
VINCENT ERNEST NEAIL

gCIUS A$:PECTS OF VIESEERSI TARiANAKI

GEOTOGY aNo pnoorocY

Thesig submitted for ttre dleg.ree of
Doc'tqf of PhiLosophXr

Ln GeoJ.ogy

Vfl.ctori.a Universitl',,Of Wellington

ldEy L973



FRIJIITI$?I_iilCL,'

'Verti.cel. aerial photogragh of Mt. B$ntrilt and the F,outtraL

Range to the H!if${ slrowing

(a) older lavas of J4t- Ugirrunt co$e (conpr'laing ?{eat R{dgr *nd^

gobs iridEe lat'a flows) trurrcaLed fur tbelr upper part by

(b) the tramlrhithaatre" bet,reen gobs *idge aad Eanthtimg Fealc

- a eollaltsGr structure fron whinir tile Opua Formatl,on l.a,hlf

originatod.

(c) younggt stande of vegntatian deetroyed }ry a dlebri.e fluf
origlflatlng frorn tire okahu 6orge regl,on about 80 ycare tgor

(d) f;he depneeged bushLiile on the nartb-western ilgrncrnt alogles,

due tr, fJre 8S irear oltt dobris flow spteadting 9 kms to the
preeent liational Fark boundary.

(al one of the younger lava flor*s on Mt. Egmont wbJ.eh dcega44g

Ittinerapa S,trgam.

(f) the cray Traek lava flows to the ea.ct of Mt,. funnontp wttlr

distinctivE leveee ts each sLde,

(g) ftro eugruLo-dorneg gn tire soutilern fladgEr niloed ttre 'Beehlvce.

- r.ands and $unr-oy Departnent photo.





VTNCEIIT TRNEET !TE.ALI.

SOI{E ASPECTS OF WESTERN TARANAXI

GEOLOGY A}ID PEDOI,O T

Thesle subtoitted for tlre dcgrec of
Doctor of Phtloeophy

Ln Geologry

Vlctorla Univeralty of Welllngton

May 1973



CITAPTER 7 - rige relationshlps of 'restern Taranaki eolla
CtlAPTgrt I - rrn irrvestiqgtlon of nossfle.ld and shrub

e
ffi

TABLE OF CONTEI.ITS

aud tephrostratlqra
of r,sestern Taranalti (N108-109), t'|ew Zealand

gtudLes on Taranaki tephrag

Tephrochronological lmplJ.eations on Egmont
ringpLaln surfaces
l4axirnurl size dlar.reters
Ternperature Etudles on carbonised wood
form.ation
lJeatherlng ratee of Late euaternary
punriceous lapllli Ln TaranakL
Katikara Sormatl.on
References

in weEtern

between mounds

hlller or lahar

Page
Nunba

II{TRODUCf IOrY

CHAPTEII L - The VoLcanic ltLetory of r+ostern Taranakl
-

I
2

13

L7

t8

CNAPTER 2 -

CHAPTER

CHAPTER Lahars - theLr lobal occurf,€Frce orL

3

4

l9
20

22

32
48
63

56
97

109

113
138
150
162
L72

19t

t95

200
206
211

215

2L7

218

- Referenccs

C}IAPTEII 5 - I"ate_ euatornarr' !.ahare ln weetern Taranakl

Pungarehu Fornation
Warea 8'ormation
Opua Formatlon
Kahui FormatLon
Haero Uehris Flows
Holocene coagtal sectl,ons
Taranaki
Compos!.t{onal differenceg
and inter-areas
The formation of nconical
mounds
Water requlremente

C*4PTE.* 6 t cone
neations Ln Egnnont

Methods of stuCi.
Methods of chernj.cal analysLa

236

247
252

References

Structure of 5

Natlonal Park

(1)



Results

Biomaas and productl.vity
- Chemieal elements Ln the ecosystenn
- Quantitlee of elenents in raLnwater

Quantltles of elenents Ln runoff waters
- Dieeusslon

Organlc turnover and ehenical eycling tn
the esosystems

- Mlneral eycling
- Chcsrlcal balancr aheet

Light utilLsatton by moaefleld and shrub
seosystem6

Soil development on debris floqr depoaits

ConcLuslons

Referenees

Page
Nunber

25r

254
259
273
278
286

289

289
291

295

302

312

317

Appendlx A-l -

I'ig.1

E'i.g.2

Fig.3

Table 1-

Table 2-

APPENDIEES

Identificatlon of Late Cuaternarl' Tephras
for dating Taranakl lahar deposlta
- B.P. Kohn an'd V.E, Neall. 122

LooalLty map of Taranakl, show:tng eample
El,teg. Ntmbers refer to looaLLtles ln
Table 2. 324

Seannlng electron mLcroscope photoEraphs
of
(a) weakly etched augJ.te erystal x 180,
(b) moderatoly to eeverely etehed augLta

erystal x 200. 328

SLr correlation colunne between prinelpal
aanple gltes ln western Taranahl 333

Stratlgraphic oolumn of Taranaki tephraa
(modLfied after NeaLI L972,. 326

Chenieal analysea of tltanomagnetltes
from Taranaki tephras and Tongariro
tephrae and a lava. 329-330

(il)



Paqe
Number

Appendlx BL - Geologrical map of NZMSI, N108 New
Plynouttr. ) ln pooket

I
npper:dix B2 - GeoLogical map of bizbtsL, !rlt8 Egnnont. )at rear

l
Aprrendix 53 - Geologicar map of Nzl1sl, N12B oeo. )of, thegls

)
Aufendix iitl - .ir.erial irroeaic photograpir NZMfi3, Nll$/2 )

of Pungarehu )

Appendlx Cl - View of Mt. Egrnont looklngr aouth from
the Pouakai Range, circa 1899A.D.
Photograph taken by H.1.1. Skeet, shows
recent fan of alluvial debrig extendlng
from )tinarapa gtream lnto Ahukawakawa
Swamp. 339

gppendix g2 - Plan of tire surnnit of Mt. Egmont,
surveyed by J.i{. Davl.s and, F. Carrington
1885. 3{0

Apperrrlix C3 - Soil rrap of tiZi{Sz, N108/8, Okato. ln pocket
at rear of
theal.s

Appendix D] - Relatlonehip between sclar raclLation
ancl raintall durlng the study pertod
at Llttle Pyraml-d site, Mt. Egrmont. 341

Appe-ndlx D2 - Crose-section of raLngauge constructed
for rainwater sanrpling 342

Appendix D3 - Quantities of Na, K and i{9 in bLomaes
samplee. 3{3

Appendix D4 - iJuantitles of Ca, N and p Ln blomags
sanples. 34{

Appendj,x D5 - rExcess potaseiunrn eoncentrations ln
rainwater samplos. 3{5

.\ppendl,x D6 - Relatlve proportions of elements Ln
rai.nwater anci Litter returned to soil
under Coriaria plurnosg, expressed as t
returnl-- 3{6

Appendix Lr7 - Total energy sontent of the moEefield-
shrubland ecosystems. 347

(lrr )



FIGURES

FrontJ-spleee - Vertieal aerLal photograph of !{t.
Egrmont

Fig. I - Ioocall-ty map of Taranakl

f ig. 2 - View frorrr ttre north-nest, along tfie
Taranaki Volcanic Suceess.ton

Fig. 3 - Paritutu anrl the Sugar Loaf Islands at
New Pllmouth

Flg. 4 - llaximrrnr gize dianeters of punrice fragnnente
wj.th distance frorn source

Flg. 5 - DTn traces of rnrood and earbonLsed wood
samplea

Flg. 6 Infrared spectra of wood and carbonlsecl
rr'ood sanples

Flg. 7 - CalorifLe valucs, volatile matter t,
fl,xed carbon and asht of eelected wood
and charcoal sarnples

Fig. I - Progreeslve vreathering of Taranaki
pumiceous J.apilli an<l associated clay
separatee

Fig. I - Weathering of aelected TaranakL pumiceous
J.apilll. Sillca-to-aluroina ratlos plotted
against a reealibrated WI.

