structure . 

1 0YR3/6  ( dark  yel l owi sh-brown ) ,  10YR4/ 3 ( dark brown­
brown ) ,  1 0YR4/6 ( dark ye l l owi s h -b rown ) ,  10YR5/4  
(yel l owi s h -brown ) 

s i l t  l oam , l oam , sandy c l ay l oam;  s cattered  s tron g l y  
wea th ered p umi ceous l ap i l l i , < 20mm i n  d i ame ter . 
Spec k l ed a ppearance wi th depth ; 

fri ab l e  to fi rm ; 

weak , med i um n ut , b l ocky o r  mas s i ve .  

See P l a tes 5 .  9 - 5 .  1 1 .  



P l a te 5 . 9  

Stra tford so i l . Lower Hast i ngs  Road , 
1 . 5km north of  Mata p u .  Paddoc k adj acent  
to  h ay barn , a t  N 1 19/7974 2 3 .  

Note t h e  moderate ly  a n d  s tron g l y  weathered 
p umi ceous l ap i l l i  present  throughout  the 
profi l e . 

Pl a te 5 . 10 

Stra tford fi ne topso i l var i an t ,  H i cks  
Roa d ,  3km north of  Mana i a ,  a t  N 1 19 / 7 1 7359 . 

Note the occa s i ona l  s trongl y weathered 
pumi ceou s  l ap i l l i . 

P l a te 5 . 1 1  

Egmont  so i l . 1 km west o f  Mokoi a ,  a l ong 
ma i n  Wanganui -Hawera h i g hway . Paddock 
north s i de of  road , at  N 129/ 9 3 1 2 38 .  

Note the b l a ck topso i l .  ..... 
en 
� 



Se l ected Laboratory Ana lyses 

Se l ec te d  chemi ca l  and phys i ca l  ana l ys es were conducted  to i n ves t i gate 

re l a ti onsh i ps i n  s o i l propert i es of  fou r  S tratfo rd so i l p rofi l es ,  one  
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Stra tford fi n e  topso i l  vari ant  and  th ree Egmont  s o i l pro fi l es .  I n  add i ti on 

a B u rre l l s o i l , on younger pumi ceous mater i a l  and  a Patua s o i l , c l ose  to 

Mt . Egmont  were i nc l uded for comparat i ve purposes . Al l soi l s  a re from 

wel l dra i ned  s i tes , l ocated i n  Fi g u re 5 . 5  

The properti es s e l ected , name l y :  pH , pH NaF • phosphate retent i on , 

mo i s ture retent i o n  at  1 5-bars and KC l -extractab l e  a l umi n i um were those 

l i ke ly  to refl ect  di fferences i n  th e parent  ma teri a l , e l evat i on and rai nfa l l 

between each s o i l u n i t .  

METHODS 

pH meas urements : -

The pH mea s urements were ca rri ed o ut  i n  both water and  1 M KCl , 

s tandi ng and  s t i rre d .  The rati o of  s o i l to water was 1 : 2 . 5 .  

When KCl  i s  used , extens i ve i on exchange ta kes pl ace , i nc l udi ng  the 

re l ease of a l umi n i um .  Hydron i um i ons and  other proton donors a re brought  

i n to so l uti on ,  i n fl uenc i ng the  g l a s s  e l e ctrode and l oweri ng  the meas ured  

pH  ( B l a ck , 1 968 ) . The pH val ues obta i ned wi th the KCl w i l l  not  neces sari l y  

represen t those  o f  s o i l s o l uti ons b u t  B l ack  h as s uggested tha t they may 

approach the pH val ues i n  the i on a tmospheres of the ori g i na l  s o i l . 

The Fi e l des and  Perrott ( 1 966 ) fi e l d tes t for the presence of  a l l ophane 

i n vol ves a s a t urated ( a pprox imate ly  lM )  s ol ut i on of  sodi um fl uo ri de reacti ng  

wi th a s o i l to  p roduce a h i gh pH val ue . I t  i s  based  on the a l umi n i um-

bonded hydroxy l  i on bei ng  read i l y  d i s p l a ced by the fl uori de i on .  The 

react i on  may not  a l ways be s peci fi c for a l l o phane and a l umi n i um because 

1 )  o rgan i c matter may b l ock  the react i on and  2 ) non-crysta l l i ne hydro us 

oxi des o f  a l umi n i um can  a l s o  produce h i gh  pH va l ues i n  sod i um f l uori de 

so l uti ons  ( W ada , 1 9 7 7  � Parfi tt 1 980 ) . 

I n  th i s  s t udy , pH NaF  val ues were ta ken at  i nterva l s o f  2 mi n ute s , 

5 mi n utes a n d  6 0  mi n u tes  to mon i tor  the dynami cs  of  the NaF  react i on . 

I n  a ddi t i o n  pH NaF  val ues were ta ken a t  s i mi l a r i n terva l s wi th lOml of  a 
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ferri hydri te s us pens i on added to th e s o i l . Ferri hydri te ( Fe5 ( 04H 3 ) 3 ) i s  

a rusty ,  vol umi no us preci p i tate wi th h i gh s pec i fi c  a rea ( 200- 350m2jg ) and  

i s  ri c h  i n  absorbed  wate r ,  i norgan i c i ons and  organ i c matter ( Schwertmann  
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and  Tay l o r ,  1977 ) . A l l o ph ane , i mogo l i te ,  po l yme ri c hydroxy- a l umi nos i l i cates 

( Wada , 1980 ) and ferri hydri te a re a l l s hort range or  poor ly  ordere d  

mi nera l s ,  whi ch occur  as  the fi rs t weatheri ng  p roducts of  coars e g ra i ned 

vol can i c l a st i c depos i ts .  The ferri hyd ri te was added to di s cover whether 

the re was an e l evat i on i n  va l ue due to th e acti ve FeOH groups . 

Phosphate retent i on : -

Phosph ate retenti on  i s  a measure of  the ab i l i ty of a so i l to rapi d l y  

remove phosphate from s o l u t i o n  a n d  i s  attri b uted to the p res ence o f  

amorphous compounds of al umi n i um a n d  i ro n  ( Saunders , 1965 ; Wh i te ,  1 980 ) . 

The method  u sed meas ures pe rcentage of  added phos phate taken up  i n  

24  hours by 5 g  o f  s o i l �  s h a ken a t  20° C wi th 25ml  o f  NaOAc -HOAc b uffer 

s o l ut ion , at  pH 4 . 6 ,  wi th a n  i n i ti a l phos ph ate concentrati on of  0 . 0 32MKH2 P04 . 

Mo i s ture retent i on a t  1 5 -bars : -

A press ure p l ate apparatus was used  to determi ne the mo i s ture h e l d at  

a tens i o n  of 1 5- bars on s aturated s ampl es . Two samp l es from each s o i l 

hor i zon were co l l ected , one  kept moi s t  a nd  the other  a i r- dri ed to remove 

mo i s ture reta i ned  beyond  tens i ons o f  1 5 - b ars before re-wetti ng . An 

i rrevers i b l e  dry i ng  effect  on 15-bar wa te r  retenti ons is  a di st i nct i ve 

property of  a l l ophan i c s o i l s ,  the degree to wh i ch i t  occ urs depend i ng  on 

deg ree of  wea ther i ng . 

KCl -extractab l e a l umi ni um : -

KC l -extractab l e a l umi ni um ,  wh i ch i s  a l so refe rred to as 1 1 excha ngea b l e 1 1  

a l umi um was mea s u red by l ea ch i ng 5g  of  s o i l wi th 50ml of 1M KC l  a nd  

determi n i ng t he  amount  of  a l umi n i um i n  t he  extract by atomi c absorpti on 

s pe ctrome try . 

RES ULTS 

Each  s o i l s amp l e ana l ysed s hows c h aracteri s ti c properti es a s s oc i a ted 

wi th the p resence  o f  a l l oph ane i n  the c l ay fract i on of ye l l ow-brown l oams . 

A l l th e res u l ts s how h i gh pHNaF  va l ues a nd  i rrevers i b l e  effects o n  moi s ture 

retent i o n  of  a i r-dry s o i l s  ( Tab l es 5 . 7 - 5 . 1 2 ) . 



pH meas urements : 

The s tand i n g  and  s t i rred potass i um c h l ori de val ues were i de n ti ca l  

b u t  s tan d i ng and  s t i rred water val ues tended to vary s l i gh t l y  ( Tab l e  5 . 7 ) . 

The pH va l ues for samp l es i n  both wa te r  and potas s i um c h l ori de 

i n creased  steadi l y  wi th profi l e  depth . Mos t  A hori zons a re modera te l y  

a c i d ,  w i th the tops o i l of the Egmon t ma rgi na l l y  s trong ly  a ci d a nd  t h e  

B urre l l s trong l y  a c i d .  Most  s ubso i l hori zons were s l i gh t l y  ac i d o r  near 

neutra l b ut  the B urre l l s ubso i l  and  h i gh e s t  e l evat i on Stratford s i te are 

moderate l y a c i d .  

A trend towards greater aci di ty at  �m and lm depth was e v i den t ,  

w i th i nc reased e l evati on and  ra i nfa l l ,  con s i s tent  wi th i ncreased  so i l  

l each i n g ( Fi gure 5 . 6 ) . 

The pHHzO va l ues were s ubtracted from pH KCl val ues a nd  negati ve 

6 pH va l ues were obta i ned for near ly  a l l h o ri zons . There i s  a tendency 

for the negati ve  6 pH va 1 ues to approach zero w i t h  depth , as  the organ i c 

ma tter content decreas es . On ly  i n  th e Bw3 hori zon i n  the Stratfo rd 

s o i l i s  there no 6 pH , i n d i cati ng th i s  h ori zon i s  at  i ts natura l po i n t  o f  

zero cha rge ( pH 6 . 3 ) . 

The An di s o l  p ropos a l  ( Leamy et �. , 1980 )  has  adopted the  cr i teri a 

pH > 9 . 4  i n  m N a F  as an  i ndi cati on of  the domi nant pres ence o f  a l l ophane 

fo r i nc l u s i on i n  the And i s o l  orde r .  

T h e  va l ues  obta i ned ( Tab l e  5 . 8 )  we re a l l above 9 . 4  after two mi n utes , 

confi rmi ng th a t  reacti ve s u rfaces were present ; Tab l e  5 . 8 s hows that  

there was  no e l evat i on i n  va l ue when  fe rri hydri te was  added . I n  fa c t ,  

addi t i o n  o f  ferri hydri te res u l ted  i n  an  overa l l decrease i n  va l ues of  pH 

i n  Na F .  

Th ere was a n  i ncrease  i n  val ue w i th l ength o f  t ime , wh i ch i s  p robab ly  

a meas ure of  the amounts o f  crysta l l i ne materi a l  pres ent . 

Phosphate retent i on : 

The phos ph ate retent i on va l ues a re s hown i n  Tab l e 5 . 9 .  The va l ues  

were h i gh to  very h i gh ,  rang i ng from 84-99%  and tend  to  i nc rease  w i th depth 

down the p ro fi l e .  The i n fl uence o f  organ i c matter i s  i nd i cated  by the 

s l i gh t l y  l ower va l ues for the A hori zons . 
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Table 5 . 7 pHKCl AND pHH2D RESULTS 

6 pH = (pHKCl - PHH2o > 

DEPTH KCl KCl dei onized 
SO IL HORIZON ( cm) standi ng s tirred H20 HzO 6 pH 6 pH 

s tanding s tirred standing stirred 

1 .  Pa tua Ah 0 - 14 4 . 4  n . d .  5 . 3  n . d . - 0 . 9  n . d .  
AB 14- 29 4 . 6  5 . 5  - 0 . 9  
Bwg1 29- 54 5 . 1  5 . 6  - 0 . 5  
Bws 54- 87 5 . 4  5 . 5  - 0 . 1  
B wg2 87-100 5 . 5  5 . 4  0 . 1  

2 .  Burrell A 0 - 17 4 . 4  4 . 4  4 . 7  4 . 6  - 0 . 3  - 0 . 2  
Bw1 17- 37 5 .  1 5 . 1  5 . 6  5 . 6  - 0 . 5  - 0 .  5 
Bw2 37- 56 5 . 6  5 . 6  5 . 8  5 . 8  - 0 . 2  - 0 . 2 
Bw3 56- 87 5 . 7  5 . 7  6 . 0  6 . 0  - 0 . 3  - 0 . 3  
Bw4 87-100 5 . 5  5 . 5  5 . 9  5 . 9  - 0 . 4  - 0 . 4 

3 .  S tra tford Ap 0 - 2 1  4 . 7  4 . 8 5 . 7  5 . 6  - 1 . 0  - 0 . 8  
Bw1 21- 38 4 . 9  4 . 9  5 . 2 5 . 1  - 0 . 3  - 0 . 2  
Bw2 38- 60 5 . 3  5 . 3  5 . 7  5 . 7  - 0 . 4  - 0 . 4  
Bw3 60 -100 5 . 8 5 . 8  6 . 0  6 . 0  - 0 . 2 - 0 . 2  

4 .  Stra t ford Ap 0- 20 4 . 4  4 . 4  5 . 7  5 . 6  - 1 . 3  - 1 . 2 
Bw1 20- 47 5 . 4  5 . 4  5 . 8 5 . 9  - 0 . 3  - 0 .  5 
Bw2 47- 68 5 . 5  5 . 5  5 . 9  6 . 0  - 0 . 4  - 0 . 5  
Bw3 68-100 5 . 9 5 . 9  6 . 3  6 . 2 - 0 . 4  - 0 . 3  

5 .  Stra t ford Ap 0- 25 4 . 7  n . d .  5 . 7  n . d . - 1 . 0  n . d .  
Ap 25- 35 5 . 3  6 . 3  - 1 . 0  
Bw1 35- 65 5 . 6 6 . 5  - 0 . 9  
Bw2 6 5 - 100 5 . 8  6 . 6  - 0 . 8  

6 .  S tra t ford Ap 0 - 18 5 . 0  5 . 0 5 . 8  5 . 6  - 0 . 8  - 0 . 6 
Bw1 18- 38 5 . 9  5 . 9  6 . 3  6 . 5  - 0 . 4  - 0 . 6 
Bw2 38- 62 6 . 2  6 . 2 6 . 4  6 . 6  - 0 . 2  - 0 . 4  
Bw3 62-100 6 . 3  6 . 3  6 . 3  6 . 6  0 - 0 . 3  

7 .  S tra t ford Ap 0 - 2 5  5 . 0  5 . 0 5 . 6  5 . 9  - 0 . 6  - 0 . 9  
f i ne Bw1 25- 52 5 . 8 5 . 9  6 . 6 6 . 7  - 0 . 8 - 0 . 8  
topsoi 1 Bw2 52-100 6 . 3 6 . 3  6 . 7  6 . 8  - 0 . 4 - 0 . 5  
va r i a n t  

8 .  Egmont Ap 0 - 17 4 . 3  4 . 3  5 . 2 5 .  1 - 0 . 9  - 0 . 8  
BA 17- 27 4 . 5  4 . 5  5 . 1  5 .  1 - 0 . 6 - 0 . 6  
Bw1 27- 55 5 . 8  5 . 8  6 . 3  6 . 4  - 0 . 5  - 0 . 6 
Bw2 55-100 6 . 5  6 . 5  6 . 9  7 . 0  - 0 . 4  - 0 . 5  

9 .  Egmon t  Ap 0 - 8 4 . 9  n . d .  5 . 7  n . d .  - 0 . 8  n . d .  
Ap 8- 15 5 . 0  6 . 2 - 1 . 2  
BW 20- 35 5 . 3  6 . 3  - 1 . 0  
BC 45- 55 5 . 7  6 . 4  - 0 . 7  
c 73- 88 5 . 7  6 . 4  - 0 . 7  

10 . Egmont Ap 0 - 21 5 . 9  n . d .  6 . 6  n . d .  - 0 . 7  n . d . 
Bw1 21- 38 6 . 3  6 . 9  - 0 . 6  
Bw1 38- 55 6 . 1  6 . 7  - 0 . 6  
Bw2 55- 89 5 . 9  6 . 6  - 0 . 7  
2Bw3 89-115 5 . 7  6 . 7  - 1 . 0  
2C 115-145 5 . 5  6 . 5  - 1 . 0  
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Tab l e  5 . 8  pliNaF RESULTS 

pHNaF of soi 1 a l one pHNaF o f  soi 1 + added ferrihydri te 

SOIL HORI ZON DEPTH 2 mi ns 5 mi ns 60 mi ns 2 mi ns 5 mi ns 60 mi ns (an) 
1 .  Patua Ah 0- 1 4  1 1 . 3  n . d .  n . d .  n . d .  n . d .  n . d .  

AB 14- 29 1 1 . 6 
Bwg1 29- 54 1 1 . 5  
Bws 54- 87 1 1 . 3  
Bwg2 87- 1 00  1 1 . 0  

2 .  Burre l l  A 0- 1 7  10 . 6  10 . 8  1 1 . 0  9 . 2  9 . 5  10 . 4  
Bw 1 1 7- 37 1 1 . 2  1 1 . 3  1 1 . 5  9 . 3  9 . 6  10 . 4  
Bw2 37- 56 1 1 . 1  1 1 . 4  1 1 . 6 9 . 4  9 . 7  10 . 6  
Bw3 56 - 87 1 1 . 0 1 1 . 2  1 1 . 5  9 . 6  9 . 8  10 . 6  
Bw4 87- 100 1 1 . 0  1 1 . 2  1 1 . 5  9 . 4  9 . 5  10 . 4  

3 .  S tratford Ap 0- 2 1  10 . 0  1 1 .  1 1 1 . 3  9 . 5  9 . 8  10 . 5  
Bw 1 2 1 - 38 1 1 .  1 1 1 . 3  1 1 . 5  9 . 3  9 . 5  10 . 2  
Bw2 38- 60 10 . 1  1 1 . 2  1 1 . 5  9 . 3  9 . 6 10 . 5  
Sw3 60- 100 10 . 9  1 1 . 1  1 1 . 5  9 . 4  9 . 7  10 . 2  

4 .  S tratford Ap 0- 20 10 . 7  1 1 . 0 1 1 . 3  9 . 5  9 . 7  10 . 2  
Bw 1 20- 4 7 1 1 . 0  1 1 . 3  1 1 . 6 9 . 4  1 . 7  10 . 3  
3w2 47- 68 1 1 . 0 1 1 . 2  1 1 . 6 9 . 2  9 . 4  10 . 3  
Bw3 68- 100 1 0 . 8  1 1 . 1  1 1 . 5  9. 3 9 . 6  10 . 3  

5 .  S tratford Ap 0- 2 5  10 . 7  n . d .  n . d  n . d .  n . d .  n . d .  
Ap 25- 35 1 1 . 0 
Bw1 35- 65 1 1 . 0 
Bw2 6 5 - 100 10 . 8  

6 .  S t ra tford Ap 0- 1 8  10. 1 1 0 . 4  1 1 .  1 9 .  2 9 . 4  9 . 9  
Bw1 18- 38 1 0 . 5  10 . 9  1 1 . 4  9 .  2 9 . 5  10 . 4  
Bw2 38- 62 10 . 5  1 0 . 9  1 1 . 4  9 . 0  9 . 4  10 . 1  
Bw3 62- 100 10 . 5  1 0 . 8  1 1 . 4  9 . 0  9 . 2  9 . 9  

7 .  Stratford Ap 0- 25 1 0 . 4  10 . 7  1 1 . 3  9 . 1  9 .  5 10 . 2  
fi ne Bw 1 25- 52 10 . 5  1 0 . 8  1 1 . 3  9 . 4  9 . 5  10 . 0  
topsoi 1 Bw2 52- 100 10 . 3  10 . 7  1 1 . 3  9 . 1  9 . 4  10 . 1  
variant 

B.  E9rront Ap 0- 17 10 . 4  1 0 . 7 1 1 . 2  9 . 1  9 . 4  10 . 1  
BA 1 7- 27 tO . 7 1 1 . 0  1 1 . 3  9 . 1  9 . 4  10 . 1  
Bw1 27- 55 1 0 . 6  10 . 9  1 1 . 3  9 . 1  9 . 5  10 . 3  
Bw2 55- 100 1 0 . 6  1 0 . 9  1 1 . 3  9 . 1  9 . 4  10 . 1  

9 .  Egrront Ap 0- 21 10 . 7  n . d .  n . d .  n . d .  n . d .  n . d .  
Bw 1 2 1- 38 1 1 . 0  
Bw1 38- 55 1 0 . 8  
Bw2 55- 89 1 0 . 9  
2Bw3 89- 1 1 5  10 . 7  
2 C  1 1 5- 145 10 . 5  
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Tab l e 5 . 9  PHOSPHATE RETENTION RES ULTS 

DEPTH % PHOS PHATE WE I GHTED AVERAGES 
SO I L  HOR I ZON ( cm )  RETA I N ED  ( 25cm - 1m  dep th ) 

1 .  Patua Ah 0 - 14 9 1  99%  
AB 14- 29  97  
Bwg 1  29- 54 99 
Bws 54- 87 9 9  
Bwg2  87- 100 9 9  

2 .  Burre l l A 0- 1 7  9 6  9 9%  
Bw 1 1 7- 37 99 
Bw2 37- 56 99 
Bw3 56- 87 9 8  
Bw4 87- 100 98 

3 .  Stratford Ap 0 - 2 1  9 2  99% 
Bw 1 2 1- 38 99  
Bw2 38- 60  99  
Bw3 60- 100 99  

4 .  Stratfo rd Ap 0 - 20  92  99% 
Bw 1 20 - 4 7  99  
Bw2 47- 68  9 9  
Bw3 68- 100 99 

5 .  Stratfo rd Ap 0- 2 5  84 9 3% 
Ap 2 5- 35 9 0  
Bw1 35- 6 5  9 3  
Bw2 65- 100 9 3  

6 .  S tratfo rd Ap 0 - 18  9 7  96% 
Bw 1 18- 38 94  
Bw2 38- 6 2  95  
Bw3 6 2 - 100  97  

7 .  S tratfo rd Ap 0 - 25  97  98% 
fi ne topso i l  Bw 1 25- 52  97  
vari ant  Bw2 52- 100 98  

8 .  Egmont  Ap 0- 1 7  9 4  98% 
BA 1 7 - 2 7  9 6  
Bw 1 27- 55  97  
Bw2 55- 100 98  

9 .  Egmont  Ap 0 - 8 89 9 7% 
Ap 8- 1 5  9 2  
Bw 20- 35 96 
BC 45- 55 9 8  
c 73- 88 9 7  

10 . E gmont Ap 0 - 2 1  88 98% 
Bw 1 2 1 - 38 9 8  
Bw 1 38- 5 5  9 9  
Bw2 55- 89 99 
2Bw3 89- 1 1 5  9 6  
2C  1 15- 145 9 1  



The val ues for the wei g hte d  averages of a l l hor i zons between 2 5cm 

and 1m ( contro l s ecti on ) were very h i gh for al l the s o i l s .  A s l i gh t  

trend i s  evi dent , w i th 99% fo r the  Patua , B urre l l a n d  Stratfo rd ( 3  a nd  

4 )  s o i l s  wh i l e  t he  Stratford ( 5  a nd  6 ) , S tra tford vari ant  and  two Egmont  

so i l s  h ave va l ues rang i ng from 9 3- 98% . 

Moi s t ure retent i o n  a t  1 5-bars : 

Th e res u l ts of  moi s t ure retenti on a t  15-bars a re s hown i n  Tab l es 

5 . 10 a nd  5 . 1 1 .  B a nds of p umi ceous l a p i l l i  present  i n  the  profi l es 

contri b u te to the vari abi l i ty of  val ues obta i ned beca use water can be 

trapped i n  the voi ds of pumi ce ( Maeda et �· , 1970 ) . 
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The di fferences between the 1 5-bar  moi sture contents of  previ o u s l y  

dri ed a n d  undri ed so i l samp l es i s  n o t  o n ly  re l a ted t o  the a l l o ph a ne conte n t  

b u t  t o  the amount  o f  dryi ng  th at the s o i l experi ences i n  natura l  

ci rcums tances i n  the  fi e l d .  

The mode rate l y  h i gh 1 5 -bar va l ues o f  the mo i s t samp l es  demons trate 

the capac i ty of  these s o i l s  to reta i n moi s ture a t  h i gh tens i ons  and  th at  

th i s  c a pac i ty decreases markedl y on dry i ng . The percentage decreases i n  

15-bar moi s ture va l ues , as a res u l t o f  a i r-dryi ng  a re very h i gh a nd are 

though t to be  due to the l o ss of  very fi ne mi cros cop i c pores and  i n tra­

col l o i da l  cavi ti es duri ng the a i r-dryi ng p roces s .  The percentage 

decreases  a re l owest  i n  A h ori zons and i ncrease  i n  th e s ubso i l s  to va l ues 

as h i gh as  74% i n  the Patua s o i l . The percentage l o ss on dryi ng  seems 

to be a functi on of the env i ronme n t , as i t  i s  grea tes t i n  those so i l s th at  

i n  nature are kept  perenn i a l l y  mo i s t ,  l i k e the Patua , Bu rrel l and  

Stratfo rd ( 3 ) s o i l s .  

The  1 5-ba r water of the a i r- dry s amp l es s eems to be a funct ion  of 

the amo un t of  a l l o ph ane . I n  the Patua , S tratfo rd ( 4 ) , S tratford fi ne 

tops o i l vari ant and Egmont so i l s ,  the wi l ti ng poi n ts i n  the s ubso i l s  

exceed those of  the upper hor i zons , con s i s tent wi th h i gher  s ub so i l a l l ophane 

conte n ts . The ava i l abl e water capac i ti e s  of the A hori zons wi l l  depend 

not o n l y  on  a l l oph ane but a l s o  on organ i c  matter con tent ( Bonfi l s  and  

Moi nereau ,  1 97 1 ; Maeda et �. , 1976 ) so  the h i gher  a i r- dry va l ues i n  the 

topsa i l s  a re not a ttri buted ent i re ly  to the a l l ophane con tent .  

I n  the unpub l i s hed p roposa l s  by D r .  G .  Smi th ( 1 978 )  for the re­

c l a s s i fi cat ion of Andepts , there i s  an a ttempt to defi ne the fami l y  names  

"ashy "  a n d  "med i a l " i n  terms of  meas ura b l e water retenti ve p roperti es . 
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Tabl e 5 . 10 % DE CREAS E O F  15-BAR WATER RES ULTS 

1 5 -bar  1 5 -bar  % Decrease 
Soi l Hor i zon Depth F i e l d Ai r o f  

Mo i s t Dry 15-bar  

1 .  Patua Ah 0- 14 58 25 33 5 7  
AB 14- 29 5 5  20 35 6 4  
Bwg 1 29- 54 6 3  19 44 70 
Bws 54- 87 67  19  48  72  
Bwg2 87- 100 69  18 5 1  74 

2 .  Burre l l Ap  0- 17  35  26 9 26  
Bw 1 1 7 - 37 65 2 1  4 4  68  
Bw2 37- 56 6 2  19 4 3  69 
Bw3 56- 87 48  18  30 6 3  
Bw4 87- 100 4 5  16  29 64  

3 .  Stratford Ap 0- 2 1  36 27 9 2 5  
Bw1 2 1- 38 60  2 2  38  6 3  
Bw2 38- 60 60 2 1  39 6 5  
Bw3 60- 100 6 3  20 4 3  68  

4 .  Stratford Ap  0 - 20 37 31  6 16 
Bw 1 2 0- 4 7  5 3  2 1  32  60  
Bw2 4 7- 68 55  21  34 6 2  
Bw3 68- 100 5 1  19 32 6 3  

5 .  Stratford Ap  0- 25  25  19 6 24 
Ap 25- 35 2 7  1 5  1 2  44  
Bw1 35- 65  28  13  15  54  
Bw2 6 5- 100 2 7  1 1  1 6  59 

6 .  Stratford Ap 0- 18 39 35 4 1 0  
Bw 1 18- 38 32 16 1 6  5 0  
Bw2 38- 6 2  36 16 2 0  56  
Bw3 62- 100 39 16 2 3  59  

7 .  Stratford Ap 0- 2 5  3 1  28 3 10  
Fi n e  Top- Bw 1 25- 52 36 2 1  1 5  4 2  
Soi l Vari a n t  Bw2 52- 100 4 3  20 2 3  54 

8 .  Egmont  Ap 0- 1 7  38 32 6 1 6  
B A  1 7 - 2 7  39 24 1 5  38 
Bw1 27- 55 39 20 19 49 
Bw2 55- 100 44 20 24  5 5  

1 0 .  Egmont  Ap  0- 2 1  30 23 7 2 3  
Bw1 2 1 - 38 36 18 1 8  50  
Bw1 38- 55 39 16 23 59  
Bw2 55- 89 4 2  1 7  2 5  6 0  
2Bw3 89-100 3 1  1 5  1 6  5 2  



Tab l e 5 . 1 1 

F i e l d 
So i l  Mo i s t 

1 .  Patua 65 . 4  

2 .  B u  rre l l  5 3 . 7  

3 .  S tratford 6 1 . 6  

4 .  S tratford 5 2 . 7  

5 .  S tratford 2 7 . 5  

6 .  Stratford 36 . 8  

7 .  Stratford 
Fi ne Top- 40 . 5  
So i l  Va ri ant 

8 .  E gmo n t  4 2 . 0  

10 . E gmont  38 . 8  

W E I GHTED AVERAGE 15-bar  MO I STURE 

RETENT I ON- F I ELD  MO IST  AND  A I R  DRY 

( 25cm- 1m ) 

% Decrease  
Ai r of Wei gh ted Fi e l d 
Dry Average Mo i s t  

18 . 8  7 1 . 3  6 3 . 2 

18 . 1  66 . 3  5 1 . 4  

20 . 6  66 . 6  87 . 1  

20 . 1  6 1 . 9  49 . 6  

1 2 . 3  55 . 3  26 . 9  

1 6 . 0  56 . 5  36 . 8  

20 . 4  49 . 6  38 . 1  

20 . l 52 . 1  4 1 . 1  

16 . 3  58 . 0  36 . 8  
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( 0- 1m) 

% Decrease  
Ai r o f  Wei g hted  
Dry Average  

19 . 9  68 . 5  

19 . 7  6 1 . 7 

2 2 . 0  74 . 7  

2 2 . 4  54 . 8  

14 . 0  48 . 0  

19 . 4  4 7 . 3 

2 2 . 3  4 1 . 5  

2 2 . 4  45 . 5  

2 1 . 2  4 2 . 4  



For examp l e ,  med i a l  i s  defi ned  a s  hav i ng  a water retent i on  a t  1 5-bars o f  

1 2%  or  more on p revi ous l y  dri ed s amp l es or  between 30% a n d  100% on 

undri ed  s ampl es . 

The res u l ts ( Tab l e  5 . 1 1 ) s how that , apart from the S tratford so i l 

( 5 ) , wh i c h i s  c l ose  to bei ng a s hy , a l l the other s o i l s  a re c l a s s ed as  

medi a l . 

A fi g ure o f  1 5% water rete n t i on a t  1 5-bars o f  p revi o us l y  dri ed 

samp l es and  of 30% on undri ed  s ampl es , as  a we i gh ted  average o f  a l l 

hori zons between 25cm and 1m  ( contro l  secti on ) i s  used  as the bo unda ry 

between the g reat groups o f  V i trudan ds and  Hap l udands i n  the p roposed  

Andi s o l  Order . Th us , wi th the excepti on of  Stratford ( 5 ) , a l l t he  so i l s  

i n  th i s  sequence are c l a ssed  as  Hap l uda nds . 

KCl -extractab l e  Al umi n i um 
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KCl -extrac tab l e  a l umi n i um ra nged i n  va l ue from 2 . 1me% to 0 ( Tab l e 5 . 12 ) . 

The h i ghe s t  va l ues obta i ned were i n  the Patua and B urre l l s o i l s ,  

i nd i cati ng  a greater rel ease  of  acti ve a l umi ni um under  the l ow pH condi ti ons  

i n  these  s o i l s .  

Conc l us i ons  

The S tratford , Stratford s e ri es ,  fi ne tops o i l vari ant  and  Egmont 

seri es a re a l l yel l ow-brown l oams , w i th chemi ca l  a nd  phys i ca l  properti es 

domi nated by the presence of  a l l oph a ne . 

The fundamental  di fference  between Stratford and E gmont  so i l s  i s  the  

parent  materi a l . Egmont s eri es  i s  recogn i se d  as  h avi ng formed from 

Oak ura and O kato Tephras , ove rl y i n g  the Opunake Formati on . Al th ough i t  

i s  now evi dent  that a non-pumi ceous as h ,  a di s ta l  eq u i va l ent  of the 

Stratford As h ,  wedges i n to the uppe r hori zons . Stra tford s e ri es i s  formed 

i n  the younger tephras , p2  a n d  p1 ( Druce , 1966 ) overl yi ng  E5 and E4 , l es s  

tha n  one metre from the s urface . The 250mm Manganu i  teph ra i s opach a cts 

as a marker bed  for the b o undary between Stratford s eri e s  and  Lowgarth 

ser i es , th e l atter so i l s  h a v i n g  a d i s t i ncti ve grave l l y  mod i fi cati on to the 

top so i l .  
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Tab l e  5 . 1 2  KC l - EXTRACTABL E  ALUMI N I UM RESULTS 

So i  1 Hori zon Depth A l  me . % 

1 .  Patua Ah 0- 14 2 . 1 
AB 14- 29 1 . 2  
Bwg 1  2 9 - 54 0 . 22 
Bws 54- 87  0 . 14 
Bwg2  87- 1 00 0 . 1 3 

2 .  Burre l l Ap 0- 17  0 . 5  
Bw1 1 7 - 37 0 . 1  
Bw2 37- 56 
Bw3 56- 87 
Bw4 8 7 - 1 00 0 . 2  

3 .  Stratford Ap 0- 2 1  0 . 1  
Bw1 2 1 - 38 0 . 1 
Bw2 38- 60 
Bw3 60- 100 

4 .  Stratford Ap 0- 20 0 . 1  
Bw 1 20- 4 7  
Bw2 47 - 68 
Bw3 68- 100 

5 .  S tratfo rd Ap 0- 25  0 . 34 
Ap 25- 35 0 . 0 6 
Bw1 35- 65 0 . 0 3 
Bw2 65- 100 0 . 02 

7 .  Stratford Ap 0- 2 5  0 . 2  
Fi ne Topso i 1 Bw 1 25- 52  
Vari a n t  Bw2 52- 100 

8 .  Egmo n t  Ap 0- 1 7  0 . 2  
BA 1 7 - 2 7  
Bw 1 27- 55  
Bw2 55- 100 

10 . Egmont  Ap  0- 2 1  0 . 26 
Bw 1 2 1 - 38 0 . 1 5 
Bw 1 38- 55  0 . 1 5 
Bw2 55- 89 0 . 14 
2Bw3 89- 1 1 5 0 . 12 
2C  1 1 5- 14 5  0 . 1 1 



The age of  parent  materi a l  cannot  be  used  as  an  absol ute cr i teri a 

s i n ce i n  bounda ry a reas  other  factors , s uch a s  ra i nfa l l may become 

cr i ti cal . I n  add i ti on , co rrel at i on prob l ems s t i l l exi s t  w i th i n creas i n g 

di s ta nce from s o urce . Attempts to l ocate and  e s tab l i s h an exact  boundary 

between Stratford and  Egmont  so i l s ,  b ased  on  i dent i fi cat i on of d i s ta l  
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tephras , can o n ly  be  tentat i ve . I t  i s  mo re rea l i s ti c to concentrate on 

mea s ureabl e so i l p ropert i es , as wel l as profi l e  features , that wou l d 

chara cteri s e  and separate the s o i l ser ies  i n  a mean i ngful  way . 

The l abora tory ana lyses  fa i l ed to d i s ti ngu i s h  the th ree s o i l s  i n  

th i s  s t udy . The 15-bar  water con tents a re a l l c l assed as med i a l , a l tho ugh  

the  S tratfo rd s o i l ( 5 )  comes c l ose  to  be i ng ashy . The  di fferences i n  

e l e vat i on and ra i nfa l l we re refl ected i n  a s l i gh t  decrease  i n  pH wi th 

i n crease  i n  l e ach i ng . However ,  the trend  was not di st i nct enough to 

separate the Stra tfo rd , S tratford fi ne tops o i l  vari ant  and Egmont  s o i l s .  

I n  addi ti on a l l the  s o i l s  h ave the s ame tempera ture reg i me and s o i l moi s t u re 

c l a s s  ( Tab l e 5 . 5 ) . 

The range o f  p rofi l e  features ( Tab l e  5 . 6 )  i nd i cates that a 

" tran s i ti onal  are a "  exi s ts so  that  any b o undary between Stratfo rd and  

Egmon t so i l , as  s uch  i s  g radati ona l .  

The i ntroduct i on of the Stratfo rd s e ri es , fi ne topso i l vari ant  

o ve rcomes t he  pro b l em of a s harp boundary between Stratford and  Egmont  s o i l s .  

The Stratford seri es ,  fi ne tops o i l vari ant  i s  s uffi c i ent l y di fferent  

to not  be regarded as  a taxadjunct  and  i t  i s  too extens i ve ,  1 2 50ha . to b e  

corre l ated as mapp i ng  i nc l us i ons . I n  i n troduci ng  the S tra tford s er i e s , 

fi ne topso i l  vari a n t  cri teri a a re more read i l y  e s tab l i s hed for defi n i ng 

the nature of a g radati ona l  con tact between S tratford and Egmont  s o i l s  i n to 

an  i n termedi a te category .  Thus , the new l y  e s tab l i s hed un i t  can be 

conven i ently defi ned and s pec i fi c cri teri a can be l i s ted to d i ffere n ti a te 

the un i t  from the Stratfo rd and Egmont  ser i es  to the north and s o uth 

( Fi g ure 5 . 7 ) . 



Fi g ure 5 . 7 

LOWGARTH 11 
SER I ES 

STRATFORD 1.-
S ER I ES r-

STRATFORD 
S E R I ES, 

F I N E ?----'\ 
TOPSO I L  
VAR I ANT 

EGMONT 1/ 
S ER I ES I' 

FLOW D I AGRAM TO A I D  F I ELD I DENT I F I CATION  
OF STRATFORD SERIES, STRATFORD SERIES, 
F I N E  TOPSO I L  VAR I ANT AND EGMONT  S E R I ES 

Is th ere > 2 50rrun th i ckness  of  
Y ES r Ma nganui  tephra i n  the topso i l ?  

I s  the Mangan u i  tephra absent  
Y ES from the tops o i l ?  

11 
The Mangan u i  teph ra i s  < 250mm 

th i ck i n  the topso i  1 ,  wi th 

pumi ceous l a p i l l i  ( averag i ng 

2 0mm i n  d i ameter ) us ua l l y  

concen trated i n  bands . 

'� 
Are there s ca ttered , s trong l y  

weathered tephras i n  the upper 
Y ES I; I' B hori zons - p 2  and  p l  ( Druce , 

1966 ) overl yi ng E 5  and E4 ? 

\I/ 
There are s trong l y  weathered 

pumi ceous l a p i l l i  ( < 20mm i n  

d i ameter ) l i g h t ly  scattered 

thro ughout  the s ubso i l  b ecomi ng 

reduced to a s pec k l ed a s h  wi th 

depth . 
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' 
NO  

NO  

_J NO  'I 



I n troduct i o n  

6 .  A N  I NS I GHT I NTO TH E VARI AB I L I TY O F  

THE STEEPLAND SO I LS 
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Two s teep l and  s o i l s ubcatchments were i n ves ti gated i n  deta i l a t  

Mangami ngi , eas t o f  E l tham Boro ugh , t o  prov i de an  i ns i ght  i nto the s o i l 

pa ttern o f  the steep l a n d  terrai n i n  the east  of  E l tham County ( Fi gure 5 . 8 ) . 

These deta i l ed s tudi e s  mi ght  then be used to extrapo l ate and app ly  s oi l s  

i n fo rma t i o n  to e l s ewhere i n  the s teep l and  te rra i n .  Several  wi des pread  

reconna i s s ance ob servat i ons  were i n i ti a l l y  carri e d  out  before fi n a l  s t u dy 

areas were se l ected . 

There are several  methods of approach i n g vari abi l i ty i n  s teep l and  

so i l s  a nd s tudi es carri ed  o ut i n  the l as t  1 5  years h ave noti ceab ly  

c entre d  around approaches  by : -

1 )  Campbel l ( 19 7 3 , 1975 ) 

2 )  I ves and  Cut l er  ( 19 7 2 )  

and  3 )  Dal rymp l e ,  B l ong and Conacher  ( 1968 ) ; Conache r and Da l y rymp l e ( 19 7 7 ) . 

Prev i ous work i n  s teepl and  catchments near  Wanganui  i ndi cates  that  

b es i des  d i fferences i n  a s pect and  parent  materi a l , the  pattern of  s teep l and  

so i l vari at i on , between r i dge c rest  and  va l l ey bottom i s  l a rge l y  rel a ted  

to  s l ope and  geomorph i c  di ffe rences ( Campbe l l ,  1 9 73 ) . I n  Campbe l l 1 S  

19 7 3  s tudy a catena - l i ke pattern of s o i l s  on va l l ey s i des  was recogn i s ed 

and  fo u r  d i st i nct  s o i l u n i ts were des c ri bed o cc urri ng on  fo ur  di s t i nct  

geomorph i c  un i ts : - 1 )  ri dge top 2 )  i ntermedi a te s teep s l ope 3 )  e roded  

s l o pe and 4 )  accumul a t i on s l o pe . The so i l s e ri es on the  i n termed i a te 

s teep s l ope i s  taken a s  the pri nc i pal  name g i v i ng component of  the catena , 

w h i l e  the rema i n i ng th ree  components ri dge , e ro ded  s l ope and a ccumul a t i on 

s l o pe a re con s i dered 1 1 Vari ants 1 1 • 

On s teep h i l l s i des  o f  l a rge areas , as  i n  the Mowb ray Ca tchment ,  

Sou th Cante rb u ry ,  the va ri at i on pattern has  been s tudi ed  as a toposeq uence 

because  i t  occurs on  a s i n g l e pa rent rock . The s o i l s  a re on a much l a rger 

l andform compared wi th the Wanganui  reg i on s o  that  the i ndi vi dua l  mappi ng  

un i ts were exten s i ve enough  to  be mapped as  separate seri es ( I ves  a nd  

Cutl e r ,  1 9 7 2 ) . 

Da l rympl e  � �. ,  ( 1968 ) p ropos ed a hypothet i ca l  n i ne un i t  l ands cape 

mode l to des cri be  and i n te rpre t  l a nds u rfaces a t  a general  l eve l . The 



N 

0 

Fi gure 5 . 8  

Scale : 
2 4 km 

Locat i on of s teepl a n d  a rea i n  
centra l  E l tham Co u n ty 

Scale : 
0 

DJ] - Steep l and  

� - H i l l  country 

Ji�.:i· :·}}'i - Swamp 

Fi g ure 5 . 9  Locat i o n  o f  s teepl and  s tudy a reas 

Contou rs i n  metre s . 
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mode l  i s  rega rded as  a three-di me n s i onal  comp l ex extend i ng  from the 

dra i nage d i vi de to the centre of  the channel bed and from the g round  

s u rface to the uppermos t  b oun dary of  unweathered roc k .  H i l l s l opes a re 

d i vi ded i nto n i ne s ubsys tems or  un i ts , w i th each  un i t defi ned i n  te rms 

o f  form and  the domi nant  geomorph i c  and  pedol og i cal  p rocesses  act i ng o n  

i t  at  the pre sent t i me .  The l a nds urface un i ts may be  repeated down or  

a c ros s  a s l ope  a nd  i t  i s  rare to fi n d  a l l n i ne un i ts occu rri ng  o n  any 

s i ng l e l a nds u rface catena . 

A s imi l ar type of  approach to Campbel l ' s s tu dy ( 19 7 3 , 1975 ) has  
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been adopted i n  th i s  s t udy because h i s tech n i q ue i s  easy to app l y vi s ua l l y  

i n  s teep l and  terra i n .  The term " vari ant "  h as , howe ve r ,  been aba ndoned 

s i n ce i t  i s  i naccurate and mi s l ead i ng . I ns tead  the so i l seri es  on the 

i ntermedi a te s teep s l ope i s  taken as the moda l s o i l , bei ng  the mos t  

extens i ve ,  w h i l e  the ri dge , e roded  s l o pe and  accumu l ati on  s l ope a re 

regarded as  phases . 

Campbe l l  found th a t  the four s o i l u n i ts can be  characteri sed  by 

the i r morpho l og i cal  properti es . However ,  they do g radua l l y  merge i n to 

one  anoth er mak i ng separa t i o n  di ffi cu l t .  I t  wa s th e l ocati on w i th i n  each  

geomorph i c  un i t  that Campbel l fo und to  be  mos t  i mportant  in  dete rmi n i ng  

p rofi l e  morp hol o gy di ffe rences rather th an the  actua l  ang l e of  s l ope .  

I n  the st udy area , the di s tri b ut i o n  pattern o f  the so i l phases  vari e s  

w i th s uch  factors as parent  rock  cha ra cte ri s ti cs , de gree of  di s s ecti on , 

l ength a nd  maturi ty o f  s l ope  and d i ffe rent geomorp h i c proce s ses ope rat i ng , 

s uch as s o i l cree p ,  s u rface was h  and  l a tera l s ub - s urface so i l -wa ter 

movement . 

The s teep l and  s o i l s  s t udi ed  by Campbel l ( 19 7 3 )  were i n  comparati ve l y  

s i mp l e  l i th o l ogi c and topograph i c  s i tuati ons on  re l a ti ve ly  un i form parent 

materi a l s ,  w i th l and  s u rfaces h av i n g  undergone on l y  one eros i on cyc l e .  

I n  th i s  s t u dy a rea the l i tho l og i c pattern i s  comp l ex and the l and  s urfaces 

bave unde rgone more than one ero s i o n  cyc l e .  The effect  o f  peri odi c i ty i n  

l a ndform devel o pment  i s  to i n crease the compl ex i ty and  vari a t i o n  of  the  

so i l  patterns us ua l l y  e xtend i ng  th e range of p roperti es for each s l ope 

un i t  ( Campbe 1 1  , 1975 ) . 

Two s tudy areas were c hosen  on  two d i fferent  parent  mater i a l s ,  s i l ty 

sandstone ( Area 1 )  and  muds tone ( Area 2 ) . Study Area 1 was l o cated 

0 . 5 km wes t  of  the Patea R i ver ,  on the p roperty of R .  Hardwi ck - Smi th . 

Study Area  2 was l ocated  wes t  of  W i ngrove Roa d , l km from the j unct i on w i th 

Rawh i t i roa Road , on the p roperty of  C . J .  and  J . F .  H a i nsworth ( Fi g ure 5 . 9 ) . 



So i l s  were exami ned at fo ur typi ca l  s i tes i n  each o f  th e study areas : -

1 ) Ri dge  c rest  

2 ) I ntermed i a te s teep  s l ope 

3 ) E roded s l ope 

4 ) Accumu l a t i on s l ope 

( P l a tes  5 . 12 - 5 . 1 3 ) . 

The comp l ex  and va ri a b l e  nature of  the parent  materi a l  i n  each o f  

the two s tudy a reas was exp l ored us i n g the above s i tes as  a samp l i n g 

framework . P hosphate re te n t i on was i n ve st i gated toge ther w i th the 

F i e l des and Perrott ( 1 966 ) a l l ophane tes t to p rov i de a n  i ndi cati on of  the 

p resence of vo l can i c ash  or  i ts absence due to eros i on .  

E N V I RONMENTAL  FACTORS 

Phys i ography 

The s tee p l and  te rra i n i n  th i s  s tudy i s  tho ught to compri se  eroded  

remnants of Ka i a tea aged , up l i fted mari ne benches and  thei r res pecti ve 

cover beds , that  have been extens i ve l y  d i s sected . These overl i e  the 

Tangahoe Fo rmat i on and  the Matemateonga Formati o n  both of  P l i ocene age . 
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Th e Tangahoe Format ion  i s  c ompri sed  o f  mas s i ve s a ndy muds tone w i th 

s ca ttered conc ret i ons . The Matema teonga Format i o n  i s  a mas s i ve s ands tone , 

contai n i ng s h e l l -beds a nd  con g l omerate bands , i n terbedded wi th mudstone 

and s i l ts tone i n  the l ower part . 

Th i s  h i g h ly  di s sected Ka i atea terra i n  i s  compos ed of s teep and  

very s teep l an d ,  w i th mos t  s l o pes between 26° and  35° and  many s l opes 

ove r 35° . 

Study Area 1 l i es a t  150-2 10m e l evat ion  and  S tudy Area 2 at  

1 50 - 280m . Ove ra l l th e h i gh l y  d i s se cted Ka i a tea  te rra i n  fi nds i ts e l f 

w i t h i n e l evat i on l i mi ts o f  1 20-485m .  

P are n t  materi a l  

The nat u re o f  the parent  materi a l  i s  o f  fundamenta l  i mportance for 

a deta i l ed knowl edge o f  s tee p l and s o i l s .  The a b i l i ty to p re di ct  and  

e xtrapol ate the  di s tri b u t i on o f  deta i l ed s o i l mappi n g un i ts e l s ewhere 

depends very much on the u n i formi ty o f  parent  materi a l  as wel l a s  other  

features , s uc h  as l andform and  vegetati on , w h i c h  a re more eas i l y mappe d .  
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P l a te 5 . 1 2 

S tu d,l' Area 1 .  

1 .  Ri dge· phas e 

2 .  I ntermed i a te s teep s l o pe 

3 .  E roded s l o pe phase 

4 .  Accumul a t i on s l ope phas e . 

T he  l ocati ons  of  the  profi l e s e xami ned  are marked by c i rcl e s . 
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P l a te 5 . 1 3 

Stee�l a n d  S tud,t Area  2 .  

1 .  R i dge phase  

2 .  I n termed i ate  s teep s l ope  

3 .  E roded  s l ope phase 

4 .  Accumu l a t i on s 1 o pe ph a s e  

T h e  l oca t i on s  of  the profi l es e xami ned a re ma rked by c i rcl es . 
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The oc c u rrence of  heterogeneo us parent materi a l s i n  the s teep l a n d  

terrai n of  E l tham County h as mean t  that l arge va ri ati ons  i n  s o i l p rof i l e  

morpho l ogy can  be  fo und over  short  d i s tances , due  to di s t i nct  parent 

materi a l  d i ffe rences . 

The p arent  rock  i s  mos t  commo n l y  q uartzo - fe l dspa th i c  modera te l y  

conso l i date d  s i l ty sandstone  ( P l a te 5 . 14 ) b u t  wea k ly  con so l i date d  fi ne  

s ands tone , i n durated sandstone , muds tone or  wea k l y  conso l i da ted s andy 

s i l ts tone can  a l s o  occ ur together wi th occas i on a l  outcrops o f  s h e l l y  

l i mes tone . I n  a ddi t i on , the area ha s  bee n  peri odi cal l y  covered  by 

vo l can i c ash  from Mt . Egmont  ( P l a te 2 . 2 ) . However , s ubseq uent e ros i on 

has  removed the a s h  from the s teeper s l o pe s . Th i s  h as l ed to the a s h  

be i n g fo und as  a n  admi xture wi th i n  t h e  upper hori zons o f  s o i l p ro fi l es i n  

va l l eys and  o n  terraces  o r  res tri cted to the ri dge cres ts , where i t  may 

occur as a di s crete  l ayer . The actua l depth o f  ash  i s  s o  vari ab l e  th a t  

i t  i s  di ffi c u l t to make  any conc l us i ve s ta tements regardi ng  a n  a verage 

t h i ck n es s . 
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The parent  materi a l  i n  Area  1 was p redomi na nt ly  mo de ra te ly  cons o l i dated 

s i l ty s a nds tone a n d  i n  Area 2 ,  muds tone . 

of  the s tudy a reas . 

Vo l ca n i c ash  was p resent  i n  both 

Vegetat i on a n d  eros i on h i s tory 

The area  was once c l o thed i n  podocarp-hardwood-beech fo res t .  

Tawa ( Be i l s chmi edi a tawa ) , ri mu ( Dacrydi um cupres s i mum ) , kama h i  ( We i nmann i a  

ra cemos a ) , m i ro ( Podocarpus ferrugi neus ) and  beech ( Nothofagus �. )  

p re domi nated . Kah i katea ( Dac ryca rpus dacrydi o i de s ) was domi nant  i n  

l ow l yi ng a reas . The name of  the d i s tri c t  Man gami ngi  i s  deri ved from 

" va l l ey of  mi n g i -mi n g i  bushes " ( Cyathodes fasc i c u l a ta ) . 

The a reas  s t ud i ed  i n  detai l were c l e a red and  converted i n to pas tora l 

farml and , i n  the 1 880 ' s .  The pract i ce of  c l eari n g  the l an d  by b u rn i n g  

vas t  areas of  fore s t  a n d  s ow i n g  pas ture g ras ses w a s  not a s uccess  a n d  h as , 

i n  p l aces , acce l e ra ted  the " na tura l " i n c i de nce o f  mass moveme n ts . A 

pre ference for s heep farmi n g  meant  d im i n i s h ed contro l  of reg rowth , 

encouragi n g ferns a n d  bush  to crowd o ut pas t ure gra s ses s o  that  l a rge a reas 

h ave reverted to s econdary growth . 

topdres s i ng ,  i n  the 1950 ' s  b ro ught  

Areas of  l an d  tha t  h ad  reverted to 

Howeve r ,  the i n troduc t i o n  of aeri a l  

about  a n  i mprovement i n  pas tora l  farmi ng . 

h ard fern ( Paes i a  s caberu l a ) and  s cr ub 

have been s ub seq uen t l y  c l eare d  agai n .  

I 
I 

I 
I 
I 
I I 
I 
I 
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P l a te 5 . 14 

Expos u re of  moderate ly  
conso l i dated s i l ty s a nds tone  
be l ong i ng  to the  Ma temateonga 
Forma t i o n  at Man gami ng i  Sadd l e ,  
N l l9/967466 . 

P l ate 5 . 1 5 

V i ew from S tudy 
Area  1 l oo k i ng 
s o uth - eas t .  

S h arp ri dges  a n d  
n arrow s p u rs are 
wel l def i ned . 
E xpos u res  of 
s i  l ty s a nds  tone 
bedroc k  and 
terracettes a re 
e v i den t i n  the 
foregro und . 



Today pas ture i s  the  ma i n  vegeta ti on co ver o f  the a rea , w i th s ome 

s e condary growth o f  bu sh . The s pec i es tend to vary acco rd i ng  to 

fe rt i l i zer  u sa ge and  manageme n t .  The s pec i es b rown top ( Agrost i s 

ten u i s ) , danthon i a  ( Danthon i a  �. ) and  rats ta i l ( Sporobo l us  capens i s )  

were found to prevai l in the st udy a re as , wi th weeds s uch as  ragwort 

( Senec i o  j acobea ) ,  rush ( J u ncus �. )  and th i s tl e  ( Ci rs i um �. )  common . 

There a ppea rs to be  l i tt l e i nforma t i on on the occ urrence of  eros i on 

unde r o ri g i na l  forest cover .  Howeve r ,  the general  effect  o f  devegeta ti on 

on  mas s movement rate and occurren ce i s  wel l doc umented ( e . g .  Pa i n ,  1969 ; 

Ey l es ,  19 7 1 ; O ' Loughl i n ,  1 9 7 4 ) . 
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The genera l  protect i ve effect  o f  vegetati on  has  been l ong e s tab l i s hed  

b u t  the s pec i fi c effect  o f  tree cover upon s l ope s tab i l i ty i s  s ti l l  be i n g 

i n ves t i gated . O ' Lo ugh l i n  a n d  Pea rce ( 1976 ) fo und  th at after forest  

removal  denudat i on rates we re i n creased  40 ti mes i n  parts of  North Wes tl and  

un de rl a i n by  mas s i ve Tert i ary s a nds tone and s i l ts tone . Thei r s tudy s h owed 

that the s u pporti ng effect  of tree roo ts on s a t ura ted s o i l s  was ve ry h i gh . 

There i s  a l ack of  deta i l e d i nfo rmati on rega rdi ng forms of  so i l 

e ro s i on occurri ng i n  the s teep l and study a rea . The  onl y p ub l i s hed s tudy 

o f  e ros i on i n  the a rea i s  that underta ken by the Nati onal  Water and So i l 

Cons ervat i on O rga n i sat i on , as  part o f  the Nati ona l  Land Resource I n ve n to ry 

S u rvey . Th i s  s u rvey does not take  a ccount o f  pas t  eros i on , reco rdi ng  

on l y present  and  potenti a l  eros i on .  The Nat i ona l  Water and  So i l Conservati on 

Organ i s a t i on ( 1 979 ) s tates  th a t  the s teep s l o pes a re present ly  undergo i ng 

s l i gh t  to mo de rate earth s l i p  e ros i on .  Poten ti a l  e ros i on i s  cons i dered 

moderate to severe i n vol v i ng e arth s l i p ,  s heet a n d  s l ump eros i on .  

E ros i on i s  c l ose l y a s s o c i ated wi th vari ab i l i ty of  ra i nfal l .  

Pro tracted d ry s pe l l s  fo l l owed by abnorma l l y  heavy ra i ns often i n i t i ate 

mas s mo vements i n  th i s  type of  country .  An  exami nat i on of h i s tori cal  

re cords o f  h i gh ra i nfa l l i n  Tarana k i  ( Taranak i  Ca tchment Commi s s i on ,  1 982 ) 

l i s ts severa l  s torm events b etween 1 86 7 - 1980 , whe re h i gh rai nfa l l and  

fl o o d i n g  res u l ted i n  eros i on i n  the s teep l and  a rea . 

The compl e x  pattern o f  vo l ca n i c a s h  and  va ri ous  types of  sed i mentary 

roc ks form a c ombi nat i on o f  s ta b l e and  potent i a l l y  u n stab l e  s l opes . The 

presence of a l l ophane i n  s teep l and s o i l s  decreases  the i r s he a r  s trength 

and  i ncreases the i r  s us cept i b i l i ty to downs l o pe movement .  Hydrati on of  

the  a l l o phane c a uses expans i on , wh i ch may produce a l a tera l  pre�s ure 

wi th i n  the s o i l . Wel l s  a n d  Furkert ( 19 7 2 )  refer to th i s  s heari ng  ten dency 



o f  a l l o p hane  under i n creased pres s ure . 

Terracettes a re evi den t  i n  both s tudy areas and  a re ori e nta ted 

paral l e l to the ri dges ( Pl a te 5 . 1 5 ) . The occurrence o f  terracettes h as 

been s ugges ted as  be i ng  a form o f  s o i l creep b u t  th i s  h a s  been d i scounte d  

a s  they genera l l y  d o  n o t  o cc u r  i n  a reas where s tock  are absen t .  
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Mos l ey ( 1977 ) and Sch umm ( 1 9 7 7 ) cons i der  th at  s i gn i f i cant  

fl uctua t i ons  i n  e ro s i on rates a re natural  s o  that eros i on i n  t he  s teepl a nd 

areas may not neces sari l y  be a cce l e rated by any one facto r or  comb i nat i on 

of factors b ut ra ther  may be  part o f  a cyc l i ca l  proces s .  Howeve r ,  both 

the se  a u thori ti e s  were work i ng i n  a North Ameri can envi ronment . There 

can be  l i ttl e doubt that the mas s i ve defo re s tat i on of  s teep l a nd  terrai n 

i n  the s t udy areas h as res u l ted i n  mani fe s t  acce l erated e ro s i on w i th 

parent rock exposed i n  many p l a ces . 

Land use  

Land  use  i n  Ma ngami ngi  i s  l a rge ly  cond i ti oned by the  s teepness  of  

the  te rra i n .  For the most  part  farmi ng  act i vi ti es a re res tri cted to 

the p roduct i on of woo l , s tore-s heep  and beef cattl e .  I n  mo re favo ured  

areas i n  val l ey bottoms some fat l amb product i on i s  pos s i b l e .  

Area 1 i s  concerned wi th i n ten s i ve s h eep  farmi ng wi th beef cattl e 

s econda ry ,  wh i l e  Area 2 i s  devoted to beef cattl e and s heep . 

Cl i mate 

The ra i n fa l l s tati on at Omoana  ( 2 1 3m ) , eas t of the Pa tea Ri ve r 

operated  from 1953 u p  unti l 1977  b u t  the data obta i ned i s  not  con s i de red  

rel i ab l e .  The neare s t  repres entati ve meteoro l og i ca l  s tat i on  i s  at  

Te  Wera S ta te Fores t .  Here temperature data i s  ava i l abl e fo r 25 years 

of obse rva t i ons  ( 1955- 1980 ) , ( Tab l e  5 . 13 ) . Th i s  data i nd i c ates a 

comparati ve ab sence o f  extreme va l ues , the mean  annua l  a i r temperature 

be i ng 1 1 . 9°C .  Over the  2 5  year ti me peri od  the ma xi mum mon th l y  temperature 

recorded was  3 1°C and  the mi n i mum mon th l y  temperature - 7°C .  The mean 

month l y  re l a t i ve h umi d i ty at  9 . 00 a . m .  ra n ges from 7 7% to 79% for the months  

December  and  January to 90% to  9 1% for the  months of  June  and  J u l y  w i th a 

mon th ly  avera ge over the who l e year o f  84% . 

The s ame tab l e  i ndi cates that  a t  Te Wera the mean  annua l  ra i nfa l l 

i s  18 37mm w i th the h i ghest  prec i p i ta t i o n  fa l l i ng from May to Augus t 

( x  175mm ) a n d  the l owes t  from January to March ( x  1 25mm ) . These fi g ure s  



C94262 TE WERA F O RE S T  GRID REFS NZMS 1 .  1 63360 NI 1 0 1 49 7 1 8  LAT 3 9  1 4S lONG 1 74 36E 
NZMS 260. 1 50000 02048 1 1 85 

PERIOD JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV 

RAINFALl MILLIMETRES 
HIGHEST MONTHLY I ANNUAL TOTAL 1 955- 1 980 363 254 22 1 370 3 5 1  360 4 1 3  356 4 5 2  3 2 7  305 
90 PERCENTILE VALUE 1 95 5 - 1 980 242 1 98 2 1 0 25 1 3 1 3  305 295 246 289 2 5 7  285 
MEAN 1 955- 1 980 1 37 1 1 4 1 2 3  1 40 1 89 166 1 79 1 6 7  1 5 8  1 52 1 60 
10 PERCENTILE VALUE 1 955· 1 980 48 3 6  44 65 85 72 60 75 70 68 69 

LOWEST MONTHLY I ANNUAL TOTAL 1 955- 1 980 1 8  3 39 30 74 25 54 45 3 1  25 5 4  

AVERAGE RAIN DAYS. 1 OMM OR MORE 1 95 5 · 1 980 9 8 9 1 1  1 3 1 3  1 4  1 5  1 3  1 4  1 3  
MAXIMUM 1 -0AY RAINFALL 1 955- 1 980 9 1  1 90 109 1 29 1 10 1 1 3 69 1 0 7  84 8 1  74 
MAXIMUM 2·0AY RAINFALL 1 955 - 1 980 1 1 7  2 2 8  1 1 0 1 46 1 1 8 1 2 0  1 36 146 1 4 7  9 1  1 3 1  

TEMPERATURE OF THE AIR. DEGREES CELSIUS 
HIGHEST RECORDED 1 955- 1 980 3 1 .3 28 9 28 2 24 6 2 1  7 19 4 16 4 18 3 2 1  7 23 3 25. 7 
AVERAGE MONTHLY I ANNUAL MAXIMUM 1 955- 1 980 2 7 .0 27 0 25 8 22 1 18 9 16 4 14 9 16 5 18 4 20 6 2 2 .3 
AVERAGE OAIL Y MAXIMUM 1 955- 1 980 2 2 1 22 5 2 1  1 1 8  2 14 8 1 2  5 1 1  8 12 9 1 4 4 16 4 18 1 
MEAN 1 95 5 - 1 980 16 5 16 6 1 5  3 12 5 9 7 7 5 6 9  8 1 9 6  1 1  6 1 3 0 
AVERAGE DAILY RANGE 1 955- 1 980 1 1 .4 1 1 . 9  1 1 6 1 1 3 10 2 10 1 1 0 0 9 6  9 6  9 . 6 1 0. 3  

AVERAGE OAIL Y MINIMUM 1 9 55 - 1 980 1 0. 7 10 6 9 5  6 9  4 .6 2 4  1 8 3 3 4 8  6 8  7 . 8  
AVERAGE MONTHLY/ANNUAL MINIMUM 1 9 55 - 1 980 3 . 9  3. 6 1 . 7 -0 8 -3 0 -4 8 -4 8 -3 9 ·2 1 0 0  0 7  
LOWEST RECORDED 1 955- 1 980 0. 3 0 0  -2. 5 -4 2 -6 4 ·6 7 -7 0 -6 6 ·5 3 · 2 . 7  - 1 .2 

TEMPERATURE OF THE GROUND. DEGREES CELSIUS 
LOWEST GRASS MINIMUM RECORDED 1 955- 1 980 -3 7 -4. 7 -6 6 . 7. 7 -9 2 · 1 1 2 ·9 4 - 1 2  5 -9 7 -7 7 -6 . 3 
AVERAGE GRASS MINIMUM 1 955- 1 980 7 9 7 9 7 0  4 6  2 . 3 0 2  -0 6 0 9  2 1 3 9  5 . 2 

FROST 
AVERAGE DAYS OF GROUND FROST 1955- 1 980 0 8  0.8 I 3 4 2  9. 0 1 3.4 1 5  3 1 1  2 8 2  5 7  3 2  
AVERAGE OA YS OF AIR FROST 1955- 1 980 0 3  1 9 5 6  1 0  6 1 1 8  7 6  3 8  1 . 4  0 5  

AELA TtVE HUMIDITY (%) 
AVERAGE A T  9 A M 1 955- 1 980 79 83 85 89 89 9 1  90 88 84 79 78 

VAPOUR PRESSURE. MILLIBARS 
AVERAGE A T  9 A .M 1 9 7 1 - 1 980 15 5 1 5.6 14 9 1 2  8 10 3 8.8 8. 1 9. 1 1 0.3 1 1 .3 1 2. 8 

SPECIAL PHENOMENA AVERAGE OA YS OF 
SNOW 1 955- 1 980 0 1  
HAIL 1 955-1 980 0 2  0 4  0 1 0 1 0 2  0 1 0 1 0 1 
THUNDER 1 9!>5 1 980 0 2  0 3  0 2  0 5 0 3  0 2  0.3 0 3  0 2  0 4  
GALE 1 955- 1 980 0 1 0 2  0 1 0 1 0 1  0. 1 
FOG 1 955· 1 980 0 9  2 8 3 2 < 0  4 0  2 4  2 2 2 0  1 6 0 8  0 6  

Tab l e  5 . 1 3  N . Z . Meteoro l ogi ca l Serv i ce S ummar ie s  o f  C l i ma to l ogi ca l  

Observat i ons  to  1980 for Te  Wera Fores t 

HT. 

DEC 

482 
2 5 1  
1 5 2  

6 8  
2 4  

1 1  
1 2 8  
1 3 5  

28.5 
2 4  8 
20.3 

1 5.0 
10 6 

9 .7 
2 .6 
0.0 

-5 . 2 
6 9  

1 .0 

7 7  

1 3. 9 

0 2  
0 . 3 

0 9  

1 80 M  

YEAR 

2576 
2270 
1 8 3 7  
1 4 8 1 

1 4 1 7  

1 4 3  
1 90 
228 

31 3 
27 9 
1 7 . 1 

1 1  9 
10 5 

6 6  
-5 9 
- 7.0 

- 1 2  5 
4 0  

74 1 
43 5 

8 4  

1 2.0 

0. 1 
1 5 
3 . 2  
0 7  

25 4 

� 
� 
� 



exp re s s  a w i nter  max i mum a n d  s ummer mi n i mum i n  the ra i nfa l l di s tr i b ut i on . 

The i sohyet map ( Fi g u re 2 . 1 ) i n di cates th a t  for the two s tudy c atchments  

the  ra i n fa l l ran ge s  from 1 500 to  1900mm s o  th a t  the  Te  Wera data  may be 

taken as  reasonab l y  representati ve of  the two s tudy areas . Howeve r ,  i t  

may be  ass umed that  the  s tu dy areas w i l l  d i ffe r from the Te \·Jera S ta te 

Fore st  as regards evapotrans pi rat i o n  and  i ns o l at i on due to di fferences  

i n  vegeta t i on cove r .  

Fros t i n  the g ra s sed  s teep l and  te rra i n i s  l oca l i sed , va ry i n g  

marked l y  i n  frequency a n d  i n tens i ty depend i ng  on  topograph i c  pos i t i on .  

S i gn i fi cance of  so i l - formi ng factors 

Any i n terp re ta t i on of s teep l and  s o i l p roces ses  req ui res a detai l ed 

know l edge of  pas t vegetat i o na l  changes , c l i mate vari ati on a nd  p a re n t  

materi a l  vari ab i l i ty th at h ave operated i n  the a rea . A l s o  changes  due  

to Man ' s  act i ons , i n  c l eari n g  s teep l and  fo r a g r i c ul tural  p u rpos es , 

have h ad  a maj o r  i mpact  on s o i l - fo rmi ng p roces s es i n  the s tudy a rea . 

Acce l era ted eros i o n  h as l ed to so i l l os s  a nd  o ften the expos ure of  

pa rent  roc k .  

The phys i ograph i c  fa cto r ,  i n vol vi ng  s teep and  very s teep l an d ,  

res u l ts i n  both hori zonta l  a nd  vert i ca l  s l o pe proces ses tak i ng p l a ce ,  
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wi th the mob i l i s a t i on , trans l ocat i on and  redepo s i t i on  of s o i l ma teri a l s .  

I n  the s tu dy areas , a l though certa i n s i tes were wel l drai ned mos t  o f  the 

s i tes e xami ned were i mperfect ly  or  poor ly  d ra i ned due to s eepage and  

i mpeded i nterna l dra i nage . T he  i ron s ta i ne d  roots , mo ttl es  and  

concreti ons a re a l l features  a s soc i a ted  wi th g l eyi n g  proces s es and  g l ey i ng  

can  be descri bed as  i nc i p i e nt . An i ncreas e i n  both mottl es and  

concret i ons wi th depth  was  observed d ue to  the p resence of parent  roc k  

i n fl uenc i ng pro fi l e  drai nage . 

A know l edge of  l an dform evo l uti on  i s  i mportant  s i nce the d i ffere nces 

between so i l s  formed can  be d i rectl y rel ated to the l and  s urface di fferences 

( Campbel l ,  1975 ) . Campbe l l found that  on  t hree l an d  s urfaces , i n  the  

Wanganu i  area , th e nature , ra te and i ntens i ty of  rej uvenat i on occurri n g  

a t  ea ch i ntermedi ate s teep s l o pe s i te wa s d i fferent . Rej uvena t i on 

proces ses  i n vo l ve remova l or  accumu l at i on a nd  mi x i ng  conseq uent  on  

downs l ope p roce s ses , and  may be  peri odi c o r  con t i nuo us . S uch rej uvenat i on 

processes  a re c l earl y operat i ve i n  th e s tudy a reas . In  the pas t ,  

i n termi ttent vol ca n i c  a s h  depos i ti on res u l ted i n  s o i l  rej uvenat i o n  
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thro ughout the s teep l and  a rea . I n  s tab l e  phy s i ograph i c pos i t i ons , s uch  

a s  r i dge cre sts s uch rej uvenat i o n  h ad a permanent  effect  on s o i l properti e s . 