Fig. 10 - WeatherLng of selecteC Taranaki pumlceouo
lapllli. Parker's Lndex plotted with age
of Laptllt.

Flg. lL - VLew of type loea1Lt1' of Katlkare
FormatLon

Flg. L2 - Current bedding vlsibte wl,thln Katikara
Formation

Flg. t3 A - Cross-seetion of Maltahl and Lepperton
aurfaces ln the Okato dietrlct

B - Cross-gection of, exposure at type locality
of Katlkara FormatLon

C - Cross-sectLon of exposure on Dover Road.,
ar NI08,/53572{

Fig. t4 Sectl,on at N108r/525704r oll Carrlngton
Road, showLng dlsconfornity between
$aundere Ash and older tephrae

Paqe
Nuabe

3

21

24

25

30

38

{0

42

49

{9

53

5l

1rv)



Pa(re
Number

Fig. 15

fig. 16

Flg. L7

Flg. l8

FJ-g. 19

Fig. 20

Fig, 2L

Flg. 22

Fig. 23

Fig, 21

PIg. 25

Flg. 26

Fig. 27

Fig. 28

Fig. 29

Fig. 30

Obllque aerial photograph looklng north-
vostwards tovrard New Pllrmouth, showing
riclges of Katikara Forrratlon

Obligue aerl"al photograph of weatern
Taranal<f lahar mound,s

Seetion in roarl cutting at t,Ill8r/487628,
on Parihaka Road

Obllque aerial photograph of Pr:ngarehu
Fonnation ;ncunCs

llaximiu,r lrasal diarineters of Pungarehu
Formatl.on lahar nounds ln NZMS2, N118,/2

Countour map (at 50n lntervalg) of
nra:<J-niun lrasal dJ.arneters of Pungarehu
Formation lahar mounde

5{

trl

11r.

115

118

119

123

Planar suilunits of lahar uounds wlthin
Prur'.3arehu Forrnatlon, on Punlho Road 120

Bar histograms of maxlrium basal
dlaroetere of Pungarehu Formation lahar
rnounds witlr distanee from source L22

23a - l.leans of maxlmum dLaneters of mounds
Ln reference squares 1-I4 of ELg.22

23b - Frequency of mounds to each roference
3cluare

23c - t ilou:rrls in 4001r square units wLth
distance from coast

Clast pressrved wLthln Pwrgarehu
Formation at lil18,/4X364(,

ttrillholo log frcin welL cn K.r/i.
propertyr n€eiE Pungarehu

Oakura Eephra leopach map

Okato Tephra Leopach map

L27

Plenrnlng I e
L29

131

132

133DlstrLbutlon lLnLts of Saunders Aeh

SectLon on Wlremu Road, Lrnrnedlately south
of l(ina Roail junction, trt :fIlB/501557 L27

Cross-sectLon of exlrosure on ilLghway 45,
north of Puniho Road Junctionr a,t N108r/
423743 141

(v)



Paqe
Nunber

;Fig.

Fig.

Flg. 33

FLg. 34

Fl!.35A

FJ.g. 358

Fig. 36

Flg. 3e

Fig. 39

Ft,,J. 4r)

Eig. tll

F19. 42

31

32

9larea Formatlon lsopach ma6r

DJ.agranonatlc cross-sectlon of Opua
Formation rnormds and old.er surface of
Opua-Warea n formatlorrx moun,ls, axposed
along Waltelka Road r{1
Bar hLetograns of maximum baaal dl.ametera
of Opua FormatLon lahar nounds r,slth
dlstance frorn aouree 155

34a - Meana of naxinum dlameters of ruounds
l-n refer?nse squares 1-9 of Flg.33

34b Frequeney of mounds to each reference
aqu6re

34c - t Hounds ln {00ur aquare units with
dLstance froni coagt 155

Type locallt7 cf Kahui Formation, along-
side WaLweranul Stream at N118r/526G65 163

Reference section of Kahui Formatlon 165-166

PolLen analysLs of peat sample from
11r300 yr 3.F. horLzon at reference

173

Interpretation of unl"ts present Ln l.taero
Strearu sectLon 17{

Vlew across 90 irear old debrts floiu
deposlt, north-western alopes, Ut. Egmont 173

Interpreted seriee of events which led
to the formaticn of the "Punlho holas,r lBI
!'a1len k,rnralri (Welnrnannla r aceniosa)
tree trunks whtEF-ffigEiffil-on
their upFer sLe',es to forn tire present day
forest along the PunLho Track 185

Slml-Iar trees along PrxrLho Trackr which
foru, pre,tent ,tay forest 18?

Orierrtatior of fallen trees on PunLho
Track between ttre {00m and 435n contours 188

gectlon of Kahul Formatlon

Fig. 37A Photograph of llaero Stream ref,erence
sectionr at ril1l8/586655, of flaero tlebrls
flows

E'19. 378

170

(vt)



Page
Numbe

Fig. {3 Orlentation of faLlen trees on Puniho
Track between the 435m anrl 480n contoure I88

Fig. 44 Reeords of nrnbllngs and ra!.nfall
recorded for the perio<l 22 Septenber to
1 Oetober, L895 L92

Flg. {5 Re-lnterpretatlon of Stent Road seetlon
previously deecrlbed by Wellman (1962) 195

Fig. {6 Results of natrLx atudy. Precentagea of
elast sizes tn 4 elaeses
(a) Ieec than {urml(b) 4-54rw;
(o) 6fl-256mmr
(d) greater than 256r'r:n 197

Plg. 47 PhotoEraph of sectl-on AB of Flg. 46, an
interior of a Fungarehu Formation lahar
nound, I98

Fig, 48 Photograph of section C4 of Flg. 46, frqr
"inter-areatr of Cpua Fornati.on 198

Flg. 19 Correlatlon columns between the referense
localitl' of the Katrui Forrnatlon, at
TeJ.kapurua Stream, to Opunake Beaoh eection 208

Flg. 50 Soil map of raranakL compJ.Led by H.S. Gl.bbs
223-223A

FIg. 51 Age rclatLon:h!-ps of parent materiale and
goll.s in western Taranaki 228

Fig. 52 Stratlgraphic correlatlon colr:nns of
parent materials forrning Ner.r Pljrmorrth
black loam, Warea black loam, and Egmont
black loam 229

P1g. 53 DTA tracss of clay fraetions separatedl
from selected llaranaki tephras 232

Fig. 54 Oven d,ry weights of f,our sanple quadrats
anrf an ave.rage value (ln k,frlh.r x lO3) . 255

fig. 55 Diargra.i,r,iurtic representation of st,eps
undertaken in ecosystem etudy 26L

Fig. 56 Average elemental abundances in plant
conponeuts of the go^al'inetl mossfieL,J-
Ehrubland ecosyetems, (ln kglha) 268

F'ig. 57 Detai.ls of soil profilee developad on
debria flow deposLts in western Taranakl
chronosequence 305

(vii )



Fage
Nrnbe

Fig. 58 Chenlcal data of goll suite plottecl
against age of soLl parent rnaterials 309

Fig. 59 The evolutLonary development of r.sestern
Taranaki soLl types interpreted from
tephrochronoloSy, lahar stratlgraphy and
soil morphology 311