On  s teep s l o pes much of  the a i rfa l l vo l can i c  a s h  was eroded away . The re 

appears to be  l i ttl e e v i de n ce for a ny gradua l  rej uvenati on by down s l o pe 

movement of  vol ca n i c a s h  a ffected  so i l under the i n fl uence of s o i l c reep . 

S o i l correl at i on 

The s teep l and a rea was prev i ous l y  mapped at 1 : 2 5 3 , 440 s ca l e by the 

N . Z .  So i l  B ureau ( 19 54 )  i n  fo ur  so i l sets Whangamomona s i l t  l oam set  was 

deri ved from sa ndy muds tone and  s a nds tone , w i th Whangamomona compl ex  s et  

be i n g  deri ved from s a nds tone , muds tone , S tra tford a s h  and  Egmont  a s h . 

Mo umahak i  sa ndy l oam s et was deri ved from s a nds tone and congl omerate 

w h i l e  Mo umahak i  s i l t  l oam s e t  was de ri ved from s a n ds tone and  Tongari ro 

o r  Egmont  as h .  

Ai tken et � . ,  ( 19 7 8 )  i n  the Stra tford Co unty Soi l s u rvey , more 

c l o se l y  defi ned Whangamomona s teep l and  s o i l s  as s o i l s  wi th  sandy 

l oam textu res formed from mode rate ly  conso l i da ted s i l ty sandstone . 

The sands tone fragments i n  genera l  i n crease  i n  ab undance w i th i n creas i ng 

s o i l depth but  profi l es pas s ab ruptl y i n to parent  roc k . Mo umahak i  

s teepl and  so i l s  a re s a nd i er  than Whangamomona  s o i l s  and  h ave wea ker 

s tructures . Th e so i l pa re n t  materi a l  i s  s trong l y  conso l i dated s a nds tone . 

Tahora s teep l and so i l s  were res erved for s o i l s  de ri ved from sa ndy muds tone 

and h ave a c l ay l oam texture , strong ly  deve l o ped  s tructure , fragments o f  

mudstone thro ughout the p rofi l e  a n d  a gradua l  rather  th an  a s harp 

trans i t i on i n to rubb l y  pa re n t  roc k . Soi l s  w i th s i l t  l oam textures 

de ri ved from conso l i dated s i l ts tone  were s epara te d  o ut  and  re -named 

T i rang i  s teep l and  so i l s .  They are formed from s l i gh tl y  coa rser  texture d  

a n d  mo re mas s i ve sed i men ta ry rocks than Tahora s teepl and s o i l s  a n d  the i r 

p ro fi l es conta i n  fewer fragments a nd  pass  more abrupt ly  i n to parent roc k .  

I t  wa s a ccepted that mai n l y  due  to parent  materi a l  d i fferences , a 

co n s i derab l e vari ety o f  s o i l s  were i nc l uded w i th i n the Whangamomo na 

map p i n g  un i t .  

A i tken et � . ,  ( 1978 )  mapped so i l s  deri ved from vol ca n i c  a s h  o ver  

s ed i mentary rocks , as New P l ymouth so i l s  a nd  New P lymo uth h i l l  s o i l s .  

However ,  thes e  so i l s  were typ i ca l l y  mapped i n  northern Taranak i ,  where they 

ha ve a thermi c s o i l temperature reg i me .  I n  E l tham County the s o i l 

temperature reg i me i s  mes i c  a nd  under these  c i rc umstances the  so i l s  have  



been mapped  a s  S tratford , fi ne topso i l vari ant and Stratford h i l l  s o i l s .  

Th ese s o i l s  a re otherwi se morpho l og i c a l l y  very s i mi l a r to New P l ymouth 

so i l s  and  New P l ymouth h i l l s o i l s . 

Cl a s s i fi c at i o n  

New Zea l and  Geneti c Cl as s i fi cat i on  -- Steep l and  s o i l s  
re l ated to yel l ow-brown ea rth s . 

There i s  no s i ng l e prec i s e defi n i ti o n of  s teep l and s o i l s  a nd the 

present  concept o f  steepl a n d  s o i l s ,  as a s eparate s o i l g ro up , i n  the 

New Zea l and  geneti c system ( Tay l o r  and Cox , 195 6 )  has tended to be  used 

i ncons i s tent l y .  

I n  the ear ly  c l a s s i fi cat i ons ( N . Z .  Soi l B u re a u , 1948 ; N . Z .  Soi l 

B ureau ,  1954 )  s teep l and so i l s  were cal l ed s ke l e ta l  s o i l s ,  and  were 

regarded a s  s o i l s  that were re l a ti ve ly  uns tab l e ,  genera l l y  s ha l l ow and  

pe ri od i c a l l y  rej uvena ted by e ros i on .  

I n  the  New Zea l a nd geneti c c l a s s i fi ca t i on s teep l and  s o i l s  for 

1 9 ?  

many years were defi ned as s o i l s  o n  s teep  s l opes , above 28° , havi ng l i tt l e 

or  no pro fi l e  deve l opment , w i th fea tures  c l ose ly  re l a ted to the parent  

roc k .  S l o pe has  i n  fact  a l ways been an  i n tegra l part  o f  the  defi n i ti on 

and the emphas i s  on a defi n i te s l ope  cr i teri a has  meant  th at  unti l 

recentl y a l l s o i l s  devel oped on s l o pes above 28° a re c l a s s i fi ed as  

steepl a n d  s o i l s ,  i rres pect i ve o f  p ro fi l e  morphol ogy . The l i mi t o f  28° 

has recent ly  ( 1 982 )  been l owere d  to 26° to conform w i th the  l i mi t adapted 

fo r Lan d  Us e Ca pabi l i ty S urveys o f  Wate r  and  So i l Di vi s i on o f  the 

Mi n i s try of  Works and Deve l o pment . I n  rea l i ty ,  however ,  th e actua l  

s l o pe a ng l e i s  not the  determi n i n g fac to r  b ut  s i te pos i ti on .  For examp l e ,  

s o i l s  on  the ri dges are often cha racteri sed  by dee p ,  wel l deve l oped 

profi l e  morpho l ogy i n  contras t w i th those of  the eroded s l o pes  where 

profi l es a re much more vari a b l e  a s  to depth and s o i l p rope rti es . I n  

some cas e s , areas w i th i n  the s teep l and  terra i n  h ave been s tab l e  for a 

great l ength of  t i me and the s o i l s  h a ve the profi l e  morpho l o gy of  the 

assoc i ated  zonal group  ( Cutl e r ,  1 96 2 ) . 

The  mapp i ng  un i t  " s tee p l a nd s o i l s "  was i ntroduced  by G i bbs  i n  1954 , 

by anal o gy w i th the "h i l l  s o i l s "  a n d  i nc l uded not o n l y  the s o i l s  on  the 

steep s l o pes b ut a l s o  the re l a ted s o i l s  on  the ri dges and  l es s  s teep 

s l o pes  that occ ur  w i th i n the s o i l mapp i n g  un i t . The s teep l a n d  s o i l 
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mappi ng  un i t ,  h a s  come to be wi de l y  a pp l i ed i n  s o i l  mapp i n g  i n  New Zea l a nd 

and i n  the p roce s s  h as been  us ed as  a c l a s s i fi cat i on un i t  term , w i th 

res u l tant  i nev i tab l e  confus i on .  

Cowi e ( 1 98 1 ) h as po i n ted  o ut  th a t  th i s  has  l ed to the a noma l y  

whereby the term can be  used e i ther  to i nd i cate a comp l ex mapp i n g un i t  

fo rmed on a s teep l and l a ndscape , wh i ch i nc l udes a range of  taxonomi c 

un i ts , or as  a c l ass i fi cat i on  term for a s pec i fi c taxonomi c u n i t ,  w i th i n  

the mapp i n g  un i t .  Cowi e s ugges ts th a t  " s tee p l a n d  s o i l s "  s ho ul d be  

reta i ned as  a map p i n g  un i t  term b ut  abandoned as a c l as s i fi cat i on term . 

He  a rg ues for the re- i n troduct ion  of  s ke l etal  s o i l s  as  a taxonomi c un i t  

a t  the so i l  g ro up l evel . The s teep l and  mapp i ng un i ts woul d i nc l ude 

a range of  taxonomi c u n i ts ,  i nc l ud i ng s ke l eta l  s o i l s  as o ri g i na l l y  

concei ved , a s  wel l as  the appropri a te zona l  or  i n trazona l  s o i l s  where 

these occur .  

S o i l Taxonomy ( So i l  S u rvey S taff USDA , 1 9 75 ) - Typ i c  (Andi c ,  Aq u i c ) Dys trochrepts . 

I t  i s  a s s umed th at  there are no hor i zons wi th a base  s atura t i on 

g reater than 60% , so th at  accord i n g  to S o i l Taxonomy the s teepl a n d  s o i l s  

exami ned be l o ng  to the Grea t group  Dys t ro chrepts . Certa i n pedons  i n  the 

s t udy areas w i l l  meet cri teri a for the Aq ui c s ubgroup due to the p resence of 

l ow chroma mott l es , w h i l e  the presence of vol cani c a s h , 18cm or  more th i ck i s  

s u ffi c i ent for defi n i n g an  And i c  s ubgro up . At the fami ly  l e ve l  the pedons 

ca n be des cr i b ed  a s  h a vi n g  a mes i c  s o i l tempera ture reg i me .  Part i c l e  s i ze 

a n d  mi neral ogi ca l  c l a s se s  are vari ab l e  a nd  fo r the s peci fi c  c l a s s i fi cat i on 

of  i ndi v i dual  pedons , i n  terms of S o i l Taxonomy ,  the pro fi l e  des c ri pti ons  

s hou l d be cons u l ted .  
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DETA I L ED  DES CR I PT ION  OF  SO I L  PRO F I L ES 

STUDY AREA 1 ( P l a te 5 . 1 2 )  

Whangamomona steep l and  s o i l ( on ri dge top )  ( P l ate 5 . 16 ) . 

C l a s s i fi cati on : 

Locat i on : 

E l evati o n : 

S l ope : 

Ra i nfa l l :  

Vegetati on : 

Parent materi a l : 

Profi l e : 

A 0 - 2 2cm 

Bw 1 2 2-44cm 

Bg 1  44- 68cm 

Bg2  68  - 1m + 

N Z  Geneti c C l a s s i fi c at i o n : - S teepl and s o i l re l a ted  
to  yel l ow-brown earth . 

US Soi l Taxonomy : - Typ i c Dystrochrept , 
c l ayey , mes i c .  

Ma ngami ng i . 0 . 5km wes t o f  Patea  Ri ver . 
R .  Hardwi c k-Smi th ' s  property .  

Profi l e  l ocated o n  narrow r i dge . 

N l 19/032494 

1 500- 1 900mm 

Improved pas ture 

Q uartzo-fel ds path i c ,  modera te ly  consol i da ted 
s i  l ty sands tone . 

dark  greyi s h -brown ( lOYR 4/ 2 )  l oam ; fr i ab l e ;  s tron g l y  
deve l oped , fi ne bl o c ky s tructure ; fi rm ;  many roots ; 
few strong  b rown ( 7 . 5YR  5/8 ) i ron  coati ngs  a s s oc i ated 
w i th roo ts ; di ffuse  i n terfi nger i ng boundary .  

ye l l owi s h - brown ( 10YR 5/4 )  s andy c l ay l oam ; fri ab l e ;  
s t rong ly  to moderate l y  deve l oped med i um b l ocky 
s tructure ; fi rm ; few roots ; few brown i s h -ye l l ow 
( lOY R 6/6 ) d i s co l o u rat i ons ; di s t i nct wavy boundary .  

l i gh t  yel l owi s h -brown ( 10YR 6/4 ) c l ay l oam ;  mas s i ve ;  
f i rm ;  few l i ght  b rown i s h - g rey ( lOYR 6/ 2 )  and  ye l l ow 
( lOYR  7/8 )  mottl es ; i nd i s t i nct  bounda ry .  

b rowni s h-yel l ow to ye l l ow ( lOYR  6/6 - 10YR 7/6 ) 
s i l ty-c l ay ;  mas s i ve ;  fi rm ;  few mottl es . 



P l ate  5 . 1 6  

R i dge p ro fi l e  Area 1 .  

N ote dark g reyi s h - brown , s tron g l y  de ve l oped A hor i zon , 
w i th d i ffuse i n terfi ngeri ng  boundary to ye l l owi s h - b rown 
s ub so i l .  

2 0 0  

ems . 

0 

A 

----- 2 2  

Bw l 
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Whangamomona S teep l and  so i l ( on i n termedi ate s teep s l ope ) ( P l a te 5 . 1 7 ) . 

C l a s s i fi cat i o n : 

Locat i o n : 

E l evati o n : 

S l ope :  

Rai nfa l l :  

Vegetat i o n :  

Parent materi a l : 

Profi l e :  

A 0- 24cm 

Bw 24-4 l cm 

on 

C/B 

NZ Geneti c C l a s s i fi ca t i o n : - S teep l and  s o i l rel a ted 
to yel l ow-brown earth . 

US Soi l Taxo nomy : - Andi c Dys trochrept , fi ne­
l oamy mi xed , mes i c ,  s h a l l m·1 . 

Mangami n g i . 0 . 5km wes t of  Pa tea Ri ver .  
R .  Hardwi ck-Smi th ' s  property . 

Profi l e  l ocate d  on  moderate l y  s teep s i te of  s p ur 

N l 19/03 149 3 

200m 

20° 

1 500- 1900mm 

Improved  pas ture 

Quartzo -fe l ds pa thi c ,  modera te l y  conso l i dated 
s i l ty sandstone 

brown ( lO YR  5/ 3 )  fi ne sa ndy l oam wi th many s i l ty 
s a nds tone fragments , averag i ng lOcm ; fri ab l e ;  s trong  
to  moderate l y devel oped fi ne nut  s tructure ; soft ; 
many roots ; di s t i nc t  i rreg ul a r  boundary .  

l i gh t  yel l owi s h-brown to brown i s h -ye l l ow ( lOYR 6/4 -
6/6 ) sandy l oam ;  fri ab l e ;  wea k l y  deve l oped fi ne 
n ut  s tructure ; s oft ; few yel l owi s h -red ( 5YR  5/8 )  
d i sco l ourat i on s  a l ong  root  channe l s ;  common roots ; 
d i s ti nct wavy bo undary .  

l i ght ye l l owi s h - b rown ( 2 . 5YR  6/4 )  w i th s trong  b rown 
( 7 . 5YR 5/8 )  d i s t i nct  coa rse mottl es ; modera te l y  
consol i dated s i l ty s a nds tone . 
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I n termed i a te s teep s l ope  profi l e ,  A rea 1 ,  s h ow i ng 
fragmen ts of s i l ty sands tone . 

P l ate 5 . 18 

I n te rmed i a te s teep s l ope pro fi l e ,  A rea  2 .  

Note the d ark co l oured A hori zon con ta i ni ng  
few , scattere d  mudstone fragments , o ve r­
l y i n g  a mott l ed  s u b so i l . 

2 0 2  



Whangamomona S teep l a n d  s o i l  ( o n  eroded  s l o pe ) . ( P l a tes 5 . 19 and 5 . 20 ) . 

C l a s s i fi c at i on : 

Locat i on : 

E l evat i on : 

S l ope : 

Ra i nfa l l :  

Vegeta t i on : 

Pa rent materi a l : 

Profi l e :  

A 0 - 6 cm 

B g 1  6- 20cm 

B g 2  20-44cm 

B g3  44-63cm 

on 

2C  

N Z  Geneti c Cl ass i fi cati on : - Steep l and s o i l re l a ted 
to ye l l ow-brown ea rth 

US  S o i l Taxonomy : - Aq u i c Dys trochrept , 
c l ayey , mes i c .  

Mangami ng i . 0 . 5km wes t o f  Patea Ri ve r .  
R .  Ha rdwi ck-Smi th ' s  p roperty . 

P rofi l e  l ocated on eroded s l o pe faci ng s o uth-wes t .  

N 1 19/032493 

2 00m 

19° 

1 500- 1900mm 

J u ncus �· 
Q u artzo-fe l ds path i c ,  modera te l y  consol i dated s i l ty 
s ands tone . 

o l i ve grey ( 5YR  5/ 2 )  s i l t l oam ; fri ab l e ;  wea k l y  
devel o ped fi ne n u t  a n d  crumb s tr ucture ; very soft ; 
few s t rong brown ( 7 . 5YR  5/6 ) s oft concreti ons ; many 
roots ; di st i nct wavy boundary .  

p a l e b rown ( 10YR 6 / 3 )  s a ndy c l ay ;  fr i ab l e ;  wea k l y  
deve l o ped f i ne n u t  s tructure ; s oft ;  many d i st i nct  
med i um l i g h t  b rown i s h -grey to l i gh t  g rey ( 2 . 5Y 6 / 2  -
7 / 2 )  mottl es ; many redd i s h -yel l ow ( 5YR  6/8 )  concreti ons ; 
few roots ; d i st i nct i rreg u l a r  boundary .  

b rown i s h -ye l l ow ( 10YR 6/6 ) c l ay l oam w i th few soft  
s i l ty s ands tone fragments ; fi rm to  fri ab l e ;  mas s i ve ;  
a b undant  l i gh t  grey ( 5Y 7/ 1 )  mo ttl es ; many redd i s h ­
ye l l ow ( 5YR  6/8 )  concret i ons ; di st i nct bo undary .  

s trong brown ( 7 . 5  Y R  5/8 )  s a n dy c l ay l oam w i th few 
s t rong l y  weathered l i gh t  g rey ( 5Y 7/ 2 )  pumi ceous 
l a p i l l i ;  fi rm ;  mas s i ve ;  ab undant mottl es ; 
d i s t i nct  boundary .  

wea k l y  cons o l i dated s i l ty s a n ds tone , w i th abundant  mottl es . 



P l a te 5 . 20 
Profi l e  from zone of l oca l  ac cumu l a ti on  
at  foot o f  eroded s i te .  

Note th i n ,  wea k l y  structured topso i l .  

2 0 4  
P l ate 5 . 19 

E roded s l ope s i te ,  Area 1 .  
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Whangamomona  S teep l and s o i l ( on accumul a t i o n  s l ope ) . ( P l a te 5 .  2 1 )  . 

C l as s i fi cat i o n : 

Locat i on : 

E l evati on : 

S l ope : 

Ra i nfal l :  

Vegetat i on : 

P arent materi a l  : 

P rofi l e :  

A 0- 19 cm 

Bw 1 19- 38cm 

Bw2 38-60cm 

Bw3 60- 100cm + 

NZ  Geneti c Cl as s i fi cat i on : - S teep l and s o i l re l a ted 
to yel l ow-brown earth . 

US S o i l Taxonomy : - Andi c Dys troch rep t .  
c l ayey . mes i c .  

Ma ngami n g i . 0 . 5 km wes t  o f  Patea Ri ver .  
R .  Hardw i ck-Smi th 1 S  p roperty . 

Profi l e  l ocated on l ower part of val l ey s i de 
fac i ng s ou th -eas t .  

N l l9/0 3349 2 

150m 

g O  

1500 - 1900mm 

Pas ture and  J unc us �· 

S l ope dri ft deri ved from q uartzo -fel ds path i c  
s i l ty s ands tone . 

dark grey i s h -brown ( lOYR 4/ 2 )  l oam to s i l t  l oam  w i th 
few i ron  s ta i ned s i l ty sandstone fragments a veragi ng 
20mm i n  d i ameter ; fri ab l e ;  moderately deve l oped fi ne  
nut  s tr ucture ;  soft ; many roots ; d i s t i nct  i rreg u l a r  
boundary .  

ye l l ow i s h -brown ( 10YR  5/4 ) sandy c l ay l o am w i th few 
scattere d ,  s trong ly  wea thered p umi ceous l a pi l l i  and 
rare s i l ty sands tone fragme n t .  l es s  tha n 20mm i n  
d i ameter ; fri ab l e ;  wea k l y  wea thered fi ne n u t  structure ; 
soft ; few roots ; i n d i s t i nct boundary .  

l i gh t  yel l ow i s h -brown ( lOY R 6 /4 ) sandy c l ay l oam  w i th 
traces of  s trong ly  weathered p umi ceous l a p i l l i  and ra re 
fragments o f  s i l ty sandstone ; fr i ab l e ;  wea k l y  
deve l oped med i um b l ocky s tructure ; soft ; d i ffuse 
boundary .  

pa l e  brown to l i gh t  ye l l ow i s h - brown ( lOYR 6 / 3 - 6/4 )  
s andy c l ay l oam w i th s ca ttered s trong ly  wea thered 
p umi ceous l ap i l l i ; mas s i ve .  



P l ate 5 . 2 1 

Accumu l a t i on s l o pe profi l e ,  Area 1 .  

Note few i ron s t a i ned fragmen ts of s i l ty 
s ands tone  i n  A ho ri zon a nd  few s cattered , 
s t rong l y  wea there d  p umi ceous l ap i l l i  i n  
Bw 1 hor i zon . 

2 0 G  

ems . 

0 

A 

---- 19 

Bw 1 
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STUDY AREA 2 ( P l a te 5 . 1 3 )  

Tahora Stee p l and  so i l ( on ri dge top ) . 

C l as s i fi c at i on : 

Locati on : 

E l evat i on : 

S l ope : 

Ra i nfa l l :  

Vegetat i on : 

Parent mate ri a l : 

Profi l e :  

A 0 -2 5cm 

BA 25- 38cm 

Bw l 38- 78cm 

Bw2 78- lOOcm + 

N Z  Geneti c C l a s s i f i cat i on : - S teepl and  s o i l re l a ted 
to yel l ow-brown earth . 

US So i l Taxonomy : - Andi c Dys trochrept , 
fi ne- l oamy , mes i c .  

Mangami ng i , wes t o f  Wi ngrove road ,  l km from j uncti on 
wi th Rawh i t i roa  road . 
C . J .  and J . F .  H a i n sworth 1 S  property .  

P rofi l e  l oca ted o n  narrow ri dge . 

N 1 19/989485 

1 500 - 1900mm 

I mproved pas ture 

Quartzo-fe l ds path i c  mudstone 

brown ( lOYR 5 / 3 )  l oam ; fri abl e ;  s tron g l y  deve l ope d  
fi ne nut s tr ucture ; s oft ; many roo ts ; di s t i nct  
wavy boundary . 

b rown i s h -ye l l ow to brown ( lOYR  6/6 - 4/ 3 )  l oam ; 
fri ab l e ;  modera te ly  devel oped fi ne med i um n u t  
s tructure ; fi rm ; common to few roo ts ; di s t i nct  wavy 
boundary .  

brown i s h -yel l ow ( lOYR 6 /6 ) s i l t  l oam ; 
wea k l y  devel o ped med i um nut  s tructure ; 
yel l ow ( lOYR 7/6 ) c utans ; few roots ; 
boundary .  

fri a b l e ;  
fi rm ;  few 

d i s t i n c t  wavy 

yel l ow ( 2 . 5Y 7/6 )  s i l t  l oam ; ma s s i ve ;  very fi rm . 
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Tahora Stee p l a n d  so i l ( on i ntermed i a te s teep s l ope ) . ( P l a te 5 . 18 ) . 

Cl ass  i fi e a t  i on :  

Locati on : 

E l evat i on : 

S l ope :  

Ra i n  fa 1 1 : 
Vegeta t i on :  

Parent materi a 1 :  

Profi l e : 

A 0 - 1 9 cm 

BA 19 - 2 7cm 

Bg 27- 54cm 

on 

c 

NZ  Geneti c C l as s i fi cati on : - S teepl and s o i l re l a ted 
to yel l ow-b rown earth . 

US Soi l Taxonomy : - Typi c Dys trochrept , 
fi ne- l oamy ,  mes i c .  

Mangami ng i , wes t o f  W i ngrove roa d ,  l km from j uncti on 
w i th Rawh i t i roa road .  
C . J .  and J . F . H a i n sworth ' s  prope rty . 

P rofi l e  l oc ated on va l l ey s i de ,  fa ci ng  s o uth -eas t .  

N l 19/988483 

1 80m 

30° 

1 500- 1900mm 

I mproved pas ture 

Q uartzo-fe l ds path i c  muds tone 

dark greyi s h - brown ( lOYR  4/2 )  s i l t  l oam ,  few mudstone 
fragments , a vera g i ng lOmm i n  di ameter ;  fri abl e ;  
s trong to moderate ly  deve l oped fi ne n ut  s tructure ; 
s oft ; many roots ; di st i nct i rregu l ar  bo unda ry .  

l i gh t  ye l l ow i s h - brown ( lOYR 6/4 )  l oam ; fri ab l e ;  
weak l y devel oped fi ne n ut s tructure ; s oft ; common 
roots ; di s ti nct  wavy boundary .  

l i g h t  grey ( 2 . 5Y 7/ 2 )  s i l t  l oam ; mass i ve ;  very s o ft ;  
abundant di s t i n c t  medi um reddi s h -ye l l ow ( 7 . 5YR  6/ 6 )  
mottl es ; few l i gh t  g rey ( 2 . 5Y 7/2 )  mottl es ; few 
roots ; di s t i n c t  i rreg u l ar  boundary . 

strong ly  mottl ed  muds tone . 
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Tahora S teepl and  s o i l ( on e ro ded s l o pe ) .  ( P l ates  5 . 22 and 5 . 2 3 )  

C l ass i fi cat i o n : 

Locati on : 

E l evat i o n : 

S l o pe :  

Ra i n fa l l : 

Vegetat i on : 

Parent materi a l : 

Profi l e :  

A 0 -8cm 

Bg l  8-30cm 

Bg2 30- 52cm 

on 

c 

N Z  Geneti c C l a s s i fi c at i o n : - S teep l and  s o i l rel a ted 
to yel l ow-brown  earth 

US So i l Taxonomy : - Aq u i c Dys trochre p t ,  
c l ayey , mes i c .  

Mangami ng i , wes t o f  W i ngrove road ,  lkm from j uncti on  
w i th Rawh i t i roa road . 
C . J .  and  J . F . Ha i nsworth ' s  property .  

P rof i l e  l ocated o n  eroded s l o pe faci ng  s ou th -eas t 

N l19/989484 

1 80m 

22° concave 

1 500- 1900mm 

J uncus �· 

Quartzo-fe l ds path i c  muds tone 

brown ( lOYR 5 / 3 )  s i l t l oam ; very fri ab l e ;  wea k l y  
deve l oped fi ne n ut  and  crumb s tructure ; very s oft ; 
few yel l ow i s h - red ( 5YR  5/6  - 5/8 )  co ncret i ons ; many 
roots ; d i s ti nct  i rregu l ar  boundary 

l i gh t  yel l ow i s h -brown ( 2 . 5Y 6/4 ) s i l ty c l ay l oam ; 
fri ab l e ;  modera te l y  deve l oped fi ne n u t  s tructure ; soft ; 
many d i s t i nct  med i um l i ght  browni sh-grey ( 2 . 5Y 6/ 2 )  
mott l es ; few s trong brown ( 7 . 5YR  5/6 ) s oft concreti ons ; 
common roots ; i ndi s ti nc t boundary 

l i gh t  grey ( lOYR 7/ 1 )  s i l ty c l ay l oam wi th few muds tone 
fragments ; fri a b l e ;  mass i ve ;  soft ; many promi nent 
coa rse ye l l owi s h - red  ( 5Y R  5/ 6 )  mottl es ; few roots ; 
s h arp bounda ry .  

s trong brown ( 7 . 5YR  5/8 ) mo ttl ed muds tone . 



P l ate  5 . 2 3  

E roded s l o pe p rofi l e .  
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Pl a te 5 . 22 

Eroded s l o pe s i te ,  now s ta b i l i s e d .  

The J un c us � - a re i n d i c a t i ve o f  
poor d ra i nage . 

A 

B g l  

B g 2  

c 

ems . 
0 

8 

30 

52 

Note th i n ,  we�k ly  s tructured  tops o i l and mo ttl ed  s ub s o i l .  
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Tahora Steepl and s o i l ( o n  accumul at i on s l ope ) . ( P l a tes 5 . 24 a n d  5 . 25 )  

C l a s s i fi cati on : 

Locati on : 

E l evat i on : 

S l o pe :  

Ra i n fa l l :  

Vegeta t i on : 

Pa rent  materi a l : 

Profi l e :  

A 0 -2 1cm 

Bw 2 1-42cm 

Bg 1 42-68cm 

B g2  68-84cm 

on 

c 

NZ  Geneti c Cl as s i fi ca t i on : - Steep l and  s o i l re l a ted 
to yel l ow-brown earth . 

US So i l Taxonomy : - Andi c Dys trochrept , 
c l ayey , mes i c .  

Mangami ng i , wes t o f  W i ngrove roa d ,  1km from j uncti o n  
wi th Rawh i ti roa roa d . 
C . J . and J . F . Ha i nsworth ' s  p roperty .  

Profi l e  l ocated on l ower part o f  val l ey s i de ,  
fa ci n g  s o uth 

N l 1 9/990484 

150m 

14° 

1500- 1900mm 

J unc us �· 
S l ope dri ft de ri ved from muds tone 

dark brown to brown ( lOY R 4/ 3 )  s i l t  l oam ; few 
s cattered p umi ceous l a p i l l i , greater th an  20mm i n  
di ameter ,  s trong l y  deve l oped fi ne  b l ocky and  n ut  
s tructure ; fi rm ; ma ny roots ; d i s t i nct  wa vy boundary .  

yel l owi sh -brown ( 10YR  5/4 ) s andy c l ay l oam , wi th ra re 
muds tone fragment , a verag i ng 40mm in di ameter ; fri ab l e ;  
moderate l y  deve l o pe d  fi ne n ut  s tructure ; s o ft ;  
common roots ; di s t i nct  wavy bo unda ry 

l i gh t  grey ( 10YR 7/ 1 )  s i l ty c l ay ,  rare muds tone 
fragme n t ;  mas s i ve ;  s o ft ;  d i s t i nc t ,  med i um s trong 
brown ( 7 . 5YR  5/6 ) mott l es , few to many wi th depth ; 
few roots ; i n di s t i  n et  bo undary 

brown i s h -yel l ow ( 10YR  6 / 6 )  s i l ty c l ay �<� i th many muds tone 
fragments ; mas s i ve ;  very fi rm ;  many di s t i nct , coa rse  
redd i s h -ye l l ow ( 7 . 5Y R  5/8 )  mottl es ; few roots ; 
di s t i nct  wavy bo unda ry 

l i gh t  yel l owi s h -brown ( 2 . 5Y 6 /4 )  and s tron g  b rown 
( 7 . 5Y R  5/8 )  mott l e d  muds tone dri ft . 



ems . ·
---- o 

A 

2 1  

Bw 

42  

Bg l 
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P l a te 5 . 24 

V i ew north of  accumul a t i on 
s l o pe s i te ,  Area  2 .  

P l ate 5 . 25 

Accumu l at i on  s l ope p ro fi l e ,  
s how i n g  s t ron g l y  deve l o ped 
fi ne b l oc ky a n d  n u t s t ructure 
i n  the A hori zon . 



MORPHOLOG I CAL CHARACTE R I ST I CS 

AND  D I S T I NCT I ONS B ETWEEN  PHASES 

So i l p rofi l es of  the two s tudy a reas  h ave been des c ri bed i n  deta i l 

and  there are certa i n s imi l ari ti es and  d i fferences i n  morpho l o gy at  
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corres pondi ng s i tes . I n  add i t i on  i n formati on  o n  prof i l es i n  th e vi c i n i ty 

o f  the s tudy a reas i s  drawn upon . 

R i dge phase 

The majo ri ty of ri dges i n  the s teep l and te rrai n were very narrow 

( l es s  than 1m)  and  the two ri dges exami ned were no except i on . 

The ri dge ph ase was the s i te of l ea s t  s l ope  movement  s o  tha t  these 

s o i l s  s h ow the g reatest  p rofi l e  deve l opme n t .  

T h e  profi l es were deep , w i th parent  roc k  g reater tha n  1 m  depth . 

I n  both s tudy a reas the topso i l  was fri ab l e  and s trong ly  devel oped , wi th 

Area 1 h a vi n g  a fi ne ,  b l o cky s tructure and  Area 2 ,  a fi ne n ut  s tructure . 

Other ri dge tops a i l s  exami ned conta i ned p umi ceous l ap i l l i . A trans i t i o n 

BA hori zon was p resent i n  the wel l dra i ned profi l e  of Area  2 and i ron 

cutans  occurred i n  the Bwl hori zon . I n  th e ri dge  phase of  Area 1 ,  

th e B hori zons h ad a few mo ttl es . Howe ve r ,  an exami nati on of  oth er  

ri dge  phase profi l es showed i n tens i ve mottl i ng .  

Th e l ower B hori zons i n  bo th s tudy a reas were mass i ve and  fi rm ,  

wi th rock  fragmen ts abs ent  from both o f  the p ro fi l es .  

I ntermedi a te s teep s l ope 

The s o i l found on i n termedi ate s teep s l opes was the mos t  extens i ve ,  

occurri ng  on  s teep  s i tes on  va l l ey s i des between r i dges a nd  the va l l ey 

fl oo r .  

The fri a b l e topso i l h a d  a s trong to moderate l y  deve l o ped fi ne n ut  

structure and a trans i ti on worm-mi xed BA hori zon may be  presen t .  

Fragments of  s i l ty sands tone averagi ng 10cm a n d  muds tone , averag i ng  10mm 

i n  d i ameter were found i n  the tops a i l s  of the two profi l es exami ned . 

The i n terme d i ate steep s l ope profi l es were us ua l l y  moderate ly  wel l 

dra i ned  or  i mperfe c t l y  dra i ned . The depth to parent  rock tended  to be 

s ha l l ower than i n  the ri dge profi l e . I n  both profi l es exami ned the under-

ly i ng roc k was mot tl ed and occurred at l es s  than 60cm depth . 



2 1 4  
Eroded s l ope ph ase  

The  e ro de d  s l ope phase can  occur  on a l l e ro ded s u rfaces and  so  

may b e  fo und on  a l mo s t  any part  of  the  va l l ey s i des . P rofi l e  deve l opment  

depends upon the  type and  extent o f  t he  eros i on s o  tha t  a wi de range of  

s o i l s  can be formed . 

The tops a i l s  were characteri s t i cal l y  s h a l l ow .  I t  was  observed 

w i th i n the s teep l and  terra i n  tha t where there had been recent  ero s i on 

topsa i l s  were l e s s  th an 5cm th i ck .  

The eroded s l ope p ro fi l e  di ffered from that of the i n te rmed i ate 

s teep  s l ope by h av i ng a th i n �  wea k l y  s tructured topsoi l .  The s tructure 

i n  both Areas 1 a n d  2 was wea k l y  deve l o ped  fi ne nut  and crumb . 

Latera l  seepage wa s a common fea ture and  i ron co ncreti ons � ave ra gi ng  

lcm i n  di amete r �  were present  i n  both e ro ded  s l ope profi l es �  w i th mott l es 

i n crea s i ng i n  s i ze and  p romi nence w i th depth . Fragments of  a th i n  ( 3mm) 

i ron  pan were encountered i n  other ero ded  s l ope phase p rofi l es .  

The depth to parent  rock was us ua l l y sha l l ower tha n  i n  the 

i n te rmed i ate s teep s l ope profi l e  and the s i l ty s a nds tone and muds tone were 

both strong l y  mott l e d .  

Acc umul at i on s l ope ph ase 

The accumu l a t i on s l o pe phase us ua l l y  occ urred on the l ower part of 

the val l ey s i des � where the eros i on debri s has accumul ate d .  However � 

th i s  s o i l can a l s o occur a t  h i gher s i tes � whe re s uch debri s may h ave 

come to rest . 

The acc umu l a t i o n  s l o pe profi l e  d i ffered from the i n termedi ate s teep 

s l o pe profi l e  by h av i ng more rock  fragments � e s pec i a l ly i n  the l ower 

h ori zons and a much  g reater depth to parent  rock . 

A few � s ca ttere d �  p umi ceo us l a pi l l i  were present i n  the upper part 

of  both p rofi l es .  I n  Area 1 �  the pumi ceous l api l l i  were strong l y 

weathered  and occurred i n  the Bw hori zons ( 19 - > 100cm) . I n  Area 2 

the p umi ceous l a p i l l i  were re stri cted to the A hori zon ( 0  - 2 1cm) a n d  

were g reater than 20mm i n  d i ameter .  I n  o th e r  acc umu l ati o n  s l o pe p ro fi l es 

exami ned � th e p umi ceous  l a p i l l i  were reduced to a s peck l ed a s h . 

The s i tes were often l es s  s teepl y s l op i ng  tha n  the other  phases � 9° 

( Area 1 )  a nd  14° ( Area 2 )  and were s ubject  to run-off and s eepage from 

h i gher  s l opes so that  so i l  d ra i nage commo n l y  was i mperfect � w i th few to many 

mottl es present . 



Phosphate retent i on  as  an a i d  to s o i l va ri ab i l i ty 

The a i m beh i nd th i s  i n ves t i gat ion  was to gai n s ome understandi ng  

o f  the  pattern of  parent materi a l  vari ab i l i ty and , i n  parti c ul a r ,  to 

obta i n  evi dence for the p re sence or absence of vol cani c as h .  S i n ce 

vo l ca n i c ash  was not a l ways vi s i b l y  evi den t  i n  the fi e l d ,  chemi c a l  

methods were appl i ed to detect t he  presence of  a l l ophane . The vari ou s  

s i tes  i n  the s t udy areas we re u sed  as  a s ampl i ng framework . 

Phosphate retent i on i s  a mea s ure of  the ab i l i ty o f  a s o i l to 

ra p i d l y  remove phos phate from so l ut i on and  i s  rel a ted to the compos i t i on 

o f  the  s o i l a nd the parent  materi a l  from wh i ch i t  i s  deri ved . As the 

a l l o phane content i n  a s o i l i ncreases so does the va l ue for phosphate 

reten t i on . 

The phosph ate retenti on me thod used measures percentage of  a dded 

pho s ph ate taken up  i n  24 hours by 5g of  s o i l , s h a ken at  20°C wi th 2 5ml 

of NaOAc-HOAc b uffer s o l ut i on , at  pH 4 . 6 ,  w i th an  i n i ti a l pho s phate 

concentra t i on o f  0 . 0 32M KH 2Po4 . The metho d  has  been dev i sed  s o  th at  the 

concentrat i on  of  phos phate used  g i ves a s trong  degree of d i fferent i a t i o n  

between so i l s  o f  h i gh a n d  l ow retenti on capaci ty ,  wi th the pH of  4 . 6  

be i ng c l ose  to the poi nt  of maxi mum phos phate retent ion i n  many s o i l s .  

Th e Fi e l des a n d  Pe rrott ( 1966 ) te s t  fo r a l l ophane was ca rri ed  out  

i n  the fi e l d  by  p l a c i ng a sma l l amount  of  s o i l on  pheno l phtha l e i n  paper 

and a l l owi ng a few d rops of lM NaF s ol ut i on  to wet the s o i l . I f  the 

a l l ophane content i s  apprec i ab l e then the paper turns magenta red wi th i n 

two mi n utes . A p i n k  col our  i ndi cates sma l l amo unts of a l l ophane . A 

more detai l ed i n ves t i gati on of  a l l o phane content was a l s o  carri ed  o ut  i n  

the l abo ratory ,  i n vo l v i ng one  drop of  1M NaF  s o l ut i on react i ng  wi th a 

sma l l amount  o f  s o i l  to produce a h i gh pH va l ue .  The pH NaF  va l ues were 

ta ken a t  i n terva l s o f  2 mi n utes , 5 mi n utes a nd  60  mi nutes to observe the 

dynami cs  of  the Na F react i on . 

The s i tes  where the phos phate or rep l ac i ng fl uori de are ads orbed 

are thought  to be  at defects i n  the a l l o ph a ne s pherul es where s i ng l e 

Al -OH groups o r  s ub st i tuti ng Fe-OH groups  are exposed ( Pa rfi tt  and  

Henmi , 1 980 ) . 

The res u l ts  o f  the i nves ti gati ons  a re s hown i n  Tab l e 5 . 14 .  
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Tab l e 5 . 14 

AREA 

1 

RI DGE 
PHASE 

I NTERMED I ATE 
STEEP S LOPE 

ERODE D 
S LOPE PHAS E 

ACCUMULAT I ON 
SLOPE PHASE 

A l l ophane Tes t  and  Phos ph ate Retenti on  Va l ues for Area  1 a nd Area 2 .  

Hori zon p 
and Retent i on 

Depth ( cm)  ( % )  

A 0 -22 52  
Bw l 22-44 45 
Bgl 44- 68 73  
Bg2  68- 100 7 1  

A 0-24 72  
Bw 24- 4 1  8 1  

A 0-6  7 1  
B g l  6 -20 68  
Bg2  20-44 70 
Bg3 44-63  70  

A 0 - 19 79  
Bw l 19- 38 82 
Bw2 38-60 83  
Bw3 60- 100 83 

Al l ophane Tes t  

2 5 
mi n .  mi n .  

8 . 0  8 . 4  
8 . 1 8 . 4  
8 . 9  9 . 3  
8 . 3 8 . 6  

8 . 6  8 . 9  
9 . 6  10 . 3  

7 . 8  8 . 1 
7 . 9  8 . 0  
7 . 9  8 . 2  
8 . 0  8 . 3 

8 . 7  9 . 2 
9 . 3  10 . 0  
9 . 8  10 . 5 
9 . 7  10 . 4  

Rati ng 

Very h i gh 
H i gh 
Med i um 
Low 
Ve ry l ow 

Al l ophane AREA Hori zon 
60  Fi e l d and 

mi n .  Tes t  2 Dep th ( cm ) 

8 . 9  Nega ti ve R I DGE A 0-25  
8 . 7  Nega ti ve PHAS E BA 25-38 
9 . 7  Pos i ti ve Bw l 38- 78 
9 . 1 Pos i t i ve Bw2 78- 100 

9 . 8  Pos i t i ve I NTERMEDI ATE A 0- 19  
10 . 9  Pas i ti ve STEEP SLOPE  BA  1 9 -27  

Bg  27-54 

8 . 7 Pos i t i ve ERODED A 0 -8  
8 . 7  Nega ti ve SLOPE  PHASE B g l  8 -30 
8 . 6  Negati ve Bg2  30- 50 
8 . 7  Negati ve 

9 . 8  Pos i ti ve ACCUMULAT ION  A 0 - 2 1  
1 0 . 9  Pos i t i ve SLOPE  PHAS E Bw 2 1-42 
1 1 . 0 Pos i t i ve B g l  42-68 
1 1 . 0  Pos i t i ve Bg2  68-84 

Ra ti ngs for Phosphate Retent i o n  

( N . Z .  So i l B u reau  Sc i ent i fi c Re port lOA ) 

% Phosphate Retenti on 

90 - 100 
60  - 90 
30 - 60  
10  - 30 
0 - 10 

Al l o phane  Tes t 
p 

Retenti on 2 5 60  
( % )  mi n .  mi n .  mi n .  

70 8 . 6  9 . 1 9 . 8  
7 3  9 . 2  10 . 2  10 . 9  
72  9 . 5  10 . 0  10 . 8  
54 8 .  1 8 . 4  8 . 8  

4 7  7 . 9  8 . 2  8 . 5  
4 7  8 . 2 8 . 4  8 . 9  
32 8 . 0  8 . 1 8 . 5  

48 7 . 8  8 . 1 8 . 4  
45 7 . 9  8 . 2  8 . 7 
30 7 . 6  7 . 7  8 . 1 

68  8 . 5  8 . 9  9 . 8  
72 9 . 4  10 . 0  1 1 . 0  
50 7 . 9  8 . 3 8 . 8  
43  7 . 9  8 . 1 8 . 5  

A l l o ph ane 
F i e l d 
Tes t 

Pos i t i ve 
Pos i t i ve 
Pos i t i ve 
Negati ve 

Negati ve 
Negati ve 
Negati ve 

Negati ve 
Negati ve 
Negati ve 

Pos i t i ve 
Pos i t i ve 
Negati ve 
Negati ve 

N 
� 
cr; 



The pho s phate reten t i on val ues were a l l medi um to h i gh a nd  the  

rat i ngs vary both  w i th i n  a nd  between the two s t udy a reas . Mos t  o f  the 

h i gh va l ue hori zons responded pos i t i ve l y  to the a l l ophane tes t .  I t  i s  

ev i den t  from the res u l ts that  there can be e i ther  a negat i ve o r  pos i t i ve 

fi e l d tes t a l l o phane res ponse i n  s o i l s  wi th  va l ues o f  phosphate retent i on 

between 68- 70% . 

There was a n  i ncrease i n  pHNaF va l ues wi th  l ength o f  ti me , wh i ch  

wa s p robab ly  a mea s u re o f  the amounts of  c ry s ta l l i ne mate ri a l p resent . 

The med i um pho s phate retent ion  va l ues ( 30-60% )  a nd  pH Na F va l ues o f  

l es s  than 8 . 8 ,  th a t  are p redomi nant i n  Area 2 ,  can  be attr i b uted t o  the 

pres ence of quartzo - fel dspath i c  muds tone , w i th l i tt l e fi ne weath ered  

materi a l  capab l e  o f  deve l op i ng acti ve s i te s  fo r phos phate retent i on .  
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The p re sence of  o rga n i c  matte r and any a dd i t i ons of  pho s phorus ferti l i zers 

wi l l  a l s o  act to l ower the phos ph ate retent i on  va l ues s l i gh tl y .  

Al l o phane i s  p resent  throughout the p ro fi l es o f  the i n termed i a te 

s teep s l o pe and accumu l a t i on s l o pe phase i n  Area 1 .  S o i l s  wi th s uch h i gh 

phos ph ate retent i on  va l ues wi l l  req ui re h i gher  amounts of  phosph ate 

ferti l i zer  to ma i n ta i n pas ture product i on than the s o i l s  wi th med i um or 

l ow phos ph ate re te n t i on va l ues p redomi nant  i n  Area 2 .  

Con c l us i on 

The s t udy provi ded an  i n s i gh t  i n to the w i de ra nge o f  vari ab i l i ty 

of  the s teep l a nd  s o i l s .  D i s t i nct i ve morpho l og i es i n  terms of  p rofi l e  

depth , h ori zon expres s i o n , so i l s tructure deve l o pment  and degree of  mott l i ng ,  

were evi dent  both between the s o i l s  of the two a reas and between the s o i l s  

from the fo u r  s i tes e xami ned . 

The e i ght profi l es recorded s how con s i derab l e  predi ct i ve power ,  

wi th corres pondence i n  s o i l  p rope rti es a t  eq u i va l ent s i tes . Fo r examp l e 

both eroded  s l ope p ro fi l es we re mottl ed , w i th wea k l y  devel o ped s t ructure s . 

However ,  p redi cti o ns a nd  app l i cat i on  of s o i l i n fo rmat i on throughout  the 

s teepl a nd terra i n  can be unre l i ab l e  ma i n l y  d ue to parent  roc k  and  parent  

materi a l  vari ab i l i ty .  

The s tudy a l s o  revea l e d  th a t  i mperfect  a n d  poo r l y  dra i ned s o i l s  

were wi des p read wi th i n the s teep l a nd a rea . 



Vol can i c as h has  at  one t ime cove red the  s teep l a nd  a rea b ut  ero s i on 

has meant  a conti n u a l  removal  from s teeper s l o pes  and a c c umu l a t i o n of  a s h  

on  the l ower s l opes a nd  i n  va l l ey bottoms . A certa i n degree of  mi x i ng  

of  a s h  and  the unde r l y i ng parent materi a l  h as occurred , as i nd i cated by 

the a l l ophane te s t  and  pho s ph ate retent i on res u l ts .  The amo unt  o f  a s h  

present  can provi de an  i ndi cat i on of  s i te s tab i l i ty .  The grea ter 

depth o f  ash  pre sent  i n  the ri dge profi l e  of Area 2 i ndi cates th at  i t  

i s  e i th e r  more s tab l e  than th a t  of  Area 1 o r  rece i ved a l a rger amo unt  o f  

ash . The i ntermed i a te s teep s l o pe so i l i n  Area 1 was s i ted  on a 

moderate l y  steep 20° s l ope and  had  l i tt l e  ev i dence of  a s h . Th i s  

s ugge s t s  th at vo l can i c  ash  can  be expected to be fo und on moderate l y  

s teep a nd s l opes l es s  than 20° but not o n  s teep  a n d  very s teep s l o pe s  

due to  t he  i nc i dence of  eros i on .  

The  pres ence o f  vo l can i c  a s h  has  certa i n  major  soi l ferti l i ty 

imp l i ca t i ons . As th e a l l oph a ne content  i n  the so i l i n creases not  on l y  

does phos phate retent i o n i n crease but po ros i ty ,  water rete n t i on , 

s u l phate  adsorpti on a nd  vari ab l e  charge a l s o  i ncrease  wh i l e  b u l k dens i ty 

decreas es . Al l o f  these  prope rti e s  wi l l  i n fl uence the s o i l as  a med i um 

for p l a n t  growth . 

2 1 8  
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LABORATORY ANALYSES 

l .  SO I LS AND SAMPL I NG S I T ES 

2 1 3  

S e l e cted methods o f  ana lys i s were chosen to characteri s e  the chemi ca l  

and  phys i ca l  p roperti es of  fi ve yel l ow-brown l oams , ( Rowan ,  Ma kaka , Lowga rth , 

Ri ver l ea and  S tratford seri es ) , a g l ey so i l ( Mangawhero seri es ) , a n  

i n tergrade between ye l l ow-brown l oams and  recent s o i l s  ( Ha ngatahua seri es ) 
and  an  organ i c  s o i l ( El tham seri es ) , i n  El tham County .  The ye l l ow-brown 

l oams and the g l ey so i l were se l ected to i n ves t i gate a toposeq uence ( a 

seq uence of dra i nage c l a s se s ) and a c l i moseq uence ( a s eq uen ce of l each i ng ) . 

Deta i l ed ana lyt i cal data from ten So i l  Bureau  reference s i tes , i n  Tarana k i , 

were i nc l uded for comparat i ve p urposes , ( Tabl e 6 . 1  and  Fi gure 6 . 1 ) . 

S o i l s  bel ong i ng to the toposeq uence were l o ca te d  i n  a reas mapped as 

Rowan-Makaka and Ma ka ka-Mangawhero assoc i a t i ons , eas t of the Otakeho S tream 

and  north of Opunake Roa d .  S o i l parent materi a l s ,  i n  the toposeq uence , 

compri s e  i n  the upper part , moderate ly  weathered l a p i l l i , name ly  Ka upokon ui , 

Mak etawa and Ma nganu i  tephra s , wh i ch  a re �· 3 . 300 years B . P . , and tota l 

2 50mm i n  th i c knes s . The s e  overl i e  i n  the l ower part , teph ras p2  and  p 1  

( Druce , 1966 ) , o n  l ahari c debri s .  The Rowa n seri es i s  the s trong ly  

l eached , wel l drai ned member of  the toposeq uence . The Ma kaka seri es i s  

the s trong ly  l ea c hed , i mperfectl y dra i ned member and the Mangawhero seri es 

i s  the poorly d ra i ned membe r .  Deta i l s  of each s i te and  overa l l s o i l 

cha racteri st i cs are pres ented  i n  Tab l e  6 . 1 .  

S o i l s  bel ong i n g  to the  c l i moseq uence were a l l s e l ected from wel l 

dra i ned  s i tes , wh i ch vary i n  e l e va t i o n  and age of  parent materi a l . The 

c l i mo s eq uence compri ses  s o i l s  be l ong i ng to the moderatel y l eached Egmont ,  

Stratford and R i verl ea seri es , the moderatel y  to s trong ly  l eached Lowgarth 

s eri es , the s trong ly  l ea ched  Rowan seri es  and the very strong ly  l eached  

Patua seri es . Detai l s  of  each s i te a nd  overa l l s o i l ch aracteri st i cs  a re 

presented i n  Tab l e  6 . 1 .  

A wel l dra i ned profi l e  of  the Hangata h ua seri es , an i n terg rade 

between yel l ow-brown l oams and recent s o i l s  i s  i nc l uded from a fl at  s i te ,  

near  the  Kaupokon u i  Stream , 2 . 5 km south  of Ka ponga and a profi l e  o f  the 

E l t ham s er ies , a n  organ i c  s o i l , was s amp l ed from the E l tham Swamp . 



Tab l e  6 . 1 DETA I LS O F  THE E I GHTEEN S O I L  S I TES I N  TARANAK I  

Recent 
S i te Spec i f i c  Top-

So i l Group  E l evat i on Andes i t i c  Dres s i ng 
S i te So i l  Leachi ng  and and  Parent H i s tory Lab . Gri d 

Number Seri es Dra i nage C l ass  Ra i nfa l l Ma teri a l  ( at s i te )  Number Reference 

l .  Rowan* Yel l ow-brown l oam 4 50m > 250mm yo ung 3cwt 50% S . B .  N l l9/  
Strong ly  l eached 3000mm l api l l i showers , K S uper- 9 707  6 74 526  
Wel l drai ned p2/ pl  ( Druce , l 966 )  phosphate 

o n  l a hari c debri s .  

2 .  Ma ka ka* Yel l ow-brown l oam 458m > 250mm young 30% Pota s h  S . B .  N l 19/ 
Strong l y  l eached 3000mm l a pi l l i showers , Ammophos 9 703  6 53504 
Imperfect ly  dra i ned p2/p l  ( Druce , l966 ) 

3 .  Lowgarth* Ye l l ow-brown l oam 300m > 250mm young 4cwt 50% S . B .  N l 19/  
Moderate ly - strong ly  1900mm l api l l i  s howers K S uper- 9706  796 5 1 5  
l ea ched p2/ pl  ( Druce , l966 )  phos pha te 
��e l l drai ned on > 2m vo l can i c 

ash  ( E 5 ,  E4 ) 

4 .  R i verl ea* Yel l ow-brown l oam 225m > 250mm young 8cwt 30% S . B .  N l l9/ 
Moderate l y  l ea ched 1600mm l api l l i  showers , K S u per- 9 70 5  6 74449 
We l l  dra i ned p2/ p l  ( Druce , l966 ) phos phate 

on  l ahar i c debri s 

5 .  S tratford* Yel l ow- brown l oam 1 75m < 250rrm yo ung 5cwt S uper- S .  B .  N l 19/  
Moderately l eached 1 500mm l a pi l l i showers dol omi te 9708 797423 
Wel l dra i ned p2/ p l  ( Druce , l966 ) 

and  E 5 , E4 

6 .  Mangawhero* G l ey 4 58m > 250mm young 30% S .  B .  N l 19/ 
Poor ly  dra i ned 3000mm l api l l i showers , K S u per- 9 709 6 52 505  

p2/ p l  ( Druce , l966 ) phos phate r� 
o n  l ahari c debr i s  '{\J 

0 
* E l tham County So i l s  



Tab l e 6 . 1 contd . 

7 .  Hangatah ua* I n terg rade between 200m Andes i t i c  a l l uvi a l  4cwt 50% S . B .  N l 19 /  
yel l ow-brown l oam 1600mm s a nds and grave l s  K S uper- 9 702  7 18445  
and recent  s o i l . < 1000 years o l d  pho s phate 
We 1 1  dra i ned 

8 .  E l tham* Organ i c  200m Woody peat  wi th Li me and  s . B .  N l 19/ 
Poorly dra i ned 1 500mm i n terbedded teph ra " Na tumi x "  9 704  944455 

l ayers . 

9 .  Warea seri es , Ye l l ow-brown l oam 75m Vo l cani c a s h  30% S . B .  N l 18/ 
h i l l  s o i l Moderate ly l eached 14 50mm ( Oak ura Teph ra , K S uper- 9 3 15A 4 16583  

\�e l l dra i ned pos s i b ly  wi th Okato phosph ate 
Teph ra ) on  l ahari c and  
b re cci a ( P ungarehu  ca l c i ned  
F o rma t i on  ) . magnes i te 

1 0 .  Wa rea Ye l l ow-b rown l oam 76m Vo l ca n i c a s h  30% S . B .  N l 18/ 
Moderate ly  l eached 1450mm ( Oak ura and  Okato K S uper- 9 3 17A  4 19 587 
Wel l dra i ned Teph ras ) on l ahari c phosph a te 

brecci a ( Pungareh u and  
Formati o n )  . ca l c i ned 

magnes i te 

1 1 .  Ti poka Yel l ow-brown l oam 6 1m Vo l can i c a s h  30% K S . B .  N 1 18/ 
Moderate l y  l eached 1450mm ( Oa k ura and  Okato S uper- 9 314A 3966 15  
Imperfect ly  drai ned Teph ras ) on l ahari c phosphate 

brecci a ( P ungareh u and ca l c i ned 
F o rma t i o n ) . magnes i te 

12 . Opua  Ye l l ow-b rown l oam 107m Lahari c brecci a of  K S uper- S . B .  N l 18/ 
Moderatel y l ea ched  1450mm central  phase  of  phosphate 9 3 13A 475506 
We 1 1  drai ned the Opua Forma t i o n . r� 

N 
* E l tham County So i l s  � 



Tab l e 6 . 1  con td . 

1 3 .  T e  K i  ri Yel l ow-brown l oam 2 14m Lahari c brecci a o f  - S . B .  N l l8/ 
seri es , Moderate l y- s tron g l y  1600mm centra l phase  of  9 3 19A 5 1 3538 
h i l l  s o i l l ea ched Opua  Formati on  

We l l drai ned 

1 4 .  Oaonu i  Ye l l ow- b rown l oam 107m Lahari c b re cci a of  K S upe r- S . B .  N l l8/ 
Imperfect ly  dra i ned 14 50mm cen tra l phase  of  phosphate 9 3 1 2A 4 75506 

Opua Formati on  

1 5 .  Awatuna Gl ey 6 lm Vo l can i c a s h  30% S . B .  N l l8/ 
Poorl y d ra i ned 14501Tlll ( Oa k u ra and  Okato K S uper- 9 3 16A 3966 1 4  

Teph ras ) on  l ahari c phos phate 
brecci a ( P ungareh u a nd  ca l c i ned 
Format i o n ) . magnes i te 

1 6 .  Puneh u Gl ey 107m Lahari  c b re cci  a K S uper- S . B .  N l 18/ 
Poor ly  dra i ned 1450mm of centra l  phase  pho s phate 9 3 1 1A 475506 

of  Opua  Format i on 

1 7 .  Patua Ye l l ow-brown l oam 4 30m p2/ p 1  ( Druce , 1966 ) , - S . B .  N l08/ 
Very s tron g ly  4050mm Oak ura and Okato 9556A 58 1 74 6  
l eache d . Tephras . 
Mode rate l y  wel l to 
i mperfectl y d rai ned 

18 .  Egmont  Ye l l ow-b rown l oam 60m Vo l c an i c a s h  of  - S . B .  N 1 29/ 
Moderate l y  l ea ched  10 10mm Oak ura and Okato 9 55 7A 9 3 1238 
Wel l dra i ned Teph ras on l ah a ri c 

and fl uvi at i l e  
s a nds tone and  
cong l omerate 
( Opunake  Formati o n ) . 

l'V 
N 
l\; 
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F i g ure 6 . 1  Loca t i o n  of  s o i l s i te i n format i on  

referred to i n  so i l ana lys es s e c ti on  

l .  Rowan  - Re 
2 .  Ma kaka - �1k 
3 .  Lowgarth - Lo 
4 .  R i  verl ea - Rv 
5 .  Stratford - S t  
6 .  Mangawhero - Mw 
7 .  H a ngatah ua - H n  
8 .  E l  tham - E l  
9 .  Warea  seri e s , 

h i l l  s o  i l - W rH 

10 . Warea - Wr  
1 1 .  Ti poka - Tk 
12 . Opua - Ou  
1 3 .  Te Ki ri seri es ,  

h i l l s o i l - TzH 
14 . Oaonu i  - Oi 
1 5 .  Awatuna  - At 
16 . Punehu  - Pe 
1 7 . Patua - Pua  
18 . Egmont  - Eg 

ea 

2 2 3  

N 



2 2 4  
I n  Egmont  County two toposeq uences  were des c ri bed by Pa l  mer et �- , 

( 1 98 1 ) . The moderate ly  l eached  Awatuna-Warea h i l l assoc i at i on compri s es 

the poorl y dra i ned  Awatuna s eri e s , th e i mperfect ly  drai ned T i poka seri es , 

and the  wel l dra i ned Warea and  Warea seri es ,  h i l l s o i l .  So i l  parent  

materi a l s are vol cani c as h cons i s ti ng  o f  Oakura and  Okato Teph ras o verl y i n g  

l ahari c brecci a o f  the Pungareh u Format i o n .  The second toposequence was 

s el ected from an a rea mapped a s  Opua - Punehu associ at i on . The Opua 

seri e s  i s  the moderate l y  l ea ched , wel l dra i ned member , wi th th e Oaonui  

s eri e s  and  Pune h u  seri es i mperfect ly  and  poor ly  drai ned members , res pecti vel y .  

The s o i l parent materi a l s are l ahari c brecci a o f  the centra l phase  o f  Opua 

Format i o n  wi th no vol can i c ash  present . Data from these toposeq uences 

has been  i nc l uded i n  th i s  s tu dy for compa rati ve purposes . 

2 .  RES ULTS 

Res u l ts of chemi ca l  a nd phys i ca l  a na l yses of the s e l ected so i l s  

are s h own i n  Tab l e 6 . 2 . Rati ngs for these p roperti es  ( B l a kemore et �. , 

1 98 1 )  a re s ummari sed  i n  Tab l e 6 . 3 .  

The res u l ts are strong l y  dependent upon th e h i gh a l l ophane content 

of the c l ay fract i on i n  th ese  s o i l s .  However ,  the past h i s tory of  

topdres s i n g mus t a l so  be  ta ken i n to acco u n t .  The chemi ca l  properti es 

of h i gh pH NaF  val ues , h i gh phos ph ate retent i on va l ues , pH - dependent cat i on 

exchange  capaci ty , h i gh l evel s of aci d-oxa l ate extra ctab l e  i ron , a l umi n i um 

and s i l i con  and th e phys i ca l  p roperti es , s u ch as l ow bu l k dens i ty and  

the  i rrevers i b l e  effects on the  wa ter-ho l di ng capaci ty of  a i r-dryi ng so i l s ,  

are a l l c l o sel y  re l ated to the al l ophane content  of  each s o i l . 

A l l ophane i s  a mi nera l amorphous  to X-rays b u t  recent  s tudi es  have 

s hown i t  to have a degree of s hort- range s tructura l  o rde r .  I t  has a 

range o f  compos i t i o ns , wi th A l / S i  rati os from more than  2 to l es s  than 

1 .  I n frared evi dence i nd i cates th at a l l ophane ( Al / S i  = 2)  has  the s ame 

l oca l s tructure as i mogo l i te ,  tho ugh i t  a ppears under the e l ectron 

mi croscope as s pheri cal  parti c l es , 3 . 5 - 5 nm i n  d i ameter ( Pa rfi tt and 

Henmi , 1980 ) . I mogo l i te i s  a mi neral  made up of fi ne tubes , 2 . 1  nm 

i n  di amete r ,  w i th a g i bbs i ti c  o u te r  wa l l and an orthos i l i ca te i nner wa l l 

( Ch i l ds � �. ,  1 983 ) . 

Vo l ca n i c s o i l s  conta i n  a l l o phane , o rgani c matter and  certa i n  non­

crysta l l i ne hydrous oxi des of  i ron  and a l umi n i um ,  wh i c h d i s p l ay 1 1 Vari ab l e 



Table 6 . 2  Results of chemi cal and phys i cal analyses of selected Taranaki so 1 1 s  

Boil 
name 

r..b. 
No. 

Depth 
{cm) 

Orgll.nic ITI.!!. ttar 
NaP' C N C/N Truog 

( \ )  
O . SM 

f{2S04 
(mg%} 

YELLOW-BROWN LOAHS from ) 250 mm � l apilli showers on thin 
(with lllinor thick} volcanic ash, overlying laharic debris .  

- strongly leached 
1 . Rovan 9707 A 0- 30 4 . 7  5 . 8  

series B 30- 51 5 . 1  5 . 9  
c 5 1 - 75 5 . 4  s . s  
D 75-100 5 , 6  5 , 7  

- weakly glayed 
2 .Makaka 9703 A 0- 15 

series B 15- 28 
c 29- 58 
n sa- B4 
E 84-108 

•• 7 
4 . 9  
5 . 3  
5 . 4  
5 . 3  

5 . 5  
5 . 9  
6 . 1  
6 . 0  
6 . 1  

1 L4 8 . 6 0 . 54 16 
1 1 . 4 4 . 0  0 . 25 16 
1 1 . 4  2 - 7  0 . 1 6  1 7  
1 0 . 8  0 . 4  0 . 02 2 0  

1 1 . 2  e . s  
1 1 . 4 s . s  
1 1 .  2 3 .  1 
1 1  . 2  2 ·  6 
1 1  • , , ,  9 

0 . 66 
0 . 36 
0 . 2 0  
0 . 1 7  
0 . 1 1  

1 3  
1 5  
1 6  
1 5  
1 7  

0 . 5  

2 

from > 250 = � lapilli showers on thick volcanic .ash. 

- moderately to strongly leached 
J . Low- 9706 A 0- 23 4 , 6  5 . 6  

garth 
series 

Units used 

B 23- 52 5 . 3  5 . 8  
c 52- 9 2  5 . 7  5 . e  
D 92-120 5 . 7  6 . 4  

1 0 . 7  6 . 7  0 . 52 
1 0 . 9  2 - 2  0 - 1 6  
1 0 . 9  2 . 2  0 . 1 6 
1 o . e  1 . 2  o . oe 

\ - grama .per 1 0 0  grams oven-dry soil 

1 3  
1 4  
1 4  
1 5  

mg\ - milliqram.a per 1 0 0  gr.ama oven-dry soil 

4 

i )  
{ 11) 
(111) me\ - aillieguivl:llento per 1 0 0  gr.ams oven-dry soil 

me\ • m:nol 
ion charge no 

iv) ppm - pArts per million 
v) Hg/m3 - megagrammea per cubic metre. 

29 
27 
24 
87 

7 1  
27 
38 
23 
43 

1 1 6  
63 
7 5  
99 

PhDephorua 
Inorg- Org- Total 

anic anic 

49 
52 
42 

105 

84 
53 
59 
39 
6 1  

1 3 0  
BB 
89 

1 14 

8 1  
52 
43 
15 

1 1 4 
56 
43 
5 1  
37 

1 1 1  
35 
39 
28 

130 
104 

85 
1 2 0  

1 9 8  
109 
1 0 2  

90 
98 

2 4 1  
1 2 3  
1 2 8  
142 

p 
Reten­

tion 
( ' )  

94 
98 
95 
49 

93 
98 
97 
95 
91 

8 1  
87 
95 
93 

ECEC 

5 . 4  
1 . 0  
1 . 0  
0 .  3 

4 . 4  
3 . 7  
2 . 6  
2 . 9  
2 . 0  

6 . 4  
3 . 5  
6 . 9  
3 . 6  

Cation 
exchange 

CEC TEB HS 
pH7+ 8 . 2  

{me%) \ 

20 . 9  53 4 . 7  '22 
1 3 . 9  43 o . 8  6 

7 . 5  28 0 . 9  12 
2 . 3  9 0 . 3  1 3  

20 . 1 
2 0 . 9  
15 . 1  
1 0 .  1 

7 . 9  

50 
52 
37 
32 
27 

3 . 6  
3 . 5  
2 . 5  
2 . 9  
2 . 0  

1 8  
17 
17 
29 
2 5  

1 8 . 8  4 3  5 .  7 30 
9 . 2  28 3 . 4  37 

1 0 . 6  33 6 . 8  64 
8 .9 29 3 . 6  40 

Analystal H . D .  Taylor, M· Cullinane, K.M. Giddens, 
A. Hall, v. vortmen ,  L . c .  Blakemore 

ea Mg 

3. 7 
0 . 6  
b . 7  
0 . 2  

2 . 9  
3 . 1  
2 . 3  
2 . 6  
1 . 7  

0 . 25 
0 . 04 
0 . 0 4 
0 . 0 1  

0 . 2 6  
0 . 1 3  
o . oa 
0 . 1 9 
0 . 1 5 

4 . 6  0 . 4 5  
2 . 9  0 . 2 3  
5 . 6  0 . 45 
3 . 0  0 . 3 3  

K N• 

0 . 54 0 . 2 2  
o . oa o . o6 
o . o 4  o . 1 o 
o . o t  o . o 7 

0 . 27 
o .  16 
0 . 0 7 
o . o t  
o . o 1  

0 . 20 
0 .  1 1  
o . o8 
o� t o  
0 . 0 9 

0 . 4 5  0 . 2 1  
0 . 1 7 0 . 0 7 
0 . 5 2  0 . 23 ; 
0 . 1 5  0 . 1 2 ·, 

Exchangeable 
A 1  

( m e . '% )  

0 . 6 6  

0 . 1 6  

o . o7 

0 . 0 4  

o . 8 o  
0 . 2 0  
o . o s  
o . o o  
o . oo 

0 . 65 

o . oe 

0 . 05 

o . o 1  

0 .  18 

0 .  15 

o. 19 
o. 18 

6 . 6  

1 7 . 0  

8 . 3  

2 . 2  

8 . 4  
1 1 . 0 
1 6 . 0  

4 . 1  
3 . 1  

0 . 1 6  8 . 8  

0 . 1 4 2 1 . 0  

5 .  7 

5 .  7 

+ Water holding capacity 

Phosphate 
extr.actable 

s 

(ppm )  

36 

62 

85 

53 

58 
53 
68 
54 
4 1  

44 

26 

93 

1 1 1  

Acid oxalate 
extr��octable 
Al Fe Si 

Re 

1 . 8  

3 . 3  

2 . 6  

0 . 94 

Mk 
1 . 9  
3 . 4  
3 . 2  
2 . 8  
2 . 6  

Lo 

o . 8 8 0 . 4 1  

, ,  2 1 . 3  

0 . 69 1 . 1  

0 . 27 0 . 4 1  

1 .  0 
1 .  1 
1 .  4 
1 .  3 
0 . 9 1  

0 . 5 3 
1 . 2  
1 . 3  
1 . 2  
1 . 2  

N a  PJ"r"O­
phoaphate 

extr. 
Fe Al 

( %  ). 

o . 62 o . 7 1  

0 . 34 0 . 4 9 

0 . 22 Q . 3 0  

o . o t  o . 1 o 

0 . 75 
0 . 58 
0 . 26 
0 . 4 1  
0 . 1 8 

o . 66 
0 . 64 
0 . 3 0  
0 - 32 
0 - 25 

1 . 8  0 . 87 0 . 58 0 . 4 �  0 . 45 

2 . 4  , , ,  1 . 1  0 . 2 0  0 . 2 6  

Citrate­
dithionite 
extractable 

F'e Al 

( ' ) 

Sample 
depth 

l = l  

1 1- 1 4  
1 . 1 0 1 . 55 1 5 - 1 8  

37-40 
1 . 22 1 . 75 41-44 

59-62 
0 .  96 t .  18 63-66 

83-86 
0 . 22 0 . 18 87-90 

t .  33 
t .  28 
1 . 42 
1 . 64 
1 .  12 

1 . 3 1  
1 . 88 
1 . 33 
1 . 1 8 
0 . 84 

n.d. 

7- 1 0  
1 . 03 0.88 1 1 - 1 4  

24-27 
1 . 07 0 . 7 6  28-31 

66-69 
3 . 5  

3 .  1 

0 . 89 2 . 0  0.06 0 . 1 9 1 . 2 2 o . 84 7o--73 
1 0 1 - 1 04 

o . o 4  o . n  1 . 2 1  o . n  to5-to8 0 . 72 1 . 9  

Bulk 
density 

o . B3 
0 . 79 
o . 8 3  
1 .  1 0  

0 - 8 7  
0 - 89 
1 . 34 
1 . 36 

n . d .  