TABLES

Table I lzclsanLc events Ln Tarana]:i

Table 2 Standard coal analyses of wood, and
carbonLsed wood eamples 28

TabLe 3 Estlmatad temperatures of, eruptiveg
required to ear?:onige r+ood ear-,iples 31

Table { ltaJor elenent analyses of selected
Taranakl punriceoue laptlli 35

Table 5 Weatbering of seleqted Tarana.kL puniceous
1aptL1i 39

Table 6 - Chemieal corrposltlon of TaranakL lseathered
1ap1111, fresh volcanls glaas and clay
seperates reealculated to eonstant alurnl,na l1

Table ? The losE of rnobriLe constltuents frorr
purnlceous laptllt ln Taranakl {6

llable I Monthly ral,nfall recorded at four
observatlon sl-tes on l,lt. Egmont 242

Table 9 - Oven dry *"1gnau (in kt,/ha) and, mean
annual productLvity (ln kg,/ta/yxl of
bl-omass at study sl+-e 256

Tab1e 10 itelatlve proportions of t'iornass
components in f,our blomass sarioples 258

Table 1I (a) AnalysJ.s of goil eanpled beneattr
EhrublanC and mossfielrl eeosystems
Quantitles of elements Ln goil

(b) to 5 cnr d.epth, anc
(c) nltrogen to 10 crn depttr 262

fable 12 Mean parcentage element eomposltlon of
plant eorponents 265

(vl1t)



Page
Numbe

Table 13

fable 14

Tatrle t 5

Table 16

Table 17

Table 18

Table 19

Table 20

Tabl.e ZI

Table 22

Table 23

Table 2{

fa.irle 25

Table 26

Table 27

Table 28

Average guantittee of elements in
comlrined mossfield anrl shrublanrl
systeros (kglha)

Quantities of elaurents (ln kglha)
contalned in varJ.ous vngetattolr syateng

Total (lcgrlha) and breakdorrn j-n plante
and Soil (exchangeable) of elements in
mossfield and ehrub ecosystenrs

The chernical composltlon of ral_nwaterat study site
annual guantl,tlee of, eloments Ln raLnwater
Ln kg/ba/yr

267

27L

272

274

277

279

280

28{

285

290

the ohemlcal componltion
Iyslmeter water at etudy

The chenLcal compoeLtion
lysLmeter water at study

Annual loss of elemente lost to drainagein Rhacouri.trium and CorLaria lyslmeteri
Analyaes of selected water eamples from
study elte lysLmeters, Maero Strearr and
6tony River

of Rhaeoritrlum
6:"te

of Corlaria
altE

Average rock composltions of volcanLc and
graywacke parent materJ.ale, North Island Zgg

Annual uptake, lnunobLl-lsatlon anrl returnof maJor elemente in geleoted ccosystems

Annual ehemical element budget for ttremossfleld anrl ehrrrbland eeo--yetens (tn
Rg/ha/yrI

An annual chemlcal budget for Coriaria
and Rhaeomitriun soLls (in kgr/F;;ffi
Solar radlabion at study site wl,ttr
comparative d,ata from Ohakea. Kelburn and
Auckland

Calorl,fic val-ue of selected pJ,ant nnaterials(in calr/gm) on a dry baais 2gg

Chsmical analysee of A, horlzons eeLected
from wester.r Tararraki ^soils developed on
debris flow depoeJ.ts, with comparative data
from ttre Stratford and Eqrmont ieference
eLtee (N.2. soil Bureau fgOA) 302

293

29r

297

(ix)



1

INTRODUCTION

The Norttr rgrand of New zealand la thc southern end of an
lsrand arc etructure whlch stretcheg 3000 km norttrwardg to
sanoa. rt comprlaeg ttre Hlkurangi Trench to ttre eaet of the
North rsrand (Houtz, et.al. 196?), a central negatr.ve gravlty
anomaly (Robertson and Relrly rgss! and two volcanrc ronea to
the west of, ttre gravl.ty anomaly (Cole 1967). The voleanl,c zones
comprlse ttre ohakune-l{trite rsland zone of calc-alkalLne volcanocs
and a western Eonc of more alkalLne volcanoeg from NortJrland
to TaranakL. The Taranal<i vorcanoeE are prlnclparly htgh
trrctash low rnagneel-a horrnblende-andesLtee (Hathcrton lg6ga)
whLch extend 25 km south from New prlmoutrr to Drt. Egrmont.

Volcanological LnvestigatLone on the TaranakL andest,tes
have previously been llnlted to petrol0gLeal, geomorphlc and
Recent tree-rl.ng datJ.ng studLcs. Thc followLng work lnvolvea
detall,ed etudies on the tephrochronology, lahar etratl.graphy,
weathering and soiL formatlon in western Taranalci together wltl
a detaLled interpretatlon of euatarnary volcanLc and cllnatl,c
eventg.
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CHAPTER 1

THE VOI,CAIITE HISTORY oF !''ESTERN TARN.IAKI

llount Egmont and ttre rangea extendlng northwards to New

Pllnuouth (Flg.t) have a volcanie hietory that haa laeted from
early PleLgtocene tlrneg armogt to ttre preeent day (Tabre l).
Prior to thLe, TaranakL wag covered by a shalloyr eea beneath
which a aequence of TertLary sedlmentg was deposited. olt and
gas wlthLn Eocene parallc bedE have flowed Lnto Tertlary gtruct-
urea whlch have baen aubseguently drl.lled and corrnercl.ally
developed (e.g. 35 mr,rrion cubr.c feet of naturar gaa per day
is produeed at KapunLr HaI 196?). More recently an offghore
oil and gaa fteld hae bean discovered 53 krn offshore to ths
south-west, wlth trro horlzons produclng {5 and {2.5 nLrrLon
sublc feet of gas per day (A.N.Z. Bank 1970).

The ravae extruded from Mt. ngrmont and its adJacent
voLcanoes cover a somparativery small area at hlgh altLtude
and below the 900n (3'OOO ft) contour they merge lnto a thlck
apron of fragmentary volcanrelastlce termed ttre r!.ngplaLn
(Grant-Taylor 1964a). The outskl.rtg of the Taranakt vorcanr.c
rlngrpJ-ains are bounded to the weet by the coast and to ttre
east by upltfted upper TertLary mudstones from Uranul souttr
to Hawera.

with tLme trre rrolcanlc hrstory haa forrowed a NNw to ssE
trend ln Taranakl' and Ls referred to ae ttre Taranakl volcanlc
successlon. ProgresaLng southwarde along ttre sueceealon each
vorcano ls Eeen to be assoclated wlttr a progrceeJ.vely morG
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FIGURE 1 - Locality map of Taranaki, showing radial
drainage pattern to Mt, Egmont. Dotted
a1'ea refers to Pouakai Range ringplain.
Star locates ecosystem study site
described in detail in Chapter 8.
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recent and youttrful landseape. In ttre north lg Paritutu and

the Sugar Loaves at New PlymoulJr, poaltLoned gllghtly to the

norttr-eagt of the princLpal volcanlc lLne. Furttrqr south arc

xaLtake, a dl.eenrbowelled extLnct volcanot PoualcaL, r scvGrely

eroded, extJ.nct volcano; and Egmont, a olaeaj.c rtrato-volcano

of Lnterbedded lavas and brecclag (Flg.2), Excopt for tbe

dacltes at the Parl"tutu centrer all of the eonea ars oonpoeed

of andesite lavas but dlorLtee are c:<posed ln ttrc oorc reglone

of PouakaL and Kai.take.

Mohakatino Formatlon

lfhe earliest evLdence of andecLtlc volcanLgn ln Taranakt

ig preaerved as andesitic tuff Ln the MohahatLno Fonmation of

Southland age Ln northcrn Taranalsl. Glcrurle (ln arnold 1959)

concluded fron the dLstributlon of the pyroclaatLo naterlal Ln

the formation that ttre Bource area was Ln ttre Tagnan Sea and ttrls
orLgJ,n J-s supported by the dlacovery of a large cl.rcular

magnetJ.c anomaly about {5 km off t}re Tarandcl coaet (Eathcrton

I968b). A simLlar but tnln-pealced anorualy algo regarded ar

l.liocene age occura 60 krn south of Egrront ln norttrarn Cook

StraLt but ttrere ie no battrlnnetrl.c evLdenee of Lts exlgtencc

(Hatherton 1968a and b).

P.arltutu- and the Suqar toavee

The fl-rst volcanLc centre to be preservsd onshore Ln

taranaki is at ttre New Pllzmouth foreehore. It comprLses

ParLtutu and ttre offghore lslands named the Sugar IJoavGa (FLg.3),

Early geologlsts regarded ttreee rrolcanLc remnants aa a cotrG-

sheet system (Hutton 1944), but more recent, work by Arnold
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FIGURE 2 - View from tJre north-west al.ong t.he Taranaki Volcanic

Succesgion. I(aitake Range in foreground, Pouakai

R.ange in centre arrd Mt. Egmont behind.

I'IGURE 3 - Paritutu and the Sugar Loaf Islaada at New Plyrrouth,

from tJre south. Raised marine bench in foregrou:od.
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(1959) suggeats trrey repreaent a growLng volcano whlch bccane
pJ'ereed by a eerLes of hlghly vLecous, craterlosa c'mulodoneg.
Grant-Taylor (196{bt regards ttre volcanice ag eroeion rennants
of a former volcano whlch have proved realstant to narrnc
erogLon. Horrever ttre phenoeryste witrrr.n the lavas
Ln cLrcurar or cunred patterns around most of ttre
supportLng Araold Is theorT.

Parltutu le thought to rapreaent a plug or ep!.ne of lava
that wag extruded rn nearry solrd form, rlke a prston, rn
much the same way as ttre epLne waa thrust up from ttre au*.lt
of l'lt. Fel6e on ttre caribbean leland of Martlnique tn 1902 A.D.
A zone of crushed rock aroturd trre base of parLtutu probably
marks the clrcular fault up whlch the spine wag extruded. The
rockg have been r</rr dated at 1.26 ntrlion years B.p. (Dr.
,J.J. stlpp, p6rs.eom.l.

surrounding the ravas at parl.tutu are breacrae named

'Lorrer Pouakal. Aggromeratei (clarke LgLz, Gibaon and lrorgan
L9271 ' Arnold (1959) auggests the rAgglomeratei wag dertved
by uparching and intrusion of a gem,.-rtgid igrneoue mass.
pre'ence of Pllocene sandy rmrgdtone brocks up to zor000
(Arnold 1959) was expralned by ttrlg mechanr.em. A recent
by the author of a marlne bLvalve protothaca crassLcosta
(Deshayes), Ldentlfled by Dr. A. Beu, N.z. Gcoroglcal sunrey;
Lower llutt' withLn ttre breccia near l{tkotaht LntlLeatee ttre
breccLa was probabry deposJ.ted under eubagueoug aonditrong.
A submarine breccia fr-ow ie consr.dered a lrkery arternatlve to
explal'n the large sLze of Tertiary brooks Ln ttre breecra'.

rt ls probably due to theee voleanis extruel.one fraoturlng
the underlyLng TertLary sedLnents ttrat ol1 hae seeped upwards
along snalr flgeurea to form oLr lroepl and gas vents on the

are allgned

Sugar Loavsg,

Thc

m3

flnd
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New Pllzrnouth foreghore. For about 65 yeare , oll haa flowcd
In small quantLt{ea from thts f,Leld, yl.eldlng sotrr€ l0o,0o0
gall.onc of crude oLl and 3ll nlllion eubio feet of gar per
year (A.N.z. Bank 19?0) rurtll 1971 when tha fleld wag cloted.

Kal.take

FLftaen kj.lometres (g milee) south_ucst of New pllznouth

Ls ttre Kaltake Range where volcanl.c actlvLty began about
5751000 yr B.P. (sttpp, peru.coar.). Advanced erogLon haa

reduced tlre voleano to a cLrcular area of radiatlng rldgcs
whlch ri.se to ttre eentral potnt patuha, 6?3 m (2r2f3 f,tl ln
altitude. Thers ls l.ittle evLdence pregerved today of the
activity assoelated wlth ttrLs volcano beeauge rnoat of tlre
rock outcrops are covered Ln bugh. of ttre few rooka ex;roaed,
most are andesitee and dlorl.tee whlch have been hydrottrermally
aLtered to quartz and kaollnite wlttr small quantltlas of
pyrite. Gord, sirver and coppcr have been reported from ttre
Boara Head Mine r on the north-wcst slde of ilre Range, but Urc
workinge r,{ere qulckly abandoned.

Three rlngpraln eurfaees have becn attrLbuted to cropc
away from the Kaltake Range; ttrey aro, Ln deereaeLng ordqr of
sger the New Plynouttr, Eltham and rnglewood r.ahare, (Grant-Tayror
1964a anrl b, Hay 196?1. Howevsr detaLled tephrochronologLoal
studl.eg Ln ttrc rcal.on Lnmedlately eouth of New pllzrrnout*r do
not support the exLetenee of ttrree separate rl.ngrplaLne.
The Tapuae-ManganuL Rl_d,ge (Glbeon and Morgan 192?) ig un_

doubtedly composed of a hlghly weathered and thus older breaola
than the Poualcai rlngplaLn breeclagr but other ttran ttra xaLtake
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Range being ttre nearest likely source, llttle conclusive
evidence is avairable. on the scaward north-western sropes
of the KaLtake Range are a number of pranar gurfaqes presernred,
on a few ridges which may represent upllfted marine benchea
and not ringplaln surfaces.

i,ouakai

Ten kilometrea (6 mls) to ttre south-eagt of ttre Kar.talce
Range is tjre pouakai. Range, an extensLve mountalnoue area
rleJ.ng to 1r3?T rn ({1591 ft) altitude, witlr a dLameter of
between a half and two ttrLrd,e ttrat of Egrmont. About z50ro00
years ago (stipp, pers.como) an extengive rlngplaln of voraanlc
brecslas was forrned around poualcal volcano (teroned the Maitalrl
surface by Grant-Taylor 1964a ancl Hay 1962) r by huge lahare
which descended from ttre upper pouakaL slopea prtsing under-
lylng TertJ.ary sediments rnto "rafts" wlttrl.n tlre brecclas.