1 . 0 1  
1 . o o  
1 - 00 
1 - 07 . 
o . e5 
0 . 83 
Q . B8 
0 . 94 

TOt!!ol 
porosity 

( • l  

66 . 3  
68 . 2  
6 8 . 7  
59 . 0  
6 7 . 7  
6 5 . 7  
5 0 . 6  
50 . 1  

n . d .  

6 0 . 9  
6 1 . 9  
6 3 . 7  
6 1 . 7  
6 7 . 4  
68 . 1  
6 7 . 0  
6 4 . 6  

Large 
pores 

( \ )  

1 1  .7 
1 8 . 4  
1 3 . 9  
1 8 . 9  
1 2 . 7  
1 0 . 0  
3 0 . 7  
3 1 . 2  

n . d .  

1 4 . 9  
1 6 . 6  
2 3 . 4  
2 1 . 0  
1 3 . 4  
1 1 . 8  
2 1 . 7  
1 3 . 6  

Moi sture retent!or. 
1 5  bar w�ter D � c r .  
(moiet ) ( dried) in 

( ' ) 

3 1 . 7 

29. 1 

30 . 1 

2 9 . 8  
4 1 . 2  
3 6 . 0  
3 4 . 7  
2 7 . 8  

2 0 . 8  

1 9 . 9  

33 . 2  

2 7 . 5  

( ' ) 

1 6 . 3  

1 2 . 6  

9 .  5 

3 . 4  

1 8 .  1 
1 6 . 7  
1 2 . 4  
1 0 . 6  

• • •  

1 4 . 7  

9 . 4  

1 1 . 9  

WHCT 

[ . )  

4 8 . 6  

56 . 7  

) 9 . 3  
5 9 . 5  
65 . 6  
6 9 . 5  
6 9 . 8  

2 9 . 3  

5 2 . 8  

6 4 - 2  

5 8 . 5  



----------------------------------------------------------------------------------------------------------------,C�•�t�l�o�nc------------------------- [oE�x�o�h�•�n�g�e�•'b'l=e--�Re�ee�r�v�e�---cFh""o�e�p�h�o�t�e�-,A'-c�l�d�-�o�x�•�l�•�r�ec---�N�•�p�y�r�o�phh�o=-----ccllttrr�••t;e=-----s�.�m;p�l�e;--c,�,�lfx�---cTo�t�•�l,---,Ld�r�g�ec---�Mo�l�e�t�u�r�e�Ro�t�e�n�t�l�o�nc----
CEC exchange Al ICe Mgr Extract11ble extractable ph11te extr. d i thlonite depth density poro!llty Poree 15-bar water Deer, SoU Lob. 

No. 
Depth 
l = l  )(Cl 

pH 
H20 NoP 

organic 
C N 

( \ )  

H.atter 
C/N Truog 

YELLOW-BROWN LOhMS from ) 250 mm � l apl l l i  showers on 
[ with minor thick] volcanic ash, overlying laharlc debris. 

- IDO<ler11tely to strongly leached 
4 . Riverlec series 

9 7 0 5  A 0- 2 1  5. 2  6 . 1 1 0 . 9  8 . 5  0 . 7 1  1 2  

B 2 1 - 3 4  5 . 5  6 . 3  1 1 . 9  3 . 8  0 . 28 1 4  

C34- 83 6 . 0  6 . 6  1 1 . 0  2 . 5  0 . 1 7 1 5  

083-1 18 6 . 1 6.7 1 0 . 9  \ . 9  0 . 1 4  14 

thin 

2 

O . SM 

95 

66 

6 1  

4 9  

from < 250 � � lAplllj ehowere on pumiceous l apilli-bearing 
ash showers on thlck volcanic ash. 

- moderately leached 
S . Stratford series 

9708 A 0- 2 5  

B 2 5 - 3 5  

C35- 65 

065-100 

4 . 1  5 . 7  1 0 . 7  7 . 2  0 . 69 1 0  

5 . 3  6 . 3  1 1 . 0  4 . 6  0 . 45 1 0  

5 . 6  6 . 5  1 1 . 0  3 . 1 0 . 26 1 2  

5 . a  6 . 6  1 0 . 8  2 . 0  o . t s 1 3  

GLE:Y SOILS from ;. 2 � 0  mn � lapl l l i  showers o n  thin 

3 1 2 3  

93 

1 0 9  

1 1 0  

Phosphorus 
Inorg- Org­

anic anlc 

1 0 9  1 3 5 

B7 56 

72 3 9  

60 4 9  

1 3 0  1 B 7  

1 0 2  152 

1 0 9  1 0 6  

1 2 0  7B 

(with �lnor Man9awhero series thlck) volcanic ash, overlying laharic debris 

6. Mangawhero series 
9 7 o 9  A o- 9 

B !l- 1 7 
C 1 7 - 34 
034- 53 
E53- 67 
F67- 82 
G 82+ 

4 . 8  5 . 5  
4 . 8  5 . 6  
5 . 1  6. 0 
5 . 2  6 . 2  
5 .  3 6 .  2 
5 . 3  6 . 2  
5 . 2  6. 2 

1 0 . 3  1 1 . 1  
1 0 . 5  7 . 6  
1 1 . 0  3 . 4  
1 1 .  1 2 .  8 
1 1 . 1  2 . 7  
1 1 . 1 2 . 7  
1 0 . 9  1 . 9  

0 . 9 2  
0 . 6 1  
D . 26 
0 . 20 
0 . 1 5  
0 . 1 7 
0. 1 0  

1 2  
1 2  
1 3  
1 4  
1 8  
1 6  
1 9  

INTERGRADE BETWEEN YELLOW-BROWN LOAMS AND RECENT SOILS 
from recent .e�ndesitic sands and gravels . 

7 .  Hangatahua &6ries 
9702 A o- 1a 4 . 9  s . a  t o . 7  9 . 1 o . 74 1 1  

B 18- 3 3  5 , 2  6 . 0  1 1 . 1  2 . 9  0 . 25 1 2  

c :n- 65 s . s  6 . 2  1 1 . 0 1 . a  o . 1 4 1 3  

o 65-105 5 . 7  6 . 4  1 0 . 8  o . 8  o . o4 2 0  

E 1 0 5-125 5 . 7  6 . 5  1 0 . 9  1 . 7  D . 1 0  1 7  

ORGANIC SOIL 
from �ody peat with interbedded tephra layers 
a. Eltham series 

9704 A 0- 20 

• { 1 ; 5  Ratio) 

B 20- 22 

c 22- 30 

D 30- 52 

E 52- 65 

F 65-100 
G l 00-140 

4 . 0  4 . 8  

4 , 1  4 . 8  

3 . 8  4 . 4  

4 . 3  4 . 9  

• • 
4 . 5  5 . 2  

8 . 6  32 

t o .  4 9. 1 

a . 8  3 2  

1 O .  5 1 8 

9. 1 40 

8 . 4  29 
7 . 9  40 

1. 75 

0 . 37 

1 .  23 

0 . 69 

1 . 29 

o . a6 
0 . 93 

1B 

25 

2 6  

2 6  

3 1  

" 
43 

5 

6 

1 52 
47 
5 6  
56 
5 7  
4 0  
4 1  

1 5 3  

1 0  1 

B 1  

B3 

5 9  

6 1  

57 

9 

2 7  

B 

2 3  
14 

1 5 3  
5 1  
74 
6B 
B4 
5 9  
5 9  

164 

1 1 6  

% 

1 1 3  

75 

6 1  

93 

1 7  

" 

1 B  

2 7  
1 6  

2 1 2  
1 7 B  

9 0  
1 0 0  

53 
7 7  
5 5  

173 

76 

49 

1 6  

55 

155 

25 

76 

" 

7 B  

52 
4 3  

Total 

244 

1 4 3  

, ,  

1 0 9  

3 1 7  

245 

2 1 5  

198 

365 
2 2 9  
1 64 
1 5 6  
1 3 7 
1 3 6  
1 1 4  

3 3 7  

1 92 

1 45 

1 2 9  

1 3 0  

2 1 6  

1 1 B 

93 

94 

BB 

79 
5 9  

p 
retn. 

• 

90 

97 

98 

9B 

B4 

9D 

93 

93 

92 
96 
B9 
93 
94 
9 1  
B4 

84 

9 1  

B7 

6 1  

89 

92 

75 

93 

94 

95 

9 1  
92 

ECEC 
pH7 8 . 2  TEB HS Ca Mg K Na extre.ctable � [moist] [dried] in WHC (me't.) 't. (me'\) s A l  Fe S l  f'e Al Fe Al 

1 6 . 7  2 6 . 6  5 6  1 6 . 6  62 1 4 . 2  1 . 44 D . 5 9 0 . 32 

9. 1 1 6 . 5  40 

6. t 1 1 .  1 34 

7 . 2  1 2 . 8  37 

9. 0 55 

6 . 1 55 

7 . 2  56 

1 1 . 1  2 3 . 8  52 1 0 . 8  4 5  

7 . 7  0 . 95 0 . 1 0 0 . 23 

5 . 3  0 . 44 0 . 04 0 . 28 

6 . 6  0 . 4 2 O . D 1  0 . 1 7  

9 . 0  0 . 89 0 . 66 0 . 2 5  

1 2 . 3  1 9 . 4  4 4  1 2 . 2  6 3  1 0 . 9  0 . 6 6  0 . 4 8  0 . 1 8  

9 . 8  1 4 . 4  3 9  9 . 8  6 8  8 . 6  0 . 8 5 o .  1 9  0 . 1 2 

7 . 8  1 2 . 0  34 7 . 8  65 6 . 7  D . B2 0 . 2 0  D . 1 1  

1 0 . 0 . 2 6 . 7 
5 . 7  2 3 . 1 
3 . 6  1 2 . 2  
3 . 7  1 1 . 7  
3 . 9  1 1 . 7  
3 .  4 1 0 . 5  
3 .  1 a .  s 

60 
56 
3 4  
3 3  
" 
32 
2 6  

9 . 6  
5 . 4  
3 . 5  
3 . 6  
3 . B  
3 . 3  
2 . 9  

3 6  
2 3  
2 9  
3 1  
32 
3 1  
3 4  

1 2 . 7  2 3 . 9  52 1 2 . 4  52 

7 . 4  1 0 . 5  32 4 . 2  4 0  

3 . 4  7 . 3  2 4  3 . 3  4 5  

2 . 2  3 . 7  1 3  2 . 0  54 

4 . 7  9 . 0  27 4 . 6  5 1  

1 2 . 3  

1 1 .  B 

4 5 . 6  

3 8 . 3 
52 

a3 . 5  140 

2 2 . 9  57 

88 . 7  142 

4 0 . 7  86 

76. , 1 3 9  
9 2 . 7  173 

2 6 . 2 

4 . 5  

1 6 . 5  

9 . 4  

4 4 . 9  

3 7 . 5  
5 0 . 8  

3 1  

2 0  

1 9  

2 3  

4 9  

4 9  
ss· 

7. 5 
4 . 6  
3 . 1  
3 . 3  
3 . 4  
3 . 0  
2 . 5  

o .  96 
0 . 4 7  
0 . 2 0  
0 . 2 1 
0 .  22 
0 . 20 
0 . 20 

0 . 4 8  
o .  1 6  
0 . 02 
0 . 02 
0 . 0 5  
0 . 04 
0 . 0 7  

0 . 65 
0 . 1 3  
o . n 
o. 1 1  
o .  1 2  
0 . 0 9 
D .  1 5  

1 0 . 7  1 . 1 7 0 . 3 0  0 . 2 4 

3 . 7  0 . 2 9  0 . 04 0 . 1 2 

2 . 9  0 . 1 7 0 . 07 0 . 1 1  

1-.e o . n  o . o4 o . os 

3 . 7  o . 69 o . o 9 o . 1 o  

24. 0 

4 . 2  

1 5 . 7  

B . B  

4 1  

33 
42 

o. 1 6  

o .  37 

3 . 5  

3 . 9  
B . O  

0 . 46 0 . 22 

o . 08 o . o9 

o .  15 o. 1 5  

0 . 04 0.20 

0 . 1 3 0. 3 1  

0 . 2 3 0. 38 
0 . 2 9  o. so 

(me� ) 

o. 13 

0 . 0 6 

0 . 04 

0 . 02 

0 . 3 4 

0 . 06 

o. 03 

o . o2 

0 . 40 
0 .  3.1 
0 . 0 9  
0 .  14 
0 . 1 3 
0 .  1 2  
0 .  15 

0 . 2 6 

o .  1 5  

0 . 1 3 

o .  1 8  

0 . 09 

3 . 0  

3 . 3  

7 . 9  

2 . 4  

0 . 66 
0 . 80 
0 . 70 

(merr. ) 

o. 17 12 

o. 17 14 

s .  B 

4 .  B 

o. 18 7 . 9  

o .  1 8  5 . 3  

o .  19 
0 . 20 

5 . 5  

6. B 

B. 3 
5 . 7  
s . B  
1 3  
2 1  
' .  3 
B. 1 

0 . 1 9 8 � 2  

0 . 2 D  7 . 3  

0 .  1 1  

o .  1 2  

4 .  1 

1 5  

6 . 3  

1 . 6  

1 . 7  

7 . 8  
1 3  
16 

+ Water holding capacity 

(pprn) ( \ )  ( \ }  ( 't. )  1 cm )  

45 

22 

194 

1 B 9  

6 0  

1 7  

20 

55 

67 
1B3 

56 
29 
36 
55 
42 

24 

66 

1 1 2  

2 7  

55 

63 

53 

BB 

4 B  

1 4 3  
377 
760 

P.i v erl ea 

2 . 6  

3 . 4  

4 . 0  

4 .  6 

�- g 
D . 95 0 . 86 0 . 4 6  0 . 48 1 . 2 1  1 . 1 1 1 D- 1 3  

22- 25 
o. 92 1 . s  

1 .  3 2. 1 

1 . 5  2 . 5  

0 . 28 0 . 3 0 1 . 32 1 . 1 8 26- 29 
54- 57 

o . o8 0 . 22 1 . as 1 . os sa- 6 1  
ss- sa 

O . D4 0 . 2 0  2 . 4 0 1 . 09 89- 92 
1 0 5- 1 0 8  
1 0 9- 1 1 2  

Stratford 

2 . 2  

2 . 6  

3 .  1 

3 . 3  

6 - 9 
0 . 83 0 . 69 0 . 4 6  0 . 53 1 . 09 1 . 0 5 1 0- 1 3  

2 6 - 2 9  
o . 85 o . 99 D . 4 4 o . 46 t . t4 1 . 1 6 30- 3 3  

4 6 - 4 9  
o . 94 t . 5  o . 2 7  o . 32 1 . 24 1 . 01 so- 53 

78- 8 1  
o . 8a 1 . 8  o . o 9  o . 1 9 1 . 1 s o . 86 82- as 

M�ngaWhero series 

1 . 6  
1 .  B 
1 .  7 
2 . 3  
2 . 5  
2 .  0 
1 . 5  

Ht 

2 . 0  

2 . 6  

2 . 4  

' ·  3 

2 •. 7 

El 

1 .  0 

0 . 92 

1 .  4 

1 . 6  

' ·  4 
0 . 98 
0 . 8 1  

2 . 9  
3 . 3  
1 . 9  
1 . 4  
1 . B  
1 . 6  
1 . 6  

0 . 25 
0 . 3 4  
0 . 54 
0 . 9 1  
1 .  1 
0 . 7 8  
0 . 55 

1 . 90 
2 . 82 
1 .  1 3  
0 . 4 7 
0 . 4 8  
0 . 83 
0 . 58 

o . a2 
o. 82 
0 . 4 8  
0 . 37 
0 . 36 
0 . 40 
0 . 2 6  

3 . 6  
5 . 2  
2 . 4  
1 . 4 1  
1 . 99 
2 . 3  
3 . 4  

1 . 38 
1 . 57 
D . 99 
1 .  0 1  
1 . 06 
0 . 99 
0 . 93 

n . d .  

5 - B 
0 . 82 0 . 66 0 . 4 9  0 . 4 7 1 . 06 1 . 0 1  9- 1 2  

1 9- 22 
o . a4 o . 99 o . 2 1 0 . 2 6 t . oo 1 . 0 1  23- 2 6  

4 4 - 4 7  
0 . 12 1 . 1 0 o . t 3  0 . 20 o . 8B o . 66 48- 5 1  

8 1 - 84 
o . 53 D . 67 o . o 2 0 . 1 1  o . 4 t  o . 2 s  a5- as 

- 1 06-109 
0 . 93 1 . 4  0 . 0 7 0 . 1 9 1 . 23 0 . 75 1 1 0-1 1 3  

1 . 6  

0 . 2 5  

1 . 0  

0 . 4 0  

0 . 68 
o . s o  
0 . 6 1  

0 . 0 5 

0 . 2 0  

0 . 04 

0 . 3 1  

0 . 0 8 
o . o s 
0 . 03 

, ,  58 

0 . 2 6  

0 . 99 

0 . 4 1  

o .  55 
0 . 3 0  
o. 3 8  

0 . 65 

0 . 4 8  

1 .  O D  

o . a2 

o .  92 
0 . 52 
0 . 47 

1 .  7 8  

0 . 3 1  

1 . o o 

0 . 46 

0 . 64 
0 . 44 
0 . 57 

0 . 9 9 

0 . 8 1  

1 . 42 

1 .  37 

1 . 2 9 
0 . 82 
0 .  73 

6- 9 
10- 1 3  

2 3 - 2 6  
27- 30 
37- 40 
4 1 - 44 
53- 56 
57- 60 
78- 8 1  
a2- 85 

0 . 8 2 
0 . 87 
o . a s  
0 .  BD 
0 . 75 
0. BD 
o .  7 7  
o. 75 
o. 7 2  
0 . 76 

0 . 89 
o . a s  
o . a 5 
D. 85 
0 . 8 7  
o. 9 1  
o . 9a 
1 .  03 

0 . 78 
o . ao 
0 . 8 1  
0 .  84 
0 .  a7 
0 . 88 
1 .  1 1  
1 .  1 4  
1 .  02 
0 , 99 

o . s s 
0 . 49 
0 . 30 
0 . 26 
0 , 42 
0 . 3 0  
0 , 20 
0 .  1 8  
0 . 2 6  
0 , 3 2 

( \  l 

66. 1 
65. 6 
66 . 6  
68 . 6  
7 1 . 3  
69. 0 
7 0 . 4 
82. 1 
8 3 . 7  
8 1 . 6  

64 . 1 
65 . 5  
66 . 5  
66 . 7  
6 6 . 3  
65 . 0  
62 . 8  
6 1 . 7  

n . d .  

6 7 . 4  
67 . 4  
6 9 .  1 
67 . 8 . 
6 6 . 2  
6 5 . 7  
5 8 . 2  
5 6 . a  
60 . 4  
6 1 . 8  

70 . 7  
7 2 . 4  
82 . 6  
84 . 9  
a 1 . 3  
85 . 4  
87 . 3  
8 7 . 7  
85 . 2  
83 , 7  

1 2 . 2  
2 0 . 5 
2 0 . 7  
2 2 .  J 
1 9 . 6  
1 4 . 6  
1 0 . 0  

9 . 4  
1 2 . 6  

9 . 2  

1 3 . 6  
1 6 . 9  
2 1 . 4  
2 D . 7  
2 2 . 5  
1 9 . 0  
1 4 . 7  
1 1 . 7  

9 . 0  
1 8 . 0 
2 2 . 6  
2 0 . 8  
1 9 . 5  
1 7 . 4  
1 7 . 1  
1 6 . 3  

7 . 6  
3 .  4 

Y. 2 
1 3 .  1 
1 a. a 
1 6 . 0  
1 7 . 1 
1 3 . 5  

9 . 3  
1 o. 1 

4 . 9  
4 . 4  

( \ )  

3 o. J 

3 1 . 3  

4 0 . 4 

4 5 . 7 

25. 1 

2 6 . 6  

2 8 .  1 

2 7 . 3  

3 9 . 8  
4 5 . 8  
2 7 . 4  
2 0 . 6 
3 4 . 4  
2 9 . 5  
22 . 8  

2 9 . 9  

2 7 . 7 

2 4 . 0  

1 1 .  7 

27. 4 

sa. 1 

2 5 .  1 

75 . 7  

4 1 .  1 

87 . 9  
64. . 9  
8 5 . 8  

I '  l 

2 1 . 1  

1 4 .  9 

1 3 .  3 

1 4 . 0  

1 9 . 2  

1 5 . 2  

1 1 . 2  

2 5 . 2 -
2 0 . 9  
1 1 .  1 

9. 5 
1 0 . 6  
1 0 . 0  

9 .  2 

1 9 . 9  

1 1 . 4  

B. 1 

4 . 5  

B. 7 

4 1 . 0  

1 1 . 9  

3 9 . 5 

2 0 . 8  

4 9 . 9 
3 5 . 6  
4 8 .  1 

(\ ) 

3 0 .  4 

5 2 . 4  

6 7 .  1 

69. 4 

2 3 . 5  

42 . 9  

5 5 . 2  

5 9 . 0 

3 6 . 7  
5 4 . 4  
5 9 . 5  
53 . 9  
6 9 . 2  
6 6 .  1 
5 9 . 6  

33 . 4  

s a . a  

66 . 3  

6 1 . 5  

6 8 . 2 

2 9 . 4  

5 2 . 6  

4 7 . 8  

4 9 . 4  

4 3 . 2  
4 5 .  1 
43 . 9  

2 2 5  



Sail 
name 

Lab 
No. 

Depth 
< = l  

pH 

XCl N•• 

Organic Mtltter 

c N C/N 

, , ) 

Truag O . SM 
H2S04 
{m % )  

YELLOW BROWN LOAM£ trom pum1ceaua lapilli-bearing aah showe rs 
p2/p1 [Druce1 1966] Dakura and Okato Tepbraa 

very s t rongly leached 
Patua series 

9556 A 0- 14 
B14- 29 
C29- 54 
D54- 87 
E87-100 

4 .  4 5 .  3 
4 . 6  5 . 5  
5 . 1  5 , 6  
5 . 4  5 . 5  
5 . 5  5 . 4  

, 1 . 3  
1 1 . 6  
1 1 . 5  
, . 3  
1 1 . 0  

1 8  0 . 6 7  2 7  
1 1 .5 0 . 43 2 7  

7 . 1  0 . 26 2 7  
4 . 7  0 . 17 2 8  
4 . 1  0 . 1 5 2 7  

1 6  
1 0  
1 2  
1 5  
17 

from thick volcanic ash of Oakura and Okato Tephraa on laharic �nd 
fluviat!le Bands tone and conglomerate (Opunake P'ortn4tion } 

moderately leached 
Egm.ont · series 

9557 A o- 2 1  
B 2 1 - 38 
c 38- 55 
n ss- 89 
E 89-115 
F 1 l5-145 

5 .9 
6 . 3  
6 .  1 
5 . 9  
5 . 7  
5 . 5  

6 . 6  
6 , 9  
6 . 7  
6 . 6  
6 .  7 
6 . 5  

1 0 , 7  
1 1 .0 
1 0 . 8  
1 0 . 9  
1 0 . 7  
1 0 , 5  

t o .  1 
3 . B  
2 . 2  
1 . 7  
1 . 1  
1 .  0 

0 . 64 
o .  19 
0.  12  
0 . 07 
o . o s  
0 . 04 

1 6  
20 
1 8  
24 
22 
25 

143 
1 1 4  

9 1  
6 1  
33 
, 

Phosphorus 

Inor- Org­
ganic cnic 

24 
23 
18 
21 
26 

143 
1 1 4  

9 1  
6 1  
33 
3 1  

95 
77 
75 
71 
74 

156 
81 
52 
4 1  
35 
3B 

Total 

1 19 
100 

93 
92 

100 

299 
195 
143 
102 

6B 
69 

p 
Re.tn 
,, ) 

91 
97 
99 
99 
99 

BB 
9B 
99 
99 
96 
91 

ECEC CEC Cation 
Exchange 

pH7 8 . 2  TEB BS 
(me%) ( % )  

8 , 6  4 2 . 7  88 , 4  
3 . 1  29. 6  75 . 6  
0 . 8  2 2 . 6  60 . 9  
0 . 6  1 9 . 4  56 . 2  
0 . 6  1 6 . 7  5 3 . 2  

3 9 . 0  
1 5 , 0  

B , 5  
6 . B  
5 . 9  
5 .  1 

3 9 . 4  
1 5 . 8  
1 2 .  1 
1 3 . 0  
1 0 . 7  

9 . 9  

73 . 4  
44 . 0  
3 8 . 4  
3 7 . 2  
29 . 1  
26 . 4  

6 , 5  
1 . 9  
0 . 6  
0 . 5  
0 . 5  

38, 7 
14. a 

B . 3  
6.7 
5.8 
5 . 0  

1 5  
6 
3 
3 
3 

9B . 
94 
69 
52 
54 
5 1  

c. 

4 . 6  
1 .  1 
0 . 3  
0 . 3  
0 . 3  

32 
9 . 6  
3 , 6  
2 . 6  
1 .  7 
1 .6 

Mg 
(me'!)  

K 

1 . 34 0 . 34 
0 . 4 0  0 . 18 
0. 1 1  0 . 08 
0 , 0 6  0 . 05 
0 . 0 5  0 . 04 

6 . 2  
4 . 7  
4 . 0  
2 . 8 1  
1 .  1 6  
1 .2 0  

0 . 29 
0 . 2 1  
0 . 4 7  
1 .  0 6  
2 . 64 
1 . 97 

N• 

0 . 22 
o .  1 8  
o . 1 0  
0 . 07 
0 , 07 

0 . 2 5  
0 . 2 5  
0 . 2 2  
0 .2 3  
0 . 26 
0 , 22 

Exchangeable 
Al 

( m e % )  

2 . 1  
1 . 2  
0 . 22 
0 .  14  
0.  13 

0 . 26 
0 .  15  
0 , 1 5  
D . 1 4  
0 , 1 2  
0 . 1 1  

Reserve 
Kc Mgr 

(me if. )  

o .  1 6  
o .  18 
0 . 1 2  
o .  1 1  
0 . 0 5  

o .  16 
o .  16 
0 . 18 
0. 18 
0 . 35 
0 . 3 3  

1 . 5 
1 . 5  
1 .  7 
1 . 4  
0 , 9  

3 . 6  
3 .  7 
4 . 9  
9 . 0  
1 6  
1 6  

+ Water holding capacity 

Phosphate 
extractable 

s ) 
m )  

22 
20 

137 
474 
7 1 0  

22 
, ,  
257 
405 
193 
142 

Acid oxalate 
extractable 

1.1 Fe 

2 . 3  
3 . 2  
5 , 9  
7 .  1 
6 . 9  

3 . 2  
4.7 
4 . 9  
5 . 0  
2 , 9  
2 , B  

( % )  

1 . 2 6  
1 . 60 
1 .  79 
1 . 20 
0.82 

1 . 02 
1 . 36 
1 . 4 0  
, 77 
1 .  18 
0 . 8 \  

Si 

0 . 2 1  
0 . 4 3  
1 .9 1  
2 . B  
2 . 9  

1 .  1 5  
2 . 0  
2 . 3  
2 . 5  
1 . 47 
1 . � 5  

N a  pyrophos­
phate extr. 

Fe Al 
, , , 

1 . 1 2 
1 . 13 
0 . 5 1  
0 . 1 5  
0 , 06 

o. 1 4  
0 . 07 
0 . 04 
0 . 03 
0 . 02 
0 . 02 

1 .89 
2 , 1  
1 . 05 
0 . 71 
0.60 

0 . 56 
0 . 3 8  
0 . 3 1  
0 . 29 
0 .  23 
0 . 17 

Citrate�-----------·--8°u0Tlkc-----�T�o�r�a'l----,L�•�r�g�e--�M�a"i�s�t�u�r�e-cr�e�t�e�n�t"i�o�n--------
dithionite density poroaity porea 15 bar water 

ex+.:r. 
Fe ltl 

( ' ) 

1. 59 
1 .  75 
1 . 68 
1 .  56 
1 .42 

1 .  49 
1 .  95 
2 , 2  
2 . 6  
1 . 9 4  
1 .  5 1  

2 . 2  
2 . 8  
2 , 6  
1 . 69 
1 . 66 

0 . 9 3  
1 . 2 3  
1 .  09 
1 . 09 
0 . 98 
0 . 8 1  

Sample 
depth 
! cm }  

66-73 
88-95 

7- 14 
26- 33 
43- 50 
66- 73 
98-105 

!:!..9. (moi s t }  l dd e d )  

n . d. 

0 . 53 
0.52 

0 . 75 
0 , 7 3  
0 , 66 
0 , 75 
1 .  00  

, , ) 

n . d .  

79. 3  
e o . o  

68 . 2  
7 2 . 0  
7 5 .  1 
72. 1  
62 . 6  

( \ )  

n . d .  

6 . 5  
3 . 9  

1 6 . 4  
2 1 . 8  
29. 3 
2 1 . 0  
1 2 . 0  

[ % )  ( %  l 

5 7 . 8  
5 4  . 5 , :  
6 3 .  2�; 
6 7 . 3  
6 8 . 8  

2 9 . 8  
3 5 . 9  
3 9 . 4  
4 2 . 2  
30 . 8  
2 6 . 2  

25.4 
1 9 . 8  
1 8 . 8  
1 8 . 9  
1 7 . 7  

2 3 . 4  
1 7 , 6  
1 5 . 9  
1 6 . 5  
1 4 . 9  
1 4 . 9  

Deer. 
in 

wuc+ 

56 
64 
70 
72 
74 

21 
51 
60 
6 1  
52 
43 



Soil ....... Ub. Doplll Horizoll 
No. (cm) 

pH H10 NaF 
(),-pDk morte< 

C N CIN 

--(11>)--

PhoopiMww Truoe 0.5M �- OrJ· ....,..., H,SO, pnk pnk ..,...;----
Total 

p 
Ro­
UG· 
lion 
(11>) 

YELLOW-BROWN LOAMS from volcanic uh (Oakura and Ohto tcphras) on laharic breccia (Pung.archu Formation) 
-moderately leached 
Wa.ra scri<S. hill soil 9315A 1-1 1 A 5.3 10.3 10.5 0.97 1 1  3 1 56 177 128 305 95 

16-26 (B) 6.5 10.8 5.0 0.39 1 3  44 47 51  98 99 
C 35-50 ll(B) 6.9 10.4 3.4 0.22 1 5  2 8  3 3  3 2  6 5  99 

Warca series 
(Oat site) 

-weakly glcycd 
Tipoka series 

9317A 2-12 
B 19-28 
c 37-47 
D 55-70 
E 79-89 

9314A 2-1 1 
B 1 7-35 
c 44-51 
D. 57..{;2 
E 71-90 

A, 
(B), 
(B), 

ll(B), 
ll(B), 

A, 
(B), 
(B), 

ll(B), 
IIG 

5.4 
6.5 
6.8 
7.0 
6.9 

5.2 
6.2 
6.7 
6.8 
7.1 

10.0 
1 0.7 
10.3 

10.3 
10.4 
10.0 

from laharic brcccia (central phase of Opua Formation) 
-moderately leached 
Opu<s· sencs 9313A 3-12 

B 16-23 
c 24-44 
D 56..{;3 

A, 
(B)A 
(B) 
c 

-moderately to strongly le1ched 
Tc Kiri series. hill soil 9319A 2-12 A1 

-weak!) glcyed 
Oaonui series 

GLEY SOILS 
Awatuna series 

Punehu series 

B 27-32 (B)1 
C 40-50 (B)1 

9312A 2-12 
B 16-24 
c 26-34 
D 43-52 

9316A 2-11  
B 15-20 
c 28-35 
D 43-60 
E 70-75 

A, 
(B) 
Bg 
Cg 

A, 
BA 
Bg 

IIG 
TIG 

931 1 A  3-13 Ag 
B 21-31 BG 
c 45-5.< c 

5.6 
6.2 
6.7 
6.5 

5.6 
6.3 
6.4 

5.4 
5.9 
6 . 1  
6.5 

5.4 
6.2 
6.2 
6.5 
6.7 

10.8 
1 1 . 1  
1 1 .2 

10.8 
1 1 .2 
10.9 
10.4 

10.6 
10.8 
10.2 

5.3 10.2 
5.9 10.9 
6. 1 10.7 

12.2 1 .08 1 1  
6.2 0.51 1 2  
3.0 0.41 7 
2.3 0.18 1 3  
2 . 0  0. 14 

IU 1 .06 1 1  
5.4 0.43 1 3  
3.2 0.28 1 1  
3.2 0.26 1 2  
1 .2 0 . 1 2  1 0  

13.8 1 .03 1 3  
7 . 6  0.49 1 6  
5 . 5  0.37 15 
1 .4 0.06 23 

13.5 0.94 14 
8.6 0.48 I R  

5 . 4  0.32 1 7  
3 . 6  0 . 2 1  1 7  

10.5 0.90 1 2  
5 . 4  0.40 1 4  
3.6 0.27 1 3  
1 .9 0. 1 7  1 1  
1 .5 0. 1 3  1 2  

1 0 . 8  0.89 1 2  
5.9 0.45 1 3  
2 . 7  0 . 1 6  1 7  

INTERGRADE BETWEEN YELLOW-BROWN LOAMS AND RECENT SOILS 
from recent unds and gravels (Hangatahua Gravels) 
-non-accumulating 
Hangatahua series 9318A 2-10 A1 S.O 9.6 

Units used 

B 15-30 (B) 4.8 10.4 
c 36-46 c 9.2 5.0 

(i) '1 - grams per JOO grams oven-dry soil 
(ii) m�l'1- - milligrams per 100 grams 0\ltn-dry soil 
(iii) me.G- - milhequinlents per lOO grams 0\ltn-dry soil 

1 me. 'Jf. • 
mmol 

ion charac no. 
(h·) ppm - pans per million (\') Tlm1 - tonnes per cubic metre 

Analysts: M. Cullin1ne, A. Hall, K.M. 
G1ddcn�. \'. Vonman, L.C. Blakemore 

8.5 0.70 1 2  
1 .8 0.13 1 4  
0.9 0.06 15 

0.6 

167 
58 
3ll 
29 
19 

156 
82 
17 
56 
30 

29 
1 2  
17 

55 

92 
1 5  
2 1  
30 

1 86  
84 

105 
162 
20S 

100 
70 

104 

68 
70 
72 

165 
17 
39 
40 
29 

182 
RJ 
92 
72 
36 

40 
25 
27 
78 

1 14 
30 
32 
39 

205 
98 
I l l  
184 
228 

178 
64 
35 
26 
24 

179 
17 
66 
64 
32 

102 
48 
48 
2 1  

1 10 
72 
60 
48 

1 44  
74 
81 
56 
59 

343 
141  
74 
66 
53 

361 
160 
15R 
1 36  
68 

142 
73 
75 
99 

224 
1 02 
92 
R7 

349 
172 
192 
240 
287 

9.< 
98 
99 
99 
98 

94 
99 
99 
99 
97 

94 
99 
99 
99 

97 
99 
99 
99 

95 
98 
% 
97 
97 

I l l  1 70 281 95 
92 136 228 98 
12.< 52 117 91 

99 
1 10 
1 13 

92 
25 
1 2  

1 9 1  
135 
125 

SI 
81 
60 

C•don n� Exc:ha.oaable Re.rn Total 1"­
S phal• 

ulr. 
s 

-(ppm)-

ECEC CEC TEB BS Ca M& K Na AI K, M11. pH 7& 8.2 
--(m<.11>)-- .. -----(m<.'!lo;---

14.7 33.3 76 14.5 44 12.7 1 .20 0.28 0.31 
1 1 .2 22.3 52 1 1 .2 50 10.3 0.48 0.10 0.32 

8.1 1 8.9 41  8. 1 43 7.4 0.39 0.06 0.23 

19.6 
�.5 
6.5 
7.4 
6.2 

15.7 
6.1  
6.1  
7.5 
6.4 

40.6 84 
27.) 60 
18.8 39 
17.7 
17.1 

38.0 79 
2 1 . 4  55 
18.2 46 
20. 1  
13.4 

19.8 38.4 80 
1 1 .3  30.7 75 

8.8 23.1 63 
2.5 7.7 

9.6 3 1 .7 
1 1 . 1  26.7 

8.9 20.8 

15.7 40.2 82 
7.5 25.3 58 
5.0 2 1 .0 56 
5.0 17.5 

16.9 
9.4 
4.8 
5.1  
6.8 

35.6 17 
25.0 58 
17.4 42 
16 I 
16.3 

19.4 4R 
9.5 35 
6.5 35 
7.3 41  
6 . 1  36 

1 5.4 41 
6. 1 29 
6. 1 34 
7.5 37 
6.4 48 

19.6 5 1  
1 1 .2 37 
8.8 38 
2.5 33 

17.1  
8 .3 
5.7 
6.5 
5 .3 

1 3.6 
5.3 
5.1  
6 .4 
5 .5 

1 .79 
0.92 
0.64 
0.63 
0.60 

1 .28 
0.55 
0.60 
0.76 
0.55 

0.2.< 
0.09 
0.05 
0.06 
0.06 

0.31 
0 . 1 5  
0.21 
0. 18 
0. 1 1  

0.29 
0.22 
0. 15 
0 . 1 5  
0. 16 

0. 16 
0. 1 1  
0. 14 
0. 16 
0. 19 

15.0 2.36 1 .83 0.40 
8.4 1 .63 1 .01 0.20 
6. I 1 .64 0.84 0.20 
1 .3 0.52 0.55 0. 17 

9.2 29 7., 1 .00 0.40 0.44 
1 1 .0 41  9.7 0.87 0.18 0.25 

8.8 42 8.1 0.39 0.09 0.25 

15.7 39 
7.5 30 
5.0 24 
5.0 29 

�s n 
9.4 38 
4� 28 
�I � 
u u  

13.3 1 .64 0.51 0.27 
6.3 0.86 0.16 0 . 1 5  
4. 1 0 . 66  0 . 1 0  0.09 
4.0 0.65 0.20 0. 14 

1 5 . 1  
8 . 4  
3.9 
3.9 
4.8 

1 . 19 
0 70 
0.55 
0.81 
1 .2 1  

0.28 
0.10 
0.20 
0.18 
0.40 

0.27 
0. 1 7  
0.15 
0.20 
0.40 

13.7 36.6 17/ 13.4 37 1 1 .8 0.90 0.42 0.30 
7 7 29.3 68 7.6 26 6.6 0.72 0.12 0. 16 
4.2  )4 .2  33 4 . 1  29 3.3 0.57 0.05 0.20 

6.4 2 1 .9 45 
0.6 6 7 18 
0.3 3.6 1 1  

5.4 2 5  4.0 0.93 0.26 0.2.5 
0.4 6 0.2 O.CJ.l O.OR 0. 1 1  
0.2 6 0.04 0.02 0.07 0.06 

(111<.11>) -1-·')-

0.24 0 . 1 7  1 1  
0.00 0.21 10 
0.00 

0.21 
O.QI 
0.01 
0.02 
0.03 

0.34 
0.00 
0.00 
0.00 
0 00  

0. 1 8  
0.04 
0.01 
0.02 

0.35 
0.06 
0.06 

0.20 
0.06 
0.02 
0.00 

0. 13 
0.02 
0.01 
0.00 
0.00 

0 . 1 4  
0 . 1 4  

0. 1 7  
0. 1 9  

0. 17 

0.09 

0.15 
0. 13 

0. 19 

0.25 

5.3 
4.0 

4.3 
3 . 1  

1 .5 

2.6 

3.7 
1 .8 

4 .7 

3.2 

1 700 73 
900 1 40  
800 229 

1800 
1000 
1400 
1400 
1000 

1900 
1600 
1 800 
1500 

800 

1600 
1000 
900 
400 

85 
122 
69R 
830 
614 

85 
491 
730 
469 
1 30  

54 
33 
54 
92 

1700 1 1 8  
1 2 00  1 86  
1200 314 
1000 238 

1800 
1300 
1700 
2900 
1800 

94 
63 

2 1 9  
376 
241 

0.32 0. 1 8  2.8 1800 100 
0.05 0. 18 2.1 1300 1 18 
0.04 700 84 

0.97 
0.21 
0.09 

0 . 1 4  
0 . 1 4  

3 . 1  
4.7 

1200 38 
700 1 87 
600 1 48  

•Measuremenu corrected t o  allow for stone content ot samples 
1 wa1er holdang capacity 

Add oxai.u­
e-xtnctab� 
AI f• SI 
--(11>}--

Bulk Molsturr rrt.tntlon 
de-rWty 15 bar watu Dr<'T . 

(molsl) (dried) In 
(T/m') (.,.) (.,.) \\'HC' 

4.6 1 .5 1 .58 0. 75 
5.3 1 .8 I .  94 0.68 
4.6 1 .8 1 .86 0.84 

4.5 1 .2 
6.4 1 . 5  
5 . 8  1 .4 
5.3 1 .7 
4.2 2 . 2  

4 . 2  
6.7 
6.7 
6.4 
3.6 

1 .8 
2.2 
2.4 
2 . 1  
0.5 

1 .60 
2.40 
2.40 
2.10 
1 .70 

1 .24 
2.30 
2.50 
2.40 
1 .64 

3.0 1 .2 0.83 
6.0 1 .7 2.20 
6.6 1 .3 2.60 
3.1 0.9 1 .53 

0.9 3.3 0.94 
1 .2 4.5 1 . 5  
1 .2 4.7 1 .8 

4.3 1 .7 1 .20 
5.4 2.3 1 .76 
6.2 2.0 2.40 
6.8 1 .0 2.80 

3.8 1 .4 
5.0 1 .4 
5.0 1 .0 
5 . 1  0.5 
4.7 0.7 

1 . 1 5  
1 . 70 
1 .97 
2.30 
2 . 1 0  

0.72 
0.65 
0.78 
0.72 
0.76 

0.67 
0.61 
0.66 
0.64 
0.82 

0.71 
0.66 
0.73 

0.64 
0.70 
0.73 

0.76 
0.78 
0.78 
0.82 
0.89 

3.6 2.0 1 .02 0. 70 
4.6 1 .6 1 .69 0.75 
2.3 1 .8 0.85 

1 .4 1 . 30  0.31 
1 .6 0.97 0.55 
1 . 1  0.94 0.42 

0.68" 
1 . 10" 
1 .35" 

.... ) 

35.9 27 R 23 
4 1 .5 21 8 45 
49.3 20 2 59 

3R 2 
56.3 
55.3 
54.8 
46.9 

42.5 
6 1 . 6  
59.9 
66 . 1  
43.9 

29 7 22 
26 2 :<i:l 
::! !  I ():! 
19 9 64 
1 - f) "� 

27 5 35 
2 1 . 0  6(1 
19.0 6R 
1 6.8 71 
12 7 7 )  

43.6 25.5 41 
54.6 25 8 53 
50.1 22 I 44 

I l l 

47.0 26 � .p 
62.4 �0 6 67 
61 . 8  I H  70 

17 9 

37.7 ::!5 I 33 
48 :l 21 � 55 
5 1 .5 1 6 3 64 
47.fl fll 
43. 7 J � f,  5.., 

4-1.2 :!J.2 J:<i 
49.5 ) @. "" 62 

9.9 

25.0 
1 � . 7  
9.0 

, .. b J2 
6 ::!  (\) 
o R  58 

l\,; 
l'V 
C) 



Tab l e  6 . 3 RAT I NGS FOR C HEM ICAL PROPE R'r i ES [ B l a kemor� � �· , 1 98 1 ] 
The fol l owi n g  r a t i n g s  o f  chemi c a l  prope r t i e s  a r e  used by So i l  Bur e a u  f o r  New Z e a l a n d  soi l s 1 

Rat i n g  Phospho rus p Oxa l a te- e x t r a c ta b l e  Phosph a te Orga n i c  To t a l  Cjt-; 
Truog 0 . 5  M r e te n t ..i o n  Al Fe S.i e x t r actabl e c N 

H 2 S 04 O r g . To t a l  s 
( ln9: % )  ( m9: % )  ( ln9: % )  ( ln9: % )  ( % )  ( % )  { % ) { % )  (ppm S )  ( !& )  { me . % )  

Ve ry h i gh > 5  > 4 0  > 7 0  > 1 2 0 9 0 - 1 0 0 > 3 . 0  > 2 . 0  > 1 5 0 > 2 0  > 1 .  0 > 2 4  

H ..i gh 3 - 5  2 0 -4 0  5 0 - 7 0  8 0 - 1 2 0 6 0 - 9 0  1 . 0 - 3 . 0  1 . 0 - 2 . 0  > 0 . 5  5 0 - 1 5 0 1 0 - 2 0 0 . 6 - 1 . 0  1 6 - 2 4  

M e d i um 2 - 3  1 0 - 2 0  2 0 - 5 0  4 0 - 8 0  3 0 - 6 0  0 . 5 - 1 . 0  0 . 5 - 1 . 0  0 .  1 5- 0 . 5 1 5- 5 0  4 - 1 0  0 . 3 - 0 . 6  1 2 - 1 6  

Low 1 -2 5 - 1 0  1 0 - 2 0 2 0 - 4 0  1 0 - 3 0  0 . 2 - 0 . 5  0 . 2 - 0 . 5  0 .  05 - 0. 1 5  5 - 1 5  l - 4 0 .  1 - 0 . 3 1 0 - 1 2  

Ve ry l ow < 1  < 5  < 1 0  < 2 0  0 - 1 0  < 0 . 2  < 0 . z. <( 0. o s  < 5  < 2  < 0 . 1 < 1 0  

Rati n g  pH ( 1 : 2 . 5  so..i l : wa te r ) Kc Mgr Ca t ..i on-exch a n ge prope r t i e s  

C EC TEB B S  Exchangea b l e  

ea Hg K Na 

( me . % ) ( me . % )  ( me . % )  ( me . % )  ( % ) ( me . % )  ( me . % )  ( me . % )  ( me . % )  

v .  h i gh > 9 . 0  ( e xtreme l y  a l ka l i n e )  > 0 . 5  > 3 0  > 4 0  > 2 5  0 0 - 1 0 0 > 2 0  > 7  > 1 . 2  > 2  

8 . 4 -9 . 0  ( s t r o n g l y  a l ka l i n e ) 

7 . 6 -8 . 3  ( moderate l y  a l ka l i ne ) 

H i gh 7 . 1 -7 . 5 ( s l ..i ght l y  a l ka l i n e )  0 . 3 5 -0 . 5  1 5 - 3 0  2 5 -4 0  1 5 - 2 5  60 - 8 0  1 0 - 2 0  3 - 7  0 .  8 - 1  • 2 0 . 7 - 2 . 0  

6 . 6 -7 . 0 ( near neut r a l ) 

Med i um 6 . 0 -6 . 5  ( s l .i ght l y  a c..i d )  0 . 2 0 -0 . 3 5 7 - 1 5  1 2 - 2 5 7 - 1 5  4 0 - 6 0  5 - 1 0 1 - 3 0 . 5 - 0 . 8  0 . 3 - 0 . 7  

5 . 3 -5 . 9  ( mode � a t e l y  acl d )  

Low 4 . 5 -5 . 2  ( s t r o n g l y  ac l d )  o .  1 0 -0 . 2 0 3 - 7 6 - 1 2  3 - 7 2 0 - 4 0  2 - 5 0 .  5- 1 .  0 0 . 3 ··0 . 5  0 .  1 -0 .  3 
v .  l ow < 4 . 5  ( e x t r em e ly a c .i d ) < 0 .  1 0 < 3  < 6  < 3  < 2 0  < 2  <0 . 5 < 0 . 3 < 0 . 1 -· 

1 For un i t s used see foo tn o t e s  to Tab l e  6 . 2 

l'.J 
N 
c.; 



2 3 0  
ch arge " .  The s u rface  c hemi s try of  va ri abl e charge cons ti tuents i s  now 

thought to be ma i n l y  control l ed by s i ng l e Al - OH and Fe-OH gro ups . These 

o cc u r  at  defect i ve or  act i ve s i tes i n  the a l l ophane s pherul es , where 

b onds s uch as Al -OH-Al a re broken . Vari ab l e  charge ari s es from react i ons 

o f  groups s uch a s  Al - OH wi th H+ and  OH  as the pH changes ; 

( l ow pH ) 

A l OH 

( pH 6 )  

� OH + Al O 

( h i gh pH ) 

The vari a b l e charge s hou l d be > 70% o f  the CEC at  pH 8 . 2 when the 

exch ange comp l ex  i s  domi na ted by a l l o ph a ne ( Tab l e  6 . 4 ) . Phos pha te and 

s u l ph ate retent i o n  properti es are d i rect ly  rel a ted to the s u rface chemi stry 

where the ph os ph ate or s u l phate i on rep l a ces the hydroxy l  i on i n  Al  and  

Fe l i nkages . 

The term act i ve a l umi ni um ( Pa rfi tt , 1979 ) has been s ugges ted for the 

act i ve s i tes , as  i t  i s  no l onger rea l i s ti c  to regard a l l ophane as  amorphous 

materi a l . Two meas u re s  of the act i ve a l umi n i um i n  so i l s  a re ac i d-

oxa l ate extractab l e a l umi n i um ( B l akemore and Parfi tt , 1979 ) and 4N  KOH 

extractab l e  a l umi n i um .  

An appre c i ati on o f  not on ly  the chemi ca l  nature of a l l ophane  b ut  

a l s o  i ts phys i ca l  s tructure ca n h e l p to  exp l a i n  the di s t i ncti ve properti es 

i t  i mparts to s o i l s .  For examp l e ,  the  exi s tence of mi cropores i n  the 

wa l l s  of the a l l ophane s pherul es res u l ts i n  the h i gh water-ho l d i ng  capaci ty 

of  a l l ophan i c s o i l s ,  s i nce water he l d i n  pores w i th di ameters o f  l es s  than 

28  di mens i on i s  re ta i ned  at  a s ucti on  of  1 5-bars . Low bu l k dens i ty and 

h i gh  poros i ty a re attri butab l e  to the fi ne , crumb- l i ke mi cros tructure that 

res u l ts from the fl occu l a t ion  of the a l l ophane s p heru l es under fi e l d 

condi ti ons . 

I n  s ummary , as  a l l ophane content i ncrease s , bu l k dens i ty decreases 

and poros i ty ,  water retent i o n ,  ac i d-oxa l a te extractab l e a l umi n i um and 

phos phate retent i on i nc rease . 

The E l tham peat i s  an excepti on  to the other s o i l s  be i ng  character i s ed 

by l ow pH , a h i gh carbon/n i trogen rati o ,  h i gh cati on exchange capa c i ty 

and  l ow base  s a turat i on . Howeve r ,  u n l i ke other  peats , the E l tham peat 

has  very h i gh p hosph ate retent ion  va l ues s i mi l a r to those of  the yel l ow-brown 

l oams . Th i s  i s  due to the presence of vol can i c ash wi th i n the pea t .  

There i s  a marked effect  o n  s amp l es obta i ned  from the tephra h o ri zons where 

l ow carbon va l ues , l ow Mgr l evel s a nd  h i gh pH Na F val ues a re appare n t .  The 

characteri s ti c p hys i cal  properti es  a re very l ow bu l k den s i ty and h i gh 

moi s ture retent i o n .  



Tabl e 6 . 4  D i agnost i c properti es of 

"Amorphous Mater i a l  Domi nant 

in the Exchange Compl ex" 

1 .  The bu l k dens i ty of the  fi ne earth fract i on  s ho u l d 

be < 0 . 85g per c ub i c  centi metre at  �3 -bar  tens i o n  

wi th u ndri ed sampl es . 

2 .  The pH o f  a s u s pen s i o n  o f  l g  so i l i n  50ml lMNa F i s  

> 9 . 4  after 2 m i n utes . 

3 .  The phosphate retent i on  va l ue s houl d be > 90% . 

4 .  The Va ri a b l e C harge  s hou l d be > 0 . 7 of the  C EC a t  

pH 8 . 2  ( us i ng BaC l 2 ) .  
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3 .  pH MEASUREMENTS 

The pHH20 va l ues o f  the ye l l ow-brown l oams tend to be h i gh due  to 

the b ufferi ng e ffect  of  the a l l ophane . The A hori zons a re moderate l y  

t o  s trong ly  a ci d b ut  p H  va l ues ri s e  wi th depth s o  th at the s ubs o i l 

hor i zons are o n ly  s l i gh t l y  ac i d or  nea r neutra l ( Fi gures 6 . 2  a nd  6 . 3 ) .  

I n  the toposeq uences , Rowan-Mangawhero , Opua-P uneh u and Wa rea h i l l ­

Awa tuna , the pHH 2o va l ues a re al l mo derate l y  ac i d i n  the topso i l  and tend 

to become s l i g ht ly  ac i d w i th i n crease i n  g l eyi ng i n  th e s ubso i l s .  

I n  the c l i mosequence , the Patua and  Rowan so i l s  a re on l y  modera te l y  

ac i d ,  des p i te the fact th at they a re s tro ng l y  l eached , a s  re fl e cted by 

the i r l ow base s tatus . Th i s  i s  due to the " b u fferi ng effect"  refe rred 

to above . The Lowga rth so i l i s  moderate ly  to s l i ght ly  ac i d ,  the 

S tratford s o i l i s  moderate l y  aci d to near  ne u tra l and the Egmo n t  s o i l  i s  

nea r neutra l . 

The e ffect  o f  the o rgani c parent  ma te ri a l , wi th i ts h i gh p roport i on 

o f  h umi c s ub s ta nces i s  e v i de nt  i n  the s trong l y ac i d pHH2o va l ues i n  the 
E l t ham peat .  Thus , des p i te the h i gh e xchangeab l e cal ci um va l ues , the 

pHH 20 i s  l ow .  

The Fi e l des and Perrott ( 1 966 ) fi e l d tes t  fo r the p resence o f  
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a ct i ve a l umi n i um i n vo l ves a mo l a r s o l ut i on  o f  s odi um fl uori de react i ng wi th 

a s o i l to p ro duce a h i gh pH val ue . I t  i s  based on the fact th at  the 

a l umi n i um-bonded hydroxy l  i o n ,  OH - , can  be  readi l y  rep l a ced by the f l uori de 

i on .  The react i on i s  not s peci fi c for a l l ophane  and a l umi n i um comb i ned 

w i th h umus , b ecause  non- c rys ta l l i ne hydro us oxi des of  a l umi n i um can a l s o  

p roduce h i gh p H  va l ues  i n  a sodi um f l uori de s o l uti on (Wada , 1 9 7 7  � 
Parfi tt , 1980 ) . Howeve r ,  i n  vo l ca n i c s o i l s ,  s u dden ri ses  i n  pH N a F  a re 

nea r ly  al ways  due to the  presence of a l l o phane , i mogo l i te ,  non - c rysta l l i ne 

hydrous a l umi n i um oxi des and a l umi n i um comb i ned wi th h umus . 

A l l the pHNaF  va l ues meas u re d  i n  th i s  s tudy tend  to be g reater than 

10 i nd i cati n g  the ub i q u i tous presence of these  components . 

I t  i s  notab l e h ow the pHNa F va l ues greater th an 9 . 0  i n  the  E l tham 

pea t  co i nc i de w i th the p resence of  l i th i c  and p umi ceo us l api l l i  hor i zons . 
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The pHKCl method g i ves res u l ts wh i ch a re mo re reproduc i b l e tha n  

those obta i ned wi th  wate r .  A l s o  the val ues obta i ned are l es s  dependent 

on  the pos i t i o n i ng of the e l ectodes compa red wi th the pHH 20 method . 

The pHKCl re s u l ts  a re often more than one  pH un i t  l owe r than the 

pHH 20 res ul ts ( Tab l e  6 . 2 ) . Th i s  can be attri b uted to the extens i ve i on 

exchange tak i ng p l a ce ,  i nc l ud i n g  the re l ease  of  a l umi ni um , wi th hydron i um 

and  other  pro ton donors bei ng brought  i nto s o l ut i o n , i n fl ue nc i ng the 

g l a s s  e l ectrode and  l oweri ng the meas ured pH ( B l a ck ,  1968 ) . 

4 .  ORGAN I C  MATTER 

The orga n i c  carbon percenta ge mul ti p l i e d by 1 . 7  provi des an 

approx i mate meas ure of the organi c matter present  ( B l akemore and  Mi l l er , 

1968 ) , ( Tab l e 6 . 5 ) . The rat i o  o f  the carbon a nd ni trogen percen ta ges 

i nd i cate s  the s tate of  decompos i t i on of  the s o i l o rga n i c  matter .  

The ye l l ow-brown l o ams s amp l e d have h i gh l eve l s  o f  organ i c  matte r 

i n  the A hori zons , w h i c h  decrease s teadi l y  w i th p rofi l e  depth . However , 

on a vo l ume wei ght b as i s  o rgan i c  matter i s  not  un us ual ly h i gh i n  many 

yel l ow- brown l oams ( B roadbent � �. ,  1964 ) . The h i gher amo unts o f  

organ i c matte r i n  the A hor i zons i s  not on l y  d ue to the mi crob i o l og i ca l  

act i vi ty and  the re turn of  p l a nt  l i tter but  a l s o  to the presence o f  

a l l ophane , whi ch b i n ds t h e  organi c compounds i n  s t ab l e comp l exes ( Fi e l des , 

1 9 5 5 ) . O nce formed these  comp l exes a re ve ry s tab l e  aga i nst  mi crob i a l  

degradati on . I n  the g l eyed  s o i l s  the h i gh va l ues  can be attri b uted to 

the h i gh water- tab l e  l eve l , w h i ch i nh i b i ts decompos i ti on of the organ i c  

matter due to l a ck of  ae rati on . 

I n  general  the ca rbon/n i trogen rati os i n  the  A hori zons o f  the 

toposeq uence and  c l i mo s eq uence are of  med i um val ue i n d i c at i n g  the wel l 

decomposed  s tate of the organ i c matter . The Patua  and Rowan so i l s  h a ve 

h i gh carbon/ n i trogen va l ues s h ow i n g  th at i n  th ese s o i l s  the decompos i t i on 

o f  the o rgani c matter by mi crob i o l og i ca l  act i vi ty i s  i nh i b i ted . Th i s  

i s  probab l y  due to the h i gh el evat i on  and  res u l t ant  coo l er  temperatures 

a t  these  s i tes , togethe r  w i th l ac k  of  n utri e n ts . 

The  ve ry h i gh orga n i c  con tent  and h i gh to very h i gh carbon/n i tro gen 
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Tab l e 6 . 5  Organ i c  matter ( %  Organ i c  C x 1 . 7 ) i n  seventeen Ta ranak i  s o i l s  

Rowan 14 . 6  ( Ap )  6 . 8  ( B s ) 4 . 6  ( Bw1 ) 0 . 6  ( 2C )  

Makaka  14 . 5  ( Ap )  9 . 4  ( BA )  5 . 3  ( Bw )  4 . 4  ( Bg 1 )  3 . 2  ( Bg 2 )  

Lowga rth 1 1 . 4  ( Ap ) 3 .  7 ( Bw 1 )  3 . 7 ( Bw2 ) 2 . 0  ( Bw3 ) 

R i verl ea 14 . 5  ( Ap )  6 . 5 ( BA )  4 .  3 ( Bw1 )  3 .  2 ( Bw2 )  

Stratford 12 . 2  ( Ap 1 )  7 . 8  ( Ap 2 )  5 .  3 ( Bw 1 )  3 . 4  ( Bw2 ) 

Mangawhero 1 8 . 9 ( Ap )  1 2 . 9  ( Bg 1 )  5 . 8  ( Bg2 ) 4 . 8  ( Bg 3 )  4 . 6  ( Bg4 ) 4 . 6  ( Bg 5 )  3 . 2 ( 2C )  

Hangatahua 1 3 . 8  ( Ap )  4 .  9 ( Bw 1 )  3 . 1 ( Bw2 ) 1 . 4  ( 2 C )  1 . 9  ( 3C )  

E l  tham 54 . 4  ( Ap )  1 5 . 5  ( Bu )  54 . 4  ( Oh 1 )  30 . 6  ( B h  1 )  6 8 . 0 ( Oh 2 )  49 . 3  ( Bh 2 )  68 . 0  ( Oh 3 )  

Warea  h i l l  1 0 . 5  ( Ap )  8 .  5 ( Bw 1 )  5 . 8  ( Bw2 ) 

Ware a 20 . 7 ( Ap ) 10 . 5  ( Bw 1 ) 5 . 1 ( Bw2 ) 3 .  9 ( Bw3 )  3 . 4  ( Bw4 ) 

Ti poka 1 9 .  6 ( Ap ) 9 .  2 ( Bw 1 ) 3 . 8  ( Bw 2 )  3 . 8  ( Bw3 )  2 . 0  ( 2C g )  

Opua 23 . 4  ( Ap )  1 2 . 9  ( BA )  9 . 4  ( Bw )  2 . 4  ( C )  

Oaon u i  23 . 0  ( Ap )  14 . 6  ( Bw )  9 . 2  ( Bg )  6 .  1 ( Cg ) 

Awatuna 1 7 . 9  ( Ap )  9 . 2  ( BA )  6 . 1  ( Bg )  3 .  2 ( 2Cg 1 )  2 . 6  ( 2Cg2 )  

Punehu  18 . 4  ( Ag )  10 . 0  ( Bg )  4 . 6  ( C )  

Patua 30 . 6  ( Ah ) 19 . 6  ( AB )  1 2 . 1  ( Bwg ) 8 . 0  ( Bws ) 7 . 0  ( Bwg2 )  

Egmont  1 7 . 2  ( Ap )  6 .  5 ( Bw 1 )  3 .  7 ( Bw 1 )  2 . 9  ( Bw2 ) 1 .  9 ( 2Bw3 ) 1 . 7  ( 2C )  
N 
w 
c.,, 



rat i os i n  the E l th am peat a re s e l f-evi de n t ,  wi th the tephra h o ri zons 

p roduci ng l ower  carbon va l ues , wi th l es s  th an  50% organi c matter conten t .  

The h i gh to very h i gh carbon/ ni trogen  rat i os s ug gest  th at  h umi fi cat i on i s  

not very e ffe ct i ve . Th i s  co ul d be due to the woody nature o f  the parent  

materi a l , wh i ch i s  re l ati ve ly  res i s ta n t  to  decompos i ti on .  

5 .  PHOS PHORUS 

The amounts , fo rms and di s tri but i on  o f  phos phorus i n  s o i l s  can 

a s s i s t  con s i de rab ly  i n  unders tand i ng pedogenes i s . I t  has  i n  fa ct been 

s tated  by Wa l ke r ( 1 964 )  that because of i ts g reat  eco l ogi c a l  s i gn i fi cance 

phosphorus i s  pe rha ps the key el ement  i n  pedogenes i s .  

Forms of Phosphorus 

Determi nat i ons of  tota l phosphorus  a re use d i n  conj unct i on wi th 

phosphorus fracti ons to e l uci da te the deg ree of weatheri ng  and l each i ng 

o f  a so i l . Wa l k er  ( 1964 )  separa tes  tota l phospho rus ( PT ) i n to th ree 

fracti ons : 

= 

Where 

p i s  i norgani c P extracted by 0 . 5M H2so4 . a 

p f i s  i no rgan i c p not extracted by 0 . 5M H2so4 . 

PO i s  organ i c P .  
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The i no rgan i c  P fracti ons can  a l s o  be s ubdi vi ded ( a fte r vJ i l l i ams e t �. , 

196 7 )  i nto : 

1 )  aci d-extractab l e  Pea ( i n c l udes apat i te and  l a tti ce - P ,  wh ere prese nt . 

These may not be fu l l y extracted by HC l  and  are determi ned  as 

res i dua l  i no rgan i c  P ) . 

2 )  non -occ l uded P = NH4C l  - P + NH4 F - P + 1s t  NaOH - P 

3 )  occl uded P = reductant s ol ub l e - P  + 2nd NaOH - P + 1 1 res i du a l 1 1  i norgan i c  P .  

Th e d i s t i nct i on between non-oc c l u de d  and  occ l u ded P i s  by no means 

abso l ute . 
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Tota l  Phosphoru s : 

I n  a l l the s o i l s  the h i g he st  va l ues of  P1 a re i n  the A hori zons . 

Th i s  i s  due to the P topdres s i ng and a l s o  refl ects the phosphorus a c c umu l ati on 

assoc i a ted wi th o rgan i c matter return because P0 va l ues a re h i ghe s t  i n  th e 

A hori zons compare d  wi th a l l the s ubso i l h o ri zons . 

We l l s  and  S a unde rs ( 1 960 ) fo und  i n  a w i de range of tops a i l s  from 

andes i t i c  parent materi a l s ,  a ge nera l decrease  of total phos phorus va l ues 

wi th i n creas i ng s o i l maturi ty . Th i s  was not  enco untere d  i n  the s o i l s  

exami ned .  

I n  the th ree topo seq uences , wi th i ncrea s e  i n  g l eyi ng i n  the s o i l s ,  

th ere i s  a di s t i n c t  i n c rease  i n  the PT refl ect i ng a decreas e i n  weathe ri n g . 

I n  Tarana k i , l ea ch i ng  i n tens i ty i nc reases  wi th i n creas i ng ra i n fa l l 

at  h i gher  e l e vat i ons . I n  the c l i mosequence s tudi ed the re i s  a tendency 

for PT l evel s to decrease w i th i n creas ed l ea ch i ng .  

0 . 5M S u lphuri c aci d extractab l e  Phosphorus : 

Th i s  mea s u re a s sesses  the amount  of  i no rgan i c  phos pho rus , wh i ch i s  

p re sent  i n  a s o i l b ut  not fi xed  and i s  th us an  i n di cati on o f  the ca l c i um­

bound  phos phorus a nd  the non -occ l uded i no rgan i c phos phorus . The va l ues 

so  obta i ned are us e fu l  i n  pedo l og i ca l  s tudi es  because they p rovi de a n  

i n s i gh t  i n to the degree o f  weather i ng  a n d  l ea ch i n g processes . 

We l l s  and Sa unders ( 1 960 ) fo und th a t  i n  seq uences of s o i l s  from 

di fferent  compo s i t i ona l parent mate ri a l s the proporti on of the i no rgan i c  

phos phorus sol ub l e i n  1M H 2so4 decreased wi th i n creas i ng weathe ri ng  a nd  

l each i ng .  

The yel l ow- brown l oams a n d  the o rgan i c E l tham peat h ave h i gh to very 

h i gh l eve l s ,  wh i ch refl ect the h i gh amo un ts o f  phosphorus w i th i n unweathered 

apati te i n  these s o i l s .  

I n  the Rowan-Man gawhe ro topos eq uen ce the  i no rgan i c phos phorus 

fract i on so l ubl e i n  0 . 5M H 2so4 i ncreases  from 52% to 99% . I n  s ampl e s  f rom 

the Warea h i l l s o i l - Awatuna toposeq uence , between 66% and  100% of the 

i norga n i c phos p ho r us fract i on i s  s o l ub l e i n  0 . 5M H2so4 , w i th two-th i rds 

of the val ues s howi ng  a p roporti on greater th a n  80% .  I n  the Opua- P uneh u 

toposequen ce , the pGoporti ons of i no rgan i c p hosphorus so l ubl e i n  a c i d a re 

mo re e ven ly  di s tri buted  over a range from 48% to 9 1% ( Tabl e 6 . 6 ) . 



I n  the c l i mosequence s t udi ed , the decrease of  i norgan i c  phos phorus 

s ol ub l e i n  0 . 5M H2so4 , as a %  of  PT ' wi th i nc reas e i n  l each i ng i s  c l ear ly  

e vi dent ,  from 100% fo r the  E gmont  s o i l to 4 3% for the  Patua so i l  

( Tab l e 6 . 6 ) , ( Fi gure 6 . 4 ) . 

O rgani c Phosphorus : 

Organ i c  phosphorus i s  dete rmi ned from the i nc rease i n  0 . 5M H 2so4-

so l ubl e phos phorus caused by i gn i t i on o f  the s oi l , wh i ch converts o rgan i c 

p hos phorus to i norgani c pho s p hate . 

Organ i c  phosphorus i s  a l ways h i ghest  i n  the s urface hori zons . 
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W i l l i ams and  Saunders ( 1956 ) fo und organ i c phosphorus  to be very l ow i n  

g l eyed  hori zons and accordi n g  to Wa l ker  and Syers ( 19 76 )  there appea red  to 

be l i t tl e do ubt that P0 i s  l es s  s tab l e  under poor ly  dra i ned condi ti ons . 

Howe ver ,  the val ues ob ta i ned from the weak ly  g l eyed and  g l eyed vo l can i c a s h  

s o i l s  ana lysed  i n  th i s  s t udy a re med i um to ve ry h i gh a nd  do  not s uppo rt 

t h i s observa t i on .  The reasons  for th i s  are not c l e a r .  

P h osphorus s o l ubl e i n  Truog ' s reagen t :  

The phos phorus extracted by Truog ' s  reagen t rep resents  on l y a sma l l 

fra cti on of  that extracted by 0 . 5M H
2
so4 . Truog P determi nat i ons  were 

carri ed o ut on  topso i l  samp l es  on l y .  The Truog  rea gent removes readi l y  

extractabl e phospho rus a n d  may b e  used wi th s ome l i mi tati ons , a s  a g u i de 

to s o i l ferti l i ty .  The te s t  tends to overe s ti mate the phos phorus s tatus  

of  s o i l s  not  current ly  topdres sed  b ut  wh i c h may have been regu l arl y  and  

h ea vi l y  topdres sed i n  the pas t ( Duri n g ,  196 7 ) . 

Truog p hosphorus va 1 ues are very 1 ow for ye 1 1  ow-brown 1 oams , the 

va l ues for the Rowan , Maka ka , Opua and  Ri verl ea bei n g  typ i ca l . 

Howe ver , h i gh va l ues a re obta i ned for the g l ey s o i l s  ( Mangawhero , 

Awatuna and P uneh u  s o i l s ) , and  the Ha ngatah ua s o i l , wh i ch i s  de ri ved from 

a l l uvi a l  s an ds and  gra ve l s .  

Phosphate Retenti on : 

Phos phate reten t i on i s  a n  empi ri ca l  meas u re o f  the abi l i ty o f  a s o i l  

t o  remove phos phate rap i d l y  from s o l uti on . The method used h as been 

dev i sed  s o  that the concentrat i on of phos phate used g i ves a h i gh degree o f  

d i ffe rent i at i on between s o i l s  of  h i gh a n d  l ow phosph ate retenti on capac i ty .  

The pH o f  4 . 6  used i s  c l o se  to the  po i nt of  maxi mum phos phate retenti on i n  



Tab l e  6 . 6  I norgan i c  Phosphorus Fract i o n  So l ub l e i n  0 . 5M HzS04 

as a percentage of  I norgan i c  Phosph o rus i n  seventeen Tarana k i  So i l s  

Rowan 59 ( Ap ) 52  ( Bs )  5 7  ( Bw 1 )  8 3  ( 2C ) 

Makaka  85 ( Ap ) 9 5  ( BA )  64 ( Bw )  5 9  ( Bg 1 )  7 0  ( Bg 2 )  

Lowga rth 89 ( Ap ) 7 2  ( Bw 1 )  84 ( Bw2 )  87 ( Bw 3 )  

R i verl ea 87  ( Ap ) 76 ( BA )  8 5  ( Bw 1 )  8 2  ( Bw2 ) 

Stra tford 95  ( Ap 1 )  9 1  ( Ap 2 )  1 0 0  ( Bw 1 )  9 2  ( Bw2 ) 

Mangawhero 99  ( Ap ) 92 ( Bg 1 )  7 6  ( Bg 2 )  8 2  ( Bg 3 )  68  ( Bg4 ) 68  ( Bg 5 )  6 9  ( 2C )  

Hangata h ua 93  ( Ap ) 87  ( Bw 1 )  84 ( Bw 2 )  7 3 ( 2C ) 79 ( 3C ) 

E l th am 100 ( Ap )  6 1  ( Bu )  5 3  ( Oh 1 )  5 7  ( Bh 1 )  4 4  ( Oh 2 )  8 5  ( Bh2 ) 88 ( Oh 3 )  

Warea  h i l l 88 ( Ap )  94 ( Bw 1 )  8 5  ( Bw2 ) 

Warea 100 ( Ap )  75  ( Bw 1 )  97  ( Bw2 ) 7 3  ( Bw3 )  66  ( Bw4 ) 

Ti poka 86 ( Ap )  99 ( Bw 1 )  84 ( Bw2 ) 78  ( Bw3 )  83  ( 2C g 1 }  

Opua 7 3 ( Ap )  48  ( BA )  6 3  ( Bw )  7 1  ( c )  
Oaonu i  8 1  ( Ap ) 50 ( Bw )  6 6  ( Bg }  7 7  ( Cg ) 

Awatuna 9 1  ( A p )  8 6  ( BA )  9 5  ( B g )  88 ( 2Cg 1 )  90 ( 2Cg2 ) 

Punehu  9 1  ( A g )  7 6  ( Bg ) 8 3  ( C )  

Patua 6 7  ( Ah ) 4 3  ( AB )  6 7  ( Bwg ) 7 1  ( Bws ) 6 5  ( Bwg2 )  l\: 
Egmont 100 ( Ap )  100 ( Bw 1 )  100 ( Bw 1 )  100 ( Bw2 ) 100 ( 2Bw3 )  1 0 0  ( 2C )  C;J 

u: 
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many s o i l s .  The s l ower process  of  phos phorus fi xati on occurs a fter 

retent ion and res u l ts i n  reta i ned phos ph ate eventual l y  becomi n g  unava i l ab l e 

to the p l ants . 

The p resence o f  a c t i ve i ron and  a l umi n i um i n  the ye l l ow-brown l oams 

i n fl uences the processes  of  both retent i on  a nd  fi xati on o f  phosph ate . 

I t  i s  s i gn i fi cant th at the changes i n  phosphate retenti on , wi th i n  s o i l 

p ro fi l es ,  fo l l ow the changes i n  the amounts of a ci d-oxa l a te i ro n  and  

a l umi n i um .  

2 4 1  

The phosphate retent ion  va l ues a re a l l h i gh to ve ry h i gh a n d  the val ues 

te nd to i n crease wi th depth down th e p rofi l e ,  i n di ca t i ng a potent i a l l y  l a rge 

i norgan i c  P s i n k ( Fi g ure 6 . 5 ) . The s h a rp decrease i n  the Rowan  s o i l i s  

a ttri b uted to the presence of unwea thered l ahari c debri s ,  w i th l i tt l e  fi ne 

weathe red materi a l s  capab l e of devel op i ng  acti ve s i tes for phos phate 

retent i on . The s i tes where phosph ate i s  adsorbed on al l ophane a re though t 

to be at defects i n  the s pheru l es where s i n g l e A l  - OH gro ups o r  

s ubst i tuti ng  Fe - OH g roups  a re exposed  ( Pa rfi tt and He nmi , 1980 ) a nd  i t  

has  been e st i mated that  each a l l o phane s phe rul e can strong ly  adsorb s i x  

phosphate i on s . 

Phos pha te retent ion  can  be l owered s l i ght l y by addi t i o n s  o f  phos phorus 

fe rti l i zers a n d  by organ i c matte r .  The l ower P adsorpt i on i n  topsa i l s  may 

be  part ly  due to the h i gher  o rga n i c matter con tent , a l though the work of  

Perrott ( 1 978 ) h as i n di cated that  organ i c  treatment of  syntheti c amorphous 

a l umi no- s i l i ca tes and a l l ophan i c c l ays does not a l ways decrea se  P a dsorpti on . 

The E l th am peat h as very h i gh phos phate retenti on val ues d ue to the 

presence of vo l can i c ash and so  d i ffers from mos t  other peats , where the 

p hos phate retent i on va l ues are ve ry l ow .  

6 .  CAT ION  EXCHANGE PROPERT I ES 

Cat i on  exchange capaci ty :  

The cat i o n  exch ange capaci ty ( CEC ) i s  a meas ure of negati ve ch arge 

and  i s  very dependent  on  the method of meas u rement . The concentra t i on , 

type of cat i on , pH of  the so l uti on a nd the wash i ng method , each h a ve a 

ma rked effec t  on  the meas u red CEC . The CEC  of  a l l ophane i ncreases  wh i l e  

the a n i on exchange capa c i ty (AEC ) decrea ses , wi th i n crease i n  pH o f  the 

s o l ut i on ( Fi e l des and S chofi e l d , 1960 ; B i rre l l ,  196 1 and I i mura , 1966 ) . 
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S i nce the nat ura l  pH val ues o f  the s o i l s  i n  these a na l ys es a re l es s  

than pH 7 ,  e ven the ammon i um a ceta te method  at  pH 7 gi ves val ues far i n  

exces s o f  the CEC  a t  natura l pH a nd  el ec tro l yte l eve l s .  

Tab l e  6 . 2  g i ve s the effecti ve cati on  exchange capa c i t i es ( ECEC ) 
for the s o i l s  as  we l l as the marked ly  i nc reased val ues for C EC  at  pH 7 

and pH 8 . 2 .  The E CEC  i s  an attempt to meas ure the CEC o f  the s o i l at  

natural  pH . I t  can be obta i ned by a ddi ng  the val ues of the exchangeabl e 

bases a nd  KC l -extractab l e  a l umi n i um togethe r .  Exchangeab l e hydrogen i s  

not i nc l uded s i n ce i t  i s  very l ow i n  these s o i l s .  

The yel l ow-brown l oams te nd to have med i um ECEC  val ues i n  the A 

hori zon , wh i c h  decrease to l ow and very l ow val ues i n  the s ub s o i l .  The 

very l ow va l ues i n  a l l the hori zon s o f  the Te K i ri s ampl e and i n  the 

s ubso i l s  of  the Rowan and Hangatah ua  s o i l s ,  re fl ect the s a n dy texture 

and l ow c l ay contents of  these s o i l s  due to l ahari c deb ri s and  a l l uvi a l  

parent materi a l s .  

I n  the E l tham pea t ,  the h i gh negati ve charge dens i ty of  the h umi c 

aci ds deri ved from the organ i c  matter , contri b utes s ubstan t i a l l y  to the 

very h i gh cat i on exchange ca paci ty of th i s  s o i l . The cat i on exchange 

capac i ty o f  a pea t  w i l l  vary a ccordi ng  to the degree of  decompos i t i on ,  
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the p l a nt  s peci es p resent and , i n  th i s  case , the p resence of  bands  of  teph ra . 

Lower cat i on exchange capaci ty val ues a re obtai ned i n  the tephra hori zons 

of the E l tham peat . It is noteworthy that the h i ghes t va l ues for cati on 

exchange capaci ty are a s soc i ated wi th h i gh l evel s of  excha n geab l e  ca l c i um .  

Bas e Saturat i on : 

Base  s atura t i o n  i s  a meas ure o f  the percentage of the ca t i on exchange 

capac i ty occup i ed  by ca l c i um ,  magnes i um ,  potas s i um and  sod i um i o ns . I t  

may be ca l c u l a ted as a percentage o f  th e e ffecti ve cati on exchange capaci ty 

( he re referred  to as  the effecti ve base  s a tura ti on ) or  more common l y as a 

percentage o f  the cat i on exchange capac i ty as  measured at pH 7 ( Tab l e 6 . 2 ) . 

S i n ce the exchangeab l e a l umi n i um va l ues a re usua l l y  very l ow and  can 

be zero , the  ECEC va l ues determi ned  are a l mo st  eq ua l to the s ums o f  the 

exchangeab l e  bases . The effect i ve base  s atura ti on fi gures a re th us very 

h i gh  and i n  several cases are 100% ( Tab l e 6 . 7 ) . 

The base  s atura t i on ca l c ul a ted  as  a percentage of the C E C  a t  pH 7 

( Fi gure 6 . 6 )  seems to be a good meas ure o f  the degree of l ea ch i ng i n  the 



Tabl e 6 . 7  

Rowan 

t�a kaka  

Lowgarth  

R i verl ea 

Stratford 

Mangawhero 

Hangata h ua 

E l tham 

Wa rea hi 1 1  
Warea 

T i poka 

Opua 

Te Ki ri h i l l  

Oao n u i  

Awat una 

Punehu  

Patua  

Egmont  

Effect i ve  b a se  s a tuarati on of  e ighteen s o i l s  from Ta rana k i  

( � bases ) � bases + KCl extr . Al  

88 ( Ap ) 83 ( Bs ) 
82 ( Ap ) 95  ( BA ) 
90 ( Ap ) 98 ( Bw 1 ) 
99  ( Ap ) 50 ( BA ) 
97  ( Ap 1 ) 99 ( Ap2 ) 
49 ( Ap ) 95  ( B g 1 ) 
98 ( Ap ) 97  ( Bw1 ) 
90 ( Ap ) 58 ( B u ) 
98 ( Ap ) 
99 ( Ap ) 100 ( Bw1 ) 

100 ( Ap ) 
99 ( Ap ) 100 ( BA ) 
9 6 ( Ap ) 99 ( Bw 1 ) 
99 ( Ap ) 9 7 ( Bw ) 
99 ( Ap ) 98 ( BA ) 
98 ( Ag ) 99 ( Bg ) 
76  ( Ah ) 6 1  ( AB ) 
99 ( Ap) 99 ( Bw 1 ) 

9 3  ( Bw1 ) 88 ( 2 C ) 
98 ( Bw ) 100 ( Bg 1 ) 
99 ( Bw2 ) 1 00 ( Bw3 ) 
99 ( Bw1 ) 100 ( Bw2 ) 

100 ( Bw1 ) 100 ( Bw2 ) 
97  ( Bg2 ) 96  ( Bg3 ) 
96  ( Bw2 ) 92  ( 2 C ) 
68 ( Oh 1 ) 80 ( Bh  1 ) 

100 ( Bw2 ) 1 00 ( Bw3 ) 

100 ( BvJ ) 99 ( c )  
99 ( Bw2 ) 

1 00 ( Bg ) 
97  ( Bg ) 
99 ( c )  
7 3  ( Bwg ) 7 7  ( Bws ) 
98  ( Bw 1 ) 98 ( Bw2 ) 

1 00 ( Bg2 ) 

97  ( Bg4 ) 96 ( Bg5 ) 95  ( 2 C ) 
98  ( 3C ) 
98  ( Oh2 ) 98 ( Bh 2 ) 99 ( Oh3 ) 

100 ( Bw4 ) 

78  ( Bwg 2 ) r_; 
� 
� 

98 ( 2Bw3 ) 98 ( 2C ) 
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so i l c l imosequence . I n  the very s trong l y  l ea ch ed Patua s o i l the va l ues 

a re a l l very l ow ,  i n  the s trong ly  l ea ched Rowan so i l  the va l ues a re l ow 

to very l ow wh i l e  i n  the moderatel y to strong l y  l eached Lowgarth so i l 

the va l ues a re l ow to med i um .  I n  the moderate ly  l eached R i verl ea and  

Stratford s o i l s  h i g h  and med i um va l ues occur  wh i l e  i n  the Egmont  so i l  the  

val ues range from very h i gh to  med i um base  saturat i o n .  

The va l ues for exchangeab l e ca l c i um show a d i s ti n ct  trend wi th 

l ea ch i ng .  Very l ow and l ow va l ues are  recorded i n  the very s trong ly  

l eached and s t rong l y  l ea ched s o i l s .  Low a nd med i um val ues are obtai ned 

i n  the  moderate ly  to stron g l y  l ea ched Lowgarth s o i l , med i um va l ues i n  

the moderatel y l eached Stratford s o i l , med i um a nd h i g h  va l ues i n  the 

moderately l ea ched Ri verl ea so i l s  and  very h i gh to very l ow va l ues i n  

the moderate ly  l eached Egmont  s o i l . I n  the R i verl ea and Egmont  so i l s  

the comparati ve ly  h i gh l evel  of  exchangeab l e  bases i n  the A hori zons i s  

d ue to the h i gh l evel of  exchangeab l e  cal c i um ,  p robab ly  contri buted by 

reg u l a r  fert i l i zer a ppl i ca t i ons . 

The excha ngeab l e mag nes i um l e vel s for al l hori zons a re genera l l y  

very l ow and l ow .  The topsa i l s  tend to b e  h i gher than the s ubso i l s  

probab l y  due to magnes i um i n  the orga n i c - cyc l e .  Exchangeab l e magnes i um 
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l eve l s i n  Taranak i s o i l s  vari es wi th s o i l texture and i n tens i ty of l each i ng 

( Turner et �. , 1978 ) . A trend wi th l each i ng i s  ev i dent i n  the c l i me­

sequence of s o i l s  wi th the Patua , Rowan and Lowga rth so i l s  hav i ng l ower 

exchangeab l e magnes i um contents compared wi th the o ther s o i l s  exami ned . 

I t  i s  pos s i b l e  that the ori g i na l  magnes i um contents of certa i n  tephras , 

w i th i n  wh i ch  most of these so i l s a re devel o ped , vary ,  wi th consequent 

effects on i n i t i a l  magnes i um contents . However ,  i n  the case  of  the 

S tratford so i l , ferti l i zer pract i ces h ave probab l y  i n fl uenced and obsc ured 

any i n heri ted patterns of s o i l magnes i um conten t ,  wi th s u per-do l omi te 

hav i ng  been a pp l i ed over the pa st  three years . Addi ti on o f  l a rge amounts 

of pota s s i um ferti l i zers , wh i c h can  depres s magnes i um l evel s i n  p l a nts , 

have  been app l i ed on a l l the s o i l s ,  except Patua , Stratford and Te Ki r i  

h i l l  s o i l . 

The  l ow exchangeab l e magnes i um l evel s ,  comb i ned i n  s ome cases wi th 

l ow reserve magnes i um s upp l i es and  s l ow rates o f  re l ease  of  the reserves 

s uggest  tha t mag nes i um defi c i ency cou l d occ u r ,  es peci a l l y  i n  the s trong l y  

l ea ched  so i l s .  

Th e Stratford so i l has va l ues of  excha ngeab l e potas s i um ra ng i ng 



from very l ow to med i um and the Opua s o i l med i um to very h i gh va l ues . 

I n  a l l the other yel l ow-brown l oams the val ues for excha ngeab l e  potas s i um 

are very l ow and  l ow a n d  th i s i s  i n  a ccordance w i th the l ong - known 

potas s i um defi c i ency i n  these so i l s .  

I n  the E l tham peat the va l ues o f  excha ngeab l e ca l c i um and  

exchangeab l e  magnes i um are h i gh and  very h i gh ,  e speci a l l y  i n  the s ub so i l ,  

d ue to the h i gh orga n i c matter effect and e nr i c hment by ground-wa ter . 

The l evel s of  exchangeab l e ca l c i um are  much g reater i n  the E l tham pea t ,  

compared wi th the yel l ow-brown l oams . The pres ence o f  t h i n ,  tephra 

l ayers causes  the l eve l s of exchangea b l e bases  to drop to marked l y  l ow 

and  med i um va l ues . 

Exchangeab l e A l umi n i um :  

Exchangeab l e  a l umi n i um i s  meas u red by l each i ng the s o i l wi th 

1M KCl and meas uri ng  the amo unt of  a l umi n i um i n  the extra c t .  

The proport i o n  of  t h e  effect i ve cati on  exchange capa c i ty contri buted 

by exchangeab l e  a l umi n i um tends to be l ow i n  mos t  of the s o i l s  ana l ysed 

( Tab l e 6 . 8 ) . 

The l a rgest con tri buti on  occ urs i n  the E l tham peat hori zons where 

an  un us ua l l y h i gh amo unt , 4 2 . 3% of the ECEC  i s  contri b uted by exchangeab l e  

a l umi n i um i n  the B u  hori zon . I n  the very s trong ly  l eached Patua  s o i l 

39% of the ECEC  i s  contri buted by excha ngeab l e  a l umi n i um i n  the AB hori zon . 

Exchangeab l e a l umi n i um contri b utes a s i gn i f i cant , 16 . 7% to the ECEC i n  

the Bs hori zon  of the s trong ly  l eached  Rowan so i l . I n  the A hori zon of 

the Makaka  s o i l 18% of the ECEC i s  contri b uted by exchangeab l e a l umi n i um ,  

there be i ng n o  contri b uti ons i n  the l ower hori zons o f  the s o i l . The 

h i gh val ues ob ta i ned a re d ue to the l ow pH condi ti ons i n  these s o i l s . 

I n  the A hori zon of  the Te Ki ri s amp l e exchangeab l e a l umi n i um contri butes 

a s l i gh t l y  h i gher percentage ( 4% )  of the ECEC compared wi th 1%  i n  the 

Opua seri es . Th i s  may refl ect g reater l ea ch i ng i n  Te K i ri s eri es ,  

compared w i th Opua s eri es . A l umi n i um i n  s o i l s o l uti on i nc rea ses  w i th 

percent a l umi n i um s a turati on , and a l umi n i um toxi c i ty can be a cause of 

i n ferti l i ty ,  e speci a l l y  i n  ac i d s o i l s .  

For the rema i n i ng so i l seri es the contr i but ion  from exchangeab l e 

a l umi ni um i s  negl i g i b l e and  there can be no co ntri buti on i n  the l ower 

hori zons of the s o i l i n  some cases . 



Tab l e  6 . 8  Exchangeab l e  A l umi n i um a s  a percen tage o f  ECEC  of  seventeen s o i l s  from Tarana k i  

Rowan 1 2  ( Ap )  16 . 7  ( Bs )  7 .  2 ( Bw 1 )  1 1 . 8  ( 2C )  

Ma kaka 18 ( Ap )  5 ( BA )  2 ( Bw )  

Lowga rth 10 ( Ap )  2 ( Bw 1 ) 0 .  7 ( Bw 2 )  0 . 2  ( Bw3 ) 

R i  verl ea  0 . 8  ( Ap )  0 . 7  ( BA )  0 .  7 ( Bw 1 )  0 . 3  ( Bw 2 )  

Stra tford 3 ( Ap 1 )  0 . 5  ( Ap 2 )  0 . 3  ( Bw1 ) 0 . 3  ( Bw2 ) 

Mangawhero 4 ( Ap )  5 ( B g 1 ) 2 . 5  ( Bg 2 )  4 ( Bg 3 )  3 ( B g4 ) 4 ( Bg 5 )  5 ( 2C )  

Hangata h ua 2 ( Ap )  3 ( Bw 1 )  4 ( Bw2 )  8 ( 2 C )  2 ( 3C ) 

El tham 10 . 3  ( Ap )  42 . 3  ( B u )  32 . 4  ( Oh 1 ) 20 . 3  ( Bh 1 )  1 .  4 ( Oh 2 )  2 . 1 ( Bh 2 )  1 .  4 ( Oh 3 )  

Wa rea  h i l l  2 ( Ap )  

Warea 1 ( Ap )  0 .  1 ( Bw 1 )  0 . 2  ( Bw 2 )  0 .  3 ( Bw3 )  0 .  5 ( Bw4 ) 

Ti poka 2 ( Ap )  

Opua 1 ( Ap )  0 . 4  ( BA )  0 .  1 ( Bw ) 1 ( c ) 
Oaonu i  1 ( Ap )  1 ( Bw )  0 . 4  ( Bg )  

Awatuna 1 ( Ap )  0 . 2  ( BA )  0 . 2 ( Bg )  

Punehu  2 ( Ag )  1 ( B )  1 ( C )  

Patua 24  ( Ah )  39 ( AB )  2 8  ( Bwg ) 

Egmont 0 .  7 ( Ap ) 1 ( Bw 1 )  1 .  7 ( Bw 1 )  2 ( Bw 2 )  2 ( 2Bw3 )  2 ( 2 C )  lV 
� 
cc 



7 .  RESERVE  POTAS S I UM AND MAGN ES I UM 

T he reserve pota s s i um a nd magnes i um were determi ned i n  o rder to 
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a ssess  the so i l s '  capac i ty fo r l o ng term s u pp ly i ng  power of these nutri ents . 

The methods app l i ed were the ac i d extracti o n  p rocedures o ut l i ned i n  

Metson et �. , ( 1 956 )  for reserve potass i um ( Kc ) and Metson and Broo k s  

( 19 7 5 )  fo r reserve mag nes i um ( Mg r ) ( Fi g ures 6 . 7  a n d  6 . 8 ) . 

The l evel s of res e rve potas s i um i n  a l l the s o i l s  a re l ow and  a part  

from the  Egmont  s ubso i l a re a l l be l ow the  p roposed  cri ti ca l  l evel ( Metson , 

1 959 ) of  0 . 30% , i nd i ca t i ng that po tas s i um def i c i ency can be expected 

under cond i t i ons of h i gh dema n d .  

The rate of rel ease  of  Mgr i s  very dependent  o n  preva i l i ng 

envi ro nmenta l  condi ti ons  s o  that a s trong ly  weatheri ng envi ronment w i l l  

rel ease g reater quanti t i es of Mgr compared wi th a wea k l y  weatheri ng  

env i ronment .  The  abso l ute s i ze o f  the reserve pool  of magnes i um i s  thus  

not a re l i ab l e  i n dex of  potenti a l l y  avai l ab l e magnes i um .  The  l eve l s 

of  res erve magnes i um i n  the ye l l ow-brown l oams range from very l ow to 

h i gh .  Reserve magnes i um i s  h i gher  i n  the s amp l es from the Awatuna -Wa rea 

h i l l  s o i l toposequence th a n  i n  those from the Opua- Puneh u so i l toposequence . 

I n  the Rowan -Mangawhero toposequence there i s  a trend towards h i gher  

va l ues i n  the  i mperfect l y  d ra i ned Makaka  and poo rl y drai ned Mangawhero 

so i l s . I n  the c l i moseq uence the reserve magnes i um i s  very l ow thro ughout  

the Patua s o i l b ut vari es i n  the  other so i l s ,  w i th at  l ea s t  one hor i zon 

hav i ng a h i gh o r  med i um va l ue , u sua l l y  coi n c i d i ng  w i th the presence of 

the Manga n u i  tephra ( Fi g ure 6 . 8 ) . The val ues of  reserve magnes i um i n  

the E l tham peat range from very l ow to h i gh . These val ues a re dependent  

on  t he  p resence or absence of  l i th i c  or pumi ceou s  l a p i l l i  l ayers , wh i ch  

tend to  have l ower Mgr l eve l s than the i nterbedded organ i c  hori zons . 

8 .  S ULPHUR 

S u l p h ur i s  present  i n  the s o i l i n  four ma i n forms : 

1 )  i n  the so i l so l u t i o n  as  s u l p ha te i ons ( di s s o l ved s u l phate ) . 

2 )  a ttac hed to the s urface o f  s o i l col l o i ds a s  s u l phate i o ns 

( a ds o rbed s u l phate ) . 

3 )  a s  o rgan i c s u l p hur  compounds i n  the organ i c matter o f  th e so i l 

( orga n i c s u l ph u r ) . 
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4 )  a s  s ul p h ur-beari n g  mi neral s .  

Phos phate-extractab l e  s u l phate , p revi o us l y  ca l l ed adsorbed 

s u l phate-S , i s  a meas ure of  the s u l p hur  avai l ab l e  to pl a n ts . It cannot  

be regarded as  a spec i fi c  fracti on  of  the  s o i l s u l phur as the des orpt i on 

process extrac ts smal l amounts o f  both s o l ub l e i norgan i c-S  and organ i c-S .  

Leve l s of phosphate-extractab l e  s u l ph a te i n  the so i l s  ana l ysed are 

vari ab l e  a nd  ra nge from l ow to very h i gh .  I n  general the l eve l s  a re 

med i um to h i gh i n  the topsai l s  and a re probab l y  s uffi c i ent  to s us ta i n 

a deq uate pas ture growth . 

The s ub so i l contents of  phos phate-extractab l e  s ul phate a re us ua l l y  

h i ghe r than topsoi l contents l a rge ly  d ue to the a l l o phane a n d  i ron  ox i des 

present , wh i c h are capab l e  of h i gh s u l p hate adsorpti on ( Metson , 1 9 79 ) . 

Th i s  means  tha t the graphs  for phos phate reten ti on and ac i d-oxa l a te 

extractab l e  i ron  and  a l umi n i um can be re l a ted to the graph for phosphate­

extractab l e  s u l phate ( F i g ures 6 . 5 ,  6 . 10 - 6 . 1 3 ) . Al tho ugh  there i s  a 

s i gn i fi cant  co rrel a t i o n  between phos ph a te retenti on and phosphate­

extractab l e s u l phate ( Tab l e 6 . 9 ) i t  wou l d  a ppear that the rel a ti onsh i p  

i s  not l i near  ( F i gure 6 . 9 ) b ut rather s u l phate l evel s tend  to i n crease  

markedl y at  very h i gh l evel s of  phos phate retent i on . 

The l ower l evel s of s u l phate i n  A hori zons  may be a ttri b uted to 

competi t i o n  for adsorp ti on  s i tes by more s trong l y adsorbed an i ons s uch  a s  

phosphate , h umate and  hydroxyl ( Fi g ures 6 . 10 ,  6 . 1 1 ) . 

2 5 1  

The amount  of ads orbed s u l phate c an be l i mi ted by h i g h b ase  s a t urati on 

and tends to i n creas e  w i th decreas i ng base  s a t urati o n .  Th i s  i s  demons trated 

i n  the toposequence of Rowa n ,  Ma kaka  and  Mangawhero so i l s ,  where drai nage 

i s  i mperfect or  poo r ,  l ea ch i ng of  s u l p hate may not occur des p i te l ow 

s u l ph ate retent i on . 

I n  the E l tham pea t  the l e ve l s o f  phos phate-extractab l e  s u l phate 

are h i gh to very h i gh wi th depth . Th i s  s ugges ts that the g ro und-water 

may be h i gh i n  reduced s u l phur and contri b utes to the very h i gh va l ue 

obta i ned . The med i um va l ue i n  the Bh l hori zon  i s  due to the presence of  

the  Manganu i  tephra . 
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Tab l e  6 . 9 Corre l a t i on  matri x between a l l v ari ab l es 

Phosph ate Retenti on 1 1 . 0000 

* 
Phosphate extracta b l e  S u l p hate 2 0 . 5 106 1 . 0000 

Ac i d-oxa l a te extractab l e  Al  3 0 . 3290 0 . 4 244  1 . 0000 

* 
Aci d-oxa l a te extracta b l e Fe 4 0 . 5904 0 . 354 1 0 . 2 1 37 1 . 0000 

E l evati on 5 -0 . 404 1 -0 . 3608 0 .  2 4 1 1 -0 . 1987  1 . 0000 

1 2 3 4 5 

* 
0 . 0 5  ( 1 5  degrees of  freedom ) 
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9 .  AC I D-OXALATE EXTRACTAB LE  I RON , 

ALUMI N I UM AND S I L I CON  

2 5 5  

Aci d-oxa l ate  reagent  can be  used  a s  an  extractant to i nd i cate the 

amount  of i ron , a l umi n i um and s i l i con  p resent i n  the form of a l l opha n i c 

c l ay and non-crys tal l i ne hydrous oxi des o f  i ron and a l umi n i um .  Ac i d­

oxa l a te i s  a l so  k nown to extract ful v i c ac i d-bo und a l umi n i um ( Mc Keague 

et �. , 19 7 1 ) . 

The method  depends ma i n l y  on the  comp l exi n g  affi ni ty o f  ac i d­

oxa l ate  to  extract  col l o i d  compl exes . The  fo rms wh i ch i t  di s so l ves 

contri bute s trong ly  to the vari ab l e  c harge of  s o i l s  and p l ay a maj o r  part 

i n  cat ion  a n d  a n i on retent i on  and other  s urface phenomena . 

I n  genera l , h i gh l evel s of  a l umi n i um ,  i ron  and s i l i con  were obta i ned 

from the s o i l s  a na lysed . The res u l ts a re i n  accordance wi th trends noted 

i n  the ana lys i s  of  central  yel l ow-brown l oams by Sau nders ( 19 68 ) . 

I n  th e maj or i ty o f  s o i l s ,  h i gher  amo unts o f  extractab l e  a l umi n i um 

were obta i ned compared wi th i ron . Th i s  co u l d b e  due to i ron  be i ng  removed 

i n  ground-water or bei n g  converted to mo re crysta l l i ne forms o r ,  mos t  

l i ke ly , to the  h i gh content o f  a l l ophane . 

I n  mos t  o f  the s o i l s  there i s  a peak  i n  the va l ues of  extractab l e 

i ron , a l umi n i um and s i l i con i n  the upper B hori zons . Th i s  i n crease  cou l d 

be  due to weatheri ng � s i tu and some i nc i p i e nt  downward movement  from 

the  A hori zon ( F i gures 6 . 1 2 and 6 . 1 3 ) . 

I n  the poorl y dra i ned Mangawhero , Awatuna and Puneh u s ampl es 

extractab l e i ro n  i s  an except i o n , tend i ng to decrease from A to B hori zons 

b ecause  of  red ucti on to l es s  extractab l e  forms . 

The ques t i on ari ses  as  to whether podzo l i s a t i o n  i s  occurri ng i n  the 

s o i l s .  Podzol i s at i o n , accord i ng to trad i t i ona l  theory ,  i s  the proce s s  

whereby i ron  and  a l umi n i um are trans l oca ted down a so i l prof i l e , i n  an  

organ i ca l l y  comp l exed form .  Recent work  by  Farmer et �· , ( 1980 ) has  

i nd i cated that  Al - S i  compl exes a re a l s o  i nvo l ved i n  the podzo l i sa t i on  

p roces s .  Mc Keag ue and  Day ( 1969 ) proposed  the use of the ac i d-oxa l a te 

extractab l e a l umi n i um va l ue of B hori zons  a l one as evi dence for the 

podzol i sa t i o n  proces s .  However , the most  s pec i fi c  reagent for the forms 

of a l umi n i um and  i ron  i nvol ved i n  podzol i sa ti on  appea rs to be pyrophos phate 

extractab l e  i ron  and a l umi n i um ( Fep + Al p ) .  
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I n  th e U . S .  S o i l Taxonomy ( So i l  S urvey Staff , 197 5 )  for a s pod i c 

hori zon to be pos i t i vel y i dent i fi ed  i t  mus t meet one or more o f  the 

fo l l owi ng  req u i rements ; ( i f  no cont i n uo us l y  cemented hori zon or  pel l eted/ 

coated s andy or  coarse l oamy hori zo n i s  present ) .  

i )  Fep + Al p/ Fed > 0 . 5 

i i )  Fep + Al p/ %  c l ay > 0 . 2 
where p = pyrophos phate 

d = di th i on i te -c i tra te 

i i i )  I n dex of Accumu l a t i on ( CEC ( pH 8 . 2 )  - �% cl ay x th i ckness  

o f  hori zon ( cm )  ) > 65  

I n  the  di s cus s i on of the " exchange  compl ex domi nated by  amorphous 

materi a l " ( ECDAM ) i nc l uded w i th the  And i so l  propos a l  ( Smi th , 1 978 ) , 

B l a kemore reports that  the rati o between pyrophos phate and d i th i on i te­

extracta b l e  i ron  and a l umi n i um of 0 . 5  or  more , a s  a chemi c a l  cr i teri o n  

for a s p od i c hori zo n ,  adeq uatel y s eparates Spodoso l s from And i s o l s i n  

New Zea l and . 

Ta b l e 6 . 10 s h ows that the so i l s  i n  th i s  s urvey fai l to sat i s fy the 

fi rst cr i teri on for a s podi c hori zon  beca use the ra t i o s  are a l l l es s  than 

0 . 5 . 

As a meas ure of  h i gh a ct i v i ty i n  s o i l s  conta i n i ng short-range  order 

col l o i ds the amounts  of a l um i n i um extracted by d i th i o n i te-c i trate reagent 

are not easy to i n terpret , a l though they u s ua l ly  approx imate the amounts 

removed by ac i d-oxa l a te .  I n  s ome podzo l s  a nd vol can i c ash  s o i l s  aci d-

oxa l ate extracts l a rger amoun ts of  a l umi n i um tha n does d i th i o n i te-c i trate . 

I t  was s uggested at  the 198 1 So i l s  w i th Va ri ab l e  Ch arge Conference tha t 

ac i d-oxa l a te extractab l e  a l umi n i um ( c ri ti ca l  va l ue of 2 . 4% or  more ) cou l d be  

a better and  more s i mpl e meas u re o f  the  h i gh acti v i ty of vo l ca n i c ash  

s o i l s .  I n  the  s o i l s  ana lysed  ac i d -oxa l ate  extractab l e  a l umi n i um ra nges 

i n  va l ue from 7 . 1 % ( Pa tua  so i l ) to 0 . 9% ( Te Ki ri h i l l  so i l ) .  On the 

bas i s  of the wei g hted  averages  of a l l hori zons between 25cm and 1m the 

Rowan , Ma ngawhero , Hangatahua and Te  Ki r i  h i l l  s o i l a l l have va l ues of 

ac i d-oxa l a te extractab l e a l umi n i um l es s  than  2 . 4% .  Thi s i s  d ue to the 

presence o f  e i ther l ahari c debri s ,  teph ra o r  a l l uvi um i n  these s o i l s .  

A s i g n i fi cant  corre l at i o n  i s  ev i dent between phosphate retenti on and  

the l eve l  o f  ac i d-oxa l ate extractab l e  i ron , as  s hown by Tab l e  6 . 9 .  

F i g ure 6 . 14 demons trates the pos i ti ve l i near rel at i ons h i p .  
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Tab l e  6 . 10 

Rowan 
Bs  ( 30-5 1cm )  

Ma ka ka 
Bw 1 ( 28- 58cm) 

Lowgarth 
Bw 1 ( 2 3- 52cm )  

R i verl ea 
BA ( 2 1- 34cm ) 

Stratford 
Ap2 ( 25-35cm ) 

Ma ngawhero 
Bg 3 ( 34- 53cm ) 

Pa tua 
Bwg ( 29-54cm) 

Egmont 
Bw 1 ( 2 1 - 38cm ) 

Rat i o  between Sod i um Pyrophospha te Extractab l e  

Al umi n i um a nd I ron a nd C i trate- D i th i on i te  

A l umi n i um and  I ron 

2 5 �  

Sodi um C i trate- Sod i um PLrophosphate Al + Fe pyrophos phate d i th i on i te 

A l  + Fe ( % )  A l  + Fe ( % )  C i trate- d i th i on i te  A l  + Fe 

0 . 83 2 . 97 0 . 28 

0 .  56 2 . 75 0 .  20 

0 . 46 1 . 83 0 . 25 

0 . 58 2 . 50 0 . 2 3 

0 . 90 2 . 30 0 . 39 

0 . 84 2 . 42 0 . 35 

1 .  56 4 . 28 0 . 36 

0 . 45 3 . 18 0 . 14 

ALL < 0 .  5 
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The h i gh a c i d-oxa l ate extractab l e  s i l i con val ues i n  nea r l y  a l l the 

s o i l s  a re due to the di s s o l ut i o n  of  the a l l ophani c c l ay ( Parfi tt ,  1980 ) . 

I n  the l ower B h ori zons o f  the Hangata h ua , Rowan and  Mangawhero so i l s ,  

re l at i ve l y  l ower va l ues of  ac i d-oxa l a te extractab l e  s i l i co n  were ob ta i ned 

due to the l ower cl ay content . In  the E l tham peat the l evel s of  s i l i co n  

a re very l ow t o  med i um ,  refl ecti ng the l ow mi nera l content  of the organ i c  

matter . Leve l s of  ac i d-oxa l a te extrac tab l e a l umi n i um a re med i um to h i gh 

and  those of  i ron  l ow to h i gh .  

1 0 .  B ULK  D ENS I TY 

The pattern of  root growth i s  a ffected by s o i l dens i ty and  a l ow 

b u l k dens i ty encourages deep a n d  wi des pread root  growth . B u l k dens i ty 

meas urements were made on o ven d ri ed  ( 10 5°C )  core s amp l es  taken from each 

hori zon , w i th correcti ons for s tone content  made where neces s a ry .  

The ye l l ow-brown l oams mos tly  h ave l ow bu l k dens i t i es , a verag i ng  

0 . 8  Mg;m3 . I n  the  case  o f  Hangata h ua and Rowan s o i l s  the h i gher s ubso i l 

va l ues o f  1 . 1 Mg;m3 and 1 . 4  Mg;m3 , a re due to the p resence of s andy 

textured  a l l u v i a l  and l ahari c debri s ,  res pecti ve l y .  The l ow bu l k dens i ty 

val ues and  the h i gh poros i ty ( Fi g u re 6 . 1 5 )  obtai ned  for the mi nera l  s o i l s  

a re re l ated to the h i gh s peci fi c s u rface area cha racteri s t i c of  a l l ophane-

ri ch  s o i l s .  I n  the A hori zons  o f  the yel l ow-brown l oams , the organ i c  

matter con tent  a nd the moderate l y  to s trong ly  deve l oped s tructure ,  l ower 

the b u l k dens i ty s l i gh tl y .  The bu l k dens i t ie s  do not i n crease  s teadi l y  

wi th depth ; i n s tead there a re i rreg u l ari ti es re l a ted  to the presence o f  

tephra hori zons . The vari ab l e bu l k den s i ty d i s tri buti o n  of  the Lowgarth 

so i l  i n  parti c u l a r  i s  due to the presence of the Manganu i  tephra , wh i ch 

causes  an i n crease  i n  bu l k den s i ty ,  i n  the Ap and Bw1  hori zons . 

I n  the E l th am peat the b u l k de ns i ty val ues a re l ow ,  decreas i ng to 

very l ow val ues i n  the s ubso i l ,  as wou l d be expected for a n  organ i c s o i l . 

The re l a t i ve l y  h i gher  va l ue i n  the Bh 1 hori zon can  be  attri buted to the 

presence of  the Manganui  tep h ra . 

As soc i a ted  wi th the l ow b u l k  dens i ty of  yel l ow-brown l oams a re h i gh 

macropo ros i ty va l ues ( l arge-s i zed pores , l a rger tha n  60 mi crons ) .  These 

macroporo s i ty va l ues a re cons i s tent l y g reater than the va l ues of  several 

o the r New Zea l a n d  so i l g ro ups for w h i c h  comparabl e data a re avai l ab l e 

2 6 1  
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( Gradwel l ,  19 78 ) . The h i gh content  of  l a rge pores i s  very evi den t  i n  the 

B hori zons of the yel l ow-brown l oams ana lysed , w i th an a verage of  26% by 

vo l ume occ up i ed by pores l a rger tha n  60 mi crons di ameter .  I n  mos t  so i  1 
g roups  the vo l ume of s uch pores decreases wi th i n creas i ng depth . The 

a b undance of l a rge pores to a cons i derabl e depth i n  the yel l ow-b rown l oams 

p romotes rapi d dra i nage i n  these s o i l s  ( Gradwe l l ,  1978 ) . 

1 1 . MO I STURE RETENT ION  

2 6 4  

The l ow bu l k dens i ty o f  ye l l ow-brown l oams s ug ges ts that l a rge vol umes 

of  water can be s tored i n  the so i l p rofi l e .  The water i s  tho ugh t to be 

he l d domi nant l y i n  sma l l vo i ds rath er than on c l ay s u rfaces ( Maeda and  

Warkenti n ,  1 9 7 5 ; Rous sea ux  and  Wa rkent i n ,  1 976 ) . J u s t  how much of  th i s  

water i s  ava i l abl e for p l a n t  g rowth depends upon the water content at  the 

uppe r ( fi e l d capaci ty ) and l ower (w i l ti ng po i n t percentage ) ends of  the 

a va i l a bl e water range . The permanent wi l ti ng po i nt i s  conventi ona l l y  

taken a s  the moi s ture he l d i n  the s o i l a t  a tens i on o f  1 5-bars a nd  i t  i s  

i n fl uenced by the type and  amount  o f  c l ay mi nera l s  p rese n t .  The 

d i fferences between the 1 5-bar  mo i s ture contents of  p rev i ous l y  dri ed and 

undr i ed s o i l s ampl es is  not  only re l ated to the a l l o phane content but  to 

the amo unt of natura l  dry i ng that h as occurred i n  the so i l . 

A pres s u re p l ate apparatus was used to determi ne the mo i s ture he l d 

at  a tens i o n  o f  15-bars on  saturated s ampl es . Fo r each s o i l hori zon one 

set of  dup l i cate s amp l es was kept cont i n ua l l y  moi s t  a nd a no ther set was 

a i r dri ed and then rewetted before bei ng brought  to 1 5-bar  tens i ons . 

The res u l ts a re s hown i n  Tab l e  6 . 2  and are characteri s t i c  o f  s o i l s  

conta i n i ng a l l ophan i c c l ay .  

The mode rate to h i gh 15 -bar  moi s ture va l ues of  the mo i s t samp l es 

demonstrate th a t  the s o i l s  h ave a capaci ty to reta i n  mo i s t ure at  h i gh 

tens i on s  and  that  th i s  c a pa c i ty decreases marked l y  on dryi n g .  I t  i s  

pos s i b l e  that the topsa i l s  o f  s ome profi l es h ave a t  s ome po i n t undergone 

a s e vere dry i n g  that has  not occurred i n  the underl y i ng  s ubso i l s .  I n  

the case o f  the Rowan and  H a nga tahua  s o i l s  the s ubso i l va l ues refl ect  

the s a ndy texture and l ow c l ay content , whi ch res u l ts i n  l es s  mo i s ture 

be i ng  reta i ned at  1 5 -bars . I n  add i t i on l api l l i  hori zons i n  the s o i l 

p rof i l es contri b ute to the vari ab i l i ty o f  va l ues obta i ned . I n  mos t  s ubso i l s  

the w i l t i ng po i nts of the s amp l es exceed those of  the upper  hori zons  



con s i stent  wi th h i gher  s ubso i l a l l o phane contents , des p i te the contri b ut i on 

of  s o i l o rgan i c matter  to the reten t i on o f  mo i s t ure in  the upper hori zons . 

The ava i l ab l e  water capac i ti es o f  A hori zons of ye l l ow-brown l oams depend  

strong l y  on organ i c matter con tent  ( Bonfi l s  and Moi nerea u ,  19 7 1 ; Maeda 

et �- , 1 9 76 ) s o  the capac i t i es cannot  be  a ttri b uted to the a l l ophane 

content a l one .  
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The E l tham pea t has the capaci ty to absorb and reta i n l a rge q uant i t i es 

of wate r due to i ts h i gh organ i c  matter conten t .  The h i gh 1 5 -bar  

va l ues o f  the  mo i s t sampl es demonstra te th i s  characteri s t i c .  T he  l ow 

val ues i n  th i s  p ro fi l e  are due to the pre sence  of  teph ra h ori zons . 

The pe rcentage decrea ses i n  1 5 - bar  mo i s ture val ues , as  a res u l t 

of  a i r dry i ng  are very h i gh and a re tho ugh t to be  due to the  l os s  of  very 

fi ne mi cro s cop i c po res and i n tra - co l l o i da l  cav i t i es duri n g  the a i r-dryi ng  

proces s .  The percentage decreases a re l owes t i n  the  A hori zons and  

i ncrease i n  s ubso i l s  to  val ues as  h i gh a s  74% . 

The yel l ow-brown l oams h a ve been s hown to conta i n  s i gn i f i cant ly  

more pores  from 3 to  30  mi crons  d i ame te r ,  i n  the i r  s ubso i l s  than  mo s t  other 

New Zea l and  so i l g roups  ( Gradwel l ,  1 978 ) . Water hel d i n  s uch pores  i s  

readi l y  w i thdrawn by p l ants , s o  that g rowth i s  ma i ntai ned dur i ng peri ods 

of moi s ture stres s . 

Compact i on , a s  wel l as dry i n g ,  can  decrease the vol ume o f  sma l l 

vo i ds a nd  the fi g ure s  obta i ned con fi rm the h i gher the bu l k de ns i ty the 

l ower the 1 5-bar  mo i s ture va l ues . Th i s  i s  i n  contras t  wi th c rysta l l i ne 

cl ays where the vol ume of sma l l voi ds i nc reases  wi th compa c t i on . 

The 1 5-bar  mo i s ture ch aracteri s t i cs o f  yel l ow-brown l oams have 

i mp l i cat i ons  for s o i l c l as s i fi cat i on . I n  the Andi s o l proposa l s for the 

rec l as s i fi cat i on of Andepts ( Smi th , 1 9 78 ) , the fi g ure of 15% water 

retent i o n  at 1 5-bars o f  prev i o us l y  d r i e d  s amp l es and of 30% on  undri ed 

s amp l es on the wei ghted average of  a l l h ori zons , i n  the control sect i on 

( 25cm to 1m ) , i s  u sed as the boundary between Vi trudands and Hap l udands . 

The coa rse  textured Rowan , Opua , Lowga rth a nd Hangatahua  s o i l s  a l l h ave 

l es s  than 30% on undri ed  s ampl es  ( Tab l e 6 . 1 1 )  and are cl a s s i fi ed as 

V i trudands ( Tab l e 6 . 12 ) . The 1 5-bar  water contents have been used to 

defi ne the s o i l fami l i es as comb i nat i o ns of pa rti c l e s i ze and mi nera l ogy 

( Tab l e  6 . 12 ) . 
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Tab l e 6 . 1 1  15-bar Wate r Content  

for se venteen s o i l s  i n  Taranak i  

0 - 1m 2 5cm - 1m 

SO I L  Mo i s t ( % ) Ai r- dry ( % ) Moi st  ( % )  Ai r- dry ( % )  

Rowan 24 . 4  10 . 7  2 1 . 9  8 . 8  

Maka ka  24 . 4  1 2 . 7  34 1 1  

Lowgarth 26  1 1 . 8  27 . 8  10 . 9  

Ri verl ea 37 . 9  1 5 . 3  30 . 2  10 . 5  

S tratford 26 . 9  14 27 . 5  1 2 . 3  

Man gawhero 29 . 2  1 2 . 3  26 . 3  9 . 9  

Hangatahua 2 1 . 3  9 . 5  18 . 7 6 . 8  

E l tham 6 2  35 63 34 

\�a rea  h i l l 4 2 . 9  2 3 . 2  48 . 8  20 . 4  

Wa rea  50 . 6  2 2 . 6  45 . 8  20 . 1  

Ti pok a 53  16 . 8  53 . 7 1 6 . 5  

Opua 1 7  1 1 . 2  19  

Oaon u i  54 2 1 . 2  18 . 2  

Awatuna 45 . 8  2 1 . 4  48 . 2  18 . 4  

Pune h u  3 1 . 2  1 7 . 6  1 7 . 9  

Patua  6 3 . 2 19 . 8  49 1 4  

Egmont  36 . 8  1 7 . 9  38 . 8  16 . 3  



1 2 . ALLOPHANE AND TOTAL C LAY 

Th e determi nat i o n  of the amo unt of c l ay i n  a l l opha n i c s o i l s  i s  

extreme l y  d i ffi cu l t d ue to prob l ems of di s pers i on ( B i rre l l  and  Fi e l des , 

1952 ) . 

Two i nd i rect me thods h ave been proposed . The fi rs t i s  to e s t i ma te 

the total c l ay present  by tak i n g the val ues for 1 5-bar  water percen tage 

of a i r dri e d  s ampl es s i nce th i s  val ue ( o r  meas urement )  appears to be a 

functi on o f  the amount  o f  a l l ophane presen t .  The second i s  for the 

va l ue of  a c i d-oxal a te extractab l e  s i l i con to be us ed  ( Parfi tt and Henmi , 

1982 )  to es t imate the amo unt  of a l l ophane present . 

The s e  two methods were empl oyed and the res u l ts a re presented  i n  

Fi g ure 6 . 16 .  

The h i s tograms reveal  tha t ,  except for Ap hori zons , the e st i mated 

amo unt  of  a l l ophane i n  each hori zon i s  a refl ect i on of the re l a ti ve 

c hanges i n  the es ti mated amount o f  tota l c l ay .  Th i s  i s  not s u rpri s i n g 

b ecause the cl ay fract i on i s  thought to be domi na ted by i mogol i te a nd  

a l l o phane , together wi th hydrous  fe l ds par . The excepti on of  the Ap 

hori zons i s  probab l y  d ue to the contri buti on  of  organ i c  matter to the 

a i r-dry 15 -bar  water percen tages caus i ng the tota l c l ay val ue to be 

overes ti ma ted . Eq ua l l y  the emp i ri ca l  mul ti p l i ca t i on of aci d-oxa l a te 

extractab l e  s i l i con by a factor o f  8 may not  be  appropri a te for tops a i l s  

res u l t i ng i n  an overes t i ma t i on . I t  i s  s i gn i fi cant  th at the e s t i mated 

amo unts of a l l ophane peak i n  the Bw ( cambi c )  hor i zons and th at  the 

g reates t a l l ophane content i s  i n  the s ubso i l of the Pa tua s o i l . Wada 

( 1980 ) cons i ders th a t  a l l ophane i s  a ma jor  const i t uent of s ubs urface 

hori zons for Andi so l s i n  an  earl y or mi ddl e s tage of  devel opmen t .  

1 3 .  CONCLUS I ON 

The res u l ts obta i ne d  i n  the anal yses of  the yel l ow-brown l oams of  

Ta rana k i  can  be l a rge l y  exp l a i ned by the  presence of  vari ab l e  charge 

materi a l s .  The s o i l s  that were analysed conform to the pattern observed 

i n  o ther  yel l ow-brown l oams i n  New Zea l and . 

The toposeq uence ( dra i nage sequence ) and  c l i moseq uence a pproach  

revea l s  trends i n  the var i o us ana l yses . I n  the  toposeq uences the tre n ds 
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Fi gure 6 . 16 H i s tograms to s how re l a ti ve amounts of  Total C l ay a nd 

A l l ophane i n  fi fteen Taranaki  so i l s  
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detected i nc l ude : - i )  pHH 20 val ues tend to become s l i ght ly  more aci d 

wi th i nc reas i ng g l ey i n g  

i i )  tota l phos phorus l e ve l s i ncrease �� i n tens i ty o f  

g l ey i n g  refl ecti n g  a decrease i n  wea theri ng . 

The degree of  l ea ch i n g i n  the s o i l c l i mo s eq uence Patua , Rowan , 

Lowga rth , Ri verl ea , S tratford and Egmont  s o i l s  i s  ev i dent  i n  mos t  of  the 

ana lyse s . The bes t i n d i cator o f  l each i n g s ta tus was excha ngeabl e 

ca l c i um .  Very l ow and  l ow va l ues were recorded i n  the very s trong l y  

l eached  and s trong l y  l ea ched s o i l s  and ve ry h i gh va l ues i n  the moderate l y  

l ea ched s o i l s .  The tota l phos phorus l eve l s  te nd  to decrease w i th 

i ncreas ed l ea ch i ng w h i l e  there i s  a di s t i nct  decrease of i norgan i c 

phos pho rus sol ubl e i n  0 . 5M H 2s o4 wi th i n creased  l ea ch i ng . 

S i gn i fi cant  s o i l property vari ati ons  occ ur  i n  the Rowan and  

Hangatahua s o i l s , wh i ch are d ue  to the heterogenei ty of  l ahar i c debri s ,  

teph ra and a l l uvi um , i n  the s o i l  profi l es .  I n  add i t i on , the occu rrence 

of bands of  concentrated l i th i c  l ap i l l i , s uch a s  the Mangan u i  tephra can 

exert a s i gn i fi cant  i n fl uence upon the res u l ts .  

I n  the case o f  the El tham pea t ,  the characteri s t i c  p roperti es of  pea t 

h ave a l so been mod i fi ed by the presence o f  l i th i c  and  pumi ceo us l ap i l l i  

hori zon s , produci ng  l ow carbon val ues a nd  l ow reserve magnes i um l eve l s .  

The ana l yses have d rawn attent i o n  to the fact  th at the E l tham peat has  

certa i n  properti es i n  common wi th Andi so l s .  The E l tham peat  has  vari ab l e 

n egati ve c harge ari s i n g from organ i c  funct i ona l  gro ups and h a s  a h i gh 

s peci fi c s urface are a . Conseq uent ly , cr i teri a wh i ch are s at i s fi ed when 

the exchange comp l e x  i s  domi nated by amo rphous materi a l  ( E CDAM)  a re a l s o  

s ati s fi ed by the E l tham pea t .  A l though  t he  exchangeabl e a l umi n i um va l ues 

i n  the E l tham peat  tend  to be very h i gh ,  the a c i d-oxa l ate extractab l e 

a l umi n i um va l ues a re a l l l es s  than 2 . 4% , unl i ke i n  the Andi so l s where 

val ues a re greate r than  2 . 4% .  

The i n formati o n  obtai ned  from the ana l yses  enab l es c l a s s i fi cat i on of  

the  s o i l s  accord i ng  to  So i l Taxonomy ( So i l S u rvey Staff ,  1975 ) . Certa i n  

c ri teri a ,  s u ch as  the cat i on  excha nge capac i ty ,  base saturat i on and  

mo i s ture retenti on a re used  to defi ne g reat groups , w i th i n  the  s uborder 

Andepts , but these cr i te ri a have proved i na deq ua te and un re l i a bl e .  I n  

o rder to construct a more mean i ngfu l  c l a s s i fi cat i on o f  the Andepts new 

p roposa l s  to el evate these s o i l s  to the order Andi so l s and to s e l ect  more 

2 7 0  



app ropri ate cri teri a h ave been a dvanced . These p ropos a l s ( Smi th ,  1978 )  

h a ve s ub sequently been s ummari sed  by  Leamy et �. , ( 1980 ) . 

C l a s s i fi cat i ons of the s o i l s  a ccord i ng to So i l  Taxonomy ( So i l 

S u rvey S taff ,  19 75 ) and the Andi so l  Pro pos a l  ( Smi th , 1978 )  a re s h own i n  

Tab l e 6 . 1 2 . 
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Tab l e 6 . 1 2 C l as s i fi cat i on  of  s o i l s  from Taranak i  accord i ng to So i l Taxonomy and  the 1978  And i so l  P roposa l  

So i  1 
seri es  

Rowan* 

Ma ka ka*  

Lowgarth*  

Ri verl ea* 

Stratford* 

Mangawhero* 

Hangatahua*  

Okato* 

Kahu i *  

Ti poka* 

Awatuna* 

Ngaere* 

Wa rea 

Opua 

Te Ki ri 

P u neh u 

Patua 

Egmont 

Whangamomona* 

E l tham* 

U . S .  S o i l Taxonomy 
to s ubgroup l evel 

Typi c  Vi trandept 

Aq u i c Vi trandept 

Typi c  Vi trandept 

Mo l l i c  Vi tra ndept 

Enti c Dy strandept 

Typi c Andaq uept  

Typ i c Vi trandept 

Hap l i c  Andaq uept 

Typi c  Dystrandept  

Aq u i c  Vi trandept  

Ha pl i c  Andaq uept 

Aq u i c Dys trandept  

Enti c Dys trandept 

Andi so l  Propo s a l  ( Smi th , 1 978 }  to fami ly  l evel 

Typ i c Vi trudand ( as hy o ve r  medi a l , a s hy- s ke l eta l , mes i c ) 

Aq u i c Hap l udand  ( medi a l , medi a l - s k e l etal , mes i c ) 

Typi c Vi trudand ( as hy-pumi ceous , mes i c )  

Typi c H ap l udand ( medi a l , med i a l - s k e l etal , mes i c )  

Typ i c  Hap l udand ( medi a l , mes i c ) 

Typ i c  Vi traq uand ( as hy , a s hy- s ke l e ta l , mes i c )  

Typi c Vi trudand  ( as hy , mes i c )  

Ent i c Vi traq uand ( as hy ,  mes i c )  

Typ i c  Hap l udand ( medi a l , mes i c )  

Aq u i c Hap l udand ( med i a l , mes i c )  

Typi c Hap l aquand  ( medi a l , mes i c )  

Aq u i c Hap l udand ( med i a ,  mes i c ) 

Typ i c Hap l udand ( medi a l , mes i c ) 

Typi c Vi trande pt Typi c Vi trudand ( as hy o ve r  s ke l eta l , mes i c )  

Typi c V i trandept  Typ i c Vi trudand ( as hy ,  mes i c )  

H a pl i c  Andaq uept Typi c Vi traquand  ( medi a l - s k e l eta l , mes i c ) 

Typi c ( Hydri c ? )  Dys t randept Acri c ( -Al l i c )  Hap l uda nd ( medi a l , mes i c )  

Ent i c Dystrandept Typ i c  Hap l udand ( medi a l , mes i c ) 

C l as s i fi cat i on i n  U . S . So i l  Taxonomy to fami ly l eve l 

Typi c Dystro ch rept  ( fi ne - l oamy mi xed , mes i c  s h a l l ow )  

Fi bri c Terri c Med i sapri s t  ( me di a l , mes i c )  

* E l tham Cou nty So i l s .  

rv 
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CHAPTER 7 

CONCLUS I ONS 

l .  E i g ht new tephra un i ts ( p 2 , p l , E 5 , E4 , E3 , E 2 , E l  and  Ma hoe ) were 

descri bed from E l tham and S tratfo rd Counti es . Correl a ti ons were 
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es tabl i s hed w i th tep hras  i n  northern Tarana k i . The uppermost  p2  

tephra has  been found to  corre l ate wi th Nea l l ' s  ( 1972 ) I ng l ewood 

Tephra , wh i ch has been dated 3 , 800 years B . P . The pl tephra has been 

correl ated wi th Nea l l ' s  ( 1972 ) Kor i to Tephra , wh i c h  has been dated a t  

l es s  than 5 , 1 50 years B . P .  E 5  and  E4 tephras  are tentat i ve ly  

correl ated wi th part  of  the Oa kura Tephra , wh i c h  i s  dated at  greater 

than 5 , 000  years B . P . and l es s  than 7 , 000 years B . P .  E3 , E 2 , E l  and  

Ma hoe tephras  are s uccess ful l y  correl ated from E l tham County to 

northern Tarana k i , w i th the promi nent ba sa l  band of E l  tep hra 

correl ated w i th Nea l l ' s  Ahuahu  Lap i l l i .  

The d i s covery of the rhyol i t i c  Ao ka utere Ash  and  Oma h i na Tephra i n  

E l tham County has wi despread s trati graph i c  i mp l i cat i ons . S i nce the 

Omah i na Tephra overl i es E l tham Lahars then E l tham Lahars a re con s i dered 

o l der than  370 , 000 years B . P .  and must therefore have or i g i nated from 

the  Ka i ta ke centre . The Ao kautere Ash has  been fo und a t  depths of up  

to 7 . 5m beneath  a deep  tephra seq uence , i nc l ud i ng tephr i c l oess , c l o se  

to Mt . Egmont ,  demon strat i ng the  rap i d  accumu l a t i on rate of tep hra i n  

the l as t  20 , 000 years . The presence of  the As h a l s o  a i d s the dati ng  

of  underl y i ng l a hari c depos i ts .  

2 .  Pos i ti ve tephra i denti fi cat i on and  correl a t i on wa s a c h i eved wi th 

varyi ng  s ucces s by a pp ly i ng X -ray fl uorescence ana l yses , e l ementa l 

a na l ys i s  of  t i tanomag neti tes and mi nera l og i ca l  stud i es .  

The res u l ts of the t i ta nomagnet i te ana lyses  confi rm that  a fa i rl y  

homogeneous magma was present over the t i me per i od o f  the tephra 

emi s s i on s , as  s ugges ted by Gow ( 1 968 ) . Groups  of  tep hra were 

s ucces s fu l l y  sepa ra ted by p l otti ng Mn to Zn va l ues but no one el emen t 

was found to be useful  for d i s t i ngu i s h i ng a ny s i ng l e  tephra . The 
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XRF  character i sed the unweathered tep hra near  to source  and  

es ta b l i s hed the vari ab i l i ty wh i c h  occ urs wi th d i sta l  tephra due to  

weather i ng .  I t  was observed that  i t  i s  decreas i ng g ra i n  s i ze and  

i ncrea s i ng mean annua l  tempera ture and not ra i nfa l l that ha s the  

g reater effect on the wea theri ng of pum i ceous l ap i l l i  i n  Tarana k i . 

Correl a t i on wa s a l so  ach i eved u s i ng three groups of  ferromagnes i an 

a s s embl ages , as  defi ned by Gow ( 1968 ) i n  comb i nati o n  wi th s trati graph i c  

pos i t i on .  The compos i t i on of  the l i th i c  Manganui  tephra was fo und 

to be  basa l ti c ,  as  revea l ed by bu l k chemi stry a na l y s i s a nd the presence 

of  o l i v i ne .  

3 .  The so i l map and  accompanyi ng pedo l og i ca l  d i scuss i o n prov i de u p  to date 

i n forma t i on for correl at i on and  reference purpo ses that i s  compat i b l e 

wi th  recent ly  mapped adjacent  Counti es . Age rel a t i on s h i ps between 

s o i l s  were es tabl i s hed by means  of i denti fyi ng d i fferent tephra and 

l ah ar i c depo s i ts and ma pp i ng thei r d i s tri buti o n .  Tephras present 

to lm depth were found to be cr i t i c a l  to the ma ppi ng of s o i l s  i n  

E l t ham Coun ty .  The 2 50mm i so pach map o f  the young l api l l i  showers 

( Ka u pokon ui , Ma ketawa and  Manganu i  tephras ) combi ned wi th the depth 

of vo l can i c  a s h  above l ahar i c depos i ts was u sed to separate the 

younger Lowgarth seri es from the o l der Stratford ser i es . The s ame 

i so pach  wa s u sed i n  comb i nat i on wi th dra i nage and l each i ng to separate 

Ri verl ea from Ka hu i  seri es , Ma ka ka from Ti poka seri es and Mangawhero 

from Awa tuna s eri es . I t  was found necessary to i n troduce four  new 

s o i l seri es and  one new vari a n t  to an  es tabl i s hed so i l seri es . 

These were the Ma ka ka ,  R i verl ea , Mangawhero , Ngaere ser i es and  the 

S tra tford seri es , fi ne tops o i l vari a n t .  The i ntroduct i o n  of  the 

Stratford seri es , fi ne tops o i l vari ant , meant  that  the otherw i se 

grada t i onal  bou ndary between the S tratford and Egmont  seri es cou l d 

be reso l ved i n  terms of  an i n termed i ate so i l category .  Egmont  seri es , 

S tra tford seri es and S tratford seri es , fi ne topso i l vari a n t  were 

defi ned i n  th i s  s tudy on p rec i se  teph ra and l i thol ogy of  parent materi a l s 

a nd  a k ey was p rovi ded for fi e l d i dent i fi cat i on . Attempts to 

characteri se  and  separa te the so i l seri es by l aboratory a na l yses 

were not s u cces s fu l  and there were probl ems i nvol ved wi th i denti fi cat i on 

of d i s ta l  tephra . Further work i s  s ti l l  req u i red on the pos i t i o n  of  

the  bo undary i n  the a rea between Hawera and Normanby .  
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The s teepl and  s tudy s howed that d i s ti nct i ve morphol o g i es were 

evi dent both  between the s o i l s  o f  the two areas and between the so i l s  

from the fou r  s i tes exami ned . The  s tudy revea l ed d i st i nct i ve 

morpho l og i es i n  terms of  profi l e  depth. hori zon expres s i on ,  s o i l 

structure deve l o pment  and  degree of mottl i ng ,  wi th i mperfect a n d  poor ly  

dra i ned so i l s  wi des pread wi th i n  t he  s teepl and  a rea . However , des pi te 

correspondence i n  so i l properti es a t  eq u i va l ent s i tes , parent  roc k  

a n d  parent mater i a l  vari ab i l i ty i s  so  g reat tha t  pred i ct i ons  a n d  

app l i cati on o f  so i l i nformat i o n  thro ug ho ut the steepl and terra i n  a re 

unrel i ab l e .  The a l l o phane tes t  and  phosphate retenti on  res u l ts 

i nd i cated that wi desca l e mi x i ng of  vol can i c ash  and the underl yi ng 

parent mater i a l  had occurred . The  i nves ti gat i on s ugges ted tha t  

vol can i c a s h  c a n  b e  ex pected t o  be fo und  on  s l opes l ess  than 26° due  

to  eros i on .  

4 .  The chemi ca l  a nd  phys i ca l  properti es of  se l ected yel l ow-brown l oams , 

g l eys , i n tergrades between ye l l ow-brown l oams and recent s o i l s  and 

organ i c s o i l s  were exami ned us i ng l aboratory a na lyses . Severa l 

s i gn i fi can t trends were revea l ed i n  both the topos equence and  

c l i moseq uence  o f  the  yel l ow-brown l oams exami ned . The  p resence of  

l ahari c depos i ts ,  tep hra or  a l l uv i um i n  a profi l e  had  a ma rked 

i nfl uence upon propert i es .  The l i th i c Ma nga nu i  tephra , where present  

exerts a s i g n i f i cant i n fl uence on  hori zon properti es . 

The propert i es of the pea t  i n  the E l tham s o i l were mod i fi ed by the 

presence of  p umi ceous and l i th i c  l a pi l l i .  Analyses es tab l i s hed 

that the E l tham pea t has certa i n  propert i es that a re a l s o  common to 

Andi so l s .  Cr i teri a s uch as pH Na F > 9 . 4 ,  phos phate retent i o n  > 90% 

and l ow b u l k dens i ty ,  wh i c h  a re s at i s fi ed when the exchange comp l ex 

i s  domi nated by amorphous materi a l  ( ECDAM ) are al so  s at i s fi ed by the 

E l tham pea t .  Th i s  i s  due to var i abl e negat i ve charge ar i s i ng from 

organ i c  funct i onal  groups , a h i gh s pec i fi c s urface a rea a nd the p resence 

of pumi ceou s  and l i th i c  l a p i l l i  i n  the profi l e . I t  i s  th i s  l atter 

feature w h i c h  ma kes the E l th am peat u n i q ue amongs t New Zea l and  organ i c  

so i l s  beca use  o f  i ts vol can i c addi t i ons . 
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APPEND I X  I 

L i s t  o f  s trati graph i c  sect i ons  menti oned i n  text . 

*NZMS Grid 260 Reference . 

1 .  Opunake Roa d  adjacent to Mangato k i  s tream a t  N 1 19/757532  ( 0 20/ 1 18025 ) *  

2 .  Opunake Road at Ma hoe at  N 1 1 9 / 754532 ( 020/ 1 1 50 26 ) 

3 .  Upper Pa l mer Road , 1 km from the j uncti on w i th Opunake Roa d ,  
at  N 1 19/ 746545 ( 020/ 108038 ) 

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

Opunake Road , 0 . 4 km from Mahoe at N l l9/744533  

Opunake Road , 0 . 6km from Mahoe at N 1 19/741 530 

Opunake Road , 0 . 8km from Mahoe at N l l9/ 738528 

Ma na i a  Road , bel ow Dawson  Fa l l s  at  N 1 19/698575 

Ma nai a Roa d ,  near Dawson  Fal l s  a t  N 1 19/687587 

Upper Pa l mer Road , at  the Kap un i  S tream bri dge 

( 020/ 1 06027 )  

( 020/ 102024 )  

( 020/ 10 1022 )  

( P 20/065066 ) 

( P20/055078)  

at N l l9/ 746497  ( 020/ 107994 ) 

10 . Upper Hasti ngs Road , 0 . 5 km from Opunake Road  at  N 1 19/ 769544 ( 020/ 1 29036 )  

1 1 .  F i nnerty Roa d ,  j uncti o n  w i th Ro na l d Road at  N 1 19/ 8 10 5 16 ( 020/ 166009 ) 

1 2 . Opunake Roa d ,  0 . 6km from Cardi ff , above Wa i ngongo ro R i ver 
at  N 1 19/ 797 550 ( 020/ 1 5504 1 )  

1 3 .  Top o f  Wa i n gongoro Road  a t  N 1 19/ 748586 ( 020/ 1 1 10 75 )  

14 . C ard i ff Road , after Wa i ngongoro Road at  N 1 19/80 1 5 7 2  ( 020/ 15906 1 )  

1 5 . At Pembroke on Card i ff Road at  N 1 19/80 2596 ( 020/ 1 6 1083 )  

16 . Pembroke Roa d ,  1 . 5km s outh  from Barcl ay Road , at  N 1 19/ 7 78597 ( 020/ 1 39084 ) 

1 7 . Pembroke Roa d ,  Stratford P l atea u a t  N 1 19/6876 1 6  ( P20/056104 )  

1 8 .  Monmouth Roa d ,  1 km eas t o f  Pembroke at  N 1 10/ 8 1 3603  ( 020/ 1 7 1089 ) 

19 . Monmouth Road , 2 . 7km from j unct i o n  wi th S ta te H i g hway 3 at  N 1 19/815604 
( 020/ 1 7 3090 ) 

20 . Near York Road . Da i ry Fa rm No . 1 1 15 at  N l 19/818653  ( 020/ 1 77 1 34 )  

2 1 .  S tate H i ghway 3 ,  near Tari k i ,  bes i de the rai l way l i ne a t  
N 109/8 1 5 703 ( 020/ 1 75 180 ) 

2 2 . D u rham Road , drai nage di tch , a t  N 109/ 7 79754 ( 019/ 144 2 2 8 )  



2 3 .  Bedford Roa d .  Dra i nage d i tch between Dudl ey and Durham Roa d  
at  N 109/ 76 3742 ( 019/ 1 292 1 7 )  

2 4 . 

2 5 . 

North E gmo n t  Man gaoraka  Pi c n i c Area a t  N l l9/690694 ( P20/06 1 1 75 ) 

North E gmont  Trac k  a t  N 1 19/6 736 54 ( P20/04 4 1 39 )  

26 . Ma ude Road , 0 . 2 km from the j unct i o n  wi th Ken t Road , at  N 109/6 73752  
( P l9/04 7229 ) 

2 7 .  Kori to Roa d , 3 . 8km due south -wes t o f  j unct i on of Ko ri to a n d  
Kent  Roads at N 190/650745 ( P 19/026 2 2 3 ) . 
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APPEND I X  I I  

AOKAUTERE ASH LOCAL I T I ES 

Locati ons  i n  th e north - east . 

1 )  N 1 19/ 79855 1  ( Q20/ 1 5604 1 )  Wai ngongoro Ri ver , Opuna ke Road . 

80mm th i c k ness o f  Aokautere Ash a t  a depth of 7m .  

2 )  N 1 19/ 795550 ( Q20/ 1 53042 )  Opunake Road , near  Rona l d  Road . 

80mm t h i ck ness th i n n i ng to 60mm , s h a rp base , a t  a de pth of  7m . 

3 )  N 1 19/ 77754 1  ( Q20/ 137034 ) Opunake Roa d ,  n ear  H as ti ngs Roa d .  

30mm th i ckness  a t  a depth of  6 . 80m . 

4 )  N 1 19/ 757532 ( Q20/ 1 1802 6 )  Ma ngato k i  R i ve r ,  Opuna ke Road . 

70mm th i ckness  a t  a depth of  6 . 90m . 

5 )  N 1 19/ 746544 ( Q20/ 108036 ) Upper Pal mer Roa d .  

40mm th i c k ness  a t  a depth o f  7 . 5m .  

6 )  N 1 19/8 1 5515  ( Q20/ 1 7 1008 )  F i nnerty Road , near Upper S tuart Road . 

60mm th i ck ness a t  a depth of  3 . 60m . 