The southern pouakal ringprain has been eroded by more
recent lahars from Egrmont and ttrc upper parts of ttre orl.glnal
volcano have also been eroded so ttrat only ttre lovrer and arlddlc
portione renraln. Durl.ng the last stadial. nany of the tephrae
covering ttre upper slopes of the PouakaJ. nange rrere eroded
and redeposited as duneg and rnounds at lower altitudes (see
Chapter 3 nKatlkara FomatLonn ) . The large Ahukawakawa S\ranp

between Egrmont and pouakal was regarded as a cald,era by Glbeon
and t'{organ (1927) but tlrere ls lLttle evldence of any ctrcular
faulting to suptrlort an expJ.oslon or oollapse orlgln,

some of ttre olcler tephras in ttre vLclnLty of New prlmouth
may have been erutrrted frorrr the pouakai Ranrge.
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Eqmont

-
Little Ls knorvn of when actLvlty orrtr[n€nced at tlre Egmont

centre but somo of the oldest depoeits are exposad Ln ttre coagtal
crlffs of southern Taranak{, partlcularry betwean Manar.a and
uawera. Early tephras preserved ln trre okato-oak'ra rcgr.on
suggest activlty at ttre Egrmont centre began at reaEt 50-201000
years agro. rt appears ttrat a eubstantlal cone had been
constructed by 351000 years B.p. and that about ttrls tr,rne an
eruptlon occurred leading to larga scale eollapoe. The bulk
of ttre volcanlc cone slld wegtrrards aE a huge latrar flow to
beyond ttre present coaetlJ.ne forrnLng ttre pungarehu Forrnation.
This formation now stretches from okato south to near Te K[rL
and ie typical of ottrer lahar d,epos!-ts elsewhere in tlre world.
rn particuLar it sho{,rts Inany t}roueands of varLoue slzed moundg
developed on r.ts upper surfaee. Thls epe of lahar produced
by volcanic collapee app€ars to have been a repetltLve and
eomnon occurrence wLur the Taranakl voLcanoes and nruch

coatroversy existe as to its origln.
About 20 'c00 yeara Egor vrh'rst a new eone wae berng

conetructed at the Egrrnont centre, nurgnna also burst to the
surface between Kaitake and pouakal to form pukeLtL cone.
Lava flows on Bgrmont were extruded and Lnclude that at Dawoon
Farls and, the rerulsng l{arrsicks and HuqrhrLes cagtres.
Fanthams peak is arso known to have exlsted, at ttrr.e tlne
because it deflocted later lahar flows to ttre south_west and
has protected a atrLp of olcr.er rlngplain betrveen Auroa and
Mangawhero Roacls (here namerl the nprangawhero Rldgei), near
Awatuna.
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Thc remar-nder of ttre present upper cone hae been bullt
sLnce 161000 yr B.p. accompanled by frequent cor.rapeeg of
unstabre materLals to the norttr, east and, wegt and eruptlon
of vorcanLc ash and raptlrt rayera over rnost of Taranakr..
fwo of, thece ashee now form ttre topeoll ttrroughout noct of t5e
provlnce - the oakura and okato tephras. At lcaat tro laSars
have reached the present coastrlne arnce 161000 yr B.p. and
the yowrger one, dated at less than 71000 years old, waa clearry
derLved from ttre large "anphLtheatrc" whleh now exlgts betrreen
Bobe Rldge and Fanttrame pealc.

over ttre last 500 yeara a nultltudc of eventa have
occurrEd on Egrmont rchLeh tend to obseure the earller geo10E7.
About 1500 A.D. hot incandeseent troG" ardenles (ttre Newarr
eruptl'one) flowed dtrnhrll fron ths weatern rl.m of Egmont
gurmlt and much of ttre native bush on the north-sestanr eropas
lras redused to carbonr.sed 10ge. Frres aleo swept 3 kn (2 nrs)
northwarda acrogs the wegtern slotrlee of ttre pouakal Rangc
(Druce 1970, p.53). Thre nag forrowed r50 yeara rater by ttre
eruptlon of the Burrell laplllt, an alr-fall pumLoe (Topplng
L972r. Irlaorl ovens (unua) havc been found bencath bottr theae
erupt!,ves (oJ,l.ver Lg2gl ToppLng, pers.cort.). About 300
ye.rrs ago the present suwrit of lrl,owrt Eguont, a tholoLd, waa
aleo eurplaced. The rast eruptLon occurred about l75o A.D.

rn the Lntervale between the latest ehort-Ilved eruptJ.ona,
Egrmont has also suffered Eevere erosl.on probably due to hear4y

ralnetorns. At leaet 201 of ttre eurfaces in Egnont Natlonal
Park (excludLng ttre KaLtatce and poualcal rangee) ar€ less than
500 yearg old. The looeely Jolnted lava florys, Eome restlng
on I'oose graver, are relatively rurstabre and at least rr
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debrlg flowe have orr.grnated, over trre raet 500 yea* fron
nlnor lava flon collaprcs. Thc rcrtern oratcr r'n war t[,o
aource for a n'rnbcr of these frovc. Follorrng trra rs00 A.D.
enrptl0ns r dcbrls waahed down stony R!.vcr Ln a rarge flood
cover!.ng 30 kn2 of what Le now valuable far:nland ln tlro okato
dLetrlct. Thc latest debrls flow oceured about 100 ycare
ago and reduced ttre natlve burh to grorurd levcl from pr.ranrd
Strcan to tlre park borurdary.
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IIPOUAKAI 
GROUP"

The term rpouarcar- ser'es' nas propoaed by crarke (1912)
for the euccegsLon of pyroolastlc, l,grneous and eedLmentatT
rockg (tncludlng Llgnltes) wli:trln the New plymouttr SubdLvlsion.
Bhe "flow rocks' whLeh constl.tute parLtutu and the sugar r,oaf
Islands near New pllzmouth, vrere aleo included wlthln ttre
ns€rl'eso. Gtbeon and lrorgan (Lg27, rearLeed tlre npouakal

serlesi could be subdLvLded lnto utr4per and lower dLvleLone
whlch ware recogrnrsed as ftstageao by Flernrng (1953). They
regarded the dlvlslons ae almost wholry volcanLc, but tlre uppcr
part was thought to be of bottr voleanlc and eedl,urentary orlgLn.

Freming (1953) consr,dered a group name wa. necesaaty for
the products of ttre TaranakL and TongarLro-Ruapehu golcanoee

so that ttrey could be separated frorn the older wanganuJ. serLes
rockg beneath. A regional rrnconformity ueparatee the two
unlts. Flemlng used, tlre tenn FouakaL Group aa a rlthologlo
nane for ttre eeveral formatl.ons of ttre Hawera serLee on the
weet coast of the North rsland for tryo reasona, FLrstry tlre
tern 'Pouaka:l serLestr was ttre ordest stratLgraphlc name baged
on a place nan€ in ttre general area invoJ.vecl, and, seeondly
because tlre term had been used ae a 'group, to include trro
eeta clf pyroclactl'c, igneous and sedl.mentary rocks Ln Taranak!..
Apart from ttre prel{rnLnar? subdLvl.gLon by Morgan and Glbcon,
no furttrer eubdrviaion haa been suggeeted except for getg of
geomorphic surfaceg propoced by Grant-Taylor (r96{a and b;
Hay 1967) whlch r eoneider are of egulvalent etatus to egb-groupg.

l'lore recentry K/Ar datee of ure prLnclpar vorcanrs rocks
of New Pllrmouth subdl.vlaion i.e. ttre orlglnal npouaka1 gerLeai,
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LndLsate that Parl.tutu ts 1.75 m yr oId and the KaLtake Range

5001000 yr B.P. (Dr. iI.J, sttpp, pera.com.). In addltLon

fl,ssl.on-track datLng of tuffs wtttrln the WanganuL Series hae

been accompllshed (D. Seward and B.F. Kohn, pera.eom.), lltre

flesion traek dates on tJre tuffe from the Wanganui. SerLee,

below the reglonal unconforml.ty l.e, below the baae of the

Pouakal Group defLned by Fleming, lndicate that the upper

Wanganul Serl.es Le conglderably yorurger than ttrs Parltutu
voleanLcg. The poss!.btltty tlrat Kaltake and Pouakai are alao

older ttran the rurconformLty cannot be overlooked. ft is herc

propoaed that "Pouakal Group" lneludo all the guaternar-y

volcanic flow rocke, volcanlclastJ.cs, tephraa and asaoel,ated

gedLrnents ln TaranakL. The upper contrct of thc Group la

defl.ned as preeent groturd surface, the lorper contact le
defLned as ttre bage of ttre volcanLeg at ParLtutu cantre, New