7 )  N 1 19/ 785478 ( Q20/ 14 39 7 5 )  E l tham Road b efore Upper D uth i e  Road , 
Metal P i t ( Da i ry No . 2 5 2 ) . 

40mm th i c kness  a t  a depth of  3 . 25m .  

8 )  N 1 19/ 756470 ( Q20/ 1 16969 ) Kapun i  S tream , E l th am Road , near 
Upper Pa l mer Roa d .  

50mm th i c k ness  a t  a depth o f  4 . 80m . 

9 )  N 1 19/ 779456 ( Q20/ 1 379 5 5 )  Lower Duth i e  Roa d ,  expos ure by s tream 
( Da i ry No . 26 1 )  . 

Overth i ckened  to 70mm th i ck ness  a t  a depth of 3 . 20m . 

1 0 )  N 1 19/ 752405  ( Q20/ 109909 ) S keet Roa d ,  expos ure above Kapun i  Stream 
( Da i ry No . 4 3 3 ) . 

25mm th i c k ness  a t  a depth of  2 . 80m . 

2 8 9  



1 1 )  N 1 19/785427  ( Q20/ 14 19 29 ) Lower Duth i e  Roa d , near I naha  S tream 
bri dge . 

2 5mm th i ckness a t  a dep th o f  1 . 30m . 

1 2 )  N 1 19/ 9 1 1430 ( Q20/ 255928 ) Campbel l Roa d ,  near j u nct i o n  w i th 
Rotoka re and Ti ri moana Roads . 

2 5mm th i ckness a t  a depth o f  3m . 

Loca t i o n i n  the wes t .  

1 3 )  N 1 18/635456  ( P20/004959 ) E l tham Road , nea r Awatuna , 
expos ure i n  paddock . 

20mm th i ckness  a t  a depth of  3 . 20m . 

2 8 0  



Sect i on 1 .  

Locati on 

E l evat i on 

Ra i nfa l l 

Terra i n  

.L\PPEND I X  I I  I 

C u tti ng o n  the south  s i de of Opuna ke Road , up  from 

Ma nga tok i  S tream at N l l 9 /75753 2 . 

380m . 

2400mm . 

Tephra ma nt l ed l a har i c terra i n .  On  Stratfo rd Forma t i o n . 

2 9 1  

Add i ti onal  P o i nts  of Importance Type Sec t i on for E4 . 

Reference l ocal i ty fo r E3  a nd E l . 

T h i c kness Descr i pti on Forma t ion  Member Symbo l  
( i n  mm ) 

300 5Y  3/ 2 ( dark  o l i ve g rey ) , MANGANUI  Mn 
s cor i aceou s , l oose , l i th i c  TEPHRA 
l ap i l l i ,  w i th phenocrys ts . 
L a p i l l i  average lOmm i n  
d i ameter . 
I nd i s ti nc t  boundary .  

1 50 l OYR  5/6  (yel l owi sh-brown ) , p 2  p2B p2B 
s a ndy l oam . Coarse a s h  w i th 
many l OYR 8/ 2 (whi te ) pumi ceous 
l a p i l l i  and b l ocks  a nd mi nor 
g rey dense a ndes i te l a p i l l i ,  
a vera g i ng 20mm i n  di ameter . 
D i st i nct bou ndary .  

80 lOYR  4/ 3 ( dark  brown to brown ) , p 2A  p2A 
s a ndy l oam , modera te ly  b l ocky , Buri ed B . S .  
coarse  a s h . Wavy i nd i s ti nct ,  s o i l 
g rada ti ona l  boundary .  

300 lOYR  8/3 ( very pal e b rown ) p 2A p2A 
pumi ceous  l a p i l l i ,  avera g i ng l a p i l l i 
2 0mm i n  d i ameter . Coarse 
a s hy matr i x  lOYR  4/4 ( da rk 
yel l ow i s h -brown ) , coarse  
s a ndy l oam , fri abl e ,  wea kl y 
b l ocky . I rregu l ar  bou ndary . 

- PARACONFO RM I TY - - -



Th i cknes s Descr i pt i o n  
( i n  mm ) 

1 20 10YR 4/4  ( dark  yel l ow i sh-brown ) 
s a ndy l oam , wea k l y  b l ocky 
coarse a s h . 

50 

1 20 

80 

60 

1 20 

40 

200 

40 

I rregu l a r  d i s t i nc t  bou ndary . 

lOYR 8/ 2 ( wh i te ) , pumi ceous  
l ap i l l i ,  averag i ng 20mm or  l es s  
i n  d i ameter . Greater content 
of l i th i c l a p i l l i  than p 2B and 
p2A . Modera te l y  d i s t i nc t ,  
i rregu l a r  bou ndary . 

1 0YR  5/8 ( yel l owi s h -b rown ) , 
modera tel y b l oc ky ,  c oa rse a s h . 
I rregu l ar  boundary .  

Upper s pa l l i ng l ayer , 
" pocketi ng "  compri s i ng lOYR 
5/ 1 ( grey ) pumi ceous  1 a p i  1 1  i , 
a verag i ng 5mm i n  d i ameter a nd 
l i th i c  l a p i l l i ,  a verag i ng lOmm 
i n  d i ameter . 

lOYR 4/4  ( dark  yel l ow i s h -brown ) , 
fri ab l e ,  s a ndy c l ay l oam , b l oc ky 
a s h , w i th wh i te s pec k l es . 

l OYR  8/ 1 ( wh i te ) pumi ceous and 
l i th i c  l ap i l l i ,  g rea ter tha n 
20mm i n  d i ameter . D i st i nc t  
wavy boundary . 

lOYR  5/3 ( b rown ) , s trong ly  b l o c ky ,  
sa ndy c l ay l oam , coarse a s h . 
Di s ti nct  s harp boundary . 

D i scont i nuous  l ayer of  cemented 
fi ne a s h  ( "cream ca kes " ) . 
Predomi nant ly  l i th i c  towards the 
top and co nta i n s 7 . 5YR  5/ 6 
( strong brown ) pumi ceous l a p i l l i ,  
a verag i ng 20mm i n  d i ameter wi th 
pumi ceou s  b l ocks  concentra ted 
on top . 

I nterna l l y  s trati f i e d  central 
" s pal l i ng "  b ed wi th the upper 
part conta i n i ng l i th i c  l ap i l l i ,  
averag i ng l es s  tha n  lOmm i n  
d i ameter . 

Forma t i on 

p l  

Member 

p 1  
Bur i ed 

s o i  1 

p l  
l a p i l l i  

PARACONFORM I TY -

E5  

E4  

B u r i ed 
so i l  

E 5  
u pper 

l a p i l l i  

E 5  
a s h  

E 5  
ba sa l  

l a pi l l i  

Unnamed 
a s h  

E 4  
upper 

l ap i l l i  

E4  
centra 1 

2 9 2  

Symbo l  

p 1  
B . S .  

p l  

B . S .  

E 5  

E5  

E 5  

E 4  

E4 



T h i c k ness  Des c r i p t i on 
( i n  mm ) 

120 Mi ddl e part conta i n s  pumi ceous  
l a p i l l i  l es s  tha n  20mm i n  
d i ameter . 

1 00 Lower part conta i ns l i th i c ­
ri ch pumi ceous  l a p i l l i .  

80- 100  

1 00 

7 0  

280 

Lower bed has  an  upper l i th i c­
r i ch l ayer overl y i ng a basa l  
pumi ceous  l ayer , 10YR  6/4  
( l i g h t  yel l ow i s h -brown ) , 
avera g i ng 20mm i n  d i ameter , 
wi th mi nor l i th i c  l a p i l l i .  
D i st i nct wavy bou ndary . 

10YR 5/8 (yel l owi sh-b rown ) 
sa ndy c l ay l oam , fri a b l e ,  
wea k l y  b l oc ky .  

" L edge" o f  cemented f i ne a s h  
( " cream cakes " ) , wi th few 
pumi ceous bl oc ks and  l i th i c  
l a p i l l i ,  i n  coars e a s hy 
matr i x ,  10YR 5/8 - 5/ 6 
( yel l ow i s h -brown ) . 

D i scont i nuous  l ayer o f  2 . 5YR 4 /2  
(wea k  red ) , cemented f i ne a s h  
( " cream cakes " ) . T he  l oo se , 
de ns e l y  pac ked pumi ceous l a p i l l i  
benea th a re i nversel y graded and  
vary i n  col our from 1 0  YR 8/ 1 
( whi te ) to 7 . 5YR  5/6 ( s trong 
brown ) , rang i ng from b etween 
10 a n d  20mm i n  d i ameter . 
L i th i c l a p i l l i  a re l es s  than 
20mm i n  d i ameter and  concentra ted 
i n  the u pper part of the tephra . 
D i st i nct ,  wavy bou ndary .  

Format i o n  

E 4  

Member 

E4 
centra l 

E 4  
b a s a l  

l ap i l l i  

PARACONFORM I TY -

E3  E 3  
B u r i ed 

s o i l 

E 3  
l a p i l l i  

2 9 3  

Symbo l  

E4  

E4  

E3  
B . S .  

E 3  

E 3  

- - - - - - - PARACONFORMI TY - - -

1 50 1 0YR 4/4 ( dark yel l ow i s h -brown ) , 
sa ndy c l ay l oam . Coars e  a s h  
conta i n i ng sca ttered l i th i c  
l a p i l l i  and pumi ceo u s  l a p i l l i .  

U nnamed 
a s h  

PARACONFORM I TY - - -
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Thi c kness  Des cr i pt i on Format ion  Member Symbol  
( i n  mm ) 

35 Di s conti nuous band of cemented Unnamed 
fi ne a s h  ( " c ream cakes " ) . a s h  

70 Sca ttered l i th i c l a p i l l i  a nd 
lOYR  7/4 ( very pal e brown ) 
pumi ceous  l a  p i l l  i .  
I nd i s ti nc t  bou ndary .  

- - - - - - PAR,L\CONFORM I TY - -

200 lOYR 3/4 ( dar k  brown i s h - E 2  E 2  E 2  
yel l ow ) , s a ndy cl ay l oam , B ur i ed B . S .  
fr i ab l e ,  coa rse  a s h  wi th s o i l 
sca ttered lOY R  6/6 ( brown i s h -
ye l l ow )  pumi ceous b l ocks  a nd 
l i th i c  l a p i l l i ,  l es s  than 20mm 
i n  d i ameter . 
I nd i s t i nc t  boundary .  

80 L i th i c  l a p i l l i -s tudded coarse  E2  
a s h , fi rm ,  lOYR  6/6 ( b rown i s h -
yel l ow ) . Di st i nc t ,  wavy 
boundary .  

130 Promi nent band of 7 . 5YR 6/8  E2  
( redd i s h -yel l ow )  coarse , 
s trong l y  wea th ered , soft 
pum i ceou s  l a p i l l i  and  b l ocks , 
w i th mi nor l i th i cs . 
I nd i s t i nct  bo u ndary .  

40 lOYR  5/6 (ye l l owi sh-brown ) ,  E 2  
sa ndy l oam , f i rm ,  conta i n i ng 
many l i th i c  l a p i l l i .  

180 5YR 5/8 ( ye l l owi sh -red ) coars e E 2  
pumi ceous  l a p i l l i ,  very 
promi nent and  i ron  s ta i ned . 
Th e l ap i l l i  are  fi ner , l es s  
tha n  20mm i n  d i ameter , towa rds 
the top and i n  pl aces l oo s e  
a n d  conta i n i ng l i th i c  l ap i l l i .  
D i s t i nct ,  wavy boundary . 

50 lOYR 5/8 ( ye l l owi s h -brown ) , E l  E l  E l  
s a ndy c l ay l oam , coars e a s h . B uri ed B . S .  

s o i l . 

180 D i s ti nct band of coarse E l  
pumi ceous  l a p i l l i ,  l oo se  w i th 
a l i ttl e coarse a s h  present . 



Th i ckness  
( i n  mm ) 

40 

1 20 

1 30 

1 00 

1 00 

400 

80 

80 

Des c r i  p ti o n  

lOYR 4/4 ( dar k  yel l ow i s h ­
brown ) coarse  sandy l oam a s h , 
wi th a few l i th i c  l a p i l l i ,  
a verag i ng l Omm i n  d i ameter . 
Gradati ona l  boundary .  

Basa l  band  o f  pumi ceous b l oc k s  
a nd  l a pi l l i  a nd f i ne l i th i c  
l a p i l l i ,  5mm a nd l es s  i n  
d i ameter , w i th many mafi c 
crysta l s .  D i st i nc t ,  wavy 
boundary .  

lOYR 5/6 (yel l owi sh -brown ) 
sa ndy cl ay l oam , coa rse a s h ,  
fr i ab l e ,  mas s i ve ,  w i th  wea k 
b l ocks . 

lOYR 6/8 ( brown i s h-ye l l ow ) 
pumi ceous l a p i l l i  20mm and  
l es s  i n  d i ameter . 

lOYR 5/6 (yel l owi sh -brown ) 
sa ndy c l ay l oam . Coarse 
as h ,  fi rm w i th coarse 
b l ocks . D i st i nc t ,  wavy 
boundary . 

7 . 5YR 5/8 - 5/ 6 ( s trong 
brown ) pumi ceous l a  p i l l  i ,  
c l o sel y pac ked . N umerous  
l i th i c  l a p i l l i ,  a vera g i ng 
20mm a nd g reater i n  d i ameter , 
grade downwards to very f i ne 
2 - 5mm l i th i c  l a  p i l l  i .  The 
pumi ceou s  l a p i l l i  a re fi rm and 
have a d i s t i nct i ve lOYR 4/ 1 
( dark grey ) i nterna l co l ou r ,  
wi th a " h o ney-comb " a ppearance . 
The bed i s  ch aracteri s ti ca l l y  
l oose a n d  s trong l y  i ron s ta i ned , 
w i th 5YR 4 / 6  (yel l ow i s h -red ) 
coati ngs . D i st i nct undu l at i ng 
bounda ry .  

7 . 5YR 5/6 ( s trong brown ) 
coarse s a ndy l oam , l i th i c  
l a p i l l i - s tudded a s h , w i th mi nor 
pumi ceou s  l a p i l l i band . 

7 . 5YR  7/8 ( redd i s h -yel l ow ) sandy 
c l ay l oam . F i rml y fri ab l e a s h . 

2 !1 5  

Format ion Member Symbo l  

E l  

E l  

PARACONFORM I TY - - -

MA HOE 
TEPHRA 

B u r i ed 
so i l 

on a s h  

Unnamed 
a s h  

Unnamed 
a s h  

Unnamed 
a s h  

Unnamed 
a s h  

M a 



Th i c kness  
( i n mm ) 

100 

100 

60  

Descri pti o n  

Pum i ceous  l a pi l l i ,  w i th mi nor  
l i th i c  l a p i l l i .  

10YR 4 / 3  ( dark brown to 
brown ) sandy c l ay l oam . 
F i rm ,  modera tel y  b l o c ky ,  
gradat i onal  bounda ry to 

10YR 5 / 3  - 5/4 ( b rown to 
ye l l ow i s h -brown ) l oam . 
F i rm ,  ma s s i ve s trong l y  
weath ered ash . S pec kl ed 
a ppearance , wi th sca ttered 
ma f i c c rysta l s .  

10YR 5/6  (yel l owi s h -brown ) 
coa rse  sa ndy l oam , f i rm ,  
wea k l y  b l ocky ,  coarse a s h . 
Few pumi ceous  and l i th i c  
l a p i l l i .  Wea k l y  d i s t i nct  
wa vy bounda ry . 

7 . 5YR  5/ 6 ( s trong brown ) coarse  
sa ndy l oam , fi rm l i th i c  
l a pi l l i - s tudded coarse a s h . 

8 0  5YR 5 / 8  ( yel l owi s h - red ) 
pumi ceous  l a p i l l i ,  l es s  tha n 
10mm i n  d i ameter , wi th very 
fi ne  l i th i c l a p i l l i  a n d  maf i c  
crys ta l s .  

1 20 

100 

7 . 5YR  4/4 ( b rown to da rk  
brown ) sa ndy c l ay l oam , f i rm ,  
ma s s i ve coarse a s h . 

7 . 5Y R  6/8 ( reddi s h -yel l ow )  
pumi ceous  l a p i l l i ,  avera g i ng 
20mm a nd greater . The 
l a p i l l i a re l oo s e ,  i ron  s ta i ned 
and fi rm .  L i th i c  l a p i l l i  
average l es s  than lOmm i n  
d i ameter . Di st i nc t ,  s tra i g h t  
bou ndary .  

1 00 10YR 5/6  ( yel l ow i s h - b rown ) 
sandy c l ay l oam . Coarse  a s h ,  
l i th i c  s tudded wi th maf i c c rys ta l s .  

Format ion  Member 

Un named 
a s h  

Symbo l  

B u r i ed B . S .  
so i l  

? Teph r i c  ? T . L .  
l oess  

Unnamed 
a s h  

Un named 
a s h  

U nnamed 
a s h  

U n named 
a s h  
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Th i c kness Desc r i pt ion  
( i n  mm) 

Format ion Member Symbol  

50 7 . 5YR  5/ 6 ( s trong brown ) Unnamed 
p umi ceous  l a p i l l i ,  avera g i ng a s h  
20mm a n d  l es s . The l a p i l l i  
a re l oose , i ron s ta i ned and  
f i rm .  Ma ny l i th i c  l a p i l l i .  

50 7 . 5YR  5/8 ( s trong brown ) 
s andy c l ay l oam . L i th i c  
l a p i l l i - s tudded ash . 

70 7 . 5YR  6/4 ( l i gh t  brown )  AOKAUTERE Ao 
pum i ceous s and . Di st i nc t ASH 
s harp , undu l a t i ng bo undary . 

90 7 . 5YR  5/6 ( s trong brown ) 
s a ndy c l ay l oam . Coarse a s h . 

80 Many f i ne l i th i c  l a p i l l i  
a nd ma fi c c rysta l s .  

!;!n to Laha r i c b recc i a  and PUNGAREHU Pg 
g round cong l omera te . FORMAT ION  
1 evel 



Formati on 

E 5  

E4 

E 3  

E 3  

E 2  

E 2  

E l  

E l  

Sect i o n 1 ,  c utt i ng  o n  the south s i de of  Opunake Road , 
u p  from Mangato k i  S t ream a t  N l l9/757532 . Type 
sect i on for E4 . Reference l oca l i ty fo r E3 a n d  E l . 

Membe r 2 9 R  
Upper  l a p i l l i  a s h  

B a s a l  l a p i l l i  

Un named as h 

cemen ted f i ne  as h 

Upper l a p i l l i  

Cen tra l  ' s pa l l i n g ' 
member  

Bas a l  l a p i l l i  

E 3  B u ri ed s o i l 

cemen ted fi ne a s h  

E 3  l a p i l l i  

Un named  a s h  

Un name d a s h  

E 2  B ur i ed  s o i l 

E l  B u r i ed s o i l 

B u ri ed s o i l on  as  

Unn amed a s h  

Unnamed as h 

Secti on  con t i n ued  on  next  pa ge . 



Format i on Member  

Mah oe te ra 

Aok a u te re As h 

P ungare h u  
Fo rmati on  

Bur i ed  s o i l  

Teph ri c Loess  

Un n amed ash  

Unnamed a s  

Unnamed a s h  

Unname d a s h  

Unnamed h 

Unn amed a s h  

U nnamed a s h  

U nnamed a s h  

U nnamed a s h  

h 

2 9 9  



Sect ion  18 . 

Locat ion  

E l eva tion  

Ra i nfal l 

Terra i n  

C u tti ng o n  s outh s i de o f  Monmouth Roa d ,  2 . 7 km from 

j u nc t i o n  wi th Sta te H i g hway 3 ,  a t  N 1 19/81 5604 . 

380m . 

2400mm . 

T ephra mantl ed ri ng p l a i n .  

Add i t i ona l Po i nts  of I mportance Reference l oca l i ti es for p1 a nd  E 2 .  

Th i c knes s 
( i n  mm ) 

100 

100 

80 

200 

100 

Des cri pt ion  

5Y 3/ 2 ( da rk o l i ve g rey ) 
l i th i c  l a p i l l i , wi th 
phenocrysts . Lapi l l i 
a verage 1 5mm i n  di ameter . 
I rregu l ar  boundary . 

10YR  8/ 2 ( wh i te )  pumi ceo u s  
l ap i l l i ,  a verag i ng 20mm i n  
d i ameter w i th few l i th i c  
l a p i l l i ,  a verag i ng 20mm i n  
d i amete r .  Di sti nct  wavy 
boundary .  

10YR  4/4 ( dark  yel l ow i s h ­
brown ) fi ne sa ndy l oam , 
moderate l y  b l ocky . 
Wavy grada t iona l  boundary . 

1 0YR  8/ 3 ( very pa l e  brown ) 
pumi ceous  l a p i l l i ,  averag i ng 
2 5mm i n  d i ameter ,  concentra ted 
i n  a band . Few l i th i c  and  
pumi ceo u s  b l ocks . 
I rregu l a r  bo undary .  

10YR  3/4 ( dark yel l ow i s h -brown )  
sa ndy c l ay l oam , fri ab l e, wea k 
b l oc ky coarse ash . 
I nd i st i n c t  boundary . 

Forma tion  

MANGANU I  
TEPHRA 

p 2  

Member 

p 2B 

p 2A 
B ur i ed 

so i l 

p 2A 
l a p i l l i  

PARACONFORM I TY ---

p1  p 1  
B uri ed 

so i l 

Symbol 

Mn 

p 2B 

p 2A 
B . S .  

p 2A 

p 1  
B . S .  
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Th i ckness  
( i n mm ) 

300 

1 50 

120  

1 10 

200 

1 80 

150  

Descr i p t i o n  

10YR  8/ 2 ( wh i te )  pumi ceous  
l a p i l l i ,  averag i ng 20mm 
i n  d i ameter , w i th pumi ceo u s  
b l oc k s  a n d  sca ttered l i th i c 
l a p i l l i .  Coarse a s hy ma tri x  
10YR  4/3  ( b rown ) coarse sa ndy 
l oam , fr i ab l e ,  wea k l y  b l o c ky .  
I rreg u l a r  boundary .  

1 0YR  4/3  - 4/4 ( brown to 
dark  yel l owi s h -brown ) 
moderate ly  b l ocky coarse a s h . 
I rreg u l ar  boundary .  

lOYR  4/3  ( b rown ) coarse 
s a ndy l oam w i th scattered 
p umi ceous  l a p i l l i ,  
p umi ceous  b l oc ks and  l i th i c  
l ap i l l i .  D i s ti nc t  boundary . 

lOYR  3/4 ( da rk yel l ow i s h ­
brown ) sandy l oam w i th pumi ceo us  
l a p i l l i  and  b l ocks . L i th i c  
l a p i l l i , averag i ng 20mm i n  
d i ameter, concentrated a t  top . 

I n terna l l y  s tra ti f i ed centra l  
" s pa l l i ng "  b ed ,  w i th the 
u pper part conta i n i ng l i th i c  
l a p i l l i  averag i ng l es s  tha n 
1 0mm i n  d i ameter . The m i dd l e 
part conta i ns pumi ceo u s  l a p i l l i ,  
l e s s  tha n 20mm i n  d i ame ter , wi th 
a 10YR 5/ 1 ( grey ) ma s s i ve 
" cream cake "  s tructure s ta nd i ng 
out as  a " l edge" . Very f i ne 
l i th i c  l a p i l l i ,  l es s  tha n 5mm 
occur d i rectl y bel ow . 

Lower bed has  pumi ceous  a nd 
l i th i c  l ap i l l i ,  averag i ng l es s  
than 10mm i n  d i ameter i n  a coarse  
ash  ma tri x  lOYR  5/4 ( yel l owi s h -
brown ) . The basa l  pumi ceous  
and  l i th i c l ap i l l i  average 20mm 
i n  d i ameter . 
I rregu l a r  bounda ry .  

lOYR  5/ 6 ( yel l ow i s h -brow n )  
s peck l ed a s h , modera te ly  b l o c ky 
wi th traces of  s trong ly  
weathered pumi ceou s  l a p i l l i .  

Forma t i on 

E5  

E4 

E4 

E3 

Member 

p 1  
l a p i l l i  

B u ri ed  
s o i l 

E4  
u pper 

l a p i l l i  

E4 
central 

E4 
basa l 

l a p i l l i  

E 3  
B ur i ed 

s o i l 
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Symbo l  

p 1  

B . S . 

E 5  

E4 

E4  

E4 

E3 
B . S .  



Th i ckness  
( i n  mm ) 

250 

1 50 

Descr i pti on  

Loo s e  densel y pac ked l OYR  7/6  
(ye l l ow ) on i ron  s ta i ned 7 . 5YR  
5/8  ( s trong b rown ) pumi ceou s  
l a p i l l i .  The l a p i l l i  a re 
ro u nded and fi rm .  Few l i th i c  
l a p i l l i  ma i n l y  a t  top .  
D i s t i nc t  wavy bou ndary . 

lOYR  6/4 ( l i gh t  yel l owi s h ­
brown ) l oam ; very fri a b l e ,  
s pec k l ed appeara nce . 

50 Ra re scattered l i th i c  l ap i l l i .  

1 50 

100 

1 20 

80 

1 50 

50  

60  

l OYR  7/3  ( very pa l e  brown ) 
s a ndy l oam , fr i ab l e ,  coa rs e  
b l o c ky s tructure . 

Sca ttered pumi ceous  and  
l i th i c  l a p i l l i ,  avera g i ng 
20mm i n  d i ameter , i n  lOYR 
7/4  ( very pal e brown ) coarse 
a s h . I rregu l a r boundary . 

Pumi ceous l oose  sand 
" s pa l l i ng " ,  w i th l i th i c 
l a p i l l i ,  averag i ng l es s  
tha n l Omm i n  d i ameter , 
concentra ted on top .  
D i s ti nct wavy boundary . 

5YR  5/8 ( yel l owi s h -red ) 
s trong ly  wea thered ( " soft" ) 
p um i ceous  l a p i l l i  i n  coarse 
a s h .  I nd i s ti nct bo undary .  

lOYR  8/8 ( ye l l ow ) pumi ceous  
l a p i l l i  and pumi ceous b l oc k s . 
I nd i s t i nct  bou ndary . 

lOYR 5/6 (yel l ow i s h -b rown ) 
s a ndy c l ay l oam ; coarse 
b l o c ky s tructure . 
D i s t i nct  wavy bou ndary . 

l OYR  3/ 3 ( dark  brown ) l i th i c ­
s tudded a s h . L i th i c  l ap i l l i  
l Omm and  l es s  i n  d i ameter . 
I nd i st i nct  boundary . 

Format ion  Member 

E 3  
l a p i l l i  

3 0 2  

Symbol  

E3  

PARACONFORMI TY - -

E 2  

E l  

U nnamed 
a s h  

E 2  
B ur i ed 

s o i l  

E l  
B u r i ed 

s o i l  

E 2  
B . S . 

E 2  

E 2  

E 2  

E 2  

E l  
B . S .  

E l  



Th i ck nes s 
( i n  mm ) 

50 

50 

100 

100 

350 

1 60 

100 

80 

1 20 

Des cr i p t i o n  

Abundan t  mafi c c rysta l s .  
D i st i nct  wavy boundary .  

lOYR 5/8  ( yel l ow i s h -brown ) 
l oam , wea k b l oc ky s tructure . 
I nd i s t i nct boundary .  

Band o f  pumi ceou s  l a p i l l i  
20mm a nd l es s  i n  d i ameter 
i n  lOYR  5/ 6 ( ye l l ow i s h-brown ) 
coarse a s h . 
I nd i s t i nct  boundary .  

P umi ceo u s  l a p i l l i ,  20mm a nd 
l e s s  i n  d i ameter i n  lOYR 5/ 6 
( yel l owi sh -brown ) coarse a s h . 
I nd i s ti nct  bou ndary .  

l OY R  5/4 - 5/6 ( yel l owi s h ­
brown ) sa ndy c l ay l oam , fi rm ,  
modera te l y  b l o c ky s truc tu re .  
S pec kl ed a ppearance . 

7 . 5Y R  5/8 ( s trong brown ) 
pumi ceous l a p i l l i ,  concentrated 
i n  a d i s t i nct  band . Few 
l i th i c l a p i l l i .  

lOYR  5/4 ( yel l ow i s h -brown ) 
sandy c l ay l oam , ma s s i ve 
s pec k l ed a s h . 
I nd i s t i nct bou ndary .  

lOYR  3/4 ( dar k  yel l owi s h-brown ) 
sa ndy c l ay l oam w i th s trong l y  
wea th ered pum i ceous  l a p i l l i ,  
l es s  tha n  20mm i n  d i ameter . 

lOYR  3/3 ( da rk brown ) sa ndy 
c l ay l oam , ma s s i ve fi rm a s h . 

Format i o n  Member 

E l  

PARACONFORM ITY ---

MA HOE 
TEPHRA 

Bur i ed 
s o i l  

on  a s h  

Unnamed 
a s h  

Unnamed 
a s h  

Unnamed 
a s h  

Unnamed 
a s h  

Unnamed 
a s h  

Unnamed 
a s h  

Symbo l  

E l  

M a 



General  v i ew o f  sect i on 18 expose d  o n  
Monmouth Road , 2 . 7km from j unct i on wi th 
S tate H i g hway 3 at  N l l9/81 5604 . 

Le ngth o f  tape 1 . 52m . 

3 0 1  

Unnamed a s h  

Unnamed a s h  



APPEND I X IV 

EXTENDED L EGEND  

In  th i s  extended l egend , the characteri st i cs and  p ropert i es o f  the 

so i l s  and  components (members ) of the mapp i ng un i ts are des cr i bed . 

I n  the  case  of  s o i l assoc i a t i ons the domi nan t so i l w i th i n  the mapp i ng 

un i t  i s  descri bed . 

Expl anatory Notes 

1 .  MAP SYMBOL - Th i s  des i gnates the s o i l  un i t  s hown on the so i l map .  

2 .  SO I L  NAME - Th i s  g i ves the name o f  the soi l un i t .  

3 .  PARENT MATER I AL - Parent materi a l  i s  the weath ered unconsol i da ted 

materi a l  from w h i ch the so i l  has  been formed . 

Symbol s used  for the young l api l l i showers recogn i sed 

i n  the s o i l profi l e  a re ;  Kk - Ka upokon u i  tephra 

Mt - Ma ketawa tephra 

Mn - Manganu i  tephra 

4 .  PHYS IOGRAPH I C  POS I T ION  AND S LOPE  - The pos i ti on of the s o i l i n  the 

l a ndscape i s  g i ven . 

5 .  E LEVAT I ON RANGE ( m )  - The a l ti tud i nal  range i n  metres above mean sea 

l eve l over wh i ch  the so i l occurs wi th i n the s urvey area . 

6 .  �1EAN ANNUAL RA I N FALL RANGE  ( mm)  - The geograph i c  range of mean annua l  

rai nfa l l o ver  w h i ch  the so i l o ccurs wi th i n the  s u rvey 

area ( R .  Al dri dge pers . comm . ) .  F i g ures a re to the 

neares t 1 0  mi l l i metres . 

3 0 �) 

7 .  B R I E F  S O I L  PROFI L E  DESC R I PT I ON - A bri ef descri p t i o n  of  a representat i ve 

so i l pro fi l e  for the s o i l . I n  the mapp i ng un i t ,  some 

vari at i on  of th i s  representati ve profi l e  can be expected 

and the more i mportant  vari at i ons a re g i ven under 

1 1 I n c l us i ons and Vari ants 1 1 • 

Hori zon des i gnat i o n  i s  i n  accordance w i th FAO/UNESCO 

( FAO , 19 7 4 )  . 

• 



8 .  CHARACTER I S T I C  S O I L  AND  S I TE  FEATURES - Th i s  i n di cates the s o i l 

morph o l og i cal  and  envi ronmenta l  features wh i ch a re 

characteri s ti c o f  the s o i l and  wh i ch di s t i ng u i s h  i t  

from other so i l s .  

9 .  I NCLUS IONS  AND VARI ANTS - Mos t  of  the s o i l mapp i ng un i ts conta i n  

i nc l u s i o ns o f  s o i l s  other than the major  named taxonomi c 

un i ts .  These mi nor i nc l us i ons  are too sma l l to be  

separa ted out  a t  the  s c a l e of  mapp i ng used  and  often 

cons i s t  of taxonomi c un i ts wh i ch a re domi nant i n  

adj acent mapp i ng  un i ts . Vari ants found wi th i n  the 

mappi n g  un i t i nc l ude unnamed s o i l s  wh i ch di ffer i n  s ome 

importan t morpho l og i ca l  features from the defi ned range 

of the domi nant s o i l taxonomi c un i t ( s ) . 

10 . OVERALL DRA I NAGE ( CLAS S )  - The o veral l dra i nage of the s o i l , u nder 

the prevai l i ng cond i t i ons  of  the s i te ,  i s  based  on  the 

c l a s s es defi ned by Tayl or  and  Poh l en ( 19 70 ) . The 

c l a s s  refers to natura l  dra i nage cond i t i ons and , for 

s ome s o i l s , a rt i fi c i a l  dra i nage may ra i s e the dra i nage 

c l as s  g i ven by one or  more c l a s ses . 

1 1 .  SO I L  L I M I TATI ON C LASSES - The domi nant  so i l w i thi n the mapp i ng  uni t 

i s  ra ted accord i ng to the type and  degree o f  so i l  

l i m i ta ti ons for vari ous  k i n ds of  l an d  use ,  name l y , 

pastora l  farmi ng , croppi ng , hort i cul ture , food prod ucti on , 

fores try and urban u se . For deta i l s  of  the c l a s ses 

used , see pp . 3 19 - 327 .  

12 . L I MI TAT IONS FOR  I NTENS I V E SO I L  USE  - Th i s  g i ves a genera l i n di cat i on 

of the mai n s o i l l i mi tat i ons  for i n tens i ve u se . 

1 3 .  SO I L  CLASS I F I CAT I ON - C l a s s i fi cati on  o f  the soi l i s  g i ven i n  the 

3 0 6  

common terms o f  the New Zea l and  geneti c s o i l c l as s i fi ca ti on 

( Tayl or and Poh l en , 1 970 ) . 

14 . SO I L  CORRELAT I ON - Corre l at i on s  a re g i ven w i th the North I s l and  so i l  

s ets ( N . Z .  So i l B urea u ,  1954 ) . 

1 5 .  S O I L  MAPP I NG UN I TS AND AREA ( h a )  - The total  area covered by the 

mappi ng un i t  i s  s pec i fi ed . Where a mapp i n g  un i t  i s  a 

comp l ex o f  two or  more s o i l s  no i nd i cat i on i s  g i ven of  

the  percentage a rea covered by each  s o i l . So i l  a reas 

were ca l cu l a ted by a p l a n i meter . Fi g ures a re g i ven to 

the neares t h a .  



22 . REPRES E NTAT I V E  P RO FI LE - I n  s ome cases a typ i fy i ng  profi l e  has  

a l ready been estab l i s hed for a so i l  seri es i n  wh i c h case  the profi l e  

i n  t h i s s urvey i s  referred to as  a repres entat i ve profi l e . 
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L1 m1 tat Ions So11  So1 1 
Phys lographlc Mean annua \ Character1 s t t c  lnc lus tons Overa l l  So1 1  for correhtlon 111pptng 

Kip So11 posit ion and Elevation rainfal l Brief  so11 so t l  and s t te and drat na�e l tmf ta t ton 1 ntens I ve So 1 1  ( N Z  So1 1  unt u  and 'n'il nalll Puent uterhl s lo�e ranf" (•) range (.,.) prof1 1 e  desert pt ton features varhnts (c lass c l asses sot 1 use c l u s t f t cat ton (Bureau l U54) area ( ha )  I )  ( 2 )  ( 3 )  ( 4  5 )  (6 )  ( 1 )  ( B )  { 9 ) ( 10) ( 1 1 )  ( 12) ( 13)  ( 14 ( 15) 

YEll�-BR�H LOAIIS 

Re Row•n solh Hoderately weathered level to very 310-760 2060-3B60 A dark reddi sh-brown loam; A wel l drained Ho t nc l us tons We\ \ Pastoral lA low nutrient Strongly Patu• unczy Re-"' 
•ndes f t t c  lapt l \ 1  gently s lop i ng 30CII fr1able;  moderate f i ne strongly 1 eached, noted. drained. fanatng. (below status due leached 1 oam and g40; ( c .  3 , 300 years B . P . ) s 1 tes on f l it  nut  s tructure i many I ron coarse textured Mapped only 460m) to strong t ron lo•• ( 70) . 
nimely Kaupokonuf ,  to rol l i ng coated pumt ceous and sot \ .  Upper w t th t n  so1 1  3D 1 each t ng and t l l uv ta \  Re-Hit :��::�• > ���c:!"��nuf land , In tephra l i th ic  \ ap t l \ 1  (Kk , Ht hori zons containing assochtlons. ( above coarse yel l ow- B90. 

1111ntled upland •nd Hn tephra s ) .  pL.Cill ceous and A plactc  46Dm) textures. brown 
thickness , overlying lahar tc  terrai n.  \ 1 th t c  \ apt l l t  variant 1 s  l tm t tat tons of l oam. 
tephras p2 and pi Bs dlrk yel l owish-brown (Kk ,  Ht and Hn recogn i sed. Cropptng,  38 s l ope at  �Druce, 1966) on  thin 21CII sandy loam, friab l e •  weak tep/l ras ) .  Dark Hortlcul ture ,4 h 1 gher 
w t th minor thick) f ine nut s tructurei reddt sh-brown tDp e levations.  

vol canic uh, over- abundant 1 ran coated so1 1 s  of moderately food 2 
lying lahart c debris l t th t c  l apt l l t  (Hn tephra ) .  developed nut producti on, (below 
of Warea Formation. structure overl ie  46Don) 
Depth of  volcanic ash &w dark brown loami frtab l e i  ye\ lowish-brown 3 over Warea Fon�atlon 24c. weak medi um blocky subso t l s  of weak (above ronges from 0.80 tD �z.. structuret few strongly bl ocky structure. 46Dm) weathered pumtceous Profi l es are 

hpt \ 1 1 .  charac terised by Forestry, 2A 
1 1 \ uv ta \  I ron oxide (below 

2C dark grey1 sh-brown coarse coatings on ped 46Dm) 
sand , w t th gravel s i  loose. faces and on the 2C few to many 1 1 th tc  (above and pumiceous 46Dm) l ap \ 1 1 1 .  Rowan 

soi l s  grade 1 nto 
Rt ver\ea sot l s  as 

Urban use ,  

l eaching becomes 
\ ess 1 ntense . 

RcH Row•n Hoderately weathered Sides 1nd crests 360-46D 2260-2680 A very dark greyt sh-brown A wel l  dratned, No Inc l us ions Wel l  Pastora 1 4A Low nutrt ent Strongly Patu• unczy RcH-"' 
h t \ 1  so1 1s  andes 1 t t c  l apl \ 1 1  of  lahar mounds 12CII coarse sandy l oami very strongl y  l eached , noted. dra 1 ned. farm! ng, status due leached, l oa• and 40. (£. 3 ,300 years B . P . )  1 n tephra friabl e ;  moderately coarse textured Croppt ng , 4 to strong t ran loa• { 70 ) .  

namely Kaupokonuf ,  mantled upland developed, f ine nut so\ 1 .  Prof t \ es leaching and 1 \ l uv ta \  
Maketawa and Hanganut hharlc terra i n.  structurei many f ron s lmt lar  to Rowan Hortt cul ture ,4 coarse yel low-
tephras , > 251»m 1 n  coated fumtceous and so t l s  but sha l l ower Food 3 texture s .  brown 
thickness , overlying \ t th t c  ap 1 1 1 1  ( Kk ,  Ht than those on Pratt l es can l oam. 
tephras p2 and pi and Hn tephra ) .  adjacent l evel product 1 on , have cemented lDruce , lg66) on thtn s i tes .  Stones Fares try , 4 lahartc 
w t th mi nor thick) BA dark yel lowish-brown sandy and fragments of Urban use ,  4 materials  at 

volcantc ash over- 6CII loaf\; very friab l e ;  l ahartc mater i a l  sha l l ow  depths 
lying \aharlc  debris weakly developed f t ne nut may be i ncorporated and contain 
of Warea Fonnatlon. structure; many I ron tn the profl l e .  bou l ders and 

coated pum1ceous and Boulders may be s tones. 
l t th tc  \apt \ 1 1  ( Kk ,  Ht •nd present on the 
Hn tephra s ) .  surface. 

Bw dark brown l oam i f 1rm;  
J6CII weak coarse blocky 

s tructure i few 1 ron 
coated pumtceous lap1 1 1  t .  

2C grey loa�ey coarse sand; 
loose; mass1 ve; Nf\Y 
grave l s .  

� 
0 
00 



Phys lograph l c  Medn annua 1 Characte r i s t i c  
Mo p  S o l i  pos i ti on and £1 evat I on ra i n fa l l  B r i e f  sol i s o 1 l  and s i te 

lyllilol name Parent ma terlal  s l o}e ran�e (m)  ranr (nm) profi l e  descr ipt i on features ( l )  (2 ) ( 3) (4  5 )  6 )  ( 7 ) ( B )  

R v  Rt verlea so i ls Modera tely  weathered leve 1 to very 21D- 31D 1 7 30-1D6D Ap very duk greyi sh-brown A wel l dra 1 ned l oAmy 
andes t tl c  lapt l l t  gen t ly  s l oping 2 lcm l oam w i th gri t ty textured soi l ,  (f. 3 , 30D years B . P . )  s i tes 1 n  f l a t  modi f l ca t l o n ;  very friab l e ;  characterised by 
name I 'I Kaupokonu1 , to easy rol l i ng rooderue I y tJeve 1 aped f I ne l 1 th 1 c  and pumtceous 
H.aketawa and l a n d ,  In tephra nut s tructure ; abundant l apl l l l  Kaupokonu1 , 
Mdnganul tcptlras mantled l owl and grave l s  ( Manganul tephra ) .  Maketawa and 

> 25cnm In thicknes s ,  l ahar1 c terra i n .  Hanganul tephras a re 
overl y ing  tephras p2 BA dark brown sandy loam; concentrated In the 
and pi ( Druce , 1966) l 3cm fri ab l e ;  100derately A and upper B 
on th tn  ( w l  th minor developeo f i ne crunb and hori zon . �ery dark 
th ick )  vol ca n i c  .,h ,  nut s tructure ; many gravels greyl stl-brown to 
overl y i n g  l aharlc  (Manganul tephra ) .  very dark b rown 
debr i s .  topso1 l s o f  

Bwl dark brown loam w l  th moderately wel l 
49cm gri tty 100d l f l ca t t o n ;  devel oped f i ne n u t  

f r i ab l e ;  modera te l y  coarse and crunb s t ructure 
b locky s t ructure o few overl I e  dark brown 
modera t e l y  to s t rongly to dark yel l ow i sh-
weatht:red pumtceous l apt 1 l  t .  brown, weak l y  

s tructured 8 
Bw2 dark yel l ow i sh-brown sandy hor1 zons . l l  th lc  
35cm c l ay l oam; ft rm; weak and puml ceous 

b l ocky s tructure . l ap t l l l  occur, 
scattered or 

Cr ddrk greyish-brown, concentrated 1 n 
weak ly  cemented hharlc bands , t n  the l ower 
debrl s .  B hori zons and become 

more strongly  
weatt1eree1 wl  th depth. 
As socia ted wl  th Makaka 
and Ma.ngawhero soi l s .  

HI< Mak&ka s oi l s  Modera tel y  weathered Depres s i ons t n  22D-76D l7JD- 386D Ap dark brown loam; very fr1 a b l e ;  Imperfectly drai ned 
andes l t l c  l op l l l l  f l a t  t o  gent ly  l5cm modera tely  developed f i ne nut coarse- textured 
( c .  3 , 3DO y•ars B . P . )  undu l a t i ng l and,  and crumb s t ructure ; few to so i l .  Upper 
n4mel y  Kau�okonu l , I n  tephra many I ron coated pumlceous hart zons fanned 
1'\dke tawa and man t l ed upland and l i th i c  l •pl l l l  (Kk, Ht from Kaupokonul , 
1'\angdnul tcphras and l owl and a11d Mn tephras ) .  Maketawa and 

> 250ntn In thicknes s ,  l aharlc  terra i n .  Hanganul tcphras. 
overl y i ng tephras p2 BA dark greyi sh-brown sandy l oam; Upper horl zons are 
and pl (Oruce, 1966) 13cm very fri able;  s trongly �o�el l dra i ned and 
on th i n  (w1 th m inor developed med i um nut s tructure ; resemn l e  those of  
th i c k )  volcanic  "h few to many 1 ran eo a led Rowan or Rt ver l ea 
over l y i ng l ahar lc  pumlceous and  1 1 th f c  l ap l l l t  s o i l s .  lower 
debr i s .  The thick- ( �k , Mt and Mn tephra s ) .  hori zons show the 
ness of vo l ce�n lc  a s h  tnfl  uence of 
over l aharlc  deb r t s  Bw b rown sandy loam; very fr iab le ;  ground water ,  w 1 th 1 n  
ranges from D . 6D t o  3D cm �o�eak med i um bl ocky structure lm of  the surface 
2m. a few red mot t l e s ;  many 1 ron and have pale colours, 

coated 1 1 th 1 c l a� 1 1 1 1  mottles and 
(Manganut tephra . concre t I on s .  Occurs 

In assoc h t l on w 1 th 
Bgl dark ye l l owi s h- brown l oam; Rowan and Mdngawhero 
26cm fri ab l e �  �o�eak coarse bl ocky so1 1 s .  

s tructureo few t o  many dark 
reddi sh-brown mo t t l e s ;  few 
I ron ox ide concret i ons ; few 
to m4ny pumtceous l apl l l  t .  

Bg2 ye l l ow i sh-brown sandy c l ay 
24cm loam; fret l b l e �  weak coarse 

b l ocky structure; many dark 
redd i sh-brown mot t l e s ;  many 
I ron o x i de concre tions ; 
many puml ceous 1 ap I l l  I .  

Cg dark greyhh-brown l oamy sand; 
l oose ; ma s s i v e ;  s tones , gravels  
and conc re t i ons present. 

I ncl us Ions Over a 1 1  
a nd d 1 a l nct1e 

var1ctnts ( c l ass 
( 9 )  ( 1 0 )  

Deep phase we l l  
where depth drd l ned . 
tu l aharlc  
depos t ts Is  > 2m . 
loca l i sed 
boulaery 
and s tony 
pha s e s .  

Deep ph"e Imperfectly 
where depth dra i ned .  
to  l aharlc  
depos 1 ts Is  

> 2m. 
Loca 1 1  sed 
bou l dery and 
s tony phases . 

So i l  
l t ml td t Ion  

c l asses 
( l l )  

Pastora I lA 
farml 11g , 

Cro�pln� , lB 

Ho r t i c u l ture , 2 

Fooa 
produc t 1 on, lA 

Fares try , 2A 

Urban use 1 I 

Pastora l IB 
farm i n g ,  

Cropp i n g ,  IC 
( be l ow 

l20m) 

3H 
( between 
l2D-�60m) 

Hortlcul  ture , 2  

Food lB , 2  
product 1on ,  

Forei try , 1A 

Urban use , 1 

l lm l  tat tons Soi l S o l i  
for corre l a tion ... pplng 

In tens 1 ve So l i  ( N Z  Sol i  unl  ts and  
s o i l  use  c l a . s l  f lca t l on Bureau ) 1954) area ( hA )  

( 1 1 )  ( 1 3 )  ( 1 4  ( 1 5 )  

O<.:ct� s t ono 1 Modt!rdtely Strt�tford Rv-1'\< 
bou l ders 1n a to s trongly und (68) 62D 
few prof i l es 1 eached (Rv >5DI) 
may res tr ict  ye l l ow-brown 
detp root l oam. Rv-Mk 
devel opmen t .  77D 

Poor draInage Weak 1 y l ng l ewood Mk-1'\< 
of l ower sub- y I eyed coarse lJJO 
s o i l .  I ron ye 1 1  ow-IJrown iandy 
o x i de pans I n  loam. loam ( 69 ) .  Hk-Rv 
some pro f i l es .  lOO 
P i ped ( Hk >5DI) 
draI nage wou 1 d 
mln l rnl s e  
peri ods of  
waterlogg l ng 
and reduce 
poaching o f  
pas tu res , 

� 
0 
c..o 



K.sp 
synbo 1 ( 1 )  

Lo 

La 1 

LoH 

So i l  
name 
( 2 )  

Lowgarth 
s o i l s  

��f::th 

s trongly 
rol l i ng 
phas e .  

Lowgarth 
h i l l  s o i l s  

Paren t mate rh 1 
( 3 )  

Moderdtely weathered 
andes 1 t l c  l op l l l l  (£. 3 , 300 years B . P . )  
comp r i sed o f  young 
l�tpJ J J l  S/1C.JWUI �  
Kaupokonu l ,  Hdketawa 
and Han9 a n u l  tephras 

> 250um In t h i ckness 
ovcrly I n� tephras p2 
and p l ,  Orucc , 1966) 
£5 and [ 4 .  
Vol can i c  a�h I s  > 2m 
th i c k .  

Hodera t e  l y  w e  a the red 
andes l t l c  l a p l l l l  (£. 3 , 300 ye•rs B . P . ) 
co�rl sed of !JOunq 
l.lpl l l J  •h06<1on 
k.aupokonuf , Haketdwa 
and Mdnganut tephras 

> 250am 1n t h f c kt1es s ,  
overl y i ng tephras p2 
and p I  ( Oruce, 1966 ) 
ES and E� . Volcanic  
ash I s  > 2m th i c k .  

Moderately weathered 
andes l t l c  l a pl l l l  ( c .  3 , 300 years B . P . ) 
cOmprt sed of younq 
Japl l J I  •ttDWorM, 
Kaupokonul , Hdketawa 
and Hdnganuf tcptlras 

,. 25Cilm In t h i cknes s ,  
ove r l y i ng tephru p2 
and p i  ( Oruce, Jg66) 
E5 and E4 . 
V o l c a n i c  ash I s  

>2m t h i c k .  

Phys lographlc 
pos l t  I on and 

s lore ( 4  

����� n�r
sf��!1 1 

on f l a t  to 
rol l i ng l a nd , 
1 n te�hra 
man t l ed l ow l r!lnd 
l alla r l c  terra i n .  

level t o  s l op i ng 
s 1 tes on s t rongly 
rol l i ng l and, I n  
tephra mant l ed 
l ow l and l ah a r 1 c  
terra i n .  

O n  tephra 
mantled h i l l y  
s lopes o n  the 
r i ng p l a i n .  

Me a n  annual 
E l  eva t t on rai nfal l 
ran�e (m)  

5 )  
range (n�n) 

( 6 )  

230-340 20S0-2260 

2 30 - 340 2050-2260 

230-275 2050-2260 

Ap 
23Clll 

Bwl 
2gcm 

Bw2 
40cm 

Bw3 

B r i e f  s o i l 
prof i l e  des c r i p t i on 

( 7 )  

dark brown l oomi very 
frl abl t! i  modercHely f i ne 
nut and cru!T'b s t ructurei 
abundant l i th i c  l a p l l l l  
(Hanganul tephra) 

dark yel l ow l sh · brown sandy 
l oam; f r i ab l e ;  Wt!llk f i ne 

����� c 
s ���Hl�e jHa���;���n t  

tephra ) .  

ytd l o w l s n·brown Hndt c l  ay 
l oam; fri abl e ;  weak 
coane b l ocky s tructurej 
many pumlceous l apl l l l  
averaging 20mn I n  d i ameter.  

ye l l ow h h-brown sandy c l at 
l oam; f i rm; weak coarse 
b l ocky s t ructure ; abunddnt 
s trongly we a th�red 
pi.Mlll ceous l ap l l l l .  

S lml  h r  to Lowgarth so i l s .  

S i m i l a r  t o  lowgarth s of l s .  

Characteri s t i c 
sa i l  and s i te 

features 
(8 )  

A deep w e  1 1  d r o  1 ned, 
sdndy l oam textured 
soi l ,  w l ttl many 
l l tn l c  and pLAnl ceous 
l a pl l l l .  Vert dark 
grey I sh·brown to 
dark t>rown topsa i l s  
o f  IOOderatcly wel l  
developtd n"'t and 
crumb Hructure 
overl i e  weak l y  
s tructur�d 
yel l ow i sh-brown 
subsoi l s .  
Pro f i l e s  dre 
Chd rdCtert sed by 
gravel ly upper 
hor i zon s ,  whi l e  the 
lower hori zons 
con t a i n  pumlceous 
l a p l l l 1 , e i ther 
sea ttered or 
concentrated tn 
bands.  

S i mi l a r  to 
lowgarth so 1 1  s .  

A deep wel l 
dra 1 ned , sandy 
loam textured 
sa 1 1 ,  w i th 
mony 1 1 th 1 c  and 
pumi ceous 
l apl l ! l . 
S i m i l a r to 
Lowgarth soi l s .  

I n c l us i ons 
twd 

v.'lrl ants 
(9)  

S t r a t ford 
s o 1 l s .  An 
Impe rfec t l y  
dra t ned 
variant t s  
recognised.  

lowgarth 
sol h .  
StrU ford 
s o 1 l s ,  
s trongly 
ro l l ing 
phase. 

S tratford 
h i l l  s o i l s .  

Overa l l  
dr� 1 na1e 
( l l o> S  

( 1 0 )  

We l l  
dra l ne d .  

We l l  
dra i ne d .  

We l l  
dra I ned. 

So i l  
l im i t a t ion 

c l  asses (I  I )  

Pastora 1 lA 
fannl ny , 

Cropp i ng ,  ID 
Hor t l cu l  ture, 2 

food ! A  
produc t i o n ,  

fores try , lA 

Urllan u s e ,  

Pds tOrd 1 lA 
fanni ng , 

Cropp i n g ,  2 C  

Hortl  c u I  tu re , 30 

food 2 
produc t t o n ,  

Fares t ry ,  lA 

Urban use ,  I 

Pas tor a 1 4A 
hnn l ng ,  

Cropp i ng , 

Hart tcul ture , 

Food 
produc t i o n ,  

fores try , 

UrLan use ,  

L hnl ta t I ons 
for 

1 ntens l v e  
s o i l use ( 1 2 )  

Cause 
textuns and 
low n u t r i e n t  
s ta tus due 
to l each i ng .  

Codrse 
teAturcs dnd 
l ower n u t r i en t  
s t H u s  d u e  to 
l eacn l n g .  
L l ml u t  i o n s  o f  
s l ope . 

ll l l lf  topography 
res t r i c t i ng the 
use of 
agr1cu1  tural 
mach i nery . 

S o i l  
c l a s s i f i c a t i on 

( 1 3 )  

Modera tely  
to s t ror•gly 
leached 
yel l ow-brown 
l oam. 

Moderately 
to � trongly 
ledCht!d �t: l lo.ot·brown 

oam. 

Modera tely 
to s trongly 
leached 
yel l ow�brown 
l oam. 

So i l  
corre l a t i on (Hl So i l  
8urea u , 1 9S4 ) 

( 1 4 )  

J n g l ewood 
coarse 
sandy l oam 
( 69 ) .  

lngl ewaod 
coarse 
s a ndy l oa.n 
( 6g ) 

I ngl ewood 
coarse 
s a ndy 
loam 
( 69 )  

� 
,._. 
0 

S o i l  
11applng 

un t u  an• 
area ( ha 

( 1 5 )  

Lo 
1960 

Lo 1 
g 7o 

LoH 
11 



Map 
�ymbol 

( 1 ) 

S o i l  
narne 
( 2 )  

�u l J(ohu l so i l s  

l k  T1poka so i l s  

Pc1rent ma ter i a l 
( J) 

Hod era ttdy wed the red 
andes l t l c  "Yol can l c a s n ,  
compr!Hd o f  traces o f  
!)O!Jihl loJ)l J J l showtu• , 

< 2SOmn t h l cknt:ss o f  
Kaupokonu l , Haketawct 
and Mdll94Ru I tcpllrAS 
p2 and p l ,  ( Oruce , 
1 966 ) on f i ne 
teJo.tured ashe� over 
l ah a r 1 c  debr1s of 
Opua And Warca 
Forfnd ttons . 

Hodera t e l y  weathered 
andcs 1 t t c  volcan i c  a s h  
c o � r i s e d  o f  traces of 
ljOIW'/ lt�.pl J J I ShetwtJTS 
< 250flln th l ckneS\ of 
Kaupokonu I ,  Mc.1ke tctwa 
and Manganul t�pn ras , 
ove r ly t 119 teph ra � p2 
and p i  (Oruce , 1966) 
on f l  ne tt!xtured d�hes 
over l ah d r t c  deb r i s  
o f  Opud and Warca 
ronna l i on� . The 
t h i ckness o f  volcan i c  
ash over l aharl c 
deb ri s ranges from 
0 . 50 to 2m. 

Phys lograph l c  
po!r. l  t Ion and 

s l ope ( 4 ) 

Level to ve ry 
gently s l op i ng 
s 1 tes In t l d l  
t o  easy ro l l i ng 
l and In vol can i c 
cHh ffidll t l ed l ow ­
l a lld l dh a r l c  
terra I n .  

Depres s i ons I n  
f l a t  to gen tl y 
undu l a t i ng l and 
In vo lcan i c ash 

man t l ed l owl and 
l ahd rt c terra i n . 

[ 1 e11a t 1 on 
ra r \ 9e ( m )  ( 5 )  

210-210 

2 10- 210 

MeAn annual 
r a i n fa l l  

rt�ngc (n�n) 
( 6 )  

1660- 1900 

1660- 1900 

B r l o f  so i l 
p ro f i l e  descri pt ion 

( 7 )  

A p  very d4rk grey i sh - b rown 
2Jcm loam; very f r i ab l e ;  

nlH.lerate f i ne n u t  c1nd 
c r umb s tructure ; h:w 
l i th i c  (Manganul tephra) 
and pumlceuus l a p \ 1 1 1 .  

Bwl actrk Drown loam; f r i ab l e ; 
l lc.m weak f i ne nut s t ructure ; 

Bw2 ddrk yel l owi sh-brown loam; 
22cm f r i abl e ;  wedk coars e 

b l ocky s tructure ; Haltered 
l i th i c  and pumlceous 
l a pl l l l .  

Bw3 dark ye l l ow i s h-brown sandy 
54 cm l oam; fl nn; weak coarse 

b l ocky s t ruc ture ; 
puml ceous and 1 1  Udc 
l ap l l l 1  concen trAted I n  
4 bc1nd . 

2C duk grey i sh - b rown l oamy 
coarse sand;  l oo s e ;  
mas s i ve .  

A p  very dark brown f i ne 
lBcm sandy l oam; very fri a b l e ;  

roodcrately f i ne n u t  and 
cruntl s t ructure ; few 
l i th i c  l ap l l l l  (Mdnganul 
tephra ) .  

Bw very dark greyish-brown f i ne 
J4cm sendy l octm ; f r i ab l e ;  weak 

f i ne nut s truc ture ; few 
l i th i c l o p l l l l  ( Manganul 
tephra ) . 

B g l  brown l oam; f ri ab l e ; 
23cm wtak coarse blocky s tructure; 

ftw ye l l ow i s h - red nll t l l e s ;  
s e a t  tered s trong l y wea thered 
pumlceous l ap l l l l .  

B g 2  Cl a r k  yel l ow i sh - b rown sandy 
25cm loam; f l nn ;  ma� s t ve to 

weak coa rs e b l ocky 
s tructure ; cornnon , f i ne 
d i H i nc t  s t rong brown 
mo t t l es ; s t rong l y  weathered 
puml ceous l a p l l l l  
concentra ted t n  a band. 

Character ! s t l c  
soi l  and s l te 

fed tures 
(8)  

A we l l  drai ned 
l oamy textured 
s o t \ ,  deri ved from 
vo l ca n t c  ash, on 
loose or ce1nentt!d 
l ah a r i c  depos i ts .  
Dark col ourea tap­
s o i l s  conta i n i ng 
trc1ces of youn9 
lttJH J J J st�<.Mura 
( K, ,  Mt and Mn 
te!Jh ras ) . Brown 
to ye l l ow i sh-brown 
wea k l y  s t r uctu1-ed 
subso l l s ,  which 
conta 1 n puml ceous 
l ap l l l l  and l i th i c  
l ap l l l l . The Kk , 
Mt dnd Mn teph ras 
are absent 
a l  togetha in [gn()nt 
so ! l s .  Occurs I n  
dSSOC i a t l on wi th 
l i poka and Aa,dtuna 
s o i l s .  

Imperfec t l y  dra i ned 
l odlf\Y t e x tured so1 1 
derived from between 
0. !>0 and 2m of 
vol can i c  ash on 
l aha rt c debr i s .  
Upper h o  r l zons a re 
we l l  drained and 
rescnv l e those of 
Kahul s o l b .  
\.owe r ho r l ions 
show tile I n f l uence 
o f ground water,  
w i thin !m o f  the 
surface and have 
pa l t:  col ours , 
mot t l es an<J 
concrt! t ions . 
Occurs i n  
aHac l a l lon w i th 
Kahul and Awatuna 
s o i l s .  

I n c l u s I ons 
and 

va r i an ts 
( 9 ) 

S t ro. t ford 
s o 1 l s ,  where 
vo l c a n i c  a�h 
> 2m. 

No i n c l u s i ons not�d -
mapped on l y 
wl t h i n  
d S S OC l a t lons . 

Ove n ll l 
dra 1 nd 9e ( c l a > S ) 

( 1 0 )  

We l l  
d r .s i  ned. 

Impe rfe c tl y 
dra i ne d .  

--�- --

So i l  
l lml t a l i o n  

c l asses 
( 1 1 )  

PAs tora l 
fannl n g ,  

Cropp i n g ,  

lA 

ID 

tlor t l c u l ture, lA 

Food lA 
produc t i on , 

Fures t ry ,  2A 

Urban use,  

Pas toral lB 
fumi ng , 
Cropp i n g ,  IC 

Hor t i c u l ture,  lB 

food JB 
pro due t 1 o n ,  

Fon: s t ry ,  2A 

Urban u s e ,  2 

l t mt t a t  tons 
for 

I n tens i ve 
so i l  use 

( 1 2 )  

Cemen ted 
l ah • r l  c 
llld tcr i .s l s , 
at dt!pths 
as �hit I low 
as 0 .'lOm 
1nay res trt et 
deep roo t  
devel opmen t .  

Poor d ra t nage 
of l ower sub-
soi l .  Cemented 

So i l  
c l a ss i f i ca t i on 

( l l )  

Mode ra te ly 
1 cached 
yel l ow -
brown 1 oam. 

Weak ly 
gl eyed 
ye \ l ow-

l ah a r i c  mau:r l a l s  brown 
at dep ths 11) l odm.  
shdl l ow as 0 . 50m 
Impede llralnage 
In low l y i ng 
p l a ces . Slo• l l ow 
p l peel drh 1 nctge 
may l)(! I'CliUI red 
to ma i n ta i n 
I n  tens \ ve 
grH I ng .  

So i l  
corre l a t ion 

{ N Z  Soi l  
Durcau ! J954 ) 

( 14 

Egn.ont 
brown 
l oam 
( 6 6 )  

Glenn 
s i l t  
loam 
( lOO )  

� 
� 
� 

So i l  
mapp i ng 

unt ts ond 
area \ha ) ( 1 5  

Kul - Tk 
180 

( Kul •5ox : 

Tk-Ku1 
220 



Kap 
Syllilol 

( I )  

St 

S t 1  

So l i  
name 
( 2 ) Parent mdlcrh l ( 3 )  

Stratford soi l s  Modera tely wea t he red 
andes l t l c  vo lcan i c  
ash , comp r l  s e d  o f  
Mangdnu I tcpilra 

Stra t ford 
so i l s ,  
s t rongly 
rol l i ng 
phase. 

< 250u•n In t h i c kness 
on pund ccous I dp t l l l ­
bccS r l ng dSh showers , 
tephrcts pl ,  pl (Oruce , 
1966) [5 and [4 , on 
th i c k  ash.  

Moderate 1 y wea thered 
andest t 1 c  volcan i c  
a s h  comp r l  sed o f  
MdlliJdllul tepllra 

< 250rnn In th lckness , 
on pumlceoLJs l a p l l l l ·  
bea r i ng asn showers , 
tephras p2 , p l ( Oruce , 196b) [5 and [4 , on 
t h l d  ao:.h .  

Phys t ograph 1 c  
pos i t ion  and ·m· 

level or very 
gen t l y  > l op i ng 
s 1 les on fl a t  
t o  ro\ l i ng 
land , I n  
volcan i c  ash 
nldnt l ed low­
l and l aharlc  
terrA 1 n.  

level to 
s l oping 
s I  tcs on 
s t rongly  
rol l i ng l and , 
1 n vo l c a n i c  
dsh  rn.l n t l ed 
l ow l cruJ l ah a r l c  
terrA I n .  

E lt : v a t  ton 
rd. n �e (m) ( 5 )  

120- Z90 

lZO- ZIJO 

Mean dnnu� 1 
r a i n fa l l  

ra n 9 e {rrtn) 
(6) 

1330-IUlO 

1330- lBlO 

Ap 
35cm 

Bwl 
3Ucm 

BwZ 
35cm 

B r i e f  s o i l 
profi l e  des c r i p t ion 

( 7 )  

very dark brown l oam � very 
f r i ab l e ;  modera te l y 
aevelor;ed coars.e b l ocky 
s t ructure l.lredk 1 n g  to f i ne 
crumb ; many pwn1 ceous 
l a p \ 1 1 1 ,  rcHe l i th i c  
l a p l l l l  ( Hong•nul tephra ) .  

Odrk Drown :,cndy l ottnr; 
f r l ao l e ;  wca� n1e d l um 
blocky  Drca k l uy to f i ne 
crumb; allundant pum1ccous 
l a p l l l l , occa s i ona l l 1 thlc  
l ap 1 1 1 1 .  

ye l l ow i sh-brown l oam; 
f r i ab l e ;  weak medium 
b l ocky s t ruc ture ; 
scattered purni ceous l a p 1 1 1 1 .  

S imi l a r  to S t ra t ford soi l s .  

Ctlardcter l s t l c  
soi l and s i te 

fea t ures ( 8) 

A deep we l l  d ra i ned 
l oalll.Y textur·ed soi l .  
Dark. coloured top­
:,ol l �  o f  l oam or 
s i l t  loam t e x ture 
and modera t e l y  
wel l devt:loped 
crumb s t ructure 
ovt!rl l e  �a l er 
c o l ourea � ubs.o 1 l s  
o f  wt:ak. b l od.y 
s true turt! .  
Tnc  � ubs. o l l I n  
S t rd t ford so i l s  I s  
eh a rac tcr I sed by 
pumt ei..!Ous. l ap 1 l l 1 ,  
wh i ch are usua l l y  
concen t r·a ted 1 n 
d i s t i nc t  bands but 
11\dy be sea uered 
throughout tht 
prof i l e . rtu.: 
l ap l l l i  ue we11k l y 
to moderHely 
wed thend In the 
upper U har i zons 
but L�cume more 
s t rony l y  wedthcred 
w l ttr aep th. 

S l m 1 l a r  to 
S trd lford so 1 1 s . 

I ne 1 us tons 
and 

Vd .-t ant� ( 9) 

loNgarth 
>o i l s .  

N(jat:rc 
�at h ,  where 
Stratford 
sai l s  
rndppt:d a l one . 

lowga rth 
�o i l s , 
s t rong l y  
rol l i ng 
pllase. 

Ovcrd 1 1  d r (t l na 9e ( l. )  d 'o � }  
( I U )  

We l l 
dra i ned .  

Wel l 
dra l ned. 

So i l  
l lmt  ta t Ion 

c l aHes 
( 1 1 )  

Pas tora 1 
fann i ng , 
C ropp i ng , 

lA 

lA 

ltor t l cul ture , lA 

Food lA 
produc t i o n ,  
Forestry .  lA  

UrtJan u�e , I 

PH torAl lA 
farmt ng,  

Cropp i n g ,  2C 
Hor t i c u l ture , 30 

Food 
produc t i on,  

fo res t ry . lA 

Urban use , 

L l m l ldt lons  
for  

l n tcn� l vc 
sut l use ( 12) 

Pote11t la 1 
l tmt tat  Ions 
o f  nutr l euts . 

Potent la 1 
l l ml ta t lons 
of nutr lents .  

So i l  
c l u s l f l ca t l on 

( 1 3 )  

Moderd te l y 
l C!actrt!d 
yel l ow-brown 
l o4rn . 

Mode ,..a tely 
l t:dCirt!d 
yel l uw-Drown 
l OAnl. 

So i l  
corre l ct t lon ( N Z  So i l  
6urcau , l954 ) ( 14 )  

Stra tford 
sandy 
lo•m ( 66b ) .  
S tr4tford 
sand ( 6B ) .  

Stratford 
sandy 
loam (66b) 

c.., 
� 
N 

So i l  
mapp i ng 

un 1 ts ant 
aru \ha 

( 15 

St 
7890 

St 
1640 



L1ml ta t Ions Soil So i l  
Phy s lograph l c  Me a n  annual Characte r i s t i c  l n c l u s t ons Overa 1 1  So i l  for corre l a t t on mapping 

Hop Soi l  pos i tion and E l evatIon ra i nfa l l  Brief  soi l s o i l  and s i te and dra tna�e l imi tat ion t n tenstve Soi l ( N Z  Soi l  unt u and 
1)'111bol nane Parent material s. l ofe ranre (m) range (mm) profi l e  description  features varhnts ( c l ass c l a sses so i l  use chss l fl c a t ton Bureauj i9S4 ) a rea (ha)  ( 1 ) (2)  ( 3 )  ( 4 S)  (6)  ( 7 )  ( 6) ( 9 )  ( 10) ( 1 1 )  ( 12 )  ( 13)  ( 14 ( IS )  

S Ui  Stratford Modera te l y  weathered On vol cantc ash 120-290 1330-1610 Ap very dark brown s i l t  loamo A wel l dra t ned Stratford Wel l Pas tor a 1 4A H i l ly Modera tel y Strat ford StH 
h i l l  s o i l s  andes 1 t t c  vol canic  a s h  mantled h i l l  22CA> friab l e ;  trodera tely f t ne loarey textured sot  1 .  soi l s .  dra i ned. fo nnt ng , topography, l eached sandy loa11 1850 

comprised of  Manganut s l opes ,  on the nut s tructurei few l l th l  c Dark col oured top- Croppl ng , 4 res t r i c ti ng ye l l ow-brown h i l l  s o i l  
tephra c 2SOnm i n  ring p l a i n  and l apl l l l  (Hanganul tephra ) .  soi l s  o f  modera tely lowgarth the use or l oam. (66bH) StH-St 
th 1 ckness , on pumt ceous t n the dl ssected wel l to strongly h i l l  s oi l s .  Kor t t cu l ture, 4 agrlcul  tural 1690 
1 apl l l l -bearl ng ash hi l l  and s teep- 8wl dark brown to brown loam; developed block.y Food 1Mchl nery. 
showers , tephras p2, l and country, 20cm fri abl e ;  weak 1 y devel oped and nut stncture ,  Whangalfl()'nona produc tion,  3 s��st 1 pl (Oruce , 1966) ES and east of E l tham. medi um nut s tructure; few overl l e weakly s teep hnd 
E4 , on th ick ash or to ���any pumlceous l ap l l l l .  s tructured, soi l s .  fares try , 4 (SUi >SOS) 
sedfmen tary rocks , ye 1 1  ow l sh -brown Urban use , s l l  ty sands tone deposl ts . Bw2 dark yel l ow i sh -brown sandy sub so I 1 s .  The 

33cA> loam; f i rm; weak coarse pro f i l e  contains 
blocky s tructure ; moderately  to 
scattered strony l y  weathered s t rongly weathered 
pliOI ceous l apl l I .  pumt ceous l apt 1 1 1 ,  

which can be 
BwJ yel l owi sh-brown sandy loam; sc4ttered or  
JSc� fl rm ;  tna!! s l ve ;  scattered concentrated t n  

s trongly we a the red pomt ceous bands . The l a pl l l l  
lap l l l l ;  rare fragment of  tend to be more 
underlying s t l ty .sand!ltone . s trongly weathered 

w i th depth. The 
release of  abundant 
ma f l c  cry s t a l s  g i ves 
a speck 1 ed appea ranee 
wh ich  ts a feature of 
the l ower 8 hart zons . 
In some cases fragments 
of the unde r l y i ng s i Hy 
sdndstone, IMY be 
1 ncorpora ted 1 nto the 
volcanic ash subsoi l .  