Pllmouttro '
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EHAPTER 2

TEPHROCHROi{OI,oGY AND TEPHROSTRATTGRAPTry OF

TIMSTERT{ TARAI{AKI (N108.109}, NEW ZEALAND.
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TEpHRocHRoNOLOg-y 4ND TEPHROSTRIITTGRAPHYoF $rEsrERN TARANAKa 1N rbs_r tDi; riEV ^ t;i"r^iNo
V. E. Nran

Geology Deparrm,ent, Victoria University of Vellington, New Zxaland

(Receiaed 26 A,lay j97I; ret,ised t6 ltne 1972)

AssrRacr

l"*,1*r.#T:1.^j:ly^,1": ggd nlembers of ssh.and-lapilri, erupted from Mt
+:ffi :i,"i:1.:X?#xh:lT::'":":,::".f *:"rr..ql6d;!'ffi irHTr'.'?t,#jTaranaki landscaDe. Thev are overlain by nine i;iil.''.; ;;1ff;rH;,titr,l"r"li
9::.ll?"i.lr-P*::--:hi:! fl; "l* ;";i;"iila' i.",n,, paper. rhe Newal Ash

previously
I Ash and, l,; -- -, -'::''Lapillr are consrdefed to have been deposited bLaprur are consldered kl have been deposited by nu€gs- ardentes-1.t"r.""-"r>OO_tiJ0 

^.D., 
in contrast.with the Burrell rrpiiii "" "i'r"ifaip*ii.ileiii."."

I5"X':""1::.,1^_t:plj1,,i1clyd.e the...Egmont _Shower,,, here split into two
ill"T: l",i;T:,,_T*-::..Xt'g::{J-,:,iii.r.s::id;. I!iiir',i+i 'iliio""J,.rl,",li 

"Tli.l,*_,X"",.:,j'-.-l 
b^.Iy.:l 

1ry1,ri?+,t *1r 
'ir.iZsa;i*ialibi'i''lro"ii,X,;,illt',.?i;:

ll'm ftffi1:i"*:ll.:',**g','"'.0 "l:ll:",;,-:14'*dJ:ii.a'*,'!'i;i*"ji.il,x?i;much thicker tephras. it c'nrains charcoar aatea tr.z-pill-ii"it,r6ii"i"izdi. 
".".T*"::l.l^::ylt_n11nedr1enhr1, ,r. ii.r,rv'-"ii"pi*i., stratigraphicatry. overiie thestratigraphically. overlie the

ff oT;;*'":ll':,::-':,,I':,.litgl'tiri;;;Iffi ilt"t."iii,i"iil'.1'f .JJi'Ji*r'llfMt Egmont. They overlie, *;tn'rn"i*' j";
the New Plvmrruih Ashes'an.l Rrrrie,l (^;;or^disconformity-, the oldest tephras iercribed,It..fl:* Ptvm'uih Ashes and eu.;ia sc,iis,';r'l.ii''r;';"-o'j"! Tiiil,i,",;,1*ili?ilsdep()srts and were probabry erupted from the pouakai iangi-;;1.";;:'"'""- "

Inrnoouctrow

In the central volcanic 
.Region 9f New zearrnd, the major late euater-nary .volcanics are predominaitly rhyolitic lava flows, igni-brltes, iumicebreccias, and tephrai. of zs ^iio, iltii";; during the rast 40,000 years

N.Z. Jorrnal of Geologl anl Geophysic: I5 (4\: 507-j7
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(Healy in press), three have covered over 12,000 kms with pumice ash to
a minimum- thickness of 30 crn, and one has been identified about 100 km
to the south at Taita, near Vellington (Vucetich and Pullar 1969). lVide-

spread Quaternary tephras are also represented in deep sea sediments
1,000 km to the east of New Zealand, and have been correlated with the
eruption of ignimbrites from the Central Volcanic Region (Ninkovitch
r 968).

Rhyolitic volcanicity is generally violent in contrast to the gradual buildup
of composite andesite cones and the associated eruption of cornparatively
small v6lumes of tephras. In Taranaki, 125 km to th; $7S\( of the Centrai
Volcanic Region, the andesitic volcanoes Pouakai and Egmont, have been
active since mid-Pleistocene times. Older tephras were erupted from Pouakai
centre and are preserved on the Pouakai ringplain, north of a line between
Okato and Inglewood (Fig. t). Younger tephras from Egmont centre are
preserved on the ringplain, south of a lioe between Okato and Inglewood.
In addition, the younger Egmont tephras have also been deposited on the
older Pouakai tephras to the north, and due to recent laharic erosion from
Egmont centrg sorne of the Egmont tephras are only preserved on the
Pouakai ringplain. The best tephra sections are preserved on the fringes of
the volcanoes below the 1,000 ft (30tlm; contour. The Taranaki construc-
tional surfaces show tephra thicknesses which are more or less proportionate
to their age. The tephras and limited nu6e ardente deposits form distinctive
marker beds and are useful in dating constructional surfaces and landforms
adjacent to the source areas. This paper pr'esents the stratigraphy of the
principal late Quaternary tephras and nu6e ardente deposits originating
from the Taranaki volcanoes. The area studied is mostly 200 km2 of the
older Pouakai ringplain, preserved south of New Plymouth, extending in
an arc from Okato in the west to Inglewood in the east (Fig. 1). The
tephras and nu6e ardente deposits described in this paper and exposed be-
tween Okato and Opunake (N118) will be discussed in a later paper relating
to the age of lahars in western Taranaki.

TrnurNorocy

Terms used in this paper are defined as follows:
Volcaniclastic Fisher (1961) uses this term to include the "entire 6eld
of clastic rocks composed in part of, or entirely of volcanic fragments".
The rock may therefore be formed by any mechanism. A shorter, more
precise definition is suggested for New Zealand usage to include "all
fragmental rocks of volcanic origin". The term encornpasses all pyroclastic,
autoclastic and detrital volcanic deposits.

Pyroclastic'Wentworth and \Tilliams (1932) defined "pyroclastic" as
"an adjective applied to rocks produced by explosive or aeiial eiection of
material from a volcanic vent". Pyroclastic rocks are considered to be of two
kinds: (a) tephras deposited from eruptive clouds by aerial ejection, and
(b) flow deposits erupted in the form of nudes ardentes.

Afi, Iapilli and blocAs Size desciptive terms for pyroclastic rocla are those
of Fisher (1961) who modified Ventworth and Williams' (1932) usage
to agree with sedimentary terminology.
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Volcaniclastic Limits Sedimentological Limits

Block )64 mm

Lapilli 6L2 mm

Coarse ash 24'O62J mm

Fine ash (0.0625 mm

Boulder
Cobble

Pebble
Granule

Very coarse to fine sand

Silt and clay

)256 mm
25644mm

64-4mm
4-2mm

24.0625 mm

(O'0625 mm

Toll An indurated rock composed of pyroclastic fragments (2 mm
diairreter. I,apilli rutI can be ,tsed to qualify tufis containifu f.ag-.nts be-
tween 2 and 64 mm.

Tepbra The term was proposed by Thorarinsson (tg54) for "all the
clastic volcanic material which during an eruption is transported from the
crater through the air, correspondin! to the term lava td signify all the
molten mateiial flowing from ihe crat-er". Thorarinsson does n6t siecifically
exclude flow deposits, but because such deposits "flow from a cratir durin!
an eruption" (A.G.I. Glossary 1960), they are not considered to be "tephra-
and are here classified separately as "flow deposits".