Ng Ngaere Moderately weathered level or near IS0-240 1470-1860 Ap very dark brown l oam; An Imperfec t l y  EHham soi l s .  Imperfect\)' Pastoral 16 Poor dra I nage Wea k l y  Stratford Ng-St 
��! ���:d 1 ��7{. Local I sed dra lned . fllrmtng, of lower S\.lb- gl  eyed undi lotJD 210 so i l s  andesl t t c  volcanic  level s t tes and 23cm frhb l e ;  rooderate to 

poorly drained soi l .  P i ped {" l l ow-brown (66b (Ng >SOS) ash comprised of tn depressi ons weak ft ne nut s true tu re ; Cropp i n g ,  lC 

�n�� ��p���ckness 
In fl a t  to rare l i th i c  l ap l l l l  Occurs t n  area s .  dra t nage may oam. 
gently (Hanganul tcphra ) .  assoc i a t i on wi th Uort l cul ture, 18 be rcqu l  red 

S t ratford soi l s .  to 1114 1 n t a f n  o n  pumlceous hpl l l l - undu l a t i ng 
Upper hori zons are Food 16 t n tenshe beart ng ash showers l and, In tephra Bwl dark b rown to brown sandy product i o n ,  

tcphras p2 , p 1 ( Oruce, n .. ntled l owhnd 3lcm l oam; frhb l e ;  weak wel l drained and gra z l  ng . 

1966) ES and E4 on hhartc terra 1 n .  r.e d l  � n u t  s t ructure ; reserro l e  those of  Fares try , 16 
th ick volcanic  ash.  many purn1ceous \ a p t l l t .  Strat ford soi l s .  Urban use,  2 lower horl zons sno.� 

Bw2 b rown 1 oam wt tn grt tty the 1 n fl uence a f 
28c� modi f i ca t i o n ;  f l nn; ground water , wt th1n 

weak med i um and coarse lm of the surface and 

b \ ocky s t ructure ; have pale colours ,  

sca ttered p ... nl ceous l a pl l l l .  mottles  and 
concre t I ons . 

Bg s t rong brown sandy 1 a am 
!Be• to l oam; f l  rm; ma s s i ve ;  

s t rong l y weathered 
seat tered pum1 ceous 1 ap1 1 1 1 ;  
many di s t i nc t yel l owish-red 
mottles . "" 

....... 
w 



H.lp 
symbol ( 1 )  

S t y  

5o 1 1  
nan�e 
( Z )  

S t ra t ford 
s o i l s ,  f i ne 
tops o i l 
var1. � n t .  

GLEY SO I L S  

1\o/ Manqa�Nhero 
s u l h  

Parent mater i a l  
( J )  

Modera t e l y  wca the red 
ande s l t l c v o l c d n l c  a s h ,  
compr i sed of s t rong l y  
weathered tephras , 
p2 dnd p l ,  ( Oruce, 
1966 ) , £5 a no £4 , on 
th t c L  v o l c a n i c  a s h .  

Moderately weathered 
andes l l l c  l ap 1 1 1 1  
( c .  J , JOO years B . P . ) 
n.i"me l y  Kaupokonul , 
HJ� CldWd and 
Moulgdnu l tcphras 

> 2�Umn In t h i ckness ,  
o vcrl y ln� te11hras p2 
and pI , ( IJrucc, 1906) 
on th i n  ( w l th minor 
th i c k )  v o l c d n l c  ash 
over l y i ng l dhH i c  
def> r l  s .  The t h i c k -
n e s s  of vo l cA n i c  
a s h  o v e r  l aha r l c 
tlt: l.l r l  s fdlli.JCO:. from 
0 .  �0 to Zm. 

Phys l ograph l c  
pos i t i on and 

s l ope 
( 4 ) 

le'tlel  or 
very gent l y  
s l o p i ng s i tes 
on f l a t  to 
easy r o l l i ng 
l and , on 
vol u n l c  a s h  
n.an t  l ed 
terraces. 

Depress i ons I n  
f l a t to gen t l y  
undul c H i ng l a nd 
1 n tcpnra 
m"' n t l ed up l and 
and l ow l and 
l a M r t c  tt.:rra l n .  

£ 1  eva t I on 
ran9e (m) 

( 5 )  

90-240 

ZZ0-760 

Mean annua 1 
ra l nh l l  

ran9e (urn) (6)  

1 500-1900 

1 7 30- JB60 

Ap 
lBcm 

Owl 
Z4cm 

Bwl 
20cm 

O r l e f  s o l i 
pro f t  le des c r t p t 1o n  

( 7 )  

very d d  d .  grey I s h - brown 
s i l t  l odm� fr l db l e ; 
rooaera t c l y  developed f i ne 
and very fl ne n u t  and 
c rumb Hruc turcs ; few 
sca ttered pumlceous h p1 1 1 1  
c lOnm I n  d i ameter. 

dark brow11 to brown 1 oam 
wl th grl tty mod 1 f l c a t lon ; 
f r l aol c ;  moderd le l y 
devel opt:d f i ne nut s tr u c t u re 
ftw scat terell pumlceous 
l a p l l l l , c lOnrn In d i ameter. 

ye l l ow t s n - b rown l oam w i th 
g r i t ty mod i f i c a t i o n ;  
f r i db l e ; wea k l y  devel oped 
coarse t ll ocky s truc ture.  

Ow3 yel l ow !  s h - b rown sa11dy c l ay 
JOcm l ocun; speck l e d  dppearance 

aut: to concen tra t i on of 
ma f l c  crysta l s ;  f l rnr ;  
mass i ve .  

A p  
11cm 

Ugl 
l�cm 

Bg1 
Z7cm 

very dctrk brown l oarn; very 
f r i ab l e ;  s t rong l y  devc l o�ed 
t i nt: nu l s t ru c t u r e ;  many 
pumlceou'l a11d l i th i c  l a p l \ 1 1  
( K k ,  M t  •nd Mn tephra ) .  

dark brown to brown sandy 
l oam; very f r t tJa l e ;  
rhodera l t d y  f i ne nut s tructure; 
few rea 1110 t t l e s �  many I ron 
coa ted pum l ceou� drrd l i th i c  
l ap l l l l ( K k , Mt a n d  M n  tephras l 

l l g n t  y e l l ow h n -browu Sdnlly 
l oam. f r i a b l e ; wt!dk COdfSe 
b l ocky s t ructure ; cunftiOrt 
red roo t t l t s ;  I ron o ... i d e  
concre t ions ; aiJundant 
pumlceous and l i th i c  l a p l l l l . 

Bgl l i g h t  yel l ow i s h- b rown sandy 
28cm c l a y l oam; f t rm ;  mass i ve ;  mdny 

dcSrk grey l sh·IJrown mo t t l e � ;  
11\dny I ron o x i de concre t i on s ;  
nMS ny pumlceous l ap l l l l .  

C r  grey , weak l y  cen�Cnted \ Aha r l c  
brecC I. !I ;  dark grcy t sh·brown 
100 t t l e s .  

Charactcrl H I  c 
s o i l and s l te 

features 
( B )  

A w �: l l d ra 1 ned , s i l t  
lotJm over deep , 
IOdlltv tex tured so i l. 
Dark to� so l i  s of 
mode r a t e l y  Clevel op�d 
c r Ufr•J dnd n u t  
s t ructure over l i e  
yel l ow l �h-brown 
wea k l y  structured 
sub�ol  I s .  
Ttle upper 8 hOr i zon 
Is typ i f i ed by 

conta i n i ng s c a t tered 
s t roug l y  weathered, 
pumlceous \ ap t  11 I ,  
" h I  eh heragt! I ess 
tlldn tourn and become 
a s�e ck l ei.J Hh I n 
the sui.Jso t l .  

A poo r l y  d ra i ned 
l oamy t t A tured so i l .  
Upp!.!r gravel ly 
llo r l l'On� der1vcd 
from Kk, Ht and Hn 
tcphrd'l . 
OCLur's I n  
aSSOl. i d t l on w i th 
Rundn ,  R l vc rl ca cSnd 
Mdkdk.d s o i l s .  
lhc e f fec t o f  ground 
w�Ster e ... tenas u� to 
and �omc t l mes I n to 
tOtl!oOI J !a .  
SuLso l l s  hdve pd l e  
col ours , mo t t l e s ,  
I ron O A i dc 
cont:ret Ions and 
some t l rn�s ves i c u l a r  
I ron o x i de pans . 

I nc l us I ons 
•na 

v d r l a n t s  ( 9 )  

S t rd l fu rd 
SO i l S .  

A'Wd lUOd 
!oO i l  S .  

A pi::dlY 
top�o l l In 
SUIILI! 
p ru l l l  es . 

So i l  
Over  d 1 1  l l m l  t a t  t on 
Clrit 1 1\.l�e c h � ses ( c \ d 'J. S  ( ! I )  

( I D)  

We l l Pas turd 1 !A 
llra l ncd . fdnn l n g ,  

Crop p i  ''9 , l A  

/tort I cu l lure , !A 

rood 
produc t i o n ,  lA  

I ore !o l ry ,  !A 

Urban u � e ,  I 

Poor I y PcSs tor a 1 10 
d ra i ned . f drrn l rrg , 

Cropp i n g ,  JU 

tlurt l c u l ture , JA 

f<.roa 
pfoduc t l  o n ,  

f{Jf"r!� try , JC 
UrtJan u!.e , l 

L l m1 ta t t ons 
for S o i l 

J n ttll!. l  VC c l as s i f i ca t i o n  
s o l i  u s e  ( I J )  

( 1 2 )  

Poten t i a  I Mor.Jc r. H e l y  
l trnl ta t I ons l cdchcd 
o f  n u t r i en t s .  ye l l ow-Drown 

l oam. 

Poor G l ty 
d r d 1 t�ayl! . s o i l .  
Tldck I ron 
o x ! Cle pans 
In sou.c 
pro r t  l e� rrldy 
rcs t r 1 L t  dL·tp 
root dcvul opiLICII L .  
P l ti(:d UrJ l na!_Je 
wou l c.J  m i n i m i se 
per l oJ'Jo ol wa tcr­
l o(JI) l ng dfrd reduce 
poach l niJ of 
pH tun:\ , 
f'i�J l e  rJrd l f LS  mAy be 
c u H f rd !l econda ry 
treta tmc n t .  

So i l 
corre l a t i on ( Nl So i l  
Burea u , !954) 

( 1 4 )  

Ne-w 
P l ymouth 
b l ack loam 
( 6 7 a ) . 

AwtHuna 
l uarn 
( IOOa ) .  

� 
� 
� 

So i l 
mapptno 

un1 u anr 
area ( ha : 

( 15) 

��� 

1\o/-Rv 
160 

(1\o/ > 50S) 

1\o/-Hk 
160 

( 1\o/  ' !>OS) 



Sot l  So t l 
Ltm1 tatlons correl a t t on mopping 

Phys t ograph t c Mean annual Characte r i s t i c  lncl  us tons Overa l l  So t l for So t l  (HZ Sot l  u n i ts and 
Kop Sot l  pas t t  ton and El eva t i on ro t n fa l l  Brtef  sot l sot l and s t te and dra 1 na

�
e 1 tmt ta t ton In tens 1 ve c l os s t f t co t t on Bureau! l954) area \h<l) 

Syllilo l name Parent ma te rh 1 s l or r•nr (m) range (11111) prof i l e  desert p t t on features �J a r t a n ts ( c l  oss c l asses s o t l  use ( 1 3 )  ( 14 ( IS 
( I )  ( 2 )  ( 3 )  ( 4  5 )  ( 6 )  ( 7 )  ( 8) ( 9 )  ( 10)  (I  I )  ( 1 2 )  

At  '-• tuna s o i l s  Modera te ly  weathered Depress 1 ons 210-270 1660-1900 Ap dark grey to dark grey i sh· A poorly dra i ned Mc:lngawhero Poorly Pastora l 18 Poor G l ey Gl enn At- Kut 
andes 1 t 1 c  v o l c an i c  t n  fl a t  to 18cm brown ! d l  t l oam i very l oamy textured s o i l ,  s e r i e s .  dra t ned. hnn1 ng , dra 1 nage . s o t  l .  ' t  1 t  170 
ash,  comprt  sed of gen t l y  frhb l e �  s trongly developed de rl  ved from Cropp i n g ,  28 Cemented loam 
traces of young undu l a t i ng f i ne n u t  and cruni> s tructure i be tween 0 . 60 to l a h a r 1 c  ( lOO) 
lapl l J l  •howera l and t n  few 1 1 th 1 c and pum1 ceous I .  50m of volcan i c  Hort1 cul lure, 2 ma teri a l s  a t  

< 250nm t n thI ckness volcan i c  ash l a p t l l t . ash on lana r t c  Food depths as 
of k.aupokonul ,  Haketawa mantled low� debr i s .  prod u c t i on ,  2 sha l l ow  os 
and Manganut tephras , l and l aharl c Bgl bro�t�tn l oam; very frhb l e ;  The e f fe c t  o f  ground 0 . 60m. 
ove r l y i ng tephras p2 terra i n .  17cm w e a k  f i ne nut s tructure ; water e x tends up to Fares t ry ,  3C P i ped dr41 nage 
and pl ( Oruc e , 1966) few ye l l ow i s h � red roo t tl eS i and sometimes I n to Urban u � e .  2 wou l d  mlmlmtse 
on f i ne teJttured ashes few concre t i ons . topso1 1 s .  per i od o f  
over \ ah a r l c  debrh . A few punt ceous and wa ter� l og g i n g  
The t h i c k n e s s  of Bg2 l i gh t  ye l l ow h h -brown sand,y l i t h i c  l •p l l l l  ( k k ,  a n d  reduce 
�ol c a n t c  ash over 40cm c l ay l oam; fl  rm �  weak Ht and Hn teohra � )  poach i ng o f  
l aharlc debris ranges coarse b l ocky s tructure; nldv be found 1 n the pastures . 
from 0 . 60 to 1 . 50m. many dark redd1 sh-brown A and uooer B Mo l e  dra i ns 

roott l e s ;  many 1 ron o x  1 de hor1 zons . The roots moy b e  a useful 
conc ret t ons ; s c a t tered are usua l \ v  I ron secontlary 
1 1 th I c and puml ceous l opl l l l . s ta i ne d .  treatment .  

Subso l l s  have c o l o u rs 
2C b rown to l i gh t yel lowi sh- varv1 nq from brown to 

b rown loarT\)1 coarse S d n d ;  l l oht ye l l ow i sh-brown. 
loos e ;  tll4SS 1 ve ; abundant Ho t t l e s  and I ron 
redd i sh-brown mo t t l es ; concre t i on s  I ncrease 
many I ron o x i de concre t i ons . w i th depth In the 

pro f i l e .  
Ves i c u l a r  I ron OA 1 de 
pans may tJe present a t  
t h e  textural boundary 
between the an des 1 t 1 c 
l a pl l l l  and l ah a r l c  
debri s .  
Occurs I n  assoc i a t i on 
wi th Kahul and T l poka 
s o i l s .  

0'< Okato •at l s  Weakly weathered �����!1 °�!n!� 
120-460 1 330-2680 A very dark grey1 sh�brown to Imperfe c t l y  and No Imperfec t l y  Pastoral 28 Coa rse Gley Esk Ok-Hn 

andes t tt c  a l l uv i A l  24cm dark grey i sh-brown s t l t  poorly drained s o i l  I nc l us ions and poorly fllnnl n g ,  textures and sot l .  ( I  b )  200 
sands and grave l s .  1 ev�es and r i ve r  loll m ;  very f r i abl e ,  derl ved from s 1 m l  h . r  noted - dra i ne d .  Cropp ing ,  28 poor or 

terraces . wt th 1 n roode ra te 1 y deve 1 aped very parent mdte rt a l s  to mdpped o n l y  Imperfect 
l ah a r l c  terra i n .  f t ne n u t  s tructure . llanga tllhut!l �oi l s .  w l th t n  s o i l  tlo r t l cul ture , 2 dra 1 nage . 

Ground water may assoc t a t l on i .  food P t ped dra i nage 

���m 
dark grey i sh-brown l oam; cause g l ey l ng product I on .  2 woul d m t n tmt s e  
very fri ab l e ;  weak me d i um e f fects I n  e i th e r  period o f  
n u t  s tructure; few s trong the ent i re subso i l  Fares try, 3C w•ter- l o gg l ng 
brown 11ll tt les . or onl y the l ower Urban use , 3 and reduce 

subso i l . poach i ng o f  
Bg2 very dark greylsh�brown lhere con be A/C pd!� l uri! S .  
21cm coarse sand ; very fr 1ab le i  prof i l e s ,  w i th the Recogn i sed as 

weak med t um n u t  Hructure ; B hor i zons absent .  areas o f  future 
few yel l ow i sh- red mo t t l es . Do not rHe1ve l i ab i l i ty to 

regular add i t i ons f l oo d i n g .  
Cg dark brown s l l t ;  l oose i of a l l uvi um except 

s i n g l e  gra i n ;  conmon dark where very c 1 ose to 
red matt 1 es . r i ver channe l s  on 

f l ood p l a i n s .  

c:,., 
� 
c.,., 



Phy• lograph l c  
Ma p  Soi l  po• l tt on and 

syrilol nao10 Parent material s l o�e 
( I ) ( Z) ( 3 )  ( 4  

INTERGRADE 8£1\IEEN YELLOW-BROWN L OAHS  AN O  R£CENT SOILS 

Hn ����:�ahua 

RECENT SOILS 

Tlh 

TlhH 

Tahurangl 
soi l s .  

Tohurang t 
h1 1 1  s o i l s .  

Weakly �eathered 
andes 1 t 1 c  al l uv iA l  
sands and  gravel s .  

T h i n  vol con tc  
ash  (Tahurangt 
fonnatton) on 
o l de r  vol contc 
ashes . 

Th i n  vol canic  ash 
( Tahurangt 
Formation)  on 
older vol can i c  
ashe s .  

f l a t  a l l uv iA l  
fans, l evies 
and rher 
terraces, 
wi th i n  l ahartc 
terra t n .  

Upper s l opes 
of Ht . Er."n t  
General y on 
r i dge crests 
and ph tea us . 

On h i l l y  
s l opes o f  
H t .  E!jiiiOnt.  

Mean annual 
Ehvatton ra i n fal l 
ranfe (m) s) ranfe (.,.) 

6) 

IZ0-460 1 330-Z680 Ap 
18an 

Bwl !Se• 

8w2 
32an 

c 
40an 

760-1100 3000-4500 Ah 
Be• 

Cs 
16c• 

Cu 

760- 1100 3000-4500 

Brief  •o1 1  
pratt l e  description 

( 7 )  

very dark brown s t l t  loam; 
very fdabl e ;  moderately 
deve 1 oped ""dt t.W nut 
s tructuret f� plllll ceous 
hp1 1 1 1 .  

dark brown sandy loam, very 
friAbl e ;  weak me d t  1.1n nut 
l tructure i few �umt ceous 
and l i th i c  hpll  I .  
dark yel l �t sh-br�n loal1\)' 
sand , very frhbl e i  very weak 
ftne crurrt> structure• 
scattered pumlceous lapt l l t .  

very dark greytsh·brown f i ne 
und . loosei s i ngle gra i n ;  
. few pumlceous lap  I 1 1  t .  

dark grey 1 sh·brown f i ne sancty 
loami -very friabl e ;  �eak 

(i��u��: ������� j .  
dark brown l oalt\)' coarse undi 
very fri abl e ;  weak crumb 
st ructure few to many 1 ran 
eo a ted 1 t th 1 c and pumt ceous 
l apl 1 1 1  (8urrel l Fonnatton -
Pun lho Lapt l l l  1 ) .  
gravels and sands w l  th dark 
reddi sh-brown coatings of 
I ron oxide , 

S tmthr to Tahurangl soi l s .  

Character iHic  
••11  and  s i te 

features 
(8) 

Wel l dra i ned sot l 
dert ved from 
a l l uvtt.O,  varytng 
t n tedure fro�� 
s t l t  loam to 
coarse sand. 
Dark col oured 
topsa i l s  or 
�roderate or weak 
nut structure, 
overl te  subso t l s  
o f  very weak 
s tructure , wh 1 ch 
rest on grey. 
loose . f t ne to 
coarse sands. 
Soi l s  may or may 
not contain gravel s ,  
s tones o r  boulde", 
There can be A/C 
prof t l es ,  wi th the 
8 hod zons absent. 
Do not rece t ve 
regular  add I t1ons 
of all uvt um, except 
where very c lose to 
ri ver channel s  on 
f1 ood plaIns .  

Very strongly l eached 
so1 l  wi th th t n ,  dark 
sandy loam topsa i l s  
o f  weak crurrb 
structure over o l der,  
coarse· textured 
vol canic materh l s .  

Very s t rongly l eached 
soi l w i th th i n ,  dark 
sandy loam topsai l s  
o f  weak cruni) s tructure 
over older, coarse­
textured volcanic 
Nterhl s .  

lnclu•ton• 
and 

var1 ants 
( 9 ) 

No 
1 nc l us tons 
noted · 
mapped only 
wi th i n  sotl 
assoc 1 a t 1 on .  

No 
I ncl usions 
noted. 

No 
I nc l u s i ons 
noted. 

Overa l l  
dratna�e 
(c lass 

( 10) 

We l l  
drat ned. 

Moderately 
wel l 
drained. 

Moderately 
wel l 
drained. 

So11 
l i mi tation 

c l asses 
( 1 1 )  

Pastoral lA 
fanni ng, 
Cropping ,  IA,2A 
Horticul ture, 2 
Food IA,2 
product ton,  
Fares try , IA ,2A 
Urban uu , 3 

Pastoral 1 
farmi ng,  
Cropping ,  1 
Horttcul ture, 4 

Food 
product ton,  
Fares try , 
Urban use ,  

Pastoral 
farmt ng , 
Croppl ng,  
Horttcolturt, 
food 
production, 
Fores try, 
Urb1n use , 

Ll10l tatlon• 
for 

tntenshe 
s.o1 1 use 

( IZ) 

Coarse 
textures and 
a tendency 
to dry out 
tn sunmer.  
Recogn I sed 
u areas of 
future 
1 hb l l l ty to 
I nunda tion 
by debr i s  fl�s . 

Ex tremes of 
cl ln11 te A t  
very h i gh 
el e-vati ons . 

E•tremes of 
c l i mate a t  
very h tgh 
elevation s .  

S o 1 1  
c l ass I f tcat lon 

( 13) 

Inter-
gr4de 
between {e l l  ow-br�n 

oams and 
recent sot l s ,  

Very 
s t rongly 
leoched I ron 
t l l uv ta l  
recent soi l .  

Vory 
strongly 
leached, 
1 ran 
l l l uvhl  
recent soi l .  

So1 1 
correlotlon 

(NZ Soil  
Bureau

l
i9S4) 

( 14 

Esk 
( lb) 

Mountl I n  
s o l  h .  

Mounta i n  
sot h .  

So1 1 
1111pplng 

unt u 1no 
area ( ho ) ( 15) 

Hn-Ok 
493 

(Hn > SOS) 

Tah-TlhH 
460 

llh • TahH 

c..; 
� 
en 



Hap 
SyiOOol 

( 1 ) 

So 1 1  
narre 
( 2 )  

Parent material  
( 3 )  

LI THOSOLS AND SKELETAL SO I L S  

A l  

Unndnt!d 
s ub a l p l ne 
Ht!e pl and 
so i l s .  

Unnamed 
a l pi ne 
s teep l and 
s o t  I s ,  

ORGAN IC SOILS 

El El tham 
so i l s . 

Recent volcan i c  
ashes , co l l uv i LITI  

Sol i d  rock and 
scree . 

Woody pt!a t w 1 th 
1 n tc r ¥ bedded 
ande� I l l c 
tephra I tlye � .  

Phys l ograph l c  
pos i t ion and 

s l o\'e ( 4  

Upper s l opes 
of Ht . [ gmon t 
atJo ve forest 
zone . 

Uppe noos t  
s l opes o f  
M t .  E gnXJnt .  

level s i tes 
I n  f l a t l and 
on the edg� 
of the 
vo l c d n l c  rl ng 
p l a i n .  

E l eva t i on 
range (m) 

(5) 

1 1DD- 1 525 

1525-2518 

2 1D-220 

fo\ean annual 
ra i n fa l l  

range (mm) 
(6) 

4000-6000 

6000-8000 

1620- 1090 Ap 
20cm 

Bu 
2cm 

Ortl 
Bern 

Bill 
22cm 

Oh2 
lJcm 

Bh2 
35cm 

Oh J 
40cm 

B r i e f  s o l i  
profi l e  desc r i p t i on 

( 7 )  

Not examined 

hot examined 

dark redd i sh-brown peaty 
loam� f rl ab l e i s t rong f i ne 
c rumb and nut s t ructure. 

pumlceous l a p \ 1 1 1  band , 
.!lvercliJ i ng l oll\ In d i ame ter ( K� .  a n d  Mt te�hra ) .  

dark r�ddhh-brown pea t ;  
con111on clla rcoa l f ragmen ts ; 
mctny dus ky red wood 
fragmen t � > lOutn; s t ru c t u re l es s .  

dar� brown ped t ,  w i th 
d ! H i nc t  bdf1d of l l t h l c  
l op l l l l  (Mn tcphra )  
f r t abl e ;  s truature l es s . 

very da rk brown hum! c l oam� 
f r i a b l e ;  s t ructure l es s ;  
many wood frc19roents ; 
IT(H.Ie rdte l y  to s t rong l y 
decorupo�ed . 

ddfk IH·u_.n hum I c  I Odln w l th 
1 1 th l c  aml purn lceous l a p l l l l  ( p 2 ,  Druce , 19o6) occurring 
I n  pod. e ts ;  f r i ab l e ;  
s t ructure l e s s .  

b rown h h · b l ack pea t ,  f ri ab l e ; 
s t ruc ture l e s s . 

Charac teri s t i c  
s o i l  ctnd s i te 

f�dtures 

l n c l us I ons 
and 

vari a n ts (8 )  ( 9 )  

Not fanned under 
s uL ct l p l ne scrub , 
he rb r1 e l d and 
t uHOC k . 

exam! ned 

Very 1 1  t t l e  or No t 
no vege t ct t l on cove r . exarnl ned 

A poorly drct l ned Ngaere 
peat w l th I n terbedded so i l s .  
t h i n  andcs l t l c  t�phra 
\ dyers . A aark  
reod t s h - brown to  ddl'k 
bruwn topsot 1 ,  wl th 
� 11 t l oam to pet! ty l oam 
t�A lurc and s t rong l y 
oc ... e l oped nut s t ructure . 
The !.ubso l l  tends to be 
... ery dd rk brown to 
b l o c k ,  l.lecomiug a dark 
redd 1 sh-b rown , 
s t r·uctu.-e l e�s pea t ,  
w l  t h  deplfL The 
d l s t n b u t l o n  o f  puml ceous 
and l i th i c  l a p l l l l  I s  
l rregu l d r  and cctn be 
COIJCCntrated In a bdnd or 
pocke t .  Puml ceou� 
l aiJi l l t  can be ln1n or l es s ,  
and lmpctrt d g r l  t ty 
mod l f l cH i on and speck l ed 
dppcuance. The 
d l � t l n c t h e  1 1 t h l c - r 1 L h  
McHlQdn u l le!Jhrct h d s  been 
l dt.:nt 1 f l ed a L  depthS varying 
frorn 0 .  30 to D. 70m. 
Pumlccous I apt 1 1 1  beconrc s t rong l y 
wed tnered w l  th aepth and can be 
greater· thdn 21ln•n In tl l an!Cter.  
Part l y  d��.:oml)used f l'd9l1JC H t s  of  
wood ,  twigs and f l b res are a 
feature throughout the 
pro f i l e , aud are concen t ra ted 
at ctpproxlmd lely 0 . 90m. 
The water- tab l e usud l ly occurs 
just bel Ciw lm bu t  l t  can be 
deeper or as sha l l ow cts 0 . 60m. 

Overa l l 
dra I nag e 
( c i O > s ) 

( ID) 

Modera te l y 
wel l drA i r1ed . 

Modc r ct t e l y  
we l l drct l ned . 

Poorly 
d r a i n e d .  

So i l  l lm l t o t l on c l asses ( I  I) 

Pas to ra l 
use , 

Croppl n g ,  

Hart 1 c u i  tu re , 

food 
produc t i on ,  

fore s t ry ,  

Uflh'.lll use , 

Pa s to ra l 
use , 

Cropping,  

Hort i cu l t ure , 

food 
proUuc t l on ,  

Fares try , 

Urbdn u�e , 

Pas tora I 
fanni ng , 

Crop p i n g ,  

7 

7 

7 

7 

JC 

2a 

ttor- t l cul ture , 2 
Food JU 
produc t i on ,  

fares try.  JC 

Urban use , 3 

L 1 m 1  ta t i  ons 
for 

l nteml vc 
so i l  use 

( 1 2 )  

E x t remes o f  
cl imate a t  
very h l yh 
e l e v a t i ons . 

Ex tremes o f  
c l imate a t  
very h lgtt 
el eve n I ons . 

Poor drd I nage 
I n  Hall! 1 1  ty , 
and prl!se nce 
o f  t 1mLer . 
S uda.ce 
d r c d nauc I . e .  
bcdd I n g  and 
Uox dra I ns ,  
wou l d  ml rdmlse 
p e r i ods of  
wil tc:r- 1 ogg l n g .  

So1 1  
closs 1 fl ca t l on ( 1 3 )  

L I thos o l s  
and 
s ... e l etas a 1 s 

L I thos o l s  
and 
s .._e l e toso l s  

Orgd n l c  
•a l l . 

So 1 1  
corre l a t i on 

( N Z  S o 1 1  Bureau, lg54 ) ( 14 )  

Moun ta I n 
so 1 1 s . 

Hountatn 
so1 1 s .  

P l ako �ea ty 
oam 

ond 
loanty 
peat 
( 108) 

c,J 
....... 
"'l 

So 1 1 
· a>app l ng 
unt ts a.nc 
area ( ho ) ( 15 )  

s 210 

AI  
2DO 

El 
2670 



Kap 
synt>ol 

( I ) 

So1 l 
name 
( 2 )  

Paront 114 to r h  I 
( 3) 

STEEPLAHO SOILS RELATED TO YELLOW-BROWN EARTHS 

WgS Whangamomona 
s teep land 
sot l s  0 

Qua rtzo- fe 1 dspa th t c 
moderately 
consol i dated s t l ty 
sands tone the 
domt nant 
1 I thologyo 
Subdominant 
l t thologles I ncl ude 
weak ly  conso l i da ted 
sands tone, hard 
sandstone. s t l ty 
mudHone and vary i ng 
amounts of vol canic  
ash . 
Occas t ona l outcrops 
of shel l y  I lmestone 
a l so occur. 

Phys lograph l c  
pos 1 t  I on and 

s lope 
( 4 ) 

On s teep and 
very s teep 
s l opes t n  
d i s sected 
Tert i a ry 
sedimentary 
h t l l  and 
s teep l and 
country. 

E l evation 
ran �e (m) (5) 

120-490 

Mean annua 1 
ra infal l 

ran�e · (11111) (6)  

1 500 - 1900 A 
24cm 

Bw 
l)cm 

C/B 

Brief s o t l  
prof i l e  desc ription 

( 7 )  

brown f t n e  s andy loami 
frh b l e t  s t rong to 
n-oderately developed f t ne 
nut s t ructurei many 
s 1 l ty sands tone fragments 
averaging lOcm I n  di ameter.  

I l ght  yel l ow i sh-brown to 
brownish-yel low sandy loamj 
fri a b l e ;  weakly developed 
f i ne nut Hructure i few 
ye l l owi sh- red dl scolora t l ons 
o 1 ong root chonne l s .  

l i gh t  ye l l owish-brown wi th 
strong brown d i s t i nc t ,  
coarse mottles ; moderate l y  
conso 1 1  dated s 1 1  t y  sandstone. 

Charactert s t 1 c  
s o 1 l  a n d  s i te 

features 
(8)  

A sha l l ow Imperfec t l y  
drai ned sandy loe�m­
textured soi l ,  
de r l vtd f rom s l l ty 
sands tone. 
Dark greyi sh-brown 
to brown topsa i l s ,  
w l  t h  strong to 
moderately wel l 
devel oped f i ne nut 
s tructure, overl i e  
th i n  l i gh t  yel lowi sh­
brown to brown i sh 
yel l ow  subso 1 1 s .  
Joto t t l es can be a 
feature of the 
subs o i l  and i ncrease 
wl  th depth 0 
Fragnents of s l l ty 
sands tone IMY be 
present throughout 
the pro f i l e  and there 
can be a sharp and 
d l s t t nc t  boundary to 
the moderately  
con so 1 1  dated s t 1 ty 
sandstone. 

I n c l us i on� 
and 

variants 
{ 9 )  

Stra tford 
s o i l s ,  f i ne 
topsot I 
variant .  

Stratford 
h i l l  sot l s o  

Whangancnlloa. 
soi l s  rl oge 
phase 0 

Whanga.mmon& 
soi l s  e roded 
s l ope phase. 

Whangamomon4 
sot l s  
accumul dt Ion 
s l ope phase 0 

Tahora 
steep l and 
so1 l s .  

Overa l l  
dra t na 9e 
{ c l a�s ) 

( 10) 

Mode rately 
wel l 
dra I ned.  

So l i  
1 Imi ta t i on 

c l Asses ( 1 1 )  

Pas tor a I 
farmIng,  

Cropp i ng , 

Hart 1 cul ture , 

food 
production.  

Fares t ry .  

Urban use,  

L t m t tat tons 
for 

I ntens i ve 
sot  1 use 

( 12 )  

l 1  mltat  tons 
o f  s l ope and 
l l ab 1 l l ty to 
eros i on .  

So1 l 
c l ass t ft ca tton 

{ 1 3) 

Steep l and 
so t l  
r e l a ted to 
yel low­
brown earth . 

So 1 l  
corre l a tton 

(NZ Sot l 
8ureau , 1g54) 

( 14)  

Whangaroomona 
compl ex ( 1 16a) 

Wh111ngamo100na 
s t l t  l oaM 
( 1 16 )  

c.J 
........ 
CO 

So 1 l  
Npplng 

uni ts snd 
aroa ( ha )  

( 15)  

�8� 
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APPE N D I X  V 

SO I L  L I M I TAT I ONS FOR US E 

SO I L  RAT I NGS FOR LAND USE 

I n  th i s  sect ion  the so i l s  of  El th am Cou nty are c l a s s i fi ed a ccordi ng  

to  the  k i n d  a nd s everi ty of so i l  l i mi tati ons  for pas tora l , c ropp i ng ,  

hort i cu l tura l , fore stry and  urban  uses  and  a l so a ccordi ng  to thei r va l ue 

for food producti on i n  terms of the Town and  Co untry Pl a n n i ng  Act 1977  

( Tabl es  V - 1  - V- 6 ) . 

The wi de range of  so i l s  present  di ffer marked ly  i n  th e i r capab i l i ty 

and  pote n t i a l  for d i fferent  types o f  l a nd us e .  

S i nce l an d  use  depends on  soc i o -economi c facto rs , a s  wel l a s  the 

phys i ca l  properti es o f  l a n d ,  these c l a s s i fi cati ons  must not  b e  regarded as 

di rect recommendat i ons  for any spec i fi c  use . Any s peci fi c use fo r a 

parti c u l ar  property s ho ul d be checked by fi e l d exami nati o n . 

I n  the s urvey mos t  of  th e map p i ng u n i ts a re so i l  as soci a t i on s  

compri s i ng d i fferent  so i l un i ts . S i nce the u n i ts wi th i n  a n  a s s oci ati on  

may each have very di fferent l i mi ta t i ons for certa i n  l a nd uses , rati ng 

of mapp i ng un i ts i s  i mpracti cal  and  i t  i s  the component members th at  have 

been ra ted . 

I n  o rde r to rate part of  an a ss oci at i on  fo r a ny l a nd us e ,  i t  i s  

n eces sary to determi ne i n  the f ie l d the rel at i ve  extent o f  the i nd i vi dual  

members w i th i n tha t  part of  the a s soci a ti o n , a nd  a pp ly  ra ti ngs  to the 

i n di v i dua l  members s o  i denti fi ed .  

The tab l es  i nd i cate tha t  a l though a cons i derabl e n umber of  the  so i l s  

h ave o n l y  s l i g h t  l i mi ta ti ons of  dra i nage a n d  moderate n u tri e nt  req u i remen ts 

for a w i de range o f  uses , severa l  o f  the s oi l s  have severe l i m i tat i ons , 

wh i ch restri ct  product i on and  use . 

On  the l owl and  l ahari c terra i n ,  r i ver fl ats and  terraces , the  

l i mi ta t i on s  fo r a wi de range  of  uses  a re affec ted by l ah ari c debri s a t  a 

s ha l l ow depth , wh i ch  i mpedes s o i l dra i nage  a n d  roo t deve l o pmen t .  



Nutri ent defi c i enci es , s l o pe and eros i on may a l so be l i mi ti ng . 

I n  the case o f  the upl and  l ah ari c terra i n ,  s uba l p i ne ,  a l p i ne a n d  

s teep l and  te rrai n ,  el evati on and  advers e  cl i mati c condi t i ons res tri ct or  

p rec l ude agri cu l t ural a n d  h o rt i cu l tura l  l an d  use . 

Sma l l s ca l e ,  very genera l i s ed i n set  maps  s howi ng rati ngs for val ue 

for food product i on and l i mi tati ons fo r cropp i ng a re s hown i n  F i g ures 

V- 1 and V-2 . 

Tab l e  V- 1 

C l a s s  1 

lA 

So i l l i mi tati ons fo r pas toral use 

So i l s  a re c l as s i fi ed us i ng the sys tem of  Gi bbs ( 1963 ) , as 
mod i fi ed  by Ai tken et  a l . ,  ( 19 78 ) , except tha t  an extra 
c l as  s ( 7 )  h as bee n ad de d . 

- S o i l s  of  fl a t  and rol l i ng l and  w i th s l i ght  s o i l l i mi ta ti ons 
to pastoral  use . 

- L i mi tati ons  o f  nutri ent  defi c i enc i es . 

Stra tfo rd s o i l s ;  Stratfo rd s o i l s ,  fi ne tops oi l vari ant ; 
S tratford s o i l s ,  s trong ly  ro l l i ng ph ase ; Lowgarth s o i l s ;  
Lowgarth s o i l s , s trong ly  ro l l i n g phase ; Hangatahua  so i l s ;  
Ri verl ea s o i l s ;  Ka hu i  s o i l s ;  Rowan s o i l s  ( bel ow 460m ) . 

lB - L i mi ta ti ons of drai nage and  n u tri ents . 

Ngaere so i l s ; Ti po ka s o i l s ;  Ma kaka  so i l s ;  Awa tuna s o i l s ;  
Ma ngawhero s o i l s .  

3 20 

C l ass  2 - So i l s  of  fl a t  and ro l l i ng l an d  w i th mo dera te s o i l l i mi tati ons  
to  potenti a l  pas tora l  use . 

2A - L i mi tati ons of i ns uffi c i ent  mo i s ture and ,  to a l es ser  extent , 
eros i on and  moderate n utri ent  defi c i e nc i es . 

Not  present  i n  th i s  s urvey . 

2B - L i mi ta ti ons of  coarse texture , a n d/or poor drai nage . 

C l  a s s  3 

Okato s oi l s . 

- So i l s  of  fl a t  and rol l i ng l a n d  wi th s evere l i mi ta ti ons to 
pas tora l u se . 

3A - L i mi tati o ns of sa l i n i ty wi th coars e  texture and  
eros i on potenti a l . 

Not present  i n  th i s  s u rvey . 

38 - L i mi tat i ons  of s ubs o i l pans  a nd  d ra i nage . 

Not present  i n  th i s  s urvey . 



3C L i mi tati ons  of  exces s i ve mo i s tu re or s hri nkage . 

E l tham s o i l s .  

30 - L imi tat i ons  o f  el eva t i on , wi th coo l wet c l i mate .  

Rowan s o i l s  ( above 460m e l evati on ) . 

3E - L imi tat i ons  of freq uent  drynes s ,  n u tri ents a nd  

Cl ass  4 

4A 

C l  ass 5 

C l as s 6 

C l ass  7 

Tab l e  V - 2  

Cl a s s  1 

s us cepti b i l i ty to w i n d  eros i on .  

Not p res ent  i n  th i s  s u rvey . 

- Soi l s  of  h i l l y l an d  w i th s l i gh t  to moderate l i m i tat i o n s  
for pas toral use . 

- L imi tati ons  of  n utri ents . 

Stratford h i l l  s o i l s ;  Lowgarth h i l l  so i l s ;  Rowa n 
h i l l s oi l s .  

- Soi l s  of s teep l a n d  wi th modera te to s evere so i l 
l i mitat i ons  fo r pas tora l use . 

Not pres ent  i n  th i s  s urvey . 

- Soi l s  o f  moderate l y  s teep , moderate ly  s teep to s teep , a nd  
s teep l a nd  w i th se vere to very s evere so i l  l i mi tat i ons  
fo r pas toral use . 

L im i ta ti ons  of  l ow to very l ow n utri ent  s tatus  and  
s us cepti b i l i ty to  severe eros i on .  

Whangamomona s teep l and  so i l s .  

- Soi l s  o f  h i gh e l evat i on on Mt . Egmont  uns u i tab l e for 
pas toral  use . 

Tah ura ng i  h i l l s o i l s ;  Tah u rang i  s o i l s ;  unn amed 
s uba l p i ne so i l s ;  unnamed a l p i ne s o i l s .  

So i l  l i mi tat i ons for croppi ng 

Th e c l as s i f i cat i on  fo l l ows th at  of  Cutl er  ( 196 7 )  as  
mod i fi ed by Ai tken et  a l . ,  ( 1978 ) . As  wi th the 
c l as s i fi cati on  for horti cu l tura l crops i t  i s  a 
genera l i s ed s c h eme and  the l i m i ta ti ons may be l es s  
s evere for s ome crops than o th ers . 

- So i l s  of  fl a t  a n d  easy rol l i ng l a nd wi th mi n i ma l  to s l i gh t  
so i l l i m i tat i ons  for crop p roducti on . 

3 2 1  



C l as s  lA  - L i mi tati ons of  mi n i ma l  n utri ent defi c i enci es . These a re 
s o i l s  wh i ch can  be c u l t i vated for mos t  of the yea r and  
a re s u i tabl e for a w i de range of  crops . 

Stratford s o i l s ;  Ha nga tah u a  so i l s  ( i n  part ) ; S tratford 
s o i l s ,  fi ne tops o i l vari ant .  

3 2 2  

lB - L i mi tat i ons of  med i um to h i gh nutri ent  requ i rements . 

Ka h u i  s o i l s ;  Ri verl ea s o i l s ;  Lowgarth so i l s .  

l C  - S l i gh t  l i mi tati ons o f  i mperfect to poor dra i nage . These  

C l as s 2 

2A 

s o i l s  req u i re s ome dra i nage before they can be c ropped 
s u cces s ful l y  a nd  the per iod  dur i ng the yea r when they can 
be c ul ti vated i s  s omewhat  res tri cted . 

Ngaere so i l s ;  T i poka s o i l s ;  Ma kaka so i l s ;  ( be l ow 320m ) . 

- So i l s  of fl at and rol l i ng l a nd wi th modera te s o i l l i mi tat i ons  
fo r crop  p roduct i on . 

- L i mi tati ons of  i ns u ffi c i e n t  mo i s ture . These s o i l s  are 
s h a l l ow and  s tony a n d  i rri gati on i s  necess ary for croppi ng . 

H a ngatahua s o i l s  ( i n  part ) . 

2B - L i mi ta ti ons of  poor dra i nage a nd compact s ubso i l s .  These 
s o i l s  a re not as  versat i l e  as those of Cl a s s  1 and c ropp i ng 
i s  l a rge ly  res tri c ted to annua l  croppi ng of  cerea l s and 
fi el d crops i n  rotati on wi th pas ture . 

Awatuna s o i l s ;  O k a to so i l s ;  El tham s o i l s .  

2 C  - L i mi tati ons of  s l o pe . 

C l a s s  3 

3A 

Stratford s o i l s ,  s tron g l y  ro l l i n g phas e ;  L owgarth so i l s ,  
s trong ly  rol l i ng phas e .  

- So i l s  o f  fl a t  a nd  ro l l i ng l an d  wi th s evere s o i l l i mi ta ti o ns 
for crop p roduct i on . 

- L i mi tat i ons o f  exces s i ve dra i nage and  s us cept i b i l i ty to 
fl oodi ng . Some cropp i ng coul d be done on  the deeper s o i l s  
b ut  the ri s k  of  c rop  l os s  i s  h i gh . 

Not present  i n  th i s  s urvey . 

3B - L imi tati ons  o f  medi um to h i gh a l ti tudes and  of  wet l ow 

C l as s 4 

ly i ng l a nd wh i ch i s  not  eas i l y dra i ned . 

Rowan so i  1 s ;  t1angawhero s o i  1 s ;  Makaka s o i  1 s ( between 
460- 320m e l eva t i on ) . 

- Soi l s  o f  h i l l y l a n d  wi th  modera te to s evere l i mi tati ons 
for crop  p roduct i on . 

L i mi tati ons of  s l ope , s ha l l ow profi l es a nd  mi nor ri s k  of 
eros i o n .  

Stra tford h i l l  s o i l s ;  Lowgarth h i l l s o i l s ;  Rowan h i l l  s o i l s .  



Cl a s s  5 

C l ass  6 

C l ass  7 

Tab l e V-3 

C l ass  1 

lA 

- So i l s  of  mode rate ly  s teep l a nd  wi th s evere l i mi tat i ons 
for crop p roducti on . 

Not p resent  i n  th i s  s urvey . 

- So i l s  of  modera tel y s teep to s teep , and steep l a n d  on 
wh i ch c ul ti va t i on i s  p rec l u ded owi ng to the s l ope , n u tri ent  
defi c i enci es , s h a l l ow pro fi l es ove r  h ard pa rent  rock , a nd  
t he  maj o r  r i s k  of eros i on .  

Whangamomona  s teepl and  s o i l s .  

3 2 3  

So i l s  of h i gh a l ti tude on Mt .  Egmo n t , uns u i tabl e for c roppi ng . 

Tah urang i  s o i l s ;  Ta h u rang i  h i l l  s o i l s ;  unnamed s uba l p i ne  
s o i l s ;  unnamed a l p i ne so i l s .  

So i l  l i mi ta ti ons for Horti cu l tura l  us e ( a fter Cowi e , 1974 ) 

- So i l s  of  f l a t  l and  wi th mi n i ma l  to s l i ght  s o i l l i mi tati ons  
for horti c u l tu ra l  c rops . 

- So i l s  wi th mi n ima l  s o i l l i mi tat i ons . The s o i l s  a re deep , 
fri ab l e and  wel l dra i ned and  a re s u i tab l e  fo r a w i de range 
of horti c u l tural crops . 

Stratford s o i l s ;  Stratfo rd s o i l s ,  fi ne topso i l  vari ant ; 
Ka hu i  s o i l s .  

lB - So i l s wi th s l i ght l i mi tat i ons of i mperfect  dra i nage . Th i s  

C l a s s  2 

Cl a s s  3 

3A 

l i mi ta t i o n  cou l d res tri c t  the ra nge of horti cu l tura l crops 
grown . Some crops cou l d be a dverse l y affected i n  wet 
years and the peri od when the s o i l coul d be c u l t i vated co u l d 
be  reduced . 

N gaere s o i l s ;  Ti poka s o i l s .  

- So i l s  of  fl at l an d  wi th moderate so i l l i mi tati ons o f  poor 
dra i nage and/or  coarse textu re for horti cu l tura l  c rops . 
The cho i ce of horti cu l tura l  c rops i s  l i mi ted and  the peri od  
duri ng w h i ch the  s o i l s  can be c u l ti vated i s  res tri c ted even 
after a rti fi c i a l  drai nage has  b een carri ed o u t . These s o i l s  
a re bes t s ui ted for a n n ua l  cropp i ng .  

Okato s o i l s ;  Awa tuna s o i l s ;  H angatahua s o i l s ;  Lowga rth 
s o i l s ;  Ri verl ea s o i l s ;  Mak a k a  s o i l s ;  E l tham s o i l s .  

- So i l s  o f  fl at  and ro l l i ng l an d  w i th severe s o i l l i m i ta ti ons 
for hort i c u l tura l  c rops . 

- So i l s  wi th l i mi ta ti ons  of  poor drai nage and  poor phys i ca l  
s tructure . 

Mangawhero s o i l s .  



Cl ass  3B Soi l s  w i th  l i mi tat i ons  of exces s i ve drai nage and  s ton i nes s . 

Not p resent  i n  th i s  s urvey . 

3C - L i mi tati ons  of l i a b i l i ty to freq uent fl oodi ng . 

Not p resent  i n  th i s  s urvey . 

30  - Soi l s  wi th l i mi tati on s of s l o pe . 

C l as s  4 

Tabl e V -4  

Cl ass  1 

lA 

Stratfo rd so i l s ,  s trong ly rol l i ng  p hase ; Lowgarth s o i l s ,  
strong l y  rol l i n g  ph ase . 

- Soi l s  o f  h i l ly a n d  s teep l and uns u i tab l e for horti c u l tura l  
crops . 

Rowan s o i l s ;  Rowan h i l l  s o i l s ;  S tratford h i l l  so i l s ;  
Lowgarth h i l l  so i l s ;  Whangamomona  s teepl and  so i l s ;  
Tah u rang i  s o i l s ;  Tah urangi  h i l l  s o i l s ;  unnamed s uba l p i ne 
so i l s ; u nnamed a l p i ne so i l s .  

Va l ue of  so i l s  for Food  P roducti on 

So i l s  a re c l as s i fi ed  us i ng the system of Cowi e ( 19 74 ) . 
A h i gh va l ue for food producti on i mp l i es that  the 
i n tri ns i c  phys i ca l  and chemi ca l p ropert ies of the s o i l 
enab l e i t  to p roduce s us ta i ned  h i gh y i e l ds o f  food  
( i . e .  c rops , h ort i cu l tura l  produce and  ani ma l  products ) , 
regard l es s  of  the economi c c l i ma te or  the s tandard and  
k i n d o f  use  bei ng  made of the s o i l a t  the t i me the 
c l as s i fi cati on i s  made . 

- So i l s  of  h i gh actua l  or  potent i a l  va l ue fo r food product i on . 

- So i l s  o f  h i gh  a ctual va l ue for food product i on . S o i l s  
a re deep , wel l dra i ned and  fri ab l e ;  l i mi ta ti ons a re ma i n l y  
n u tri ent  defi c i enc i es . 

S tratford s o i l s ;  Stratfo rd s o i l s ,  fi ne topsoi l  vari a n t ;  
Kah u i  s o i l s ;  Lowgarth so i l s ;  H a nga tahua s o i l s  ( i n  part ) ; 
Ri ver l ea s o i l s .  

lB - So i l s  h ave a l i mi ta t i on of i mperfect  to poor natura l 

Cl a s s  2 

dra i nage wh i ch can be readi l y  overcome wi th arti fi c i a l  
dra i na ge ,  tho ugh they wi l l  be s l i gh t l y  l es s  vers ati l e  
s o i l s  than those of  cl ass  lA . 
Ngaere s o i l s ;  Ti poka s oi l s ;  Ma kaka  so i l s  ( i n  part ) ; 
E l tham so i l s .  

- So i l s  w i th mode rate actua l  o r  potenti a l  va l ue for foo d  
producti on .  L i mi tati ons i nc l u de poor drai nage , s h a l l ownes s 
of  p rofi l es ,  coarsenes s  o f  texture , more i n tens i ve l ea ch i ng 

3 2 4  



Cl a s s  3 

Tab l e  V- 5 

Cl a s s  1 

lA 

at i n termedi ate e l evat i ons l eadi ng to l ower n utri ent  
s tatus , thei r occurrence on  the  s i des of  l ahari c mounds 
mak i ng cu l ti vati on  d i ffi c u l t ,  so i l s  at i n termed i ate 
e l eva ti ons . 

Stra tford s o i l s ,  
s trong ly  ro l l i ng 
Makaka  soi l s  ( i n  
s o i l s ( i n  part ) ; 

s trong ly  rol l i ng ph as e ; Lowga rth s o i l s ,  
phase ; Rowan soi l s  ( be l ow 4 60m e l evati on ) ; 
part ) ; Mangawhero s o i l s ;  Hanga tahua 
O kato s o i l s ;  Awa tuna s o i l s .  

- S o i l s  of l ow actua l  o r  po tenti a l  va l ue fo r food product i o n . 
L i mi ta t i ons i nc l u de l i ab i l i ty to ri ver fl oodi ng or  l a hars , 
s l ope and e l e vat i on . The so i l s  a re con s i dered uns u i tab l e 
for the product i on of  foo d  crops . 

Tah urang i s o i l s ;  Tah urang i  h i l l  s o i l s ;  S tra tfo rd h i l l  
s o i l s ;  Lowga rth h i l l  s o i l s ;  Rowan s o i l s  ( above 4 60m 
e l eva t i on ) ; Rowan h i l l  s oi l s ;  Whangamomona s teepl and  
s o i l s ;  unnamed s uba l p i ne so i l s ;  unnamed a l p i ne s o i l s .  

So i l  l i mi tati ons  for Fore s try 

So i l s  are cl as s i fi ed us i ng the sys tem of  Cut l er ( 196 7 )  
w i th modi fi cati ons  by A i tken et �. , ( 1978 ) . 

- So i l s  of fl a t  a n d  rol l i ng l and wi th s l i ght  l i mi ta ti ons to 
fores try .  

- So i l s  wi th n o  s i gn i fi cant  l i mi tati ons  to fo re s t  growth . 

S tra tford s o i l s ;  Stratford so i l s ,  s trong l y  ro l l i ng phas e ;  
Stratford s o i l s ,  fi ne tops oi l vari a n t ;  Lowga rth s o i l s ;  
Lowgarth s o i l s ,  s trong l y  ro l l i ng ph ase ; Hangatahua s o i l s  
( i n part ) . 

lB - So i l s  wi th s l i gh t  l i mi ta ti ons of s o i l dra i nage wh i ch may 

Cl a s s  2 

2A 

l i mi t th e e s tab l i s hmen t of some s pec i e s .  

Ngaere s o i l s .  

- So i l s  of  fl a t  and  rol l i ng l and wi th modera te l i mi tati ons 
to fo rest  growth . 

- S o i l s  wi th l i mi tat i ons  o f  i ns u ffi c i ent mo i s t ure and a 
s u bsoi l pan o f  cemented or  l i th i fi ed l ahari c materi a l s 
res tri cti ng  root i ng  depths ; s ome s o i l s  a l s o  have perched 
wa ter- tab l es o ver  the l ahar i n  wet s easons  furth er 
res tri c t i ng  rooti ng devel opme n t .  

Ma ka ka s o i l s ;  
Ka hui  s o i l s ; 

T i po ka s o i l s ;  
Ri verl ea  s o i l s ;  

Rowa n ( be l ow 460m e l evati on ) ;  
Hangatahua  s o i l s  ( i n  part ) . 

3 2 5  



C l a s s  2B - S o i l s  wi th  l i mi tat i ons of coarse sandy texture . 

Not p re s ent  i n  th i s  s urvey . 

2C - So i l s  w i th l i mi ta t i ons  of  a l t i tude . 

C l a s s  3 

3A 

Rowan s o i l s  ( above 4 60m ) . 

- S o i l s of  fl a t ,  ro l l i ng a nd  h i l l y l and  wi th s evere s o i l 
l i mi tat i ons  to fore st  g rowth . 

- So i l s  w i th l i mi ta ti ons o f  i ns uffi c i ent mo i s ture and  
expo s ure to  sa l t l a den wi nds . 

Not pre sent i n  th i s  s u rvey . 
* 

3B - Soi l s  w i th s ha l l ow and  s tony profi l es . 

Hanga tah ua soi l s  ( i n  part ) . 

3C - Soi l s  w i th poor drai nage . 

3 2 (-;  

El tham so i l s ;  O ka to s o i l s ;  Awa tuna so i l s ;  Mangawhero s o i l s .  

C l ass 4 

Cl ass  5 

C l ass  6 

C l a s s  7 

* 

- So i l s  o f  moderatel y s teep and  modera te l y  s teep  to s teep 
l an d ,  w i th s l i g h t  s o i l l i mi ta t i ons to fores t g rowth . 

Stratford h i l l s o i l s ;  Lowgarth  h i l l  s o i l s ;  Rowan h i l l  s o i l s .  

- So i l s  of modera te l y  s teep , moderate l y  s teep to s teep and 
s teep l a nd wi th modera te s o i l l i mi tati ons to fo res t g rowth . 

Not p resent i n  th i s  s u rvey .  

- So i l s  of moderate l y  s teep , modera te ly  s teep to s teep , a nd  
s teep l a nd  wi th s evere to  very severe so i l  l i m i tat i ons  
to  fo res t growth . 

The l i mi tati ons a re mai n l y  those of  nutri ent defi c i enci es , 
l ow s o i l temperatures , s h a l l ow profi l es underl a i n  by h ard 
pa re n t  rock and s us cepti b i l i ty to eros i on .  

Ta h urang i  h i l l  s o i l s ;  Tahura ng i  so i l s ;  Whangamomona 
s teepl and so i l s . 

- So i l s  of h i gh a1  ti tude o n  M t .  Egmo n t ,  u n s u i tabl e for 
fore st  growth . 

Unnamed s uba l p i ne  s o i l s ;  u nnamed a l p i ne s o i l s .  

The p h ra s e  1 1 and  i ns uffi c i ent  mo i s ture 1 1 a dded by Cutl er  to the 
defi n i t i on of  t h i s  group i s  de l e ted h ere . S ha l l ow profi l es 
are c ons i dered a s evere l i mi tat i o n  h ere . 



Tab l e V-6  L i mi tati ons  for Urban Use ( a fter Cowi e ,  1974 ) 

C l a s s  1 - So i l s  o f  fl a t  a nd  ro l l i ng l an d  wi th mi n i mal to s l i g ht  so i l 

C l a s s  2 

C l a s s  3 

Cl a s s  4 

l i m i tat i ons for urban use . 

S t ratfo rd s o i l s ;  Stratford s o i l s ,  fi ne tops o i l  vari a n t ;  
Stra tfo rd s o i l s ,  s trong ly  rol l i ng ph as e ;  Ri verl ea s o i l s ;  
Ka h u i  s o i l s ;  Rowan s o i l s ; Lowgarth s o i l s ;  Lowga rth so i l s ,  
s t rong ly  rol l i ng  phase . 

- So i l s  o f  fl a t  and rol l i ng l a n d  wi th moderate s o i l 
l i m i ta t i ons for urban use . 

L i mi tat i ons o f  poor or i mperfect dra i nage . 

Ngaere so i l s ;  Makaka s o i l s ;  Ti poka  s o i l s ;  Awa tuna s o i l s ;  
Mangawhero s o i l s .  

- S o i l s  of  fl at l and  wi th seve re l i mi tati ons for u rban use . 

L i mi tat i o n  of  poor s ubsu rfa ce founda t i on ma teri a l s .  

E l tham s o i l s .  

L i mi tati on o f  l i ab i l i ty to ri ver fl oodi ng or  debri s f l ows . 

H angata h ua s o i l s ;  Okato s o i l s .  

- S o i l s  of h i l l y l a nd w i th mode rate s o i l  l i m i tat i ons  
for u rban us e .  

L i mi tat ions  o f  s l ope and  eros i on .  

3 2 ?  

Rowan h i l l  s o i l s ;  Stratford h i l l s o i l s ;  Lowga rth h i l l s o i l s .  

C l a s s  5 - S o i l s  of  s teep l and wi th s eve re so i l  l i mi tati ons for 
u rban use . 

L i mi tati ons of s l ope and  eros i on . 

Whangamomona  s teep l and  s o i l s ; Tah u rangi  s o i l s ;  Tah urang i  
h i l l  so i l s ;  unnamed s uba l p i ne s o i l s ;  unnamed a l p i ne s o i l s .  

EROS I ON 

I n  the l owl and  l ah a ri c terra i n  the re i s  no s i gn i fi can t p resent  

e ros i on nor  i s  a ny potent i a l  e ros i on , u nder pastora l use , predi c ted .  

There i s  s l i gh t  streamban k  eros i on ma i n l y  a l ong  the Mangawhero , Kaupokon ui  
a nd  Ka pun i S treams ( Nt'JSC0 , 1979 ) . I n  the upl a nd  l ahari c terra i n  between 

1 , 100 - 220m a l though there i s  no s i gn i fi cant  p resent eros i on ,  modera te l y  



s evere eros i on i nvol v i ng  ea rth s l i p  and  s l ump i s  predi cted under pas tora l  

u se  ( NWSCO, 1 977 ) . I t  i s  i mportant  th at  the pres ent  vegetat i on cover 

w i th i n the up l and  l ah a ri c terra i n ,  above 460m , rema i n s undi s turbed , s i n ce 

the h i gh preci p i tati o n  cou l d i n i ti a te severe e ros i o n . 

W i th i n the s uba l p i ne s teep l an d  associ a ted wi th Mt . Egmo n t ,  s evere 

eros i on i s  preva l ent  on s teep s l o pes  above s treams and  on th e s i des o f  

gorges . T h e  a l p i ne s teep l and  i s  s us cepti bl e t o  s now a n d  i ce ava l anches . 

S o i l s  of both s uba l p i ne a nd  a l p i ne s teep l and  s h o u l d be regarded wi th 

c a ut i on i f  used for rec reat i ona l pu rposes . 

Eros i on i s  ev i dent  i n  the s teep l and terra i n  i n  the east  of  the 

Co unty and  i s  ma i n ly  mode rate to s l i gh t  earth s l i p  and  s o i l s l i p .  The  

s o i l s  h ave moderate to  s evere potenti a l  eros i on i nvo l vi ng earth s l i p ,  
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s heet and  s l ump eros i on ( NWSCO , l97 7 ) . Th e h i l l so i l s  have a s l i gh t  to 

moderate potent i a l  eros i o n  severi ty ,  i n vol vi ng earth s l i p  and s l ump eros i on 

under pas toral use . 

POTENT IAL  NATURAL HAZARDS 

A s ma l l s cal e genera l i s ed  map ( F i gure V - 3  ) i ndi ca tes that the a rea  

adj acent to th e Kaupokonu i  Stream i s  of  poten ti a l  ri s k  from fl oodi ng or  

from bei ng overwhel med by future  l a hars , i n  the  even t of  a future erupt i on 

of Mt . Egmo n t .  



Fi gure V- 1 

So i l  l i m i tati ons for croppi ng use 

( Thi s i s  a genera l i sed ma p to i l l u strate the b road 
pattern of  s o i l s  fo r s pec i fi c  uses . For more 
deta i l ed i n fo rmat i on , see accompanyi ng text ) .  

1 

Q -
0 -
0-
0-
0-

Ma i n l y  s o i l s  of  fl at  to rol l i ng l and wi th 
s l i gh t  l i mi tati ons  for croppi ng use.  ( CLASS 1 )  

Ma i n l y  s o i l s  of  fl a t  to ro l l i ng l and wi th 
moderate l i mi tat i ons  for c ropp i ng us e .  ( CLASS 2 )  

Ma i n l y  s o i l s  of  fl at  to ro l l i ng l and wi th 
severe l i mi tati ons  fo r croppi ng use . ( CLASS 3 )  

Ma i n l y  s o i l s  o f  h i l l y  l and wi th moderate 
to severe l i mi tati ons  fo r c roppi ng use ( CLASS 4 )  

Soi l s  uns u i tab l e for croppi ng 

c..J 
l\:) 
CJ:) 
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Fi gure V-2 

C l a s s i fi ca t i on of  soi l s  fo r food producti on 

( Th i s  i s  a genera l i sed map to i l l u s trate the broad 
pattern of  s o i l s  fo r spec i fi c  uses . For more 
deta i l ed i n fo rmati on , see the accompanyi ng  text ) . 

CU -
0 -
0 -

S o i l s  o f  h i gh actual  or  poten t i a l  
val ue for food producti on 

So i l s  of moderate actual  or potenti a l  
val ue for food product i on 

So i l s  o f  l ow actual  o r  potent i a l  
val ue for food product i on 

� 
w 
0 
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Fi gure V- 3 .  

Potenti a l  natura l  hazards 

Area covered by recent a l l uvi um,  
debri s fl ow and mud fl ow depos i ts .  

c...; 
c,J 
I-
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401 
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APPEND I X V I  

The s o i l taxonomi c un i t des cri pti ons  a ct a s  an  important  s o urce o f  

i n forma t i on for corre l ati on a n d  reference . Each taxonomi c u n i t 

recogn i s ed  and named i n  the s o i l s urvey of  E l tham County i s  descri bed . 

Th e fi rst part of  the des cri p t i ons dea l s  ma i n ly  wi th reference and  

cl ass i fi cat i on  data for the  un i t .  

The second part o f  the descri pt i ons  covers the s i te and  envi ronmental  

characte ri s t i cs of  the un i t ,  s uch as  parent materi a l , l a nd fo rm , vegeta t i o n 

and c l i mate . The next part covers morpho l og i cal  detai l s  of  the s o i l , and 

features wh i ch di s t i ngu i s h  i t  from c l ose l y rel ated s o i l s  a re exp l a i ned . 

Fi na l l y ,  the so i l  i s  defi ned i n  terms of  a modal  prof i l e  des cri pti on . 

EX PLANAT I ON O F  H EAD I NGS USED I N  TAXONOM I C  U N I T  DESCR I PT I ONS 

1 .  R EFER ENCE  - The h i s tory o f  the so i l name i s  g i ven , w i t h  deta i l s  of 

ear l i er s urveys  i n  wh i ch the s o i l was i dent i fi ed .  Where a pp l i cabl e ,  

a redefi n i t i on of the s eri es  i s  g i ven . Where a new s e ri es  has  been 

created , the ori g i nal  " 4-mi l e " s et ( N . Z .  So i l B urea u ,  1 954 ) , i n  wh i ch 

i t  was i nc l uded i s  g i ven , together w i th reasons for i ts sepa rati on 

from the ori g i na l  set . 

2 .  SYMBOLS O F  MAP P I NG U N ITS - The symbol s o f  the mappi ng un i t  where the 

taxonomi c un i t  i s  domi nant  and s ubdomi nant i s  g i ven . 

3 .  CLASS I F I CAT I ON - The c l as s i fi c at i on  of  the so i l i s  g i ven i n :  

1 .  New Zea l a n d  Geneti c So i l C l as s i fi ca t i on ( Tayl or  and  Poh l en , 1970 ) . 

2 .  So i l Taxonomy ( a )  to s ubgroup  l eve l accordi ng to U . S .  S o i l 
Taxonomy ( So i l S u rvey Sta ff , 1975 ) , a nd 

( b )  to fami ly  l evel accord i ng to the 1978  And i so l  
Propo s a l  of  So i l Taxonomy ( Smi th , 1978 ) . 

4 .  G EOGRAPH I CAL D ISTR I B UT I ON - The known geograph i c  o cc urrence of  the 

s o i l , w i th i n  the County , i s  g i ven i n  general terms . 

5 .  PARENT MATER I AL - The parent materi a l  i s  the weathered unconso l i dated  

materi a l  from wh i ch the  s o i l h as been  forme d .  



6 .  LANDFORM - T h i s i nd i cates the pos i t i on i n  wh i c h  the so i l  occurs i n  

the  l andsca p e .  

7 .  S LOPE  CLASS - S l ope i s  g i ven i n  terms of  s l ope c l asses  defi ned by 

3 3 4  

Tayl or and Poh l en ( 1 970 ) .  I n  th i s s urvey rol l i ng has  been s p l i t  i nto 

two c l as ses , wi t h  the break at  1 2° and  the  moderatel y s teep and 

moderatel y  s teep to steep c l a s s es have been comb i ned to form a h i l l y 

c l as s .  

F l at  

Fl at to  gent l y un du l at i ng 

Rol l i ng 

{ Easy rol l i ng 

Strong l y  ro l l i n g  { Moderate l y  steep 

H i l l y Moderatel y s teep to steep 

Steep 

Very steep 

8 .  V EGETAT I ON AND LAND USE  - The or i g i na l  pre-European vegeta t i o n  i s  g i ven , 

together w i th  the present vegeta t i on and  major  l and u ses . 

9 .  RANGE O F  E L EVAT ION - The range o f  el evat i on , i n  metres , over wh i c h  the  

so i l  un i t  occurs  in  th i s  survey .  

1 0 .  RA I N FALL RANGE  - The g eograph i c  range o f  mean a nnua l ra i nfa l l under 

which the s o i l occurs in  th i s  s u rvey ( R .  A l dr i dge , pers . comm . ) .  

1 1 .  SO I L  MO I STURE CLASS - The so i l mo i s ture c l a s s , i n  terms of  both So i l  

Taxonomy a nd So i l Su rvey Method ( Tayl or and  Poh l en ,  1970 ) i s  g i ven . 

The aqu i c  mo i s ture reg ime imp l i es a reduc i ng reg ime that  i s  v i rtua l l y  

free o f  d i s s o l ved oxygen beca use  the so i l i s  saturated by ground -water 

or by water of  the cap i l l ary fri nge .  

The ud i c  mo i s ture reg ime impl i es that  i n  most years the  so i l mo i sture 

con tro l s ec t i on i s  not dry i n  any part for as  l ong a s  90 days 

( c umul at i v e ) . 

The perud i c  moi sture reg ime i s  when prec i p i tat i on exceeds evapo­

tran sp i rat i on i n  a l l months of  most  yea rs . 

The Hygrou s  mo i sture c l ass  i s  when the  so i l on  the average  does not 

reach wi l t i ng po i n t for any mont h  and  i s  above fi e l d capac i ty for the 

greater pa rt of the  yea r .  

The Hydro us moi sture c l a s s  i s  when the so i l  o n  the average i s  above 

fi el d  c a pac i ty for a l l months of the  yea r  and i s  cont i nuou s l y  above 

fi el d c a pac i ty and over-wet for l ong  peri ods . 



1 2 . MEAN ANN UAL A I R  TEMPERATURE - Thi s g i ves the mea n annua l  a i r  

temperature under w h i c h  the s o i l occurs i n  th i s s u rvey ( N . Z . Meteor­

og i ca l  Servi ce , 1983 ) . 

1 3 .  SO I L  T EMPERATURE REG IME  - The so i l temperature reg ime i s  g i ven i n  

terms o f  Soi l Taxonomy . 

Al l s o i l s  have a mes i c  so i l temperature reg ime i n  wh i ch the  mean 

annua l  soi l tempera ture i s  8°C or h i gher but  l ower than 1 5°C .  

14 . SO I L  DRAI NAGE CLASS - The overa l l dra i nage  c l a s s  i n  terms of  thos e 

g i ven by Tayl or and  Poh l en ( 1 970 ) .  The c l a s s  refers to natura l  

dra i nage  cond i t i on s  and , for  s ome so i l s ,  a rti f i c i a l  dra i nage may 

ra i s e the dra i nage c l a s s  g i ven by one or more c l as ses . 

1 5 .  P ERMEAB I L ITY - G i ven i n  terms o f  the s even c l a s ses defi ned i n  the 

Uni ted States So i l  Su rvey �la nua l  ( So i l S urvey S taff , 19 5 1 , p . 1 68 ) . 

1 6 .  FLOOD I NG - Fl ood i ng i s  g i ven i n  terms o f  frequency of  fl ood i ng 

( return i n terva l ) and the  durat i on  that  fl oodwaters are l i ke l y  to 

rema i n  on the l and . 

1 7 . EROS I ON - Severi ty and  type of  eros i on of the  taxonom i c  un i t  u nder  

the major present and potent i a l  l and uses i s  g i ven . Degree of  

eros i on i s  g i ven i n  rel at i ve terms of n i l , s l i g ht , moderate , s evere 

and very severe . 
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1 8 .  CHARACTER I ST I C  PRO F I L E  FEATURES FOR TAXONOM I C  UN I T  - I nd i cates the  

so i l  morpho l og i ca l  and  envi ronmenta l features wh i c h  a re characteri s t i c  

o f  t h e  so i l and wh i c h  d i s t i ngu i s h  i t  from other so i l s .  

1 9 .  S I M I LAR SO I LS AND D I ST I NGU I S H I NG FEATURES - L i sts so i l s  wh i c h a re 

s i mi l a r and/or rel ated to the taxonomi c un i t bei ng descri bed . 

Key morpho l og i ca l  and envi ronmental  features wh i c h d i st i ngu i sh the  

so i l s  are g i ven . 

20 . LABORATORY NUMBERS - L i s ts N . Z . Soi l B ureau l aboratory numbers for 

s amp l es wi th i n  s u rvey area . 

2 1 .  TYP I FY I NG PRO F I L E  - Th i s i s  g i ven as  a deta i l ed profi l e  descri p t i on 

of  the  type prof i l e  or  moda l  profi l e ,  wh i c h i s  characteri s ti c  o f  t he  

taxonomi c un i t .  Locat i on of t he  s i te a nd a l l rel evant  s i te 

i n formati on i s  g i ven . The prof i l e  n umber o n  the a eri a l  photo i s  a l so 

g i ven to a i d  rel oca t i on .  I n  many cases  the typ i fyi ng  profi l e  i s  a l so 

the  s i te from w h i ch  s amp l es have been taken for chemi ca l  ana lys e s . 



SO I L  TAXONOM I C  U N I T  SHEET  

SO I L  NAME : AWATUNA S E R I ES 

REFERENC E : 

NAME OF SURVEY : E LTHAM COUNTY 

I ntroduced by Grange and Tayl or ( 1 934 ) i n  a DS I R  I n ternal  Report to 
i nc l ude poor ly  dra i ned s o i l s ,  deri ved ma i n l y  from vo l can i c  debri s 
depos i ted  by s treams . 

I nc l uded by N . Z .  S o i l B urea u ( 1 954 ) i n  Awa tuna set , wh i ch con s i s ted of 
g l ey so i l s  of  modera te na tura l dra i nage deri ved from 1 1 Egmont  a nd Stratford 
As h 1 1 • Area mapped i n  th i s  s u rvey wa s prev i ous l y  mapped i n  Gl enn  set  by 
N . Z .  So i l  B u reau ( 19 54 ) . 

I n  ��a imate Wes t County ,  Campbel l a nd  W i l de ( 1 970 )  des cri bed Awatuna sa ndy 
l oam , a s  poor ly  dra i ned to imperfect ly  dra i ned so i l , formed on fl ood 
pl a i ns from a l l uv i um of vol can i c  o ri g i n .  The parent  ma teri a l  bei ng 
ma i n l y coa rse textu red , wi th a th i n  coat i ng of 1 1S tratford As h" i n  p l aces . 

I n  Egmont  County ,  the Awatuna s o i l wa s redefi ned by R . W . P .  Pa l mer et a l . ,  
( 1 981 ) to i n cl ude poorly dra i ned g l ey s o i l s ,  deri ved from between -- --
0 . 60 and  1 . 50m of  vo l ca n i c  a s h , on l ahar i c materi a l s .  

I n  E l tham County ,  the Awatuna so i l  has  < 250mm th i c knes s o f  young l api l l i  

showers , Kaupokon u i , �1a ketawa and Manga n u i  tephras , over ly i ng teph ras  
p2 a nd p 1 , ( Druce , 1966 )  on fi ne textured as hes over  l a hari c debri s .  

SYMBOLS OF  MAPP I NG  UN I TS : 

( a ) Taxonomi c un i t  domi nant At-Ku i , At-Tk  

( b ) Taxonomi c un i t  s ub-domi nant 

CLASS I F I CAT ION : 

1 .  N . Z .  Ge neti c C l as s i fi cat i on ( 1 970 ) Gl ey so i l 

2 .  So i l  Taxonomy ( a ) : Hap l i c  Andaquept 
( b ) : Typi c Hap l aquand  ( medi a l , mes i c ) 

GEOGRA PH I CAL D I ST R I BUT I ON : 

Wes t of  Ka ponga a bove bou ndary w i th Wa i ma te West County 
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PARENT MATER IAL : 

Modera te ly  weath ered a ndes i t i c  vol can i c  a s h  c ompri sed  of traces o f  
young l api l l i  showers , of < 250mm th i ck nes s , Kaupoko nu i , Ma ketawa a n d  
Mangan u i  teph ras , o verl yi ng tephras p2  a n d  p l  ( Druce , 1966 ) on fi ne  
textured a s hes over l ahari c debri s .  

LANDFORM : 

Vol can i c  ash  man tl ed  l ow l and  l ahari c terra i n 

S LOPE  CLASS : 

Fl a t  to gently u n du l a t i ng , i n  depre s s i ons  

VEGETAT I ON AND LAND USE : 

Or i g i nal l y  rimu- rata fores t ,  w h i c h was c l eared i n  th e earl y 1900 ' s .  
Now ryegrass  c l over pas tures used mai n l y  for da i ry i ng . 

RANGE OF EL EVAT I ON : 

MEAN ANNUAL 
RA I NFALL RANGE : 

SO I L  MO I STURE CLASS : 

MEAN ANNUAL 
A I R  TEMPERATURE : 

S O I L  TEMPERATURE REG I ME : 

SO I L  DRAI NAGE CLASS : 

P E RMEAB I L I TY :  

FLOO D I NG : 

E ROS ION : 

2 1 0 - 270m 

1660- 1 900mm 

Aqu i c 

Hydrous 

Mes i c  

Poor ly  dra i ned 

S l ow 

N i l 

N i 1 
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CHARACTER I ST I C  PROF I LE FEATURES FOR TAXONOM I C  UN I T :  

Very dark  grey i s h -brown to grey s i l t  l oam to sa ndy l oam topsa i l s ,  wi th  a 
strong to wea k l y  devel o ped nutty and c rumb structure , overl i e  wea k l y  
structured B hori zons . A few pumi ceous  a nd l i th i c  l a p i l l i ,  Ka po konu i ,  
Ma ketawa and  Managanu i tephra s , may be found i n  the A and u pper B hori zon s . 
T he roots a re u s ua l l y  i ron sta i ned . 

The  B hori zons  a re a l l g l eyed and have col ours vary i ng from brown to l i g ht 
ye l l owi s h-brown , w i th dar k  redd i s h -brown to yel l owi s h - red mottl es , whi c h  
i ncrease from few fa i nt t o  many d i st i nct ,  wi th depth . Concret i on s  may 
a l so be a feature of t he prof i l e  a nd s imi l a rl y  i ncrea se wi th depth . The  
mott l es  and concret ions  tend to  be  a s soc i ated wi th the  presence of l i th i c 
and  pumi ceous  l a pi l l i ,  wh i c h can be concentrated i n  d i s ti nct  bands or  
scattered . T he concret i ons  can be cemented together to form an  i ndurated , 
ves i cu l a r i ron ox i de pan , at  the textural  boundary , between the andes i t i c  
l ap i l l i  and l a har i c  depos i ts .  The th i c kness  of vo l cani c a s h  over l a har i c  
debri s ra nges  from 0 . 60 to 1 . 50m . 

The  water-ta bl e i n  Awatuna  s eri es i s  often l e s s  than one metre from the  
s urface . 

S I M I LAR SO I LS  AND D I ST I NGU I SH I NG FEATURES : 

Mangawhero seri es d i ffers from Awatuna seri e s  i n  hav i ng > 250mm th i c kness  
of  yo ung l a pi l l i s howers Kaupo konu i , Ma ketawa a nd Manganu i tephra s i n  the  
upper  hor i zons . 

T i poka seri es  i s  deri ved from s imi l a r parent mater i a l s but d i ffers from 
Awatuna seri es i n  ha v i ng o ne  or more no n-g l eyed B hori zons  above g l eyed 
B hori zons . 

LABORATORY NUMBERS : Not samp l ed .  

AUTHOR : A . M .  Fra n ks DATE : 1 982  



SO I L  NAME : 

PROF I L E NO : 

S I TE LOCAT I ON :  

S I TE I NFORMATI ON 

REPRESE NTAT I VE PRO F I L E  

Awatuna s eri es  

305  

Lower Rowan Road , 2 km s ou th from cro s s roads wi th 
E l tham Road . Sandbrook ' s  property . Paddoc k  a t  
e n d  of race , adj acent to Wa imate Wes t Coun ty 
bounda ry ,  be l ow patch of  bush . 

N 1 19/70 5442 

LANDFORM : Vo l cani c a s h  mant l ed l owl and  l ahari c terra i n  

TOPOGRA PHY :  Depres s i on i n  fl a t  l and  

S LOPE : 1 °  

AS P ECT : Ea s t  

EL EVAT I ON : 230m 
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PARENT MATER IAL : Modera te l y  wea thered andes i ti c  vo l ca n i c a s h  compri sed  
of traces of young l api l l i  showers, < 250mm th i ckness  
of Ka upokon u i , Ma k etawa and  Manganu i  tephras , over­
l y i ng tephra s  p2 and p 1  ( Druce , 1 966 ) on fi ne 
textured a s h es over l ahari c debri s .  

S I TE VEGETAT ION : Ryeg ras s  and  c l ove r ,  J u ncus  � · 

LAND US E :  Pasture 

DRA I NAGE : Poo r l y  dra i ned 

MO I STURE COND I T I ONS : Mo i s t  

EROS I ON : N i l 

D I STURBANCE : N i l 

LABORATORY NUMB ERS : No t samp l ed 

PRO F I L E  DESCRI PT I ON 

0- 1 8  cm 
Ap 

dark grey to dark g reyi sh-brown ( 10Y R 4 / 1 - 4/ 2 )  s i l t  
l oam , w i th few grave l s ( Manganu i  tephra ) ; fri ab l e ;  
s l i gh t l y  p l a st i c ;  non s ti cky ; s trong l y  deve l oped 
fi ne  n u t  s tru c ture ; many roo ts ; i ron s ta i ned , da rk 
redd i s h - brown ( 5YR  3/4 ) d i st i n c t  i rregu l a r  boundary ,  



18-35  cm 
B g l  

35 - 75 cm 
Bg2  

75+ 
2C 

brown ( lOYR 5/ 3 )  l oam , w i th s trong l y  weathered 
pumi ceou s  l a p i l l i ; fri ab l e ;  s l i gh t l y  p l a s ti c ;  
non s t i c ky ;  modera te l y  wel l to wea k l y  devel o ped  
fi n e  nutty s tructu re ;  many roots ; few d i s ti nct  
yel l owi s h -red ( 5YR  4/8 )  mottl es ; ma ny ye l l owi s h ­
red ( 5YR  4/ 8 )  mottl es ; many yel l owi s h - red  ( 5YR  
4/ 6 )  s oft concreti ons averag i ng lOmm ; i nd i s t i n ct  
bounda ry ,  

l i g h t  ye l l owi s h -b rown ( l OYR 6/ 4 )  sandy c l ay l oam , 
w i th s trong l y  weathered pumi ceous l a p i l l i ,  
concentrated i n  a band together wi th many dark 
reddi s h -brown ( 5YR  2 . 5/ 2 )  hard concre ti ons ; fi rm .  
s l i ght ly  p l a s t i c ;  s ti c ky ;  weak ly  deve l o ped 
coarse and med i um b l ocky s tructure ; few roo ts ; 
many d i s ti nc t  da r k  redd i s h -brown ( 5YR  3/4 )  mottl es ; 
d i s t i n ct  boundary , 

brown to l i gh t  yel l owi s h -brown ( lOYR 5/ 3-6/ 4 )  
l oamy coarse sand , w i th many dark redd i s h - brown 
( 5YR  2 . 5/ 2 )  h ard concreti ons ; l oose ; mas s i ve ;  
many d i s t i nct  da rk  redd i s h -brown ( 5YR  3/4 )  mottl es . 

3 4 0  



SO I L  TAXONOMI C UN I T  SHEET  

SO IL  NAME : E LTHAM S ER I ES 

REFERENC E : 

NAME OF  SURVEY :  ELTHAM COUNTY 

I n troduced by Grange  L . I . ,  Tayl o r ,  N . H .  1933 . Fi e l d-work on so i l s  of 
Wes tern Ta ranak i  Ann ua l  Repo rt N . Z .  D . S . I . R .  1932- 33 , pp 3 -5 . 

The a rea mapped i n  th i s  s u rvey was previ ous ly  ma pped i n  P i a ko s et  by 
N . Z .  S o i l B ureau ( 1 9 54 ) . 

Redefi ned by Ai tken e t  a l . ,  ( 1 978 )  a s  a modera te l y  deve l o ped organ i c  s o i l , 
deri ved from a l owmoor ,-woody pea t ,  wi th i n terbedded th i n  andes i t i c  tephra 
l ayers . Th i s  defi n i t i o n  fol l owed i n  th i s  s urvey . 

SYMBOLS  OF MAPP I NG  U N I TS WHE RE : 

( a )  Taxonomi c u n i t dom i na n t  E l  

( b )  Taxonomi c u n i t s ubdomi nant  

CLASS I F I CAT I ON : 

1 .  N . Z .  Geneti c C l a s s i fi ca t i o n  ( 1 970 ) O rgan i c s o i l  

2 .  S o i l  Taxonomy Fi bri c Terri c Med i sapri s t  

GEOGRAPH I CAL D I STR I B UT I O N :  

Dra i ned  swamp eas t of  E l tham 

PARENT MATER IAL : 

Woody peat wi th i n terbedded tephra l ayers 

LANDFORM : 

Fl a t  l a nd on the edge o f  the vo l ca n i c ri ng p l a i n 

SLOPE CLASS : 

F l a t  

3 4 1  
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VEGETAT I ON AND LAND US E :  

I n  the pas t the domi nant  trees were s i l ver  p i n e  ( Podocarpus dacryd i o i des ) , 
man u ka ( L eptospermum scor ar i um ) , p u katea ( Laurel i a  novae - ze l and i ae) , 
ri mu ( Da c rydi um cu  res s i num , tawa ( Be i l s c hmi ed i a  tawa) , ra ta (Me tro s i deros  
rob u s ta) , and mi ro Podoca rpus ferrugi neus) . The swamp pl a n t  ra u po (Typha 
ori en ta l i s ) g rew i n  abundance . As the bush  was fe l l ed the second g rowth 
came i n  wi th g reat  s tands of poroporo ( So l anum avi c u l a re ) . 

RANGE  OF  EL EVAT I ON :  

MEAN ANNUAL 
RA I NFALL RANGE : 

S O I L  MO I STURE CLASS : 

2 1 0 - 2 20m 

1 620- 1890mm 

Aqu i c 

Hydrous  

MEAN  ANNUAL 
A I R  TEMP ERATURE : 1 1 . 6°C 

S O I L  TEMPERATURE REGIME : Mes i c  

SO I L  DRA I NAGE CLASS : Poor  dra i nage 

PE RMEAB I L I TY :  Rap i d  

FLOOD I N G :  N i l 

E ROS I O N :  N i l 

CHARACTE R I S T I C PROF I L E  FEATURES FOR TAXONOMI C UN I T :  

A dark  redd i s h-brown to dark  brown topso i l wi th s i l t  l oam to peaty l oam 
texture and s trong l y  deve l o ped  nu tty s tructure . The roots a re u s ua l l y  
concentrated i n  the topso i l  a nd a re o ften i ron  s ta i ned . P umi ceous  l a p i l l i  
lmm o r  l es s  can be concen trated i n  a band or pocket and i mpart a gri tty 
mod i f i ca t i on and s pec k l ed appearance . 

T h e  s ubso i l  tends to be  very dark brown to b l a c k  becomi ng  a da rk redd i s h ­
brown , s tructure l ess  peat wi th depth . 

The  d i s tri buti on of p umi ceou s  and  l i th i c  l a p i l l i  i s  i rreg u l a r  and can be 
concentrated i n  a band or  poc ket . P umi ceous  l a p i l l i  can b e  g reater than 
20mm in  d i ameter and become s tron g l y  weathered wi th depth . The d i s ti nct i ve 
l i th i c- ri c h  Manganu i  tephra ( c .  3 , 300 years B . P . ) has  been i denti fi ed a t  
a depth of  approx ima te l y  0 . 60�0 . 70m and  res u l ts  i n  a g rave l l y  hori zon . 



Partl y decomposed fragments of wood , twi gs a nd fi bres a re a fea ture 
througho u t  th e profi l e  and a re concentrated a t  approx imate l y  0 . 90m . 

The water-tab l e  usua l l y  occurs j us t  bel ow one  metre but  i t  can be  deeper 
or  as s h a l l ow a s  0 . 60m . 

LABORATORY NUMB ERS : 

AUTHOR : A . M .  Franks  

SB  9704 A-G  

DATE : 1 982 
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REPRESENTAT I VE PROF I L E  

SO I L  NAME : E l tham s eri es 

PROF I L E  NO : 303 

S I TE LOCAT ION : Maa ta Road , 1 . 5 km down from j uncti on wi th Rawh i t i roa 
and S a ngster Roads . Ka i se r ' s  property . Paddo c k  
adj acen t to Maata Road , 1 7m eas t  o f  road  

N l l9/ 944455 

S I TE I NFORMAT ION  

LANDFORM : F l at  l and  on the edge of the vol ca n i c r i n g  p l a i n  

TOPOGRAPHY : F l a t  

S LOPE : Nea r l eve l 

AS P EC T :  So u th -wes t 

E L EVAT I ON : 200m 

PARENT  MATERIAL : Woody pea t ,  wi th i n terbedded teph ra l ayers 

S I TE VEGETAT I ON : Ryegrass  pas ture , P l an tago �· 

LAND USE : Da i ry pas ture 

DRA I NAGE : Poor dra i nage 

MO I STURE COND I T I ONS : Mo i s t  

EROS I ON : N i l 

D I STURBANCE : N i l 

LABORATORY NUMB E RS : SB 9 704 A-G 

PROF I LE DESCR I PT I ON 

0 - 20 cm 
Ap 

20-22  cm 
Bu  

2 2-30 cm 
Oh l 

dark redd i s h -brown ( 5YR  2 . 5/ 2 )  peaty l oam ; fri ab l e ;  
s trong ly  deve l o ped fi ne c rumb and nu tty s tructure ; 
abundant  very fi ne roo ts ; d i st i n c t  bou ndary ,  

a 20mm i rregu l a r tephra ba nd ( Ka upokon u i  and  
Maketawa tephras ) ,  averag i n g lmm i n  d i ameter ,  

dark  redd i s h -brown ( 5YR  3/ 2 )  pea t ;  common charcoa l 
fragments ; many du s ky red ( 2 . 5YR  3/ 2 )  wood fragmen ts 
g reater tha n  l Omm ;  s tru cturel ess ; ma ny very fi ne  
roots ; i rreg u l a r d i s t i n c t  boundary .  



30-52 cm 
Bhl 

5 2-65 cm 
Oh2 

65- 100 cm 
Bh2  

100- 140 cm 
Oh3  

dark brown ( 7  . 5Y R  3/ 2 )  h umic l oam wi th grave l l y  
band o f  Manganu i  tephra ; fr i abl e ;  s tructurel e s s ; 
d i s t i n c t ,  i rregu l a r  boundary , 

very dark brown ( 10YR 2/ 2 )  gritty peat ;  ma ny 
modera tel y to s trong l y  decomposed wood fragments ; 
fri ab l e ;  s tructurel e s s ; few very fi ne roots ; 
d i s t i nct  wavy boundary , 

dark brown ( 7 . 5YR  3/ 2 )  h umi c l oam wi th grave l s 
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and pumi ceous  l a p i l l i  ( p2 ,  ( Druce , 1966 ) ) occurri ng 
i n  poc kets ; fr i ab l e ;  s tru cturel es s ;  d i s ti nct ,  
i rregu l ar  boundary ,  

browni s h -b l a c k  ( 5YR  2 . 5/ 1 )  pea t ;  fri ab l e ;  
s tructure l e s s . 



SO I L  TAXONOM I C  UN I T  SHEET  

SO I L  NAME : HANGATAHUA SERI ES  

RE FERENCE : 

NAME OF SURVEY : E LTHAM COUNTY 

I ntroduced by Grange , L . I . ,  Tayl o r ,  N . H . ,  1933 . Fi e l d-work on s o i l s  of 
Wes tern Ta ranak i  Annua l  Report N . Z .  D . S . I . R .  1932-33  pp 3-5 to i n cl ude 
a l l the s o i l s  deri ved from vo l can i c mater i a l  depos i ted by s treams fl owi ng 
from Mt . Egmont .  

Hangatahua  so i l s  were des cri bed i n  W a ima te West County by Campbel l a nd 
W i l de ( 1 970 ) a s  wel l dra i ned and  wel l dra i ned to s omewha t  exces s i ve l y  
dra i ned s o i l s ,  deri ved from vo l can i c a l l u v i um o n  f l a t  l a n d . 
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I n  Stra tford Co unty ,  they were des cr i bed by Ai tken e t  a l . ,  ( 1978 )  a s  wel l 
dra i ned s o i l s  deri ved from a l l uv i um ,  free from fl oodTng-a nd were con s i dered 
to s how eneough  p rofi l e  deve l o pmen t  to be c l as s i fi ed as wea k l y  weathered  
yel l ow-brown l oams . 

I n  Egmont  County R . W . P .  Pa l mer e t  a l . ,  ( 1 981 ) defi ned the Hangatahua  seri es 
as  a we l l dra i ne d , wea k ly  wea th ere�i n tergrade between yel l ow-brown l oams 
and recent  so i l s ,  deve l oped on a l l uv i um of Hangata h ua Grave l s a nd Maero 
Debri s F l ows . I t  was al s o  descr i bed a s  non-accumu l ati ng and  q u i te extens i ve 
a rea s were mapped , i n  contra s t  wi th Stra tfo rd Cou nty , where the area mapped 
separa tel y as  Hangatahua s o i l s  i s  sma l l .  

I n  E l tham Co unty th i s  concept i s  fo l l owed and  Hangatahua i s  defi ned as a 
wel l dra i ned s o i l , wh i c h  i s  a n  i n tergrade between yel l ow-brown l oams and  
recen t  s o i l s ,  deve l o ped on  andes i ti c  a l l uv i um .  

SYMBOLS  O F  MAPP I NG U N I TS WHERE : 

( a )  Taxonom i c  u n i t  domi nant  H n  

( b )  Taxonomi c un i t  s ubdomi nant  O k -H n  

CLAS S I F I CAT I ON : 

1 .  N . Z .  Geneti c Cl as s i fi cat i on ( 1 970 ) I n tergrade between yel l ow-brown 
l oams a nd recent  s o i l s  

2 .  So i l  Taxonomy ( a ) : Typ i c  V i trandept 
( b ) : Typi c Vi truda nd  ( a s hy ,  mes i c )  

GEOGRAPH I CAL  D I STR I BUT I ON : 

Adj acent to many s tream channe l s i n  E l tham County ,  part i cu l a rl y  i n  
c atc hments s uc h  a s  the Otakeho , Mangawhero , Ma ngawh ero i t i , a nd  Kapun i  
s treams . Extens i ve area  a l ong  the  Ka upokon u i  S tream . 



PARENT MATERI AL : 

Wea k l y  weath ered andes i t i c  a l l uvi a l  sands  and  g rave l s .  

Th e depo s i ts vary i n  textu re from f i ne to coarse  sand  and may be g ra ve l l y ,  
s to ny o r  boul dary .  There i s  no vo l ca n i c  a s h  cove r .  

LANDFORM : 

Al l uv i a l  fa ns  and  l evees a nd r i ver  terraces , w i th i n  l a hari c terra i n .  

SLOPE  CLASS : 

Fl a t  to gen t l y  undu l a t i n g . 

VE GETATI ON AND  LAN D USE : 

Ori g i na l l y  r imu-ra ta fores t .  Now pa s ture g ra s se s . 

The  major l a n d  u se  i s  da i ryi ng w i th mi nor  s heep a nd beef ca ttl e .  

RANGE OF E L EVAT ION : 

MEAN ANNUAL 
RA I NFALL RANGE : 

S O I L  MO I STURE CLASS : 

MEAN ANNUAL 
A I R  TEMPERATURE : 

SO I L  TEMP ERATURE REGI ME : 

SO I L  DRA I NAGE CLASS : 

P ERMEAB I L I TY :  

FLOOD I NG :  

120-460m 

1330-2680mm 

Ud i c  

Hygrou s  

Mes i c  

Wel l dra i ned 

Modera te ly  ra p i d 

Do not rece i ve regu l a r  add i ti ons  of  a l l uv i um .  
Recogn i s ed a s  a reas of  fu ture l i ab i l i ty to i nunda t i on by debri s fl ows . 

EROS ION : 
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Accord i ng to N .  Z .  L and Resource I nven tory Works heet N l 19 (NWSC0.,19 79 )  s 1 i g h t  
s treambank  ero s ion  ex i s ts a l ong Mangawh ero , Ka upokonui  a n d  Ka pun i  S treams . 



CHARACTE R I STI C PROF I L E  FEATURES FOR TAXONOMI C  UN I T :  

A b l ack  to da rk brown topso i l ,  wi th moderate l y  we l l devel oped nutty and  
crumb s tructures . Textu res a re vari ab l e  and  ra nge from s i l t l oam to fi ne 
l oamy s a nd . The B hori zons have dark  g reyi s h -brown to yel l ow i s h-brown 
co l ours , w i th e i th er wea k l y  devel o ped s tructures o r  a re s i ng l e grai ned 
and s tructure l ess . 

The C hori zon s are very dark to dark grey i s h -b rown , fi ne to coarse sands , 
wh i ch may be l oose or  f i rm .  

Gravel a nd  s tones a re u s u a l l y  present  and i ncrea se  i n  co ncentrat i on  wi th 
depth . Bounders may a l s o  occur . 

S I MI LAR S O I LS AND D I ST I NG U I SH I NG FEATURES : 

Oka to s eri es d i ffers from Hangatahua i n  hav i ng g l eyed hori zons , wi th i n  one  
me tre o f  the  s urface . 

LABORATORY NUMB ERS : 

AUTHOR :  A . M .  Franks  

SB 9702  A - E  

DATE : 1 982  
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REPRESENTAT I VE P ROF I LE  

SO I L  NAME : Hanga tahua ser i es 

PROF I L E  NO : 256 

S I TE LOCAT ION : Mana i a  Road , 2 . 5km south of Kaponga . H u rcombe ' s  
property . Acro s s  Ka upokon u i  S tream and  tri butary .  
Second paddoc k ,  on north s i de o f  race , 6m from h edge . 

N l l 9/ 7 1 8445  

S I TE I NFORMAT I O N  

LANDFORM : Ri ver terrace  wi th i n  l a hari c terra i n  

TOPOGRAPHY :  Fl a t  l an d  

S LO PE : Nea r l evel 

ASP ECT : South-wes t 

EL EVAT I ON :  200m 

PARENT MATER IAL : Wea k l y wea th ered a ndes i ti c  a l l uv i a l  sands  a nd 
gravel s < 1000 years o l d .  

S I T E  VEGETAT I ON :  Ryegra s s  a nd c l over pas ture 

LAND USE : Pas ture 

DRA I NAGE : Wel l dra i ned 

MO I STURE COND I T I ONS : Mo i s t  

EROS ION : N i l 

D I S TURBANCE : N i l 

LABORATORY NUMB ERS : SB 9702  A -E  

PROF I L E  DESCR I PT I O N  

0 - 18 cm 
Ap  

1 8- 33 cm 
Bw1 

very da rk brown ( 1 0YR  2/ 2 ) s i l t  l oam , w i th few 
modera te l y  wea th ered pumi ceous l a p i l l i ,  averag i ng 
1 0 - 20mm i n  d i amete r ;  s l i gh tl y  s t i cky ; s l i gh t l y  
p l a s ti c ;  moderate ly  fi ne n u tty s tructure ; fi rm 
pene trat i on ; abundant very fi ne roots ; d i s ti nct  
i rreg u l a r  boundary , 

da rk brown ( lOYR  3/3 ) s a ndy l oam , wi th few sca ttere d  
pumi ceous  a n d  l i th i c  l a p i l l i  averag i ng l es s  than 
20mm i n  d i ame te r ;  fri ab l e ;  non s ti cky ;  non p l a s t i c ;  
wea k  f i ne crumb s tructure ; fi rm penetra t i on ; many 
very f i ne roots and few medi um roots ; i nd i s ti nct  
i rregu l ar boundary ,  



33-65  cm 
Bw2 

6 5 -105  cm 
c 

1 05+ cm 

dark yel l owi s h -brown ( 10YR  3/4 )  sa ndy l oam , wi th 
s cattered s tron g l y  weathe red pumi ceo us  l a p i l l i ,  
l es s  tha n 20mm i n  d i amete r ;  fri ab l e ;  non p l a s ti c ;  
non  st i cky ;  wea k l y  deve l o ped crumb s tructure ; 
soft  penetrat i on ; common roots ; d i s ti nct  wavy 
bou ndary ,  

very dark g reyi s h -brown ( 2 . 5YR  3/ 2 )  fi ne sand , 
wi th sca ttered  s tron g l y  wea thered pumi ceous l a p i l l i ,  
u p  to 20mm i n  d i ameter ;  s i ng l e  gra i n ;  s t i ff 
penetrati on ; d i s t i nc t  i rregu l ar  bo undary ,  

da rk brown ( 1 0YR 3/ 3 )  gr i tty l oam , w i th abundant  
s trong ly  weathered , yel l owi sh-red ( 5YR  5/ 6 )  i ron 
s ta i ned pum i ceous  l a p i l l i ;  fri ab l e ;  s l i gh t l y  
s t i c ky ;  s l i gh tl y  p l a s ti c ;  weakl y deve l o ped b l ocky 
s tructure ; s t i ff  penetra ti on . 

3 5 0  



SO I L  TAXONOMI C U N I T  SHEET  

SO I L  NAME : 

REFERE NCE : 

KAHU I  S E R I ES NAME OF  SURVEY : ELTHAM COUNTY 

I n trod u ced by N . Z .  S o i l B u reau ( 1 954 ) . Ka h u i  set i ncl uded a vari ety of 
s o i l s  wh i ch were mo re s trong l y  l eached tha n  Egmont  or  Stra tford s o i l s ,  and 
were deri ved from " Egmont  and  S tra tford As h "  on  l aha r i c  debri s .  

The  a rea mapped i n  th i s  s u rvey was prev i o u s l y  mapped i n  Egmont  and  Gl enn  
s ets by  N . Z .  So i l  B u reau  ( 1 954 ) . 

Ka hu i  seri es was more c l ose l y  defi ned by R .W . P .  P a l mer et  a l . ,  i n  " So i l s  
of Egmont  County "  ( 1 98 1 ) as  a moderate l y  to s tron g l y  l eachecf, wel l dra i ned 
so i l formed from between 0 . 40 and 2m of  vol ca n i c  ash on l a hari c debri s 
above 1 65m el eva t i on . 

Th i s  defi n i t ion  fo l l owed but  i n  E l tham County Ka hu i  s eri es i s  a modera tel y  
l eache d , wel l dra i ned s o i l  formed from < 250mm th i c k ness o f  young l a pi l l i  

showers , Ka pokon u i , Ma ketawa a n d  Mangan u i  tephras , overl y i ng tephra s  p 2  
and  p 1 , ( Druce , 1 96 6 )  o n  fi ne textu red a s hes , over l a hari c debri s of  Opua  
and  Wa rea Forma t i on s . 

SYMBOLS OF MAPP I NG U N I TS WHERE : 

( a )  Taxonomi c un i t  domi nant  Ku i -Tk  

( b )  Taxonomi c u n i t  s ubdomi nant  Tk -Ku i , At-Ku i 

CLASS I F I CAT I ON : 
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1 .  

2 .  

N . Z .  Geneti c C l a s s i fi ca t i on ( 1 970 ) Moderate l y  l eac hed yel l ow- brown l oam 

So i l  Taxonomy ( a ) : Typi c Dys trandept 
( b ) : Typ i c  Hapl uda nd ( med i a l , mes i c )  

GEOGRAPH I CAL D I STR I BUT ION : 

Wes t o f  Kaponga above boundary w i th Wa ima te West  County .  

PARENT  MATERI AL : 

Modera tel y weathered a ndes i t i c  vo l can i c a s h  compri sed  of traces o f  y o ung 

l a pi l l i  showers , < 250mm th i ckness  of Ka upokon u i , Ma ketawa and Mangan u i  
teph ra s , overly i n g  tephras  p 2  a n d  p 1 , ( Druce , 1 96 6 ) o n  fi ne textured a s hes  
over l a hari c debr i s o f  Opua and  Warea Format i ons . 



LANDFORM : 

Vo l ca n i c a s h  mantl ed l owl and  l ahar i c terra i n .  

SLOP E CLASS : 

Fl a t  to ea sy rol l i ng . 

VEGETAT ION AND LAND USE : 

Or i g i na l ly  r imu -ra ta fores t ,  w h i c h  was c l ea red i n  the ear l y  1900 ' s .  
Now ryegras s  c l over pas tu res u sed ma i n l y  fo r da i ry i ng . 

RANGE OF  ELEVAT ION : 

MEAN AN NUAL 
RA I NFAL L RANGE : 

SO I L  MO I STURE CLASS : 

MEAN A NNUAL 
A I R  TEMPERATURE : 

SO I L  TEMPERATURE REG IME : 

S O I L  DRA I NAGE CLASS : 

P ERMEAB I L I TV : 

FLOOD I N G :  

EROS I ON : 

2 10 - 2 70m 

1 660 - 1900mm 

Ud i c  

Hygrou s  

Mes i c  

Wel l dra i ned 

Modera te ly rapi d 

N i l 

N i l 

CHARACTERI ST I C PROF I L E  FEATURES FOR TAXONOMI C UN I T :  

A very dark greyi s h -brown to dark b rown l oam to s i l t l oam topso i l overl i es 
b rown to yel l ow i s h -brown weak l y  s tructured B hori zons . 
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Th ere are traces of young l api l l i  s howers i n  th e u pper part  of the prof i l e .  
Modera te l y  weath ered s ca ttered pumi ceous and l i th i c l a p i l l i  occur i n  the 
l ower B hori zons and b ecome more s trong ly  weathered wi th depth . 

A band of  s trong l y  weath ered pum i ceous  l ap i l l i ,  concentrated j us t  above 
one metre i s  a c haracteri s ti c fea tu re of Kah u i  s o i l s .  

Th e th i ckness  o f  vol can i c  a s h  over l ahari c debri s vari es a n d  i s  grea te r  
than one metre i n  the prof i l es exami n ed .  



S I MI LAR SO I LS AND D I S T I NGU I S H I N G  FEATURES : 

R i verl ea s e ri e s  d i ffers from Ka h u i  seri es  i n  hav i ng > 250mm th i c kness  of  
y oung l api l l i  showers , Kaupokon u i , Ma ketawa and  Manganu i  te phras i n  the 
u pper ho ri zons . 
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Rowan s er i es  d i ffers from Ka hu i  s eri es  i n  be i ng s trong ly  l eached , w i th 
i l l uv i a l  coa ti ngs  on l ap i l l i  and  ped s u rfaces . There i s  > 250mm th i c kness  
of young l api l l i  showe rs i n  Rowan seri es . 

S tra tford ser i es d i ffers from Ka h u i  s er i e s  i n  bei ng fo und i n  vo l can i c  a s h  
> 2metres th i c k .  

Egmont seri es di ffers from Ka h u i  s eri es  i n  i ts fi ner textured tops o i l a nd  
absence o f  young l api l l i  showers , Kapokon u i , Ma ketawa and  Manganu i  tephras . 

Lowgarth s e ri es  d i ffers from Ka hu i  s eri es i n  be i ng moderate l y  to s trong l y  
l eached a n d  i n  ha v i n g  > 2 50mm th i ck nes s  o f  y o ung l api l l i  showers , 

Kaupokon u i , Maketawa and  Manganu i  tephra s , i n  the upper hori zons . 
Lowgarth s eri es a l s o di ffers from Ka hu i  s e ri es  i n  bei ng fou nd i n  th i c ker  
( not l e s s  t h a n  2m ) vo l can i c a s h . I t  may be  mapped extens i ve l y  u s i ng the 
s o i l  seri es  a s  the mappi ng un i t ,  wh ereas Ka h u i  ser ies  i s  ma pped i n  a s soc i a ti on 
wi th o th er s o i l s .  

LABORATORY N UMBERS : Not sampl ed . 

AUTHOR :  A . M . Fra n k s  DATE : 1982 
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REPRESE NTAT I V E  PRO F I L E  

SO I L  NAME : Ka h u i  seri es 

PROF I LE  NO : 76 

S I TE LOCAT ION : Auroa Road . L a st  fa rm before Wai mate Wes t Coun ty 
boundary .  S teffert ' s  property .  End o f  race , s o uth 
of  Ma crocarpa s .  

N 1 1 8/ 644442 

S I TE I NFORMAT I ON 

LANDFORM : Vo l ca n i c ash  mantl ed  l owl and  l ahari c terra i n  

TOPOGRAPHY :  F l a t  l an d  

S LOPE : 1 ° 

AS PECT : West  

E L EVAT I ON : 2 30m 

PARENT MATER IAL : Modera te l y  weath ered andes i ti c  vol can i c a s h  compri sed  
of  traces of youn g  l api l l i  showers < 2 50mm th i c kness  
of  Ka upokonu i ,  Ma ke tawa and  Manganu i  tephra s , over­
l y i ng tephras  p2  a nd  p 1 , ( Druce , 1966 ) on  f i ne 
textu red ashes  over l ahari c debri s of  Warea Forma t ion  

S I TE VEGETAT ION : Ryeg ras s  and wh i te c l over 

LAND USE : Pas ture 

DRA I NAGE : We l l  dra i ned 

MO I STURE COND I T I ONS : Mo i s t  

E ROS ION : N i l  

D I STURBANCE : N i l 

LABORATORY NUMB ERS : N ot  s ampl ed 

PROF I LE DESCR I PT I ON 

0-23  cm 
Ap 

very dark g reyi s h - b rown ( 10YR  3/2 ) l oam wi th few 
grave l s  ( Mangan u i  tephra ) ; modera te l y  wea k ; non 
s t i c ky ;  s l i gh t l y  p l a s ti c ;  modera tel y  deve l oped 
fi ne and very fi ne  n u tty and crumb s tructure ; 
many roots ; d i s ti n ct  i rregu l ar bou ndary ,  



23-34 cm 
Bw1 

34-56 cm 
Bw2 

56- 1 10 cm 
Bw3 

dark brown ( 10YR 3/ 3 )  l oam wi th occa s i ona l  g rave l 
( Mangan u i  tephra ) ; modera te l y weak ; s l i gh t l y  
s ti c ky ;  s l i ght l y p l a s ti c ;  modera te to wea k l y  
devel oped coa rse b l o c ky b re a k i n g  to fi ne nu tty 
s tructure ; ma ny roo ts ; i nd i s t i nct i rreg u l ar  
boundary ,  
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dark yel l owi s h -brown ( 10YR  4/4 )  l oam wi th modera te l y  
wea thered pumi ceous  l a pi l l i ;  modera te l y  wea k ;  
wea k l y  deve l oped coarse s tructu re ; s l i ght l y s t i cky ; 
s l i g h t l y  p l a s ti c ;  few roo ts ; di ffu se bounda ry ,  

dark  ye l l owi s h -brown ( 1 0YR 4/ 6 )  sa ndy l oam w i th 
s tron g l y  weath ered pumi ceo u s  l a pi l l i  and  l i th i c 
l ap i l l i  a t  0 . 56m , sca ttered , a nd a t  0 . 75m to g reate r  
than 1 . 1 0m concentrated i n  a band ; modera te l y  fi rm ;  
non s t i c ky ;  non p l a s t i c ;  wea k l y  deve l o ped coarse  
b l o c ky s tructure ; few roots . 



SO I L  TAXONOM I C  UN I T  SHEET 

S O I L  NAME : LOWGARTH S ERI E S  

REFERENC E :  

NAME OF SURVEY : ELTHAM COUNTY 

I n trod uced by A i tken et a l . ,  ( 1 978 ) So i l s  of S tratford County N .  I .  N . Z . 
So i l  S u rvey Report 42--. -rowgarth s o i l s  i nc l uded so i l s  deri ved from a 
l a p i l l i -beari ng " u nnamed a s h "  over " Stra tford As h " . The a rea mapped i n  
th i s  s u rvey wa s prev i o u s l y  mapped i n  I ng l ewood ,  S tratford and  Awatuna 
s ets by N . Z . So i l  B ureau ( 1 954 ) . 

The defi n i t i on  of Ai tken et  a l . ,  ( 1 978 )  fol l owed but  i t  i s  more c l o se ly  
defi ned i n  th i s  s urvey . --I niEl tham County the Lowgarth seri es i s  a wel l 
dra i ned , moderatel y  to s trong ly  l eac hed so i l , formed i n  th i ck ( >  2m ) 
vo l ca n i c a s h . The young l api l l i  showers , Kaupokonu i , Ma ketawa a nd 
Manga nu i tephras are > 250mm i n  th i c k ness . 

SYMBOL S  OF  MAPP I NG  UN I TS WHERE : 

( a )  Taxonomi c un i t  domi nant  Lo , Lo 1 , LoH 

( b )  Taxonomi c un i t s ubdomi nant  

CLASS I F I CAT I ON 

1 .  N . Z .  Geneti c Cl a s s i fi cati on ( 1 970 )  Moderate l y  to s trong l y  l eached 
yel l ow-brown l oam 

2 .  So i l  Taxonomy ( a ) : Typi c V i trandept  
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( b ) : Typ i c  V i truda nd ( a shy-pumi ceous ,mes i c )  

GEOGRAPH I CAL D I STR IBUT I ON : 

An extens i ve a rea between Kaponga and S tuart Road , north of  El tham Road . 

PARENT MATER IAL : 

Moderatel y  weathered andes i t i c  l a p i l l i  ( c .  3 , 300  years B . P . ) compri sed of  
young l api l l i  showers , Kaupokon u i , Ma ketawa and Manganu i tephras > 250mm i n  
th i c knes s overl y i ng tephras p2  a nd p 1 , ( Druce , 1966 ) , E 5  and  E4 . Vo l ca n i c 
a s h  i s  > 2m t h i c k . 

LANDFORM : 

Tephra mantl ed l owl and l a ha r i c  terra i n  



SLOPE CLASS : 

F l a t  to stro n g l y  rol l i ng and h i l l y  

V EGETAT ION  AND LAND US E :  

Ori g i na l l y  r i mu - rata forest c l eared i n  the ear ly  1 900 ' s .  
c l over pa s ture u sed ma i n l y  for da i ry i ng .  

RANGE OF EL EVAT I ON :  

MEAN ANNUAL 
RAI NFALL RANGE : 

SO I L  MO I STURE CLASS : 

MEAN ANNUAL 
A I R  TEMPERATURE : 

SO I L  DRA I NAGE CLASS : 

PERMEAB I L I T Y : 

EROS I ON : 

230-340m 

2050- 2260mm 

Ud i c  

Hygrous  

Mes i c  

We 1 1  dra i ned 

Moderate l y  rapi d - modera te 

N i l 

CHARACTER I ST I C PROF I L E  FEATURES FOR TAXONOM I C  UN I T :  

Now ryegra s s  

A very dark  greyi s h -brown to  d ar k  brown topso i l wi th we l l deve l o ped nutty 
s tructure , over weak l y  s tructured , dark  yel l owi s h -brown to ye l l ow i sh -brown 
B hori zons . 

The topso i l and  u pper B hori zon of Lowgarth s o i l s  a re character i s ed by 
conta i n i ng abundant l i th i c  l ap i l l i  of the Manganu i  tephra , wh i ch produces 
a grave l l y  and gr i tty mod i f i cat i on to the sandy l oam to l oam texture . 
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The l ower B hori zons are of softer penetrat i on  and fi ner texture , va ryi ng 
from s a ndy c l ay l oam to l oam . Ma ny concentra ted to few sca ttered p umi ceous 
l a p i l l i  a re p resent a nd become more s trong l y  weathered wi th depth . 

S I M I LAR S O I LS AND D I ST I NGU I SH I NG FEATURES : 

Rowa n seri es d i ffers from Lowgarth s eri es  i n  be i ng fou nd a t  h i gher e l evati ons  
and i s  s trong ly  l ea c hed , w i th i ron  i l l uv i a l  coa ti ngs o n  ped  s u rfaces and  
l a pi l l i .  

Stratford s e r i es d i ffers from Lowgarth seri es  i n  havi ng < 250mm th i ckness  of  



young l api l l i  showers , Kaupo konu i , Maketawa and  Manganu i  tephras a nd s o  
l acks  a gravel l y  topso i l  and upper B hori zon . 

Ka hu i  seri es d i ffers from Lowga rth s eri es  i n  be i ng moderate ly  l eached and  
i n  hav i ng < 250mm t h i ckness  of yo ung lapi l l i  showers , Kaupo kon u i , Ma ketawa 
and Manganui  tephras present i n  the upper hori zons . 

LABORATORY NUMBERS : 

AUTHOR : A . M .  Franks  

SB 9706 A -D  

DATE : 1 982 
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REPRESENTAT I VE PROF I L E  

S O I L  NAME : Lowgarth seri e s  

PROF I L E  NO : 2 1 2  

S I TE L OCAT I ON : L ower Hast i ng s Road , l km be l ow Lowgarth Ha l l .  
S u l zberger ' s  p roperty . F i rs t  paddoc k  up  from g u l l y ,  
north s i de o f  race , 5m from hedge . 

N l l9/ 7965 15  

S I TE  I NFORMAT ION  

LANDFORM : Teph ra mantl ed l owl and  l a har i c terra i n 

TOPOGRAPHY : C res t of gent ly  s l op i ng  l ahar  mound  

SLOPE : 5° 

ASPECT : So uth -wes t 

E L E VAT ION : 300m 

PARE NT MATER IAL : Moderate ly  wea thered a ndes i t i c  l a p i l l i  ( c . 3 , 300 yea rs 
B . P . ) compri s ed of young l api l li showers� Kaupokon u i , 
Ma ketawa and  Manganui  > 2 50mm i n  th i cknes s , overl y i ng 
tephras p2  a nd p l , ( Druce , 1966 ) , E 5  and E4 . 

S I TE VEGETAT I ON :  Ryegra s s  and c l over 

LAND USE : Da i ry pasture 

DRA I NAGE : We l l dra i ned 

MO I STURE COND I T I ONS : Mo i s t  

E ROS I ON :  N i l 

D I STURBANCE :  Rema i ns o f  Rata s tump a t �� 

LABORATORY NUMB ERS : SB 9 706 A -D  

P ROF I LE DESCR I PT I ON 

0-23  cm 
Ap 

dark brown ( 7 . 5YR  3/ 2 ) gr i tty l oam , wi th abunda n t  
g rave l s ( Manganu i tephra ) ; very fri ab l e ;  n o n  s t i c ky ;  
non p l as t i c ;  modera te l y  devel o ped fi ne nutty a nd 
crumb s tructure ; fi rm pene tra t i on ; many fi ne roots ; 
d i s t i nct  wavy bounda ry ,  



23- 52  cm 
Bw l 

52-92  cm 
Bw2 

92+ cm 

dark yel l owi s h -brown ( lOYR 3/4 )  sa ndy l oam , wi th 
abundant  grave l s ( Manganu i  tephra ) ; fri ab l e ;  
non s t i c ky ;  non p l a s ti c ;  wea k c rumb s tructure ; 
fi rm penetrat i on ;  many fi ne roots ; d i s ti nct  wavy 
boundary , 

yel l owi s h-brown ( l OYR 5/4 ) sandy c l ay l oam , wi th 
many , modera te l y  wea th ered pumi ceous l a p i l l i ,  
averag i ng 20mm i n  d i ameter ;  fr i abl e ;  s l i gh t l y  
s ti cky ;  s l i gh t l y  pl a s ti c ;  wea k  coa rse b l o c ky 
s tructure ; s oft penetrat i on ; few roots ; d i ffuse  
boundary , 

yel l owi s h -brown ( lOYR 5/ 6 )  sandy c l ay l oam w i th 
ab undant s trong l y  wea thered , pumi ceou s  l a p i l l i ; 
few i ron s ta i ned l i th i c  l a p i l l i ;  fri ab l e ;  
s l i ght ly  s t i c ky ;  s l i g ht ly  p l a s ti c ;  wea k ,  coarse 
bl ocky s tructure ; s oft penetrat ion . 

3 G O  



SO I L  TAXONOMI C  U N I T  S H EET 

S O I L  NAME : MAKAKA SER I ES 

REFERENCE : 

NAME OF SURVEY : ELTHAM COUNTY 

New taxonomi c un i t  i n troduced i n  th i s  s o i l s u rvey . Area mapped i n  th i s  
s u rvey previ o us l y  mapped i n  S tratford , Egmon t ,  Awa tuna , Ka h u i , I ng l ewood  
and Gl enn sets by  N . Z .  So i l  B u reau ( 1 954 ) . Now separa ted out  as  an  
i mperfectly dra i ned , wea k l y  g l eyed s o i l formed i n  young l api l l i  showers , 

Kaupokonu i ,  Ma ketawa and Manganu i  tephras > 250mm i n  th i ck nes s , overl y i ng 
teph ras p2  and p 1 , ( Druce , 1 966 ) on l ahari c debri s .  

SYMBOLS OF MAPP I NG  UN ITS WH ERE : 

( a )  Taxonomi c u n i t domi na n t  Mk-Rc , Mk-Mw 

( b ) Taxonomi c un i t  s ubdomi na nt  Rc -Mk , Mw-Mk , Rv-Mk 

C LASS I F I CATI ON : 

1 .  N . Z .  Geneti c  C l ass i fi cat ion  ( 19 70 )  Wea k l y  g l eyed ye l l ow-brown l oam 

2 .  So i l  Taxonomy 

GEOGRAPH I CAL D I STR I B UT ION : 

Area wes t of Kaponga to Awa tuna . 

PARENT MATERI AL : 

( a ) : Aq u i c  V i trandept 
( b ) : Aq u i c  H a pl udand  (medi a l , medi a l ­

s ke l e ta l , mes i c ) 
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Modera te l y  weath ered andes i t i c  l ap i l l i  ( c .  3 , 300 years B . P . ) name l y  Kapo kon u i , 
Ma ketawa and Manganu i  tephras  > 250mm i n-th i cknes s , over ly i ng  tephras p 2  and  
p 1 , ( Druce , 1 96 6 )  on  th i n  ( w i th mi nor th i c k ) vol ca n i c a s h  overl yi ng l a hari c 
debri s .  

LANDFORM : 

Tephra mantl ed u p l and a nd l owl and l ahar i c terra i n .  

SLOPE  CLASS : 

F l at  to gentl y u ndu l ati ng l a nd . 



VEGETAT I ON AND  LAND USE : 

Ori g i na l l y  r imu-rata fores t ,  w h i c h  wa s c l ea red i n  the ear ly  1 900 1 S .  
Now ryegras s  c l over pastures u s ed ma i n l y  for da i ry i ng . 

RANGE OF ELEVAT I ON : 

MEAN ANNUAL 
RAI NFALL RANGE :  

S O I L  MO I STURE CLASS : 

220- 760m 

1 730-3860mm 

Udi c 

Hygrou s 

MEAN ANNUAL 
A I R  TEMPERATURE : 1 1 . 6°C 

S O I L  TEMPERATURE REG I ME : Mes i c  

SO I L  DRA I NAGE CLASS : Imperfectl y dra i ned 

PERMEAB I L I TY :  Modera tel y  s l ow 

FLOO D I N G :  N i l 

EROS ION : N i l 

CHARACTER I S T I C  PROF I L E  FEATURES FOR TAXONOM I C  UN I T : 

A very dark  greyi s h -brown to dark brown top so i l ,  w i th modera te l y  devel oped 
nu tty a nd crumb s tructures overl i es one  or two non-g l eyed hori zons . The 
non-g l eyed hori zon s are dark brown or brown i n  c o l our and  a re u s ua l l y  
g ravel l y  d u e  to the presence of  the Manganu i  tephra ( � .  3 , 300 yea rs B . P . ) .  
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The l ower B hori zons are g l eyed and vary from dar k  greyi s h -brown to yel l ow i s h ­
brown i n  c o l o u r ,  wi th red t o  dark  redd i s h -brown mottl es , wh i c h  are u s u a l l y  
a s soc i a ted  w i th the modera tel y  to s trong ly  wea th ered pumi ceous l a p i l l i ,  
s cattered or  concentrated i n  bands . 

Concret i ons  can be pres en t and  concentra ted wi th the pumi ceous l a pi l l i  
ba nds . An i ron  pan  can occur  a t  the textura l b reak wi th the l ahar i c debri s .  
T he  t h i c k nes s of vo l can i c  a s h  over l a hari c debri s ra nges from 0 . 60 to 2m . 

The water-tab l e  can  be j u s t  above lm , i n  the profi l e .  
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S I M I LAR SO I L S  AND D I ST I NGUISH I NG FEATURES : 

Ti poka seri es  d i ffers from Maka ka ser i es i n  hav i ng l es s  than 2 50mm th i ckness  
of  yo ung l api l l i  showers , Ka upokon u i , Ma ketawa and Manganu i  tephras  i n  the 
upper hori zons . 

LABORATORY N UMB ERS : 

AUTHOR :  A . M .  Franks  

SB 9703 A-E  

DATE : 1 982 



TYP I FY I NG PROF I L E  

S O I L  NAME : Ma ka ka seri es 

PROF I LE NO :  1 2  

S I TE  LOCAT I ON : Upper Mangawhero Roa d . Moore ' s  property .  Near 
wes tern boundary of farm , 2 0m north of  race . 

N 1 1 9/653504 

S I TE I NFORMAT ION  

LANDFORM : Tephra mant l ed up l a nd  l ahr i c terra i n  

TOPOGRAPHY : Very gentl y s l op i ng  i nterfl uve 

SLOPE : 3° 

AS PECT : S o uth-ea st  

EL EVAT I ON :  458m 
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PARENT MATE R IAL : Modera te l y  wea th ered andes i ti c  l ap i l l i  ( c .  3 , 300 
yea rs B . P . ) name l y Kaupo konu i , Ma ketawa and Manga n u i  
te phras  > 250mm i n  th i c knes s , overl y i ng tephras p 2  
a nd  p 1  ( Druce , 1966 ) on th i n  vo l can i c  a s h  overl y i ng 
l ahar i c debri s .  

S I TE VEGETAT ION : Ryegras s  and c l over 

LAND USE : Da i ry pastu re 

DRA I NAGE : I mperfectl y dra i ned 

MO I STURE CON D I T I ONS : Mo i s t 

E ROS I ON : N i l 

D I STURBANCE : N i l 

LABORATORY NUMB ERS : SB  9703  A-E  

PROF I L E  DES C R I PT ION  

0 - 1 5  cm 
Ap 

dark brown ( 7 . 5Y R  3/ 2 )  gr i tty l oam , wi th wea k l y  
weathered pum i ceous l ap i l l i ,  dark redd i s h -brown 
( 2 . 5YR  3/4 )  i ron c oat i ngs  p resent ; common grave l s  
( Manganu i  tephra ) a l so i ron s ta i ned ; fri a b l e ;  non 
s t i cky ; non p l a s ti c ;  moderate l y  fi ne n u t  s tructure ; 
f i rm penetrat i on ; abundant  red ( 2 . 5 YR ' 4/ 6 ) i ron  
s ta i ned very f i ne roots ; di st i nct  wavy boundary ,  



1 5 - 28 cm 
BA 

28-58 cm 
BW 

58-84 cm 
B g 1  

84- 108 cm 
B g 2  

108+ cm 

very dark g rey i s h -brown ( lO YR  3/ 2 )  sandy l oam , 
wi th abunda n t  i ron s ta i ned g ravel s ( Manganu i  
tephra ) , w i th few , wea k l y  weathered pumi ceous 
l a p i l l i ; fr i ab l e ;  non p l a s ti c ;  non s ti c ky ;  
s trong l y  devel o ped med i um n u t  s tructure ; abundant  
very fi ne  roots , s l i g h t l y  i ron  s ta i ned ; d i s ti nct  
i rreg u l a r  boundary ,  

b rown ( 1 0YR 4/ 3 )  gri tty l oam , w i th few s trong l y  
weathered p umi ceous l ap i l l i ;  d i s conti nuous dark  
g rey ( 1 0YR  4/ 1 )  l i th i c  tuff at  approx . 0 . 47 to 
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0 . 49m ; fri a b l e ;  s l i gh t l y  s t i cky ;  s l i g ht ly  p l a s ti c ;  
weak med i um b l ocky s tructure ; fi rm penetra t i o n ; 
many very f i ne roots ; d i ffuse boundary ,  

da rk yel l owi s h -brown ( 10Y R 4/4 ) gr i tty l oam ; f i rm 
s l i ght ly  s t i c ky ;  s l i g h t l y  p l a st i c ;  wea k coarse  
b l ocky s truc ture ; f i rm penetrati on ; many , med i um 
d i s ti nct  dark  g reyi s h -brown ( 2 . 5YR  3/ 6 )  i ron 
concreti ons ; Andes i te s tone  a pprox . 0 . 2m d i amete r ;  
few very f i ne roots ; i nd i s ti n ct wavy bounda ry ,  

ye l l ow i s h -brown ( l OYR 5/4 - 5/6 ) sandy c l ay l oam , wi th 
band  of  moderate ly  weathered , i ron s ta i ned pumi ceous 
l ap i l l i ; fi rm ;  non s ti c ky ;  non p l a s ti c ;  wea k 
b l ocky s tructure ; fi rm penetrati on ; few , fi ne  
fa i nt dark  greyi sh-brown ( l OYR 4/ 2 )  mottl es ; few 
very f i ne roots ; d i s ti nct  wavy boundary ,  

l a hari c debri s conta i n i ng s tones and occas i ona l  
bou l ders . 



SO I L  TAXONOM I C  UN I T  SHEET 

SO I L  NAME : MANGAWHERO SER I ES  

REFERENCE : 

NAME OF SURVEY : E LTHAM COUNTY 

New taxonomi c un i t  i n troduced i n  th i s  s o i l s u rvey . Area mapped i n  th i s  
s urvey prev i ous l y  mapped i n  Egmont , Awa tuna , Stra tford ,  Ka h u i , I ng l ewood 
and G l enn  s ets by N . Z . So i l  B u rea u ( 1 954 ) . Now separated o ut  as poor ly  
dra i ned s o i l s ,  formed i n  young l api l li showers , Kaupokon u i , Ma ketawa and 
Manganu i tephras > 250mm i n  th i ckness , overl yi ng tephras p2  and  p 1 , 
( Druce , 1966 ) on l ahari c debri s .  The c l o s es t  correl at i o n  i s  wi th 
Awa tuna set . 

SYMBOLS  OF  MAPP I NG UN I TS WH ERE : 

( a )  Taxonomi c u n i t domi nant Mw-Mk , Mw-Rv 

( b )  Taxonomi c un i t  s ubdomi nant Mk-Mw ,  Rc-Mw , Rv -Mw 

CLASS I F I CAT I ON :  

1 .  

2 .  

N . Z .  Genet i c Cl as s i fi ca t i on ( 1 970 )  Gl ey so i l  

So i l  Taxonomy 

GEOGRAPH I CAL D I STR I BUT I ON : 

Area wes t o f  Ka ponga  to Awa tuna 

PARENT MATER IAL : 

( a ) : Typi c Andaq uept  
( b ) : Typ i c  V i traquand ( a s hy ,  a s hy­

s k e 1 eta 1 , me s i c )  

Modera te l y  weath ered andes i t i c  l a p i l l i  ( c .  3 , 300 years B . P . )  name l y  
Kaupo konu i ,  Ma ketawa a nd Manga n u i  teph ras > 250mm i n  th i c kn es s , overl yi ng 
tephra s  p2 and p l ,  ( Druce , 1966 ) on  th i n  ( w i th m inor  th i c k )  vo l can i c as h ,  
overl y i n g  l ahari c debri s .  

LANDFORM : 

Tephra man t l ed u p l and and l owl and  l ahari c terra i n .  

SLOPE CLASS : 

F l a t  to gentl y u ndu l a t i ng , i n  depres s i ons . 
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VEGETAT ION AND LAND US E :  

Ori g i na l l y  rimu-rata fores t ,  w h i ch was cl eared i n  the ear ly  1 900 ' s  and  
mi d 1 900 ' s  near  460m . 

Now ryegra ss  c l over pa stures  u sed ma i n l y  for da i ry i ng . 

J u ncu s  �· + browntop  (Agrost i s tenu i s ) , between 336-460m , u sed for s heep 
and  b eef cattl e .  

RANGE  OF  EL EVAT I O N : 

MEAN ANNUAL 
RA I N FALL RANGE : 

S O I L  MO ISTURE CLASS : 

MEAN ANNUAL 
A I R TEMPERATURE : 

SO I L  TEMPERATURE REG IME : 

SO I L  DRA I NAGE : 

P E RMEAB I L I TY :  

FLOO D I NG :  

E ROS I ON : 

220- 760m 

1 7 30-3860mm 

Aqu i c  

Hydrous 

1 1 . 6°C 

Mes i c  

Poorl y 

S l ow 

N i l 

dra i ned 

O ccurs i n  two eros i on zones on Sheet 7 of  E ros i on Map of New Zea l and  (NWSC0,1977 ) . Up  to about 500m e l evat i on no s i g n i fi cant  present  eros i o n  
i s  i nd i cated a n d  no s i gn i fi cant potent i a l  e ro s i on under pas tora l  u s e  i s  
p red i cted . Above th i s  there i s  no s i gn i f i ca n t  present eros i on b ut  a 
moderate potenti a l  ero s i on severi ty under  pas tora l use i s  p red i c ted , 
i nvol v i ng earth s l i p  a nd  s l ump eros i on .  

CHARACTERI S T I C  P ROF I L E  FEATURES FOR TAXONOM I C  U N I T :  

Very dark grey i s h -brown t o  very dark brown l oam to s i l t l oam topsa i l s ,  w i th 
a s trong to moderate l y  we l l  deve l oped s tructu re , overl i e  wea k l y  s tructured 
B hori zons . 

T he  B hori zons  a re a l l g l eyed and h ave co l o urs  va ryi ng from ye l l owi s h -brown 
to pa l e  brown  w i th dark redd i s h -brown to red mottl es , wh i ch  i n crease  from 



few to  fa i nt to many d i s t i nct , w i th depth . Concret i ons may a l so be a 
featu re of the  profi l e  and s imi l a r l y  i ncrea se wi th depth . The mottl es  
a nd concret i ons  tend to be a s soc i ated wi th the presence  of  l i th i c  and  
pumi ceous l a p i l l i ,  wh i c h can  be concentrated i n  d i s t i nct bands , or  
s ca ttered . The Manganu i tephra i s  u sua l l y  concentrated i n  the  u pper 
g l eyed hor i zons , w i t h  i ts d i s cont i nuous  dark g rey ( l OYR 4/ 1 ) l i t h i c tuff . 
T he l i th i c l a p i l l i and l i th i c  tuff are heav i l y i ro n  s tai ned . 

T he  concret i ons can be cemented together to form an  i ndurated , ves i cu l a r  
i ron ox i de pan , at t he  textural  bou ndary , between the  andes i t i c  l a p i l l i  
a nd  l a hari c depos i ts .  The  th i c knes s  of vol can i c  a s h  over l a h a r i c  debr i s  
ranges from 0 . 50 to 2m . 

The  water-tab l e i n  Ma ngawhero so i l s  i s  often l es s  tha n one metre from the  
s u rface . 

S I M I LAR S O I LS AND D I ST I NGU I S H I NG FEATURES : 

Ma ka ka seri es  d i ffers from Mangawhero i n  hav i ng one  or more non -g l eyed 
B hori zons  above g l eyed B hori zons . 
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Awatuna s er i es d i ffers from Ma ngawhero ser i es i n  hav i ng < 250mm th i c kness  of 
young l api l l i showers , Kapokonu i ,  Ma ketawa and Manga nui tep hra s i n  the 
u pper hori zons . 

LABORATORY NUMBERS : 9 709 A-G  

AUTHOR : A . M .  Franks  DATE : 1 98 2  



SO IL  NAME : 

PROF I LE NO : 

S I TE LOCAT I ON : 

S I TE I NFORMAT ION 

LANDFORM : 

TOPOGRAPHY : 

SLOPE : 

ASPECT : 

EL EVAT I ON :  

PARENT �1ATER IAL : 

S I TE VEGETAT ION : 

LAND USE : 

DRA I NAGE : 

TY P I FY I NG P ROF I L E  

Mangawhero s er i e s  

4 

Upper Mangawhero Road . Moore ' s  property . 
Near wes tern boundary of farm , northern end of  
paddock , 1 5m s ou th of  d i tch . 

N l l9/ 6 52505  

Tephra mantl ed  up l a nd  l a hari c terra i n 

Very gent ly  s l o pi ng  i n terfl uve 

Near l evel 

South -wes t 

458m 

3 6 �} 

Modera tel y  weath ered andes i ti c  l a p i l l i  ( c .  3 , 300 
years B . P . )  name l y  Ka upokonu i , Ma ketawa and Manganu i  
tephras > 2 50mm i n  th i c knes s , overl yi ng  tephra s p2  
and p l , ( Druce , 1966 ) on vol ca ni c ash  overl yi ng 
l ahar i c debri s .  

Ryegra s s  a n d  c l over 

Da i ry pas tu re 

Poor l y  drai ned . L a tera l seepage a t  a pprox imate l y  0 . 90m .  

MO I STURE COND I T I ONS : Mo i s t  

D I STURBANCE : N i l 

LABORATORY NUMB E RS :  9709 A-G  

PROF I LE DESCR I PT I ON 

0 - 9  cm 
Ap 

dark brown ( 7 . 5YR  3/ 2 )  s i l t l oam ; fri ab l e ;  s l i ght l y 
s t i cky ; s l i gh t l y  pl as ti c ;  wea k very f i ne crumb 
s tructure ; soft penetra t i on ; abundant  very fi ne roots , 
i ron s ta i ned , dark red ( 2 . 5YR 3/6 ) ; d i s ti nct  wavy 
boundary , 



9 - 1 7  cm 
B g 1  

1 7 - 34 cm 
Bg2  

34-53  cm 
Bg3 

5 3 -6 7  cm 
Bg4 

6 2-82 cm 
Bg5 

82+ cm 
2C 

3 7 0  

dark redd i s h-brown ( 5YR  2 . 5/ 2 )  wi th dus ky red 
( 2 . 5YR  3/ 2 )  i ron coa ti ngs ; gr i tty l oam , wi th few 
i ron  s ta i ned gravel s ( Manganu i  tephra ) ;  very 
fri ab l e ;  non p l a st i c ;  non s t i cky ;  moderate l y fi ne  
nut  s truc ture ; fi rm penetra t i o n ;  abunda n t  very fi ne 
i ro n  s ta i ned roots ; wavy d i s ti nct boundary ,  

' 

very dark brown ( lOYR 3/ 2 )  sandy l oam , wi th 
abundant i ron s ta i ned gravel s ( Mangan u i  teph ra ) ; 
many moderatel y wea thered pumi ceous  l a p i l l i  u p  to 
30mm , a l s o  i ron  coa ted ; fri ab l e ;  non st i c ky ;  
no n p l a s ti c ;  wea k coars e  b l ocky s tructure ; f i rm 
to s ti ff pe netra ti on ; many , med i um ,  d i s t i n c t  dark  
g reyi sh-brown ( 2 . 5Y 3/ 2 )  mottl es ; many very f i ne 
roots ; d i st i n c t  wavy bounda ry ,  

Manganui  gravel s con cen trated i n  a band , i ro n  
coated a n d  a verag i ng  l es s  than 20mm i n  d i amete r ;  
s tru cturel ess ; s l i g h t l y  cemented ; s ti ff penetra ti o n ;  
( l oamy sand where Mangan u i  tephra pockets ) ;  few very 
f i ne roo ts ;  s h arp wavy boundary ,  

two l i th i c  tuff bands ; u pper ba nd very dark  g rey 
( 5Y 3/ 1 )  wi th dark  redd i s h -brown ( 5YR  3/ 2 )  i ron  
s ta i n i ng ;  l ower band  o l i ve grey ( 5Y 4/ 1 )  w i th 
ye l l owi s h-red ( 5YR  4/6 ) i ron s ta i n i ng .  Ba nds  average 
30mm , s epara ted by 60mm dark yel l owi s h -brown ( 10YR  
3/4 )  sandy c l ay l oam ; fri ab l e ;  s l i gh t l y  s t i cky ; 
modera te l y  p l a s t i c ;  wea k coarse b l ocky s tructure ; 
f i rm penetra t i on ; ma ny med i um d i s ti nct  dark  g rey i sh­
b rown 10YR  4/2  mott l e s ; d u s ky red  ( 2 . 5Y R  3/ 2 )  i ron 
coa ti ngs on o l d roo t  channel s ;  few very f i ne roots ; 
d i s ti nc t  wavy boundary ,  

dark  yel l owi sh -brown ( 1 0Y R 4/ 6 )  sa ndy cl ay l aom , 
traces of s trong l y  wea th ered pumi ceou s  l a p i l l i ;  
fri ab l e ;  s l i ght l y s t i c ky ;  modera te l y  p l a s ti c ;  
very wea k coarse b l ocky s tructure ; fi rm penetra ti on ;  
ma ny med i um d i s ti nct  dark grey i s h - brown ( 2 . 5Y 4/ 2 )  
mottl es ; few , p romi nen t b l ack ( 10YR 2/ 1 )  h umus 
coati ngs ; abundan t  ye l l owi sh-red  ( 5YR  4/6 ) concret i ons , 
l es s  than  l Omm i n  d i amete r ;  s h arp i rreg u l a r  boundary ,  

g rey ( 5Y 5/ 1 )  wea k l y  cemen ted l ahari c brecc i a ;  dark 
g reyi sh- brown ( 2 . 5Y 4/ 2 )  medi um d i s ti nc t  mo ttl es . 