Pnrvrous tOZonx

Oliver (1931) remarks on Maori myths which are the first record of an
historic eruption from Mt Egmont. Thi first field evidence of recent activity
was recognise4 !y 4. .\7. Burrell, of Stratford, who found pumice frag-
ments in the forks of living matai (Podocarpu tpicatu) and iimu (Daciy-
ditn cupretsinutt)-trees, in 1883. ln t929 a party of workmen constructing
the road to Stratford Mountain House, uncbveied a Maori oven buried
beneaih a pumiceous lapilli (now named the Burrell Lapilli, Oliver
1931). Apart from reconnaissance soil.surveys (4 miles to I inch soil maps),
no further work on the recent pyroclastics was done until Druce (1966)
shrdied the distribution of ash and lapilli layers in the soils and peats on
the ffanks of M_t Egmont. Nine erupiives iientified by Druce *L.. con-
sidered to have been erupted since lb00 e.o. (Table i;. fne most wide-
spread member, the Burrell Lapilli, was found to cover the bases of kai-
kawaka (Liltocedrus bidwilli) trees which survived the eruption. Some of
these trees were cored ,and showed.closely spaced tree-rings, beginning in
the year 1655 a.o., which were attributed to-growth retard;tion-as a risult
of the eruption. Three other rnembers are assigned the same age because of
their conf6rmable contacts with the Burrell fapilli, with no "soil develop-
ment ktween them. The four members are included within the nurrill
Formation.
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Tasr.t l-Taraoaki tephrochronology, stratigraphic coiurnn

rcRMATIONS NNIED }IE\{EENS UNNANTED
-q sHEs

st\lBoLs AUTHOR AGE

TAHURANG! FOtu\IATION.. IAHULthscl ASH DrlrG (I 966) 1755 AD
BURRELL FOR:VIATION PUNIIIO LAPILLI 2

PUNIHO'IdPIl-Ij I
BURRELL IAPILLT
BURREI ASTI

prel

"rrl',ls"J

Diuco (r960)

1555 AI)
r 6t5 AD
1655 AD
r 655 AI,

!{EWAU FONUAI tON WAITVERANUT ASIt
WSTWERNNUI LAPILLI
NEIV.{LL IAPIJ"LI
NNWALI ASTI

tra l
vrl
", i'N"J

Drur (1966,

Rcvl6ed Agc

1500 -
1550 AD

B€dr

IlicLEIvmD TEPRi
1l

KOMO TEPTTRA
J

'
Unftfrod A.h Lrr I I clrnge snd

Taylot
r9rr. t93l

1a,no ! zt
!r. B.P,

fits p€p€t
(N-Z I r.l{)

,aBal lapilli

.lsrENr asH

z l- wcurnad (1962)

E l"*n" 
"'"n* Egz clrngc.rd

T.ylor
lrll, ItrS

{TIUA}IU 'LAPIILI

SAUNDER.S ASAI
Cg t6, l0n

I 2?o yts. B. I,
CARRI}iCTOT\* TEPm.{s

KORU TEPHRA

PUKEffI 'l EI'HR^

Xa

,*':t*,* a_
PK

WELD TTPHR4,

kpiUi

N"EW PLYMOUTH ASHES
AM BUruED SOILA

Nptr
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From the rate of peat accumulation befween the Burrell Lapilli and the
present ground surfaie, Druce inferred the date of the later Tahurangi Ash
eruption to be 1755 ,q.o. Four members beneath the Burell Formation are
grouped within the Newall Forrnation. During the eruption of the Newall
Ash and Lapilli most of the forest on the NSf side of Mt Egmont was
destroyed. Terrestrial ratas subsequently re-established on the freii-r surfaces,
and two were dated by dendroch'ronology as having been established in the
years 1627 and 1630 A.D. A sharp decrease in the tree ring annual incre-
rnents of a kaikawaka now growing on Fanthams Peak was dated at 1604
4.o., and Druce considered this was most probably a result of the Newall
eruptions. This date has been further revisid (rea section on Newall Ash,
below, and Table 2).

More recently Topping (L972) has shown the anomalous distribution
of the Burrelt Lapilli was determined by changing wind vectors. The Burrell
Lapilli, Vaiweranui ash and Tahurangi ash show distribution patterns
indicative of air-fall origin, in contrast fo the other eruptives described by
Druce (1966) which iere probably deposited by nuees ardentes to thl
west of Egmont summit. The influence of the latest tephras from Egmont
on soil development in the Dawson Falls region is d-escribed by Tonkin
(1970).

The soil-forming Egmont and Stratford ash showers were mapped by

9.ogg: and Tayloi (tSill in the first work done on the older'tLphrai.
Their broad distribution is summarised by Gibbs (1968). Clarke (1912),
Gibson and Morgan (1927), and Grant-Taylor (t964a, t964b, 1970) des-
cribe the volcanic and sedimentary rocks of the region. Gow (1967, 1968)
made detailed petrological studies of selected andesites and iron sands from
Mt Egmont.

Mrrnoo oF SruDy

All maior road cuttings, north of a line from Okato to Inglewood, and
south of New Plymouth, up to the2,4OO ft (600m) contour oT the pouakai
Range were studied, and 6OO sections examined in detail. First, a recon-
naissance was made, then each cutting was examined and recorded in a
continuous succession to avoid miscoirelation. The mapping carried out
was considered sufficiently detailed (sections averaging O^'i: t<:m apart) for
reliable lithological correiation between road cutti"ngi This distairce'is in
contrast to the larger scale rhyolitic mapping by Vucetich and pullar (1969)
who sfudied 300 sections over 25,000 km?.

Cuttings. which face south remain wet throughout much of the year,
support thick vegetation, and are r,elatively useless. The cuttings which'face
north and are subiected to wetting and drying show preferentill weathering
of strata. They are best e{amined during the wintEr months because the
individual layers are brightly coloured when moist, but less distinctive,
massive, and hard when dry. For this reason much of the cornelative work
was carried out from tg68-70 during the winter and spring months (August
to December).

-\r.
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Usr or Bunrtn Sorrs

,^ lll:lr:tt: eruptions occupied a minute part of the total tirne representedrn se*rons exposed in the centrar North isrand.._over ih;I;l;,d;, yearseruptrons hav,e averagel-:n._.p., ez: yir.r'lHI;t h"fi;ri,",Jrio *...separated bv accurnuiations of'organic matter and soir development. Theandesitic volcanism in Taran'aki-h?';#;"re frequenr but iess violenr,with one small eruotio"n, on average,.at least every 500 years. However, theincreased frequencv of recent rnfi.r;tr.-.ruptrons, averaging one per ri,years, probably iniicates,!.[.] Oil:lr."t"t eluptives, which may haveaccurnulated at this rate- in the iast. The Taranaki'.ruflionr'iuue'Lrurt.din the accretion of confop"!.r.G;r;;'; il. continuaty ve-gerared topo-graphy to form the highty 
"'ophil;; y.rio*-bro*n roanis of-present daysoils. Nurnerous root ctianiers t.""r!nt,iiii. entire ash corumn tonfirm thecontinual vegetation cover.