S O I L  TAXONOM I C  UN I T  DESCR I PT I ONS 

SO I L  NAME : NGAERE S ER I ES  

REFERENC E : 

NAME OF SURVEY : ELTHAM COUNTY 

New so i l ser i es , i n troduced i n  th i s  s urvey to i nc l ude  imperfect l y dra i ned , 
wea k l y  g l eyed s o i l s  formed i n  th i c k vo l ca n i c as h ,  w i th Manga nu i  teph ra 
be i ng < 250mm i n  th i ck ness  a nd the tephras p2 a nd p 1  ( Druce , 1966 ) prese n t  
a s  a di s t i nct  band of  pumi ceous l a p i l l i ,  wi th tephra s  E5  a nd  E 4  present , 
l es s  than 1m from th e s u rface . I nc l uded i n  S tra tfo rd s et  by N . Z .  S o i l 
B u rea u ( 1 954 ) . 

SYMBOLS O F  MAPP I NG UN I TS WHERE : 

( a )  Taxonomi c un i t  domi nan t  

( b )  Taxonomi c un i t  s ubdomi nant  

CLASS I F I CAT I ON : 

Ng-St  

1 .  N . Z .  Geneti c C l a s s i fi cat i on ( 1 970 ) Wea k l y  g l eyed yel l ow-brown l oam 

2 .  So i l  Taxonomy ( a ) : Aqu i c  Dys trandept 
( b ) : Aqu i c  Hap l uda nd ( med i a l , mes i c )  

GEOGRAPH I CAL D ISTR I B UT I ON : 

Occurs n ea r  E l tham towns h i p ,  adj acent  to the E l tham swamp . 

PARENT MATERIAL : 

Modera te l y  wea th ered a ndes i t i c  vol can i c a s h  compri sed  of Ma nganu i  tep h ra 
< 250mm i n  th i c knes s , on p umi ceous l a p i l l i -beari ng ash s howers , tephras  

p 2 , p1 , ( Druce , 1966 ) E5  a nd  E4  on th i c k vol ca n i c  a s h . 

LANDFORM : 

Vol ca n i c a s h  mantl ed l owl and  l ahari c terra i n .  

S LOPE CLAS S :  

F l a t  to gentl y undu l a t i ng .  
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VEGETAT I ON AND LAND USE : 

Ori g i na l l y  r imu-rata fores t ,  c l eared i n  the ear ly  1 900 ' s .  
Now ryegra s s  c l over pasture u sed ma i n l y  for da i ryi ng . 

E L EVAT ION RANGE : 

MEAN ANNUAL 
RA INFALL  RANGE : 

MEAN ANNUAL  
AIR  TEMPERATURE : 

S O I L  TEMPERATURE REG IME : 

SO I L  DRA I NAGE CLASS : 

SO I L  MO I STURE C LASS : 

PERMEAB I L I TY : 

FLOOD I NG : 

EROS I ON : 

l 50- 240m 

1 470- 1860mm 

Mes i c  

Imperfect l y  dra i ned 

Ud i c  

Hyg rou s  

Moderate ly  s l ow 

N i l  

N i l 

CHARACTER I S T I C  PROF I L E  FEATURES 

Ngaere so i l s  are c haracteri sed by v ery dark  brown to dark  brown l oam top­
so i l s ,  wi t h  moderate ly  we l l  deve l o ped n utty structure . T here may be one 
or two non -gl eyed hor i zons above the  l ower g l eyed B hor i zons . The poorl y 
dri aned var iant  has  a l l i t s  B hor i zons  g l eyed . 
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The  upper  B hori zons  vary from dark  redd i s h -brown to brown weathered sa ndy 
l oam to l oam wh i l e  the l ower B hori zons  range from strong brown to redd i s h­
brown to yel l owi s h-brown i n  co l o ur , wi th dark  redd i s h -brown to  yel l owi s h-red 
mottl e s . These g l eyed features tend to be a s soc i ated wi th the moderate l y  
to strong l y  weathered pumi ceou s l ap i l l i ,  present e i ther scattered o r  
concentra ted i n  a ba nd . 

I ron concret i ons a re a feature of  Ngaere so i l s ,  wi th few to many concret i ons  
u s ua l l y  a s soci ated wi th the p umi ceous  l ap i l l i  and an i ron  pan  can  sometimes 
occur . 



S I M I LAR S O I LS AND  D I S T I NGU I SH I NG FEATURES : 

S tratford seri es d i ffers from Ngaere s er i es i n  be i ng wel l dra i ned a n d  s o  
l acks  g l eyed features . 

LABORATORY NUMBE RS : 

AUTHOR : A . M .  Fran ks . 

N o t  samp l ed 

DATE : 1982  

3 7 3 



S O I L  NAME : 

PROF I LE NO : 

S I TE LOCAT ION : 

S I TE I NFORMAT ION 

LANDFORM : 

TOPOGRAPHY : 

S LO PE : 

AS P ECT : 

E L EVAT ION : 

PARENT MATER IAL : 

S I TE VEGETAT I ON :  

LAND USE : 

DRA I NAGE : 

MO I STURE COND I T I ONS : 

E ROS ION 

D I STURBANCE :  

LABORATORY NUMB ERS : 

PROF I L E  DESCR I PT I ON 

0 -23  cm 
Ap  

TYP I FY I NG P ROFI L E 

Ngaere s eri es 

228 

Ma ngawhero Roa d . 1 . 4 km from j uncti on wi th Mo unta i n  
Road . ShaW 1 S  p roperty . Paddock con ta i n i ng barn , 
near end o f  p roperty .  

N l l9/883447 

Vo l can i c  a s h  mant l ed l owl and  l ahari c terra i n  

S l i gh t  depre s s i o n  on undu l a t i ng l a nd 

Nea r l evel 

South 

183m 
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Moderate l y  wea th ered a ndes i ti c  vol can i c  a s h  compri sed  
of  Manga n u i  tep h ra < 250mm i n  th i c kness , on p umi ceou s  
l ap i l l i -bear i ng ash  s howers , te phra s  p2 , p l , ( Druce , 
1966 ) E5 a nd  E4 on th i ck vo l can i c a s h . 

Ryeg rass , c l ove r ,  P l a ntago �· Juncus  �· 

Pas ture 

Imperfectl y dra i ned 

Mo i s t  

N i l 

N i l 

Not samp l ed 

very dark brown ( lOYR 2/ 2 )  l oam , wi th rare grave l  
( Ma nganu i tephra ) ; modera tely  wea k ;  non  s ti c ky ;  
non pl a s ti c ;  mod -wea k l y  deve l o ped fi ne  nu tty 
s tructure ; many roots ; di sti nct  i rregu l a r  
boundary ,  



23-54  cm 
Bwl 

54-82 cm 
Bw2 

82- 100  cm 
B g l  

dark brown -brown ( lOYR  4/ 3 )  s a ndy l oam , wi th many 
modera te l y  wea th ered pumi ceous l a p i l l i ;  
modera te l y  wea k ; non  s ti c ky ;  non p l a s ti c ;  wea k l y  
devel oped med i um n utty s tructure ; ma ny roots ; 
d i s ti nc t  wavy boundary ,  

brown ( 7 . 5Y R  4/4 )  gr i tty l oam , wi th s trong l y  
wea th ered s ca ttered p umi ceous l ap i l l i ;  modera te l y  
fi rm ;  s l i g h tl y  s t i c ky ;  s l i gh t ly  p l a s t i c ;  wea k 
med i um and coarse  b l ocky s truc ture ; common roots ; 
d i s ti nct  i rregul a r  boundary ,  
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s trong brown ( 7 . 5YR  5/ 6 )  sandy l oam to l oam , wi th 
s trong ly  wea th ered , s ca ttered pum i ceous  l ap i l l i ;  
modera tel y fi rm ;  no n s ti cky ; non p l a s t i c ;  mas s i ve ;  
few roots ; many , d i s t i nct  yel l owi s h -red ( 5YR  4/ 6 )  
mottl es . 



SO I L  TAXONOM I C  UN I T  SHEET  

S O I L  NAME : O KATO SER I ES 

REFERENCE : 

NAME OF S URVEY : E LTHAM COUNTY 

I n trodu ced by R . W . P .  Pa l mer et �. , i n  So i l s  of  Egmon t County ( 1981 ) . 
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Okato s o i l s  were s eparated o ut  by R . W . P .  Pa l mer e t  a l . ,  to i nc l ude 
i mperfectl y and poo rl y dra i ned s o i l s  from recent-alTUv i um .  Th i s  defi n i ti on 
fo l l owed i n  E l tham Co unty .  

SYMBOLS OF MAP P I NG UN I TS WH ERE : 

( a )  Taxonomi c un i t domi nant  Ok  

( b )  Taxonomi c un i t  s ubdomi nant H n -O k  

CLASS I F I CAT ION : 

1 .  

2 .  

N . Z .  Gen e ti c Cl a s s i fi cati on ( 19 7 0 )  

So i l  Ta xonomy 

GEOGRAPH I CAL D I STR IBUT I ON : 

( a ) : 
( b ) : 

G l ey s o i l  

H a p l i c  Andaquept 
Ent i c V i traquand  ( a s hy , mes i c ) 

Adjacent to s e vera l  s tream channel s i n  E l tham County .  Extens i ve i n  
c atchments o f  Ota keho , Dunns , Wai ngongoro , Ka u po kon ui , Ma ngawhero , and  
Mangawhero i t i s treams . 

PARENT MATER I AL : 

W ea k l y  wea th ered andes i t i c  a l l uvi a l  s a nds a nd g ravel s .  

The  depos i ts vary i n  textu re from l oamy s a nd to coars e  sand  and  may be  
s tony or  g ra ve l l y  and o ccas i ona l l y  h ave bou l ders . Th ere i s  no vo l c a n i c  
a s h  cover .  

LANDFORM : 

A l l uv i a l fa ns and  l evees  and  ri ver  terra ce s . 

SLOPE CLASS : 

F l at  to gent l y undul a t i ng . 



VEGETAT I O N  AND LAND  USE : 

I n  the pas t  mai n ly  r i mu - ra ta fores t .  Now ryegra s s  c l over pas tures  used  
c h i efl y for dai ryi ng , w i th mi nor  g raz i ng of s heep and  beef cattl e .  

RANGE OF  E LEVAT I ON : 

MEAN ANNUAL 
RA I NFALL RANGE : 

MO I STURE C LASS : 

MEAN ANNUAL  
A I R  TEMPERATURE 

SO I L  TEMPERATURE REG I ME : 

S O I L  DRA I NAGE CLASS : 

P ERMEAB I L I TV :  

FLOODI NG : 

1 20-460m 

1 330-2680mm 

Ud i c  

Hydrous  

Mes i c  

Imperfectl y and poorl y dra i ned 

Modera tel y  s l ow to s l ow 
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Do no t recei ve regu l a r  add i ti ons  o f  a l l u vi um ;  recogn i s ed a s  a reas o f  future 
l i ab i l i ty to i nunda ti on by debr i s  fl ows . 

E ROS I ON : 

Accord i ng to N .  Z .  L a nd Resource I nventory Worksheet N 1 1 9  ( NWSCO.,l9 79 )  s 1 i g h t  
s treamba n k  eros i on occurs a l ong  the Mangawhero , Kaupokon u i  and  Ka pun i s treams . 

CHARACTERISTI C PROF I L E  FEATURES FOR TAXONOMI C UN I T :  

The A hori zons have dark redd i s h -brown , da rk b rown to bl a c k  co l o urs , w i th 
mode ra te to wea k l y  deve l oped nu tty a nd c rumb s tructures and  i ron s ta i ned 
roots . The textu res vary from s i l t  l oam to l oamy sand . 

A th i n  non-g l eyed B hori zon may be presen t  above g l eyed B hori zons . I n  
poorl y dra i ned profi l es ,  the B hori zons a re a l l g l eyed and  vary i n  co l o u r  
from dar k  greyi s h - brown to dark yel l owi s h -brown . Strong b rown to dark  
red  mottl es  i ncrea s e  and  become more promi nent  wi th depth . 

Th e B hori zons a re very wea k and  e i th er h ave a wea kl y  devel oped s tructure 
or  a re s i ng l e g ra i ne d  a nd s tructurel ess . The textures vary from s i l t  l oam 
to sa ndy l oam a nd there may be  pockets or  bands of  sand  i n  the profi l e .  



The C hor i zons are g l eyed , wi th many mottl es and  vary i n  texture from s i l t  
to coarse  sand . 

Grave l and  s tones  may be present  and  tend to i ncrea se  wi th depth so  that 
hori zons  become gravel l y  or  s tony .  

S IM I LAR S O I LS AND D I STI NGU I SH I NG FEATURES : 

Hangata h ua seri es d i ffers from O ka to seri es  i n  bei ng wel l dra i ned . 

LABORATORY NUMB ERS : 

AUTHOR : A . M .  Fra n k s  

No t sampl ed 

DATE : 1982 

3 7 8  



S O I L  NAME : 

PROF I L E  NO : 

S I TE LOCAT I ON : 

S I TE I NFORMAT ION  

LANDFORM : 

TOPOGRA PHY : 

S LOPE : 

ASP ECT : 

E L EVAT I ON :  

PARENT MATER IAL : 

S I TE VEGETAT ION : 

LAND US E :  

DRA I NAGE : 

MO I STURE COND I T IONS : 

E ROS I ON : 

D I STURBANCE : 

LABORATORY NUMB ERS : 

PROF I L E  DESCR I PT I ON 

0-24 cm 
A 

24 -42 cm 
Bg l  

REPRESENTATI VE PROF I LE 

O kato seri es 

204 

Lower Stuart Road , adjacent  to Wa i ngongoro R i ver . 
Krege r ' s  property . 

N l 19/857459 

Levee 

S l i gh t  depres s i on 

10 

North-ea s t  

183m 

3 7 �  

Wea k l y  weath ered a ndes i t i c  a l l u v i a l  sands  and  g rave l . 
Th ere i s  no vol ca n i c  a s h  cover 

Ryeg ras s  and J u ncus  �· 
Dai ry pas tu re 

Poorl y dra i ned 

Mo i s t 

N i l 

N i l 

Not  sampl ed 

very dark g rey i sh-brown to dark grey i s h -b rown ( lOYR 
3/2 -4/ 2 )  s i l t l oam ; very wea k ;  non s t i c ky ;  s l i gh t l y  
p l a s ti c ;  weak f i ne a nd  very fi ne n u tty s tructure ; 
many i ron  s ta i ned roots ; di s ti nc t  i rreg u l a r  boundary ,  

dark  greyi s h -brown ( 2 . 5YR  4/ 2 )  l oam ; very wea k ;  non  
s t i cky ;  non p l a s ti c ;  wea k med i um nutty s tructu re ; 
many i ron s ta i ned roots ; few d i s t i nct  f i ne s trong  
b rown ( 7 . 5YR  5 . 8 )  mottl es ; d i st i nct  wavy bounda ry ,  



4 2-63  cm 
Bg2  

6 3 - 100 cm 
Cg 

very da rk g rey i s h -brown ( 2 . 5Y 3/ 2 )  coa rse  san d ;  
non s t i c ky ;  non p l a st i c ;  s i ng l e  g ra i n ;  common 
roots ; few , d i s ti nct  med i um yel l owi s h - red ( 5YR  
4/6 ) mottl es ; di s t i n ct  wavy boundary ,  

da rk brown ( 7 . 5YR  3/ 2 )  s i l t ; non s t i cky ; non 
p l a s ti c ;  few roo ts ; s tructu rel e s s ; common ,  
d i s ti nct  medi um dark red ( 2 . 5Y R  3/6 )  mottl es . 

3 8 0  



S O I L  NAME : 

REFERENCE : 

S O I L  TAXONOMI C  U N I T  SHEET 

R I VERL EA SER I ES NAME OF SURVEY : ELTHAM COUNTY 

New taxonomi c u n i t i n troduced i n  th i s  s o i l s u rvey . Area  mapped i n  th i s  
s u rvey prev i ou s l y  mapped i n  Stra tford , Egmont , Awatuna , Ka h u i  a nd  Gl enn 
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s ets by N . Z .  S o i l  B u reau ( 1 954 ) . Now separa ted out  as wel l dra i ned s o i l s ,  
formed i n  young l api l l i  showers , Kaupokonu i ,  Maketawa and  Manganu i  teph ras 
> 2 50mm i n  th i cknes s , over ly i ng  tephras  p2 a nd  p 1 , ( Druce , 1966 ) on 
l ahari c debri s .  

SYMBOLS OF MAP P I NG U N I TS WHERE : 

( a )  Taxonomi c u n i t domi nant Rv -Mk , Rv-Mw 

( b )  Taxonomi c un i t  s ubdomi nant Mk-Rv , Mw-Rv 

CLASS I F I CAT I ON : 

1 .  N . Z .  Geneti c C l a s s i fi cati on  ( 1 9 70 )  Modera te ly to s trong l y  l eached 

2 .  So i l  Taxonomy 

GEOGRAPH I CAL D I STR I B UT I ON : 

yel l ow-brown l oam 

( a ) : Molli c V i tra ndept 
( b ) : Typ i c  Hapl udand (med i a l , med i a l ­

s ke l etal , mes i c )  

Exten s i ve area  wes t of Ka ponga to Awatu na 

PARENT MATE R I AL : 

Modera te l y  weath ered andes i t i c  l a p i l l i  ( c .  3 , 300 years B . P . ) name ly  
Ka upo kon u i , Maketawa a nd  Mangan u i  tephras > 250mm i n  th i c kn es s  overl y i ng 
teph ras p 2  a nd p 1 , ( Druce , 1 966 ) on th i n  ( w i th m i nor th i c k )  vo l ca n i c ash , 
overl y i n g  l ahari c debri s .  

LANDFORM : 

Tephra mantl ed l ow l and l ahari c terra i n . 

SLOPE CLASS : 

F l at  to easy ro l l i ng .  



VEGETAT I ON AND LAND USE : 

Or i g i na l l y r imu-rata fores t ,  wh i ch wa s c l ea red i n  the earl y 1900 ' s .  
Now ryeg ras s  c l over pas tu re used ma i n l y  for da i ryi ng . 

RANGE OF  ELEVATION : 

MEAN ANNUAL 
RA I NFAL L RANGE : 

SO I L MO I STURE CLASS : 

220-3 10m 

1 7 30- 2060mm 

Udi c 

Hygrous  

MEAN ANNUAL 
AI R TEMPERATURE : 1 1 . 6°C 

SO I L  TEMPERATURE REG I ME : Mes i c  

SO I L  DRA I NAGE CLASS : We l l  dra i ned 

PERMEAB I L I TY CLASS : Moderate ly  rapi d 

FLOO D I N G :  N i l 

EROS I ON :  N i l 

CHARACTE R I ST I C  PRO F I L E  FEATURES FOR TAXONOMI C UN I T :  

A very dark grey i s h -brown to very dark brown l oam to sandy l oam topso i l ,  
w i th moderate l y  we l l deve l o ped fi ne nu tty and  crumb s tructure , overl i es 
dark  ye l l owi s h - b rown to yel l ow i s h- brown , wea k l y  s tructured B hori zons . 
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L i th i c  and pum i ceous  l api l l i  a re a characteri s ti c  fea ture of R i verl ea s o i l s ,  
w i th Ka upokonu i , Ma ketawa and  Manganu i teph ras concentrated i n  the A and 
upper B hori zon . The l i th i c  tu ff may be p resent  as a 10- 30mm d i s cont i nuous  
ba nd , i n  the  s u b s o i l .  L i th i c and pum i ceou s  l ap i l l i  occur s ca ttered o r  
concentrated i n  bands , i n  the l ower B hori zon s a n d  become mo re s trong l y  
weath ered wi th depth . 

T he  th i cknes s o f  vo l can i c  a s h  over l a hari c debri s ranges from 0 . 70 to 2m . 
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S IM I LAR SO I LS AND D I ST I NGU I SH I NG FEATURES : 

Rowan s eri es : d i ffers from R i verl ea s eri es i n  be i ng more s trong l y  l eached  
wi th dark  redd i s h - brown ( 5YR  or  2 . 5Y R )  i l l uv i a l  coa t i ngs o n  l ap i l l i  and  
p ed s u rfaces . Ka upoko n u i  and  Ma ketawa tephras a re present  a s  a d i s ti nc t  
band  i n  the topso i l . 

S tratford seri es : d i ffers from Ri verl ea i n  be i ng  found  i n  th i c ker  ( no t  l es s  
than 2m) of vo l can i c  a s h , w i th < 2 50mm thi ckness  of  Manganu i  teph ra . I n  
the u pper B hori zon s the tephra s  p2  a nd  p l  ( Druce , 1 966 )  a re p resent  i n  
concen trati on . I t  may be mapped extens i ve ly  us i ng the s o i l seri es  as  th e 
mapp i ng  un i t ,  wherea s Ri verl ea s eri es i s  mapped i n  a s soc i a t i on wi th other 
s o i l s .  

Kah u i  s eri es : d i ffers from R i verl ea i n  ha v i ng < 2 50 th i ckness  of  Manga n u i  
tephra i n  t h e  u pper hori zons . 

Lowgarth seri es :  d i ffers from Ri verl ea i n  bei ng found  i n  th i cker  ( no t  l es s  
th a n  2m) vol can i c  ash . I t  may be mapped exten s i ve ly  u s i ng the s o i l seri es 
as  the mapp i ng  uni t ,  wh ereas  R i verl ea seri es i s  mapped i n  a s s oc i a t i on wi th 
other  s o i l s .  

LABO RATORY NUMB ERS : 

AUTHOR : A . M . Franks 

SB 9 705  A- D 

DATE : 1 982 



S O I L  NAME : 

PROF I L E  NO : 

S I TE LOCAT ION : 

S I TE I NFORMAT I ON 

LANDFORM : 

TOPOGRAPHY : 

S LOPE : 

ASP ECT : 

ELEVAT I ON : 

PARENT MATER IAL : 

S I TE VEGETAT I ON :  

LAND USE : 

DRA I NAGE : 

MO I STURE COND I T I ONS : 

EROS ION : 

DI STURBANCE : 

LABORATORY NUMBERS : 

PROFI L E  DESCR I PT I ON  

0- 2 1  cm 
Ap 

TYP I FY I NG PROF I L E  

Ri verl ea seri es 

1 06  

Lower Mangawhero Road , l km south from Ri verl ea . 
Ga rdner ' s  property .  Ac ross  Mangawhero s tream , 
on a s l i g h t  d i p i n  far co rner of paddoc k ,  lOm 
from hedge , north boundary ,  

N 1 19/674449 

Teph ra man tl ed l owl and  l ahari c terra i n  

Gently s l op i ng 

40 

South -wes t 

225m 
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Moderatel y wea thered andes i ti c  l a p i l l i  ( c .  3 , 300 yea rs 
B . P . ) namel y  Kaupokon u i , Ma ketawa and Manganu i  tephras  
> 250mm in  th i ckness  over lyi ng tephras  p2  and  p l , 
( Druce , 1966 ) on vol can i c ash , o verl y i n g  l a hari c 
debri s .  

Ryeg ras s  and c l over  

Dai ry pastu re 

Wel l dra i ned 

Mo i s t 

N i l 

N i l 

SB 9705 A-D 

very dark grey i s h -brown ( lOYR 3/ 2 ) gr i tty l oam , 
wi th abundant  gravel s ( Manganu i  tephra ) ; very 
fr i abl e ;  non s t i c ky ;  non pl a s ti c ;  modera te ly  
deve l o ped coarse bl o c ky ,  brea k i ng to fi ne nu tty 
s tructure ; fi rm pen etra t i o n ;  abunda nt  very f i ne 
roots ; i nd i s t i nc t ,  i rregu l ar bounda ry ,  



2 1 - 34 cm 
BA 

34-83 cm 
Bw l 

83- 1 18 cm 
Bw2 

1 18+ cm 
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dark  brown ( 1 0YR 3/ 3 )  sandy l oam , wi th many g rave l s 
( Ma nga n u i  tephra ) concentrated i n  the u pper part of  
hori zon ; fri ab l e ;  non s t i c ky ;  non pl a s t i c ;  
modera te l y  deve l o ped fi ne  crumb and n ut  s tructure ; 
fi rm penetrati on ; many very fi ne roo ts ; i nd i s t i nct  
wavy boundary ,  

da rk brown ( 10YR 4/ 3 )  gri tty l oam , wi th rare gra ve l s 
and  pumi ceous l ap i l l i  co ncentrated i n  l ower hori zon , 
modera te l y  to s tron g l y  weathered averag i ng 50mm i n  
d i ame te r ;  fr i ab l e ;  s l i g h t l y  s ti cky ;  s l i gh t l y  
p l ast i c ;  modera te l y  coarse b l ocky brea k i ng to f i ne 
crumb s tructure ; fi rm penetra ti o n ;  common very fi ne 
roots ; i nd i s t i nct  wavy boundary ,  

dark ye l l owi s h-b rown ( 10YR 4/4-4/ 6 )  sa ndy c l ay l oam ; 
s l i g h tl y  st i cky ;  modera te l y  pl a s ti c ;  wea k b l o c ky 
s tructure ; s t i ff penetra ti o n ;  few very f i ne roots ; 
s harp wavy boundary ,  

dark g reyi sh-brown ( 2 . 5Y 4/ 2 )  l a hari c debri s ,  wea k l y  
cemented ; yel l owi s h - red ( 5YR  4/ 6 )  i ron  coa t i ng s . 



S O I L  NAME : 

REFERENC E :  

SO I L  TAXONOM I C  UN I T  SHEET  

ROWAN S ERI ES NAME OF SURVEY : ELTHAM COUNTY 

I n troduced by A i tken et a l . ,  ( 1 9 78 )  So i l s  of Stratford County N . I . N . Z .  
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So i l  S u rvey Report 42--. �owan s o i l s  i nc l uded s o i l s  deri ved from a l a pi l l i ­
bea r i ng " u nnamed a s h "  over " S tratford As h " . The a rea mapped i n  th i s  s u rvey 
was prev ious l y  ma pped i n  Pa tua , Ka h u i  and  I ng l ewood sets by N . Z .  So i l  B u reau 
( 1 954 ) . 

T he  pa rent mate r i a l  was defi n ed by R . W . P .  Pal mer e t �. , a s  a ndes i t i c ,  
l a p i l l i - bear i ng vo l ca n i c a s h  o n  o l der tephra s , on  l a hari c s a nd s tone  of 
Warea Forma t i o n . Th i s  defi n i t i o n  fol l owed in  th i s  s urvey , w i th the 
teph ras b e i ng more r i gorou s l y  defi ned . 

I n  E l tham County Rowan seri es i s  a wel l dra i ned , s trong l y  l eached s o i l  
formed i n  young l api l l i  showers , Kaupokonu i ,  Ma k etawa a nd Manga nu i te phra s  

> 250mm i n  th i cknes s , overl yi ng  tephra s  p 2  a nd  p 1  ( Druce , 1966 ) on  l a har i c 
debri s of  Wa rea Format i on  ( 1 2 - 1 5 , 000 years B . P . ) . 

S YMBOLS OF MAPP I NG  U N ITS WHERE : 

( a )  Taxonomi c u n i t domi nant  Rc-Mk , Rc-Mw 

( b )  Taxonomi c u n i t subdomi nant  

CLAS S I F I CAT ION : 

1 .  N . Z .  Geneti c C l a s s i f i ca t i on ( 1 9 70 ) Strong l y  l eached , i ron  i l l u v i a l  

2 .  So i l  Taxonomy 

GEOGRA PH I CAL D I STR IBUT I ON : 

yel l ow-brown l oam 

( a ) : Typ i c  V i tra ndept 
( b ) : Typi c V i trudand ( a s hy over med i a l , 

a s hy - s ke l e ta l , mes i c )  

A be l t no rth and s outh o f  Opunake  Roa d , i n  the wes tern a rea of E l tham County 

PARENT MATE R I AL : 

Modera te l y  w ea th ered a ndes i ti c  l ap i l l i  ( c .  3 , 300 years B . P . )  name l y  
Ka upo konu i ,  Maketawa a n d  Manganu i tep hras, > 250mm i n  th i c kness , overl y i ng 
teph ras  p2 and p 1  ( Druce , 1966 ) on th i n  ( w i th mi nor th i c k )  vol can i c  a s h , 
overl yi ng l a hari c debri s of  Wa rea Forma t i o n . 

LANDFORM : 

Tephra mantl ed  u p l and l ahari c terra i n .  
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S LOPE CLASS : 

F l at to h i l l y .  

V EGETAT ION  AND LAND USE : 

W i th i n  Egmont  Na t i onal Park  above 460m r imu - ra ta/ kamah i  fores t ,  prog res s i n g  
t o  kamah i  domi n a n t  to kamah i - totara fores t ,  w i th e l evat i o n . Used for 
reserve or  rec reati on a l  purposes . O uts i de the Na tiona l  Park the or i g i n a l  
vegetat ion  wa s  r i mu-ra ta fo res t ,  wh i c h  wa s c l eared i n  t he  e ar ly  1 900 ' s  
and  the 1950 ' s ,  j us t  bel ow 460m . Now pasture u sed for s heep , da i ry i ng and 
s ome beef cattl e .  

RANGE OF  EL EVAT I O N : 

MEAN ANNUAL 
RA I NFALL RAN GE : 

SO I L  MO ISTURE CLASS : 

310- 760m 

2060-3860mm 

Perudi c 

Hydrous 

MEAN ANNUAL 
A I R  TEMPERATURE : 1 1 . 6°C 

SO I L  TEMP ERATURE R EGIME : Mes i c  

S O I L  DRA I NAGE C LASS : Wel l dra i ned 

PE RMEAB I L I TY :  Moderately ra p i d  

FLOO D I N G :  N i l 

EROS I ON : 

Occurs i n  two ero s i on zones on  Sheet 7 of  E ros i on Ma p of New Zeal a n d ,  
(NWSCQ 1977 ) . U p  to about  500m el evati on , no s i gn i fi cant  present eros i on 
i s  i nd i cated a nd no s i gn i f i cant  poten t i a l  ero s i on under pas toral  u se  i s  
pred i cted . Above th i s  there i s  no s i g n i fi cant  p resent eros i on b u t  a 
modera te poten t i a l  eros i on severi ty under pastora l  use  i s  pred i c ted , 
i nvol v i ng earth s l i p  and s l ump eros i on . 
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CHARACTER I ST I C  PROF I L E  FEATURES FOR TAXONOMI C UN I T :  

Dark redd i s h -brown o r  dark brown , sandy l oam to psa i l s ,  w i th modera te l y  
wel l deve l o ped nutty s tructu re . L i th i c a n d  pumi ceous l ap i l l i  a re 
ch aracteri s ti c of Rowan s e ri es , w i th 5YR and  2 . 5Y R  i ron i l l uv i a l  coa ti ngs . 
The  tephra s  Ka upokon u i , Ma ka tawa and  Ma nganu i , i mpart a g ravel l y  mod i f i ca t i o n  
to the topsai l s .  

The B hor i zons range from yel l ow i s h -b rown to dark brown co l o urs wi th wea k 
b l ocky s tructures a nd i l l uv i a l  coa ti ngs on ped s u rfaces a nd  the pumi ceou s  
a nd  l i th i c  l ap i l l i , w h i ch o cc ur  e i ther  scattered or  co ncen tra ted i n  a band . 

Mo s t  profi l es i ncl ude a l ayer of  dark grey ( lOYR  4/ 1 )  fi ne ly  bedded l i th i c  
tuff 20-60mm th i ck . The l i th i c  tuff i s  es t ima ted to be around  3 , 300 
years B . P .  a nd i s  found at depth s  rang i ng from 0 . 38 to 0 . 60m . 

The th i c k n ess  of vo l can i c  a s h  over l a hari c debr i s ra nges from 0 . 80 to 
g reater tha n 2m . 

S I M I LAR S O I LS AND D I S T I NGU I SH I NG FEATURES : 

Lowgarth s er ies  d i ffers from a Rowan i n  be i ng found  at  l ower e l eva t i on s  
w i th ra i nfa l l bei ng < 2000mm a n d  i s  l es s  l eached than a Rowan , w i th n o  
i l l uv i a l  coati ngs . 

R i verl ea  seri es i s  l es s  l eached than a Rowan and  i l l uvi a l  coa t i ngs  a re 
ab sent  from l ap i l l i  and  ped s u rfaces . The yo ung l api l l i  showers are not  
u s ua l l y  present  i n  any grea t concen trat ion . 

Ka h u i  seri es di ffers from a Rowan i n  be i ng l e s s  l ea ched a nd has  < 2 50mm 
th i ckness  of  young l api l l i  showers , Kaupokon u i , Ma ketawa and  Manganu i  
teph ras . 

L ABORATORY NUMB ERS : SB 9 70 7  A-D  

AUTHOR :  A . M . Franks  DATE : 1 982  



SO IL  NAME : 

PRO F I L E  NO : 

S I TE LOCAT I ON : 

S I TE I NFORMATION 

LANDFORM : 

TOPOGRAPHY :  

S LOPE : 

AS PECT : 

E LEVAT I ON : 

PARENT MATE R IAL : 

S I TE VEGETAT ION : 

LAND US E :  

DRA I NAGE : 

MO I STURE COND I T I ONS : 

EROS ION : 

D I STURBANCE : 

LABORATORY NUMB ERS : 

PROF I L E  DESC R I PT ION 

0- 30 cm 
A 

3 8  �} 

REP RESENTATI VE PROF I L E  

Rowan s eri es 

1 

Upper Mangawhero Road . Keenan 1 s  property .  
Paddock  be l ow Na ti ona l  Park boundary , fo urth paddock 
a l ong from ford . 

N 1 19/674526 

Teph ra mantl ed  u p l and  l ahari c terra i n 

Very gent ly  s l op i n g  r i s e  

50 

South 

450m 

Moderate ly  wea th ered andes i ti c  l a p i l l i  ( c .  3 , 300 
years B . P . )  name l y  Ka upokon u i , Ma ketawa and Manga n u i  
teph ras , > 2 50mm i n  th i ckness  overl y i ng tephras p 2  
a nd  p l , ( Druce , 1 96 6 )  on  a s h  overl yi ng l ahari c debri s 
of Warea Forma t i on . 

Ryegrass  a nd c l over  

Pas ture 

Wel l dra i ned 

Moi s t  

N i l  

Ni l 

SB 9707  A-D  

dark  redd i s h -brown ( 5YR  3/ 2 )  gri tty l oam w i th 
pumi ceous  l a p i l l i  ( Kaupokonu i  and Ma ketawa tephras ) 
concentrated i n  l ower part of  the hori zon , modera te l y  
weath ered , averag i ng  30mm i n  d i amete r ,  wi th dark  
redd i sh-brown ( 2 . 5Y R  3/4 )  i ron cutan s ; fr i ab l e ;  
non s ti cky ;  non p l a s t i c ;  moderate l y  devel oped fi ne 
nut  s tructure ; soft penetra ti o n ;  abundant  very 
f i ne roots ; d i s ti nct  wavy boundary ,  



30-5 1  cm 
Bs 

5 1 -75  cm 
Bw1 

75- 100+ cm 
2C 

dark yel l owi sh -brown ( l OYR  3/4 )  sa ndy l oam wi th 
abundant g rave l s (Manganu i  tephra ) concentrated 
i n  the l ower part of  the h ori zon ; dark red 
( 2 . 5Y R  3/6 )  cutans ; fri a b l e ;  non s t i c ky ;  no n 
pl a st i c ;  wea k l y  deve l oped fi ne n ut  s tru cture ; 
s t i ff penetra t i on ; many very fi ne roots ; d i s t i nct 
wavy boundary , 

dark brown ( 1 0YR 4/ 3 )  g r i tty l oam wi th s cattered 
s trong ly  wea th ered pumi ceou s  l ap i l l i ,  averag i ng 

3 � 0  

20mm i n  d i ameter ; fri a b l e ;  s l i g ht ly  s t i c ky ;  
modera te l y  p l a s ti c ;  wea k ,  med i um ,  b l ocky s tructure ; 
fi rm penetra t i on ; few very fi ne roots ; s h arp wavy 
boundary ,  

th i n  l ayer o f  l oamy s a nd gradi ng to a dark g rey i s h ­
brown ( 2 . 5YR  4/ 2 )  coarse sand , w i th  g ravel s ;  
l oose ; non s ti cky ; non pl ast i c fi rm penetrat i o n ;  
rare roots . 



SO I L  TAXONOMI C  UN I T  SHEET 

SO I L NAME : 

REFERENCE : 

STRATFORD S ER I ES NAME OF  SURVEY : ELTHAM COUNTY 

I n trodu ced by Grange , L . I . ,  Tayl o r ,  N . H .  1933 . F i e l d work on So i l s  of 
Weste rn Taranak i  D . S . I . R .  Annual  Report 1932-33 pp 3- 5 .  

The  a rea mapped i n  th i s  s u rvey wa s p rev i ou s l y  mapped i n  Stra tford a nd 
New P l ymouth s ets by N . Z .  S o i l B u reau ( 1954 ) . 

Redefi ned by Ai tken et a l . ,  ( 19 78 )  S o i l s  of Stra tford County N . I .  N . Z .  
S o i l S urvey Report 4� --S tratford s o i l s  i nc l uded so i l s  formed from 
"S tratford As h "  overl y i ng the o l der  depos i ts of Egmon t Ash  a nd boul dery 
l a  ha  r detri tus . 

More c l ose l y defi ned i n  th i s s u rvey , a s  a wel l dra i ned , modera tel y l eached 
s o i l formed i n  th i ck vol can i c  a s h ,  w i th Manganui  tephra be i ng < 2 50mm i n  
th i c kness  a nd the teph ras p 2  and  p 1 , ( Druce , 196 6 )  pre sent  a s  a d i s ti n ct  
band of  pumi ceo u s  l a p i l l i ,  w i th tephras E5  and E4 presen t ,  l es s  than  1m 
from the s u rfa ce . 

S YMBOLS OF MAPP I NG UN I TS WH ERE : 

( a )  

( b )  

Taxonomi c un i t  domi nant  

Taxonomi c u n i t subdomi nant  

C LAS S I F I CAT I O N : 

S t ,  S tH -S t ,  S tH-St 1 , S t1 

N g -S t 

3 9 1  

1 .  N . Z .  Gen eti c C l as s i fi cati on ( 1 970 ) Modera te ly l eached  yel l ow-brown l oam 

2 .  So i l  Taxonomy ( a ) : Enti c Dystrandept  
( b ) : Typi c Hap l udand ( med i a l , mes i c )  

GEOGRAPH I CAL D I STR I BUT I ON :  

Exten s i ve area ea s t  of Ka ponga . 

PARENT  MATER IAL : 

Mode ra te l y  weathered  andes i ti c  vo l can i c a s h  compri s ed of  Ma nga nu i  tephra 
< 250mm i n  th i c knes s , on pumi ceou s  l a p i l l i -beari ng ash  s howers , tep h ras 
p 2 ,  p 1 ,  ( Druce , 1 9 6 6 )  E5 a nd E4 , on  th i c k  ash or sedimen tary rocks , s i l ty 
sands tone depos i ts .  



LAN DFORM : 

Vo l can i c  a s h  man tl ed l owl and l ahari c terra i n .  

SLOPE  CLASS : 

F l a t  to s tron g l y  rol l i ng and h i l l y .  

V EGETATI ON AND  LAND  USE : 

Or i g i na l l y  r imu-ra ta fore s t  cl eared i n  the earl y 1900 ' s .  
u sed ma i n l y  fo r da i ry i n g . 

RANGE OF ELEVAT ION : 

MEAN ANNUAL 
RA I NFALL RANGE : 

S O I L  MO ISTURE CLASS : 

MEAN ANNUAL 
A I R  TEMPERATURE : 

S O I L  TEMPERATURE REG IME : 

SO I L  DRA I NAGE C LASS : 

P ERMEAB I L I TY :  

FLOODI NG : 

E ROS ION : 

1 20- 290m 

1 330- 18 1 0mm 

Ud i c  

Hygrous 

Mes i c  

Wel l dra i ned 

Modera te ly  ra pi d - Moderate 

N i l  

Now pas  tu re 

No  s i gn i fi can t p res ent  ero s i on . I n  S heet  7 of  E ros i on Map of N ew Zea l a n d  

3 8 2  

(NWSG0� 1977 ) . S tra tford s eri es h i l l  so i l s  a re p red i cted a s  hav i ng  a s l i gh t  
t o  modera te potent i a l  eros i o n  severi ty , i nvo l v i ng earth s l i p  a nd  s l ump 
e ro s i on under pas toral u se . 

CHARACTERIST IC  P ROF I L E  FEATURES FOR TAXONOM I C  UN I T :  

A very dark g rey i s h-brown to very dark brown col oured topso i l o f  l oam or  
s i l t  l oam texture and  moderate ly  wel l devel o ped c rumb s tructure overl i es 



pa l er c o l oured B hori zons . 

The s ub so i l  i n  Stra tford s o i l s  i s  characteri sed  by con ta i n i ng pumi ceou s  
l ap i l l i ,  w h i c h  are u s u a l l y  con cen tra ted i n  d i s ti nct b a nd s  b ut  may be  
s ca ttered throughout  t he  profi l e .  The l a p i l l i  are wea k l y  to modera te l y  
wea thered i n  the upper B hori zons b u t  become more s trong l y  weathered w i th 
depth . 

S I M I LAR S O I LS AND D I S T I NGU I SH I NG FEATURES : 

Lowgarth s eri es di ffers from Stratford seri es  i n  havi ng > 250mm th i c kn e s s  
of  young l api l l i  showers , Kapokon u i , Maketawa and  Mangan u i  te phra s , wh i ch 
impart a g rave l l y  mod i fi cat i on to the upper hori zons . 

Kahu i s eri es  d i ffers from S tratford seri es i n  be i ng found  i n  vol ca n i c a s h  
< 2m th i c k ,  over l a hari c debri s .  Ka hu i  seri es i s  mapped i n  a s soc i a t i on 
wi th  oth er s o i l s  whereas S tratford covers an exten s i ve a rea and i s  mapped 
as  a s i mp l e mapp i ng un i t  e i th er as  S tratford s o i l s ,  Stra tford so i l s ,  
s trong ly  rol l i n g phase or  S tra tford h i l l s o i l s .  

3 9 3  

Egmont  ser i es d i ffers from S tra tford seri es i n  tha t  i t  does not con ta i n  
pumi ceous  l ap i l l i  th roug hout  th e s o i l profi l e  a nd the texture i s  fi ner . 
E gmont  s eri es  forms under a l ower mean annua l  ra i nfal l range ( 1 100- 1600mm ) . 

Ngaere s eri es d i ffers from S tra tford seri es i n  be i ng imperfect ly  dra i ned , 
w i th on e or  two non -g l eyed but  weath ered ho ri zons  above the g l eyed B 
hori zons . 

L ABORATORY N UMB ERS :  

A UTHOR :  A . M .  Franks 

SB 9 70 8  A-D 

DATE : 1 982 



SO I L  NAME : 

PROF I L E  NO : 

S I TE LOCAT I ON : 

S I TE I NFORMAT I ON 

LANDFORM : 

TOPOGRAPHY :  

S LOPE : 

AS PECT : 

ELEVAT ION : 

PARENT MATE R I AL : 

S I TE VEGETAT I ON :  

LAND U S E :  

DRA I NAGE : 

MO I STURE COND I T I ONS : 

E ROS ION : 

D I STURBANCE : 

LABORATORY NUMB E RS : 

PROF I L E  DESCR I PTiON  

0-35  cm 
Ap 

RE PRESENTAT I VE PROF I L E  

S tratford s eri es 

1 20 

Lower Has t i ngs Roa d , 1 . 5km from Mata pu . B l a ke ' s  
property . Second  paddock a l ong from hay barn , 
centre of paddock . 

N l 19/ 797423  

Vol ca ni c ash  man tl ed l owl and  l a hari c terra i n .  

F l a t  

Nea r l eve l  

South-ea s t  

1 7 5m 

3 9 4  

Moderate l y  wea thered andes i ti c  vol ca n i c a s h  compri sed  
of Mangan u i  tephra < 250mm in  th i cknes s ,  on pumi ceous 
l a pi l l i -beari ng ash s howers , tephras p2 , pl ( Druce , 
1966 ) E5 a nd E4 on th i ck vol ca ni c ash . 

Ryeg ras s  and  c l over  

Da i ry pas tu re 

Wel l dra i ned 

r�o i  s t 

N i l 

N i l 

SB 9708 A -D  

very dark brown ( lOYR 2/ 2 )  g r i tty l oam , wi th g ravel s 
( Manganu i  te phra ) , confi ned to top 250mm ; modera tel y 
weathered pumi ceo us  l a p i l l i ,  averag i ng 2 0mm ; very 
fri ab l e ;  s l i gh t l y  s t i c ky ;  s l i ght l y pl a s ti c ;  
moderate l y  deve l o ped coarse  b l ocky b rea k i ng to fi ne 
crumb stru cture ; fi rm penetrati on ; abunda n t  very 
f i ne roots ; d i s ti n ct  wavy bou ndary , 



35-65  cm 
Bw l 

65- 100 cm 
Bw2 

dark brown ( l OY R 3/ 3 )  s andy l oam , wi th abundant  
modera te l y  wea thered pumi ceous l ap i l l i ,  avera g i ng 
20mm i n  di ameter , occas i ona l  l i th i c l a p i l l i ; 
fri ab l e ;  non s ti c ky ;  non p l a s ti c ;  wea k  med i um 

3 9 5 

b l ocky b rea k i ng to f i ne crumb s tructure ; f i rm 
penetra t i on ;  common roo ts ; i nd i s ti n c t ,  wavy boundary ,  

yel l owi s h -brown ( lOYR  5/4 )  gri tty l oam wi th s ca ttered 
s trong l y  weath ered pumi ceous  l a p i l l i ;  fri ab l e ;  
s l i gh tl y  s ti cky ;  s l i g h t l y  pl as ti c ;  wea k l y  deve l o ped 
med i um b l ocky s tructu re ; f i rm penetrati on ; few roots . 



SO I L  TAXO NOMI C UN I T  SHEET 

SOI L NAME : STRATFORD SER I ES 
F I NE TOPSO I L  VAR I ANT 

REFERE NCE : 

NAME OF  SURVEY : E LTHAM COUNTY 

S tra tfo rd s er ie s , fi ne topsoi l var i an t  i s  i n troduced i n  th i s  s u rvey to 
i nc l u de we l l  dra i ned , modera tel y  l eached s o i l s ,  formed i n  th i c k vo l can i c 
ash . The  Mangan u i  tephra i s  a b sent  and  the teph ras p2 a n d  p 1 , ( Druce , 
1966 ) E 5  a nd  E4 are  sca ttered and average l e ss than  10mm , becomi ng  a 
speck l ed a s h  i n  the subso i l .  

The a reas  mapped i n  th i s  s urvey were prev i o u s l y  mapped i n  New P l ymou th 
and Egmont  sets by N . Z .  So i l  B u reau  ( 1 954) . 

SYMBOLS  OF MAPP I NG UN ITS WH ERE : 

( a )  Taxonomi c un i t  domi nant  S tv 

( b ) Taxonomi c u n i t  s ubdomi nant  

CLASS I F I CATI ON : 

3 9 6  

1 .  N . Z .  Geneti c C l as s i fi cati on ( 1 970 ) Moderate l y  l eached  ye l l ow-brown l oam 

2 .  S o i l Taxonomy ( a ) : E n t i c  Dystrandept 
( b ) : Typ i c  Hapl udand ( medi a l , mes i c ) 

GEOGRAPH I CAL D I ST R I B UT ION : 

An area i n  the vi c i n i ty of T i ri moana Road . 

I n  the e a s t  of E l tham Coun ty ,  several  sma l l a reas above the Pa tea Ri ver 
and an  a rea i n  the vi c i n i ty of Mangami n g i  Road . 

PARENT MATERIAL : 

Modera te l y  wea th ered andes i ti c  vo l can i c  ash  compri sed of  s tron g l y  wea thered 
teph ra s , p2 and p 1 , ( Druc e ,  1 9 66 ) , E5 and E4 , on th i ck vol ca n i c a s h . 

LANDFORM : 

Vo l ca n i c a s h  mantl ed  terraces . 

S LOPE CLASS : 

Fl at  to ea sy rol l i n g . 



VEGETAT ION AND LAND US E :  

Or i g i na l l y  u nder podocarp-broad l eaf  fo res t ,  wi th s ome areas o f  beech 
( No thofagus �. ) 

Present  vegetat i on i s  gras s , used  for s heep pas ture . 

RANGE OF EL EVAT I ON : 

MEAN ANNUAL 
RA I N FALL RANGE : 

SO I L  MO ISTURE CLASS : 

MEAN ANNUAL 
A I R  TEMPERATURE : 

S O I L  TEMPERATURE REG I ME : 

SO I L  DRA I NAGE CLASS : 

P ERMEAB I L I TY : 

FLOO D I NG :  

E ROS I ON :  

90- 240m 

1 500- 1900mm 

Udi c 

Hygrous 

Mes i c  

Wel l dra i ned 

Moderate l y  rapi d - Moderate 

N i l 

N i l  

CHARACTER IST I C PROF I L E  FEATURES FOR TAXONOM I C  UN I T :  

S tratford seri es  f i ne topso i l  var i an ts a re characteri sed by very dark brown 
co l o ured topso i l s  of s i l t  l oam texture and moderate ly  we l l deve l o ped crumb 
s tructure . 

The u pper B hori zon i n  a S tra tford vari a n t  i s  typi fi ed by conta i n i ng 
s ca ttered , s trong l y  wea th ered , pumi ceous  l ap i l l i , wh i ch a verage l es s  than 
lOmm , and become a s peckl ed ash i n  the s ub s o i l .  The l ower B hori zons  
a re yel l owi sh-brown i n  col our  and have a l oam to  sandy c l ay l oam tex tu re . 

S IM I LAR SO I LS AND D I ST I NGUI SH I NG  FEATURES : 

S tratford seri es  d i ffers from Stratford vari a n t  i n  hav i ng traces o f  
Manga n u i  tephra , w i th the tephras  p2  a n d  p l  ( Druce , 1966 ) present  a s  a 



3 9 8  

d i s ti n ct  band o f  pumi ceous l ap i l l i  wi th E 5  and E4  present  l es s  than lm from 
the s u rface . 

Ngaere s eri es d i ffers from S tratfo rd vari ant i n  be i ng i mperfectl y dra i ned 
wi th  one or  two non-gl eyed but wea th ered hori zons above the g l eyed B 
ho ri zons . Ngaere seri es  has  moderate ly  wea th ered pumi ceou s  l ap i l l i  
th roughout  the profi l e .  

Egmont  seri es  d i ffers from S tra tford vari ant  i n  formi ng under a l ower 
mea n annua l  ra i nfa l l ra nge ( 1 100- 1600mm ) and i n  hav i ng a d i s t i nct  b l a c k  
( lOYR  2/ 1 )  topso i l .  

LABORATORY NUMB ERS : 

AUTHOR :  A . M .  Franks  

SB 9 708 A-D  

DATE : 1 982 



SO I L NAME : 

PROF ILE  NO : 

S I TE LOCAT I O N : 

S I TE  I NFORMAT I ON 

TYP I FY I NG PROF I L E  

S tra tford ser i es , fi ne tops o i l  vari a n t  

3 39 

t�angami ng i . H ardwi c k -Sm i th ' s  property .  
track , terrace above the Patea R i ver . 

N 1 19/031 505 

LANDFORM : Vo l can i c a s h  mantl ed terrace 

TOPOGRAPHY :  F l a t  l and 

S LOPE : 1 ° 

ASPECT : No rth -ea s t  

E LEVAT ION : 1 1 5m 

3 9 3  

End o f  

PARENT MATE R IAL : Moderate l y  wea th ered andes i ti c  vol can i c  a s h  compri sed  
o f  s trong ly  weath ered tephras , p2 a nd  p 1 , ( Druce , 
1966 ) , E 5  and  E 4 ,  on th i c k vo l can i c  ash . 

S I TE VEGETAT I ON :  Ryegrass and  c l over 

LAND USE : Pa s ture 

DRA I NAGE : We l l  dra i ned 

MO I STURE CONDI T I O NS : Mo i s t 

E ROS ION : N i l 

D I STURBANCE : N i l 

LABORATORY N UMB ERS : SB  9 708 A - D  

PROF I L E  DESCR I P T I ON 

0- 18 cm 
A 

1 8-42 cm 
Bw1 

very da rk g rey i s h -brown ( 1 0YR  3/ 2 ) s i l t l oam ; 
moderatel y wea k ;  s l i gh tl y  pl as ti c ;  non s t i cky ; 
modera te l y  deve l o ped fi ne and  very f i ne nu tty a n d  
crumb s tructure ; many roots ; di st i nct  wavy boundary ,  

dark  brown to brown ( lOYR 4 / 3 ) l oam , wi th gr i tty 
mod i f i cat i on , few s ca ttered pumi ceou s  l a p i l l i ,  l es s  
tha n 1 0mm ; modera tel y  wea k ;  s l i g h tl y p l a s t i c ;  
s l i gh t l y  s t i c ky ;  modera te l y  deve l o ped f i ne n u tty 
s tructure ; common roots ; i ndi s ti nct  i rregu l a r  
boundary ,  



42 - 70 cm 
Bw2 

70-100  cm 
Bw3 

yel l owi s h -brown ( l OYR 5/4 )  l oam , wi th gr i tty 
mod i fi ca t i on ; modera tel y  wea k ;  s l i ght l y p l a s t i c ;  
s l i ghtl y s t i cky ;  wea k l y  deve l o ped coars e b l o c ky 
s tructure ; few roots ; di ffuse  boundary , 

yel l owi s h -brown ( l OYR  5/4-5/6 ) s a ndy c l ay l oam , 
wi th s peck l ed appearence due to concentrat i on o f  
mafi c cry s ta l s ;  modera te ly fi rm ;  s l i gh tl y  p l a s t i c ;  
s ti cky ; ma ss i v e .  

4 0 0  



SO I L  TAXONOMI C  UN I T  SHEET  

SO I L  NAME : T I POKA S ER I ES 

RE FERENCE : 

NAME OF SURV EY :  ELTHAM COUNTY 

I n trodu ced by R . W . P .  Pa lmer et �- i n  " So i l s  of  Egmont County "  ( 1 981 ) . 

The a rea mapped i n  th i s  su rvey was prev i ou s l y  mapped i n  G l enn  a nd  Egmont  
sets by  N . Z .  So i l  B u reau ( 1 954 ) . 

Defi ned and  separa ted out  by R . W . P .  Pa l mer et  a l . ,  as modera te l y  wel l 
dra i ned and imperfectl y dra i ned , wea k l y  g l eyed-soi l s  deri ved from between 
0 . 60 a nd 2m of vo l c an i c  a s h , on  l a har i c materi a l s .  

4 0 1  

Th i s  defi n i t i on  fo l l owed but  i n  E l tham County T i poka ser i es  i s  a n  
impe rfect l y dra i ned , wea k l y  g l eyed s o i l deri ved from < 2 50mm th i c kness  o f  
young l api l l i  showers , Kaupokon u i , Ma ketawa a n d  Manganu i  te phra s , overl yi ng 
tephra s  p2  and p 1 , ( Druce , 196 6 )  on  f i ne textured ashes over l a hari c debri s 
of Opua and Wa rea Forma t i ons . 

SYMBOLS OF  MAPP I NG UN ITS WHE RE : 

( a )  

( b ) 

Taxonomi c un i t  domi nant  

Taxonomi c un i t  s ubdomi nant  

CLASS I F I CAT I ON :  

T k -Ku i  

At-Tk , Ku i - Tk 

1 .  N . Z .  Genet i c C l a s s i fi cat i on ( 1 9 70 ) Wea k l y  g l eyed yel l ow-brown l oam 

2 .  So i l  Taxonomy ( a ) : Aq u i c  V i trandept  
( b ) : Aq u i c  Hapl udand  ( medi a l , mes i c ) 

GEOGRAPH I CAL D IS TR I B UT I ON : 

West of Ka ponga above boun8a ry wi th W a i ma te Wes t County . 

PARE NT MATER I AL : 

Moderate ly  wea th ered andes i t i c  vol c an i c a s h  compri sed of  traces of  young 

l api l l i showers < 2 50mm i n  thi ckness  of Ka upokon u i , Ma ketawa and Manga nu i  
tephras , overlyi ng  tephras p2 and p l , ( Druce , 1966 ) on fi ne  textured a s hes  
over l ahar i c debr i s of Opua and Warea  Forma ti ons . 

LANDFORM : 

Vol ca n i c ash  mantl ed l owl and l ahar i c terra i n .  



SLOPE  C LASS : 

F l a t  to gently u n du l at i ng l and . 

VEGETAT ION AND LAND  US E :  

Ori g i na l l y  ri mu- rata fore s t ,  wh i ch wa s c l ea red i n  the ear ly  1900 ' s .  
Now ryegrass cl over  pas tures u sed ma i n l y  for da i ry i ng .  

RANGE OF EL EVATI ON : 

MEAN ANNUAL 
RA I NFALL RANGE : 

SO I L  MOI STURE CLASS : 

2 10 - 2 70m 

1660 - 1 900mm 

Udi c 

Hygrous 

MEAN ANNUAL 
A I R  TEMPERATURE : 1 1 . 6°C 

SO I L  TEMP ERATURE REG IME : Mes i c  

S O I L  DRA I NAGE CLASS : Imperfect ly  dra i n ed 

PE RMEAB I L I TY :  Moderate l y  s l ow 

FLOOD I NG :  N i l  

E ROS I ON :  N i l 

CHARACTER IST I C PRO F I L E  FEATURES FOR TAXONOMI C  UN I T :  

4 0 2  

A ve ry dark greyi s h - b rown to dark brown topso i l ,  w i th moderate l y  devel o ped 
n u tty s tructure o ve rl i es a dark brown non-g l eyed B hori zon . These hori zons 
con ta i n  few s cattered  pumi ceous and l i th i c  l a pi l l i ( Kaupokon u i , Ma k etawa 
and Mangan u i  teph ras ) . 

The  l ower B hori zons  a re g l eyed and have brown to l i ght yel l owi s h - brown 
col o u rs , w i th red to yel l owi s h -red mottl es . These  mott l es a re a s soc i a ted 
wi th th e s trong ly  wea thered pumi ceous l ap i l l i , wh i ch are s cattered or 
concentrated i n  the  l ower part of  the profi l e .  Concret i ons  may be present . 

T he  th i cknes s  of  vo l ca n i c a s h  over l ahari c debri s var ies  and ranges from 
0 . 50 to 2m . 



S I MI LAR S O I L S  AND D I ST I NGU I SH I NG FEATURES : 

Mak a ka seri es  d i ffers from T i po ka s eri es  i n  ha v i ng  > 250mm th i ckness  of  
yo ung lapi l l i  showers , Kaupo konu i ,  Maketawa and Manga n u i  teph ras , i n  the  
upper  hori zon s . 

LABORATORY N UMB ERS : 

AUTHOR : A . M .  Franks 

Not s ampl ed . 

DATE : 1982 

4 0 3 



SO I L  NAME : 

PROF I L E  NO : 

S I TE LOCAT I ON : 

S I TE I NFORMAT ION  

LANDFORM : 

TOPOGRAPHY :  

SLOPE : 

AS PECT : 

E LEVJI.T I ON : 

PARENT MATE R I AL : 

S I TE VEGETATION : 

LAN D  US E :  

DRA I NAGE : 

MOI STURE COND I T I ONS : 

E ROS ION : 

D I STURBANCE : 

LABORATORY N UMB ERS : 

P ROF I L E  DESCR I PT I ON 

0 - 18  cm 
Ap 

4 0 4  

REPRESENTAT I VE P ROF I L E  

Ti poka seri es  

96 

Auroa  Road , 1 . 3 km south from Awa tuna . S teffert 1 s  
property .  End  of race , paddock adj acent  to W a i ma te 
Wes t Coun ty boundary .  

N l lB/643445  

Vol can i c ash  man tl ed  l owl and l a hari c terra i n .  

Depres s i on 

1 0 

2 30m 

Moderate l y  weathered a ndes i t i c  vo l ca n i c a s h  compri sed  
of  traces of  young l api l l i  showers < 250mm th i ckness  
of  Ka upokon u i , Ma ketawa and Mangan u i  te phra s , over­
l y i ng tephra s  p2  and  p 1  ( Druce , 1 966 ) on fi ne textured 
a s hes  over l a har i c debri s 

Ryeg rass  and  c l over 

Pas ture 

Imperfect ly  dra i ned 

Mo i s t 

N i l  

N i 1 
Not  sampl ed 

very dark b rown ( lOYR 2/ 2 )  fi ne s a ndy l oam wi th few 
g rave l s ( Manga n u i  tephra ) ; modera tel y  wea k ; non 
s t i cky ;  non p l as ti c ;  modera te ly  deve l oped to wea k  
f i ne and very f i ne  nutty s tructu re ; many roo ts ; 
d i st i nct  wavy boundary ,  



18- 5 2  cm 
Bwl 

52- 75 cm 
Bg l 

75- 100  cm 
Bg2  

4 0 5  

very dark g reyi sh-brown ( lOYR 3/ 2 )  fi ne sandy l oam 
wi th few g ravel s ( Manga n u i  tephra ) , l i th i c  tuff 
present ;  modera te l y  weak ; non s ti c ky ;  non p l a s t i c ;  
weak f i ne and  very f i ne n u tty s tructure ;  common 
roots ; i nd i st i nct bounda ry ,  

b rown ( l OY R 4/ 3 )  l oam wi th sca ttered s trong ly  wea thered , 
< lOmm p umi ceous  l a p i l l i ;  very wea k ;  s l i gh t l y  
s ti cky ;  s l i gh tl y  p l a s ti c ;  weak coa rse  b l ocky 
s tructure ; few , fi ne , fa i n t yel l owi s h- red mo ttl es 
( 5YR  5/8 ) ; few roo ts ; i nd i st i nct  bo undary ,  

dark ye l l owi s h -brown ( lOY R 4/4 ) s andy l oam wi th 
s trong ly  weathered pumi ceou s  l a p i l l i  concentrated i n  
a ba nd ; modera te l y  wea k-mo dera te l y  f i rm ;  mas s i ve­
wea k coarse  bl ocky s tructure ; commo n , fi ne d i s t i nct  
s trong brown ( 7 . 5YR  5/8 )  mo ttl es . 



SO I L  TAXONOM I C  U N I T  SH EET 

SO I L  NAME : WHANGAMOMONA SER I ES 

REFERENC E :  

NAME OF  SURVEY : E LTHAM COUNTY 

I ntroduced by N . Z .  So i l  B ureau ( 1 954 ) a s  Whangamomona s i l t  l oam , deri ved 
from s an dy mudstone and sandstone a n d  Whangamomona compl ex , deri ved from 
muds tone , sandstone , Stratford a s h  a n d  Egmo n t  ash . The  a rea mapped i n  
th i s  s u rvey was prev i ous l y  mapped i n  Whan gamomona  and  Moumah a k i  s e ts . 
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I n  N . Z .  So i l  B ureau  0968 ) , Whangamornona s o i l s  were descri bed as  be i ng 
deri ved from s ands tone and  were mapped i n  a s soc i at i on wi th Mangamahu  s o i l s .  

Whangamomona  s o i l s  were more c l o s e l y  defi ned  as  be i ng formed from 
moderate l y  conso l i dated s i l ty s a nd stone  by A i tken et �· , ( 1 978 ) . 

Th i s  defi n i ti on fo l l owed i n  th i s  s u rvey . 

SYMBOLS OF  MAPP I NG UN I TS WH ERE : 

( a )  Taxonom i c  u n i t domi nant  WgS 

( b ) Taxonomi c u n i t  s ubdomi nant  

CLASS I F I CAT I ON : 

1 .  N . Z .  Geneti c C l ass i f i cat i on ( 1970 ) S teep l and  s o i l  re l a ted to 
yel l ow-b rown ea rth 

2 .  So i l  Taxonomy Aqu i c ,  Typi c ,  And i c Dys trochrepts , 
c l ayey-ske l e ta l , mes i c  

GEOGRAPH I CAL D I STRI BUTION : 

Exten s i ve a rea eas t of  E l tham Borough 

PARE NT MATE R IAL : 

Quartzo -fe l d spath i c moderate l y  con so l i da ted s i l ty sands tone .  

LANDFORM : 

Di s s ec ted Terti ary sedi mentary roc k terra i n .  
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S LOPE  CLAS S :  

Steep and very s teep  

VEGETAT ION AND  LAND USE : 

Ori g i na l l y  under podocarp-broadl eaf fores t ,  w i th s ome a reas of  beech 
( No thofagus �. ) .  The major  components of  the forest  were r i mu ( Dacryd i um 
cupre s s i mum ) , ma ta i ( Podocarpus spi ca tus ) and  to tara ( Podoca rpus to tara) 
wi th kah i katea ( Podocarpus dacrydi o i des ) , domi nant  i n  l owlyi ng a reas . 

Present  vegetat i o n  i s  some secondary growth of  bush  and pa s tu re gras ses . 
The s peci es ra ts ta i l ( S porobo l us  capens i s )  b rowntop ( Agro s ti s  te nu i s ) a nd  
dan thon i a  ( Dantho n i a  �. ) ,  tend to p reva i l . Weeds such  as ragwort 
( Senec i o  j acobaea) , rush ( J uncus  s pp . )  a nd  th i s tl e  ( C i rs i um � . )  are 
common .  

Land u se i s  ma i n l y  concerned wi th the product i on  of  woo l , s tore- s heep and  
beef  ca ttl e wi th s ome areas h av i ng i n tens i ve sheep  farmi ng . 

RANGE OF ELEVAT I ON : 

MEAN ANNUAL 
RA I N FAL L RANGE : 

SO I L  MO I STURE CLASS : 

1 20-490m 

1 500 - 1 900mm 

Ud i c  

Hygrous  

MEAN ANNUAL 
A I R  TEMPERATURE : 1 1 . 9°C 

SO I L TEMPERATURE REG I ME :  Mes i c  

SO I L  DRA I NAGE CLASS : Imperfectl y d ra i ned . 

EROS I ON :  

I n  S h eet  7 of E ro s i on Map of  New Zea l and ( N WSCQ, l9 7 7 )  these  s o i l s h ave 
modera te to s evere po tent i a l  e ros i o n  sever i ty ,  i nvo l vi ng earth s l i p ,  s h ee t  
a n d  s l ump eros i on . 

Pres ent  ero s i o n  severi ty i s  modera te to s l i gh t  earth s l i p  and s o i l s l i p .  

CHARACTER I ST I C  PRO F I L E  FEATURES FOR TAXONOM I C  UN I T :  

A dar k  greyi s h - b rown to brown tops o i l o f  f i ne s andy l oam texture , wi th a 
s tron g l y  to moderate l y  wel l deve l o ped fi ne n u tty s tructure . 



A BA hori zon may be present  wi th a wea k l y  deve l o ped  fi ne  n u tty s tructure . 
Mo ttl e s  can be  a featu re of th e s ub so i l  and i ncrease  w i th depth . 
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Fragmen ts of  s i l ty sands tone may be p resent  throughout  the p rofi l e  and there 
ca n be  a s harp and d i s ti n ct  boundary to the modera te l y  conso l i da ted s i l ty 
sands tone . 

I n  the ri dge phase  the trans i ti on to parent  roc k  i s  mo re gradua l . The 
dep th to parent  rock  i s  u s ua l l y  s h a l l ower than i n  the r i dge phase . 

S I M I LAR SO I LS AND D I STI NGU I SH I NG FEATURES : 

Tah ora seri es : d i ffers from Whangamomona seri es i n  bei ng  der i ved from sandy 
mud s tone , wi th c l ay l oam textu re . Sandy muds tone  fragments a re pres ent  
throughout  the profi l e  and  there i s  a g radual  ra th er tha n  a s harp trans i ti on 
to the rubbl y parent  roc k . 

Moumahak i  s eri es :  d i ffers from Whangamomona seri es  i n  be i ng deri ved from 
s tro n g l y  conso l i da ted sands tone ,  w i th sand i er textures , l es s  s trong l y  
deve l oped s tructu res a n d  pas ses  mo re a brupt ly  i n to the parent roc k .  

T i ra ngi seri es : d i ffers from Whangamomona seri es i n  be i ng  deri ved from 
s a ndy s i l ts tone , w i th s i l t  l oam texture . 

LABORATORY NUMBERS : 

AUTHOR : A . M .  F ranks  

Not s amp l ed 

DATE : 1 982 



S O I L  NAME : 

PROF I L E  NO : 

S I TE LOCAT ION : 

S I TE I NFORMAT ION  

REPRESENTATI V E  PROF I L E  

W hangamomona  seri es  

343 

Mangami ng i , 0 . 5km wes t  o f  the Pa tea R i ver . 
Ha rdwi ck-Smi th 1 s  property . Profi l e  l oc a ted on  
s teep s i te o f  the  va l l ey s i de ,  between a s pur  and  
t he  va l l ey fl oor . 

LANDFORM : D i s sected Tert i a ry s ed i mentary rock  terra i n  

TOPOGRAPHY : S teep s l o pe 

S LOPE : 2 0° 

ASP ECT : N orth-ea st  

E L EVAT I ON : 200m 

PARENT MATER IAL : Quartzo -fe l d s pa th i c ,  moderate ly  conso l i da ted 
s i l ty sandston e .  

S I TE V EGETAT ION : I mproved pas ture 

LAND USE : Pas ture 

D RA I NAGE : I mperfectl y d ra i n ed 

MO I STURE COND I T IONS : Mo i s t-dry 

E ROS I ON :  S l i ght  

D I STURBANCE :  N i l 

LABORATORY NUMB ERS : No t s ampl ed 

P ROF I LE DESCR I PT I ON 
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0 - 24 cm 
A 

b rown ( l OYR 5/ 3 )  fi ne sa ndy l oam w i th many s i l ty 
s ands tone fragments , averag i ng lOmm i n  d i ameter ;  
fri ab l e ;  s trong to modera te l y  deve l o ped f i ne  n utty 
s tructu re ; soft  p enetrat i on ;  many roots ; d i s ti nct  
i rregu l ar boundary ,  

24-4 1  cm 
Bw 

l i gh t  yel l ow i s h-brown to browni s h -yel l ow ( lOYR 6/4-
6/6 )  sa ndy l oam ; fri a b l e ;  weak l y deve l oped f i ne 
nu tty s tructure ; soft  penetrat i on ; few ye l l ow i s h ­
red ( 5YR  5/8 ) d i s co l o rat i ons  a l ong roo t  channe l s ;  



on 

C/B 

common roots ; d i s ti nc t  wavy boundary ,  

l i g h t  yel l owi s h -brown ( 2 . 5Y 6/4 ) w i th s trong b rown 
( 7 . 5YR  5 /8 )  d i s ti nc t ,  coarse mottl es ; modera te l y  
conso l i da ted s i l ty sands tone . 
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Fi gure V I I- 1 Soi l groups 

Ye l l ow-brown l oams 
and g l ey s o i l s  

I n terg rade between ye l l ow­
brown l oams and recent  s o i l s  

Recent soi l s  from 
vol cani c ash  

D - L i thoso l s and 
s ke l eta l  s o i l s  

t==J - Organ i c  s o i l s  

[g - Steepl and s o i l s  re l ated 
to yel l ow-brown l oams 
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Fi gure VII - 2 
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Vol can i c ash  depth to b recci a ,  

congl omerate ,  sands tone and muds tone 

( average depth on a l eve l s i te ) 

r .. :.J - >2m .  Vo l ca n i c As h 

D - 1 - 2m .  

D - 0 . 1 - l m .  

D - < O . lm. 

� U - Pea t 
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F i gure VI I - 3 Rai nfal l I so hyets 

From N . Z . Meteoro l og i ca l  Serv i ce mean ann ua l  ra i nfa l l maps . 

( Based on Ra i nfa l l Norma l s 194 1- 1970 p ub l i shed  i n  N . Z . 
Meteoro l og i ca l  S ervi ce Mi s ce l l a neous Pub l i cat i ons 145  a nd  s upp l emen t ) . 
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