Buried soils are ."lj_-{::q":rlly recognised by a welt developed, blockystructure and darker corours,'which .r. f,'.st d;),.iot.g 
-u.",i.ii'15.i* 

r"p;ilihorizons' The crearest uuti.a r"iir'J"r'i ,rrJ^u"ve characters, plus organicmatter accumulations and .increased "b"r;;;;" of root channeis. The lesswell devetoped buried. soils are.ma*J ;t.b; fi".kilirr.i.r., 
.a"*.,

.o,--o.11, and susceptibitity to weathering i.lljo cuttrngs.tJfithin consolidated 
.massive order ash in the New plyrnouth area areseveral dark horizons which 

".. int.il..i.i 
", buriea soils.'The buried soirsare weaktv resistant to fretting, *t.ra;ih; Ltotiu.ty ;r;"rlr;;;"r"t ,rponwhich the soil is deveroped,"is ;;;;;*il; and proje*s frorn the sides

:1":r^r,,-lF:: ^part 
from.enumeration of tt. U*i.a soils from the rop down_wards, rt was not possible to subdivide tt,ese ordei asrr*'i*."r.t"i r*tof distinctive tithotbeic -"rk.;. T;;;';;;""p;J ;';h. fr#"i,rio,orrr,Ashes and Buried so'its. lczith ;".*"r-j'iis.n.. ,ro. source, most of theashes and their buried soils becorne;;F;;;.rge together. To the northof New Plymouth thev thin irt",i;rii.Lylr, mantting Tertiary sedimentsw i thou t any d istinctiv.'soil b.eak-s ; r;;;?;; j't "'

Typr Loc,trrles

optimum thickness. rather than a maximum thickness, is the maincriterion for the selection of.the tyfe i".;il;;;; The site serection dependedon the number and acces,sibiliry oii..iions-iinr..i.ury cu*ings on the wellroaded rinsplain ). and the *plJ ri,h;r"sy ;;ilil -;;;;;?;ni.' 
rr,. r"."-naki, the iharacte, of each.t.ptr^ .n;;g8r'tl*ard, the sourcelent. wherethick deposits exist in densery brrhJ ;;;;ri"rnd prou. difficurt to correratewith the deposits ctearlv exp6sed ;;;;il;t'una ,ingptrin. Also, the iephrasare invariablv difficurt'to tface nea, trreir source because of the dispro-portionately qreater volume of other uol..ni. io.ts. Thus the type sectionshave been'c'hosen on the ri;gpili .'irt.r.',rr. correration is pioven anddistinctive, and nor near the uEit *here ttl t"pr,ras 

";; ";';;ri;'ipp."r_lffi 
" 

j.,."",:,f 
{ J."ffil* secti on s n ru. 1..n, a.. i;;; t.i 

- ;;;;; #*. ry,
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SrRancnapuc Uurrs

lvhere numerous tephras of small volume and limited areal extent are

erupted from closely siaced vents, their distribution can only be determined
for^ a limited sector bf tt e ringplain. Most widespread tephras provide
qood stratiqraphic control. Tephii units have been 

-named ifter localities
iround the-ringplain. The individual Carrington Tephras are the products
of many small?ale eruptions of restricted importante and they have been
collectively grouped into a larger single unit.

The method of tephra nomenclature used in the Central Volcanic Region
has been followed ln Taranaki, in accordance with Gregg (1961)' The
units named in detail in this paPer are all lithologically distinctive and are

extremely useful in correlation studies.

Nearly all formations are bounded both above and beneath by a buried
soil, which is usually developed within the toP 10 cm of tephra' rather
than accumulated orlanic malerials built upon ihe formation.-The tephra
formation must be carefully defined because it may range in thickness from
several centimetres to several metres. The differentiation and subsequent
naming of lavas, flow-breccias and tephras of an eruptive episode into
members (Cole 1970) each lithologically mapable, yet closely allied accord-
ing to their age, introduces a vague time-stratigraphic connotation.

CoNtacts Brrvrrn Forltarrolgs

On fairly stable lowland surfaces below the 1,000ft (300m) contour,
most tephra formations are conformable and show planar contacts. At
higher iltitudes, on more dissected topography, wavy boundaries between
tephras are more common, with rare angular unconformities. The recog-
niiion of buried soils between the formations indicates that nearly every
boundary nrarks a p,eriod of non-deposition, with associated weathering:
a paraconformity of Dunbar and Rodger's (1917) terminology.

The lower contact of the Saunders Ash is an angular unconformity at
altitudes greater than about 300 m, especially at the southern end of Carring-
ton Road. Vhere the Saunders Ash thins on the lowlands, however, the un-
conformity is exposed between the ovedapping younger Okato Tephra and
the older Carrington Tephras, in the larger gullies. In the large treads be-
tween the gullies, the unconformity is a plane surface, and is marked at
the contact by friable, crumbly ash above and older, firmer, blocky ash
below. All the remaining contacts are conformable.

Boundaries are often marked by a coarse lapilli horizon resting on a buried
soil. Because they are- little weathered and are extremely porous, the lapilli
horizons t'end to conduct water and are often iron stained. \7ith increasing
altitude, when annual rainfall exceeds about 180 cm, and invariably with
greater proximity to source, each coarse lapilli bed is strongly iron stained
and some are cemented into an iron pan. The Koru lapilli at Pukeiti has
orange and black (iron and manganesE) coatings to each individual lapilli,
with a thin iron pan at the base of the layer.
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Ftc. 2-Diagrams .illustrating thickness variations for .individual tephras. For detailedexplanation see text under heading: Thickness Variaiion. 
- - -- -'

B. "CREAMCAKE' TEPHM eg Wetd rutf
C. P@KETING TEPHM

eg Korito Tgphra

lt-,-lF
l\3

E.
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Some of the tephra marker beds are preserved as pockets or discontinuous
"cream cakes" (fbr lsage tee Haly et'dl. 1964, p. io; and show variations
in thickness along a single cutting (e.9., from 0 to 30 cm). The discontinuous
"cream cakes" were mEasured from the maximum vertical thi&ness where
the entire "crearn cake" is preserved (Fig. zB). The variability in thickness
of some beds, here termed "pocketing", led to consistent measurements
being taken of the maximum thickness of a layer, because it is at this point
that;ll the unit is preserved (Fig. zC). Elsewhere it may have been removed,
or there may havC been no total cover of tepbra because it landed on a
vegetated suiface. Alternatively, the thicker portions may be zones of accumu-
lation. A few tephras definitely overthicken at one or two localities, quite
dilierently to "pocketing", €.g.,Koru lapilli (Fig.2D,2E). At the junction
of lVetd and Main South Coastal Road, the normally 8 cm thick Koru
lapilli reaches I m thickness (Fig. 2F). Such anomalies in the general dis-
tribution pattero are attributed to trces which were present on the surface,
which led'to interception and concentration of the orilinal fall. At the above
site, the lapilli may-have accumulated at the base of i large tree or possibly
a fallen log, and subsequently moved into the position of the rotting wood.

The base of the tephra stratigraphic column is marked by a major para-
conformitv above the New Plymouth Ashes and Butied Soils. Below this
contact, t6phra correlation is difficult and impracticable, owing to lack of
marker beds. Beneath these lower ashes the Lower Pouakai Agglomerate
(of Gibson and Morgan L927) is exposed in the sea cliffs north of Oakura
River mouth.

IsopecH Maps

The principal topographical features on the isopacb base maps are shown
on Fig. 3.

Thicknesses in centimetres are used to determine the isopachs presented
in Figures 4 to ll below. It is difficult to select reliable thicknesses for thin
(centimetre thick) andesitic tephras, and modal values have been used.
For individual tephras on lahar mound topography, measurements about
half way across the side of the rnound are considered most reliable (Fig.
2A). This is because the tephras have been stripped frorn the apex of the
mound and tend to accumulate on the apron srurounding it. A subsequent
movement of ash into gentle depressions and along the sides of gullies is
also apparcnt. Thickness values from such localities were avoided. Most of
the isopach lines have been constructed with emphasis on the thicker values,
which ire considered more reliable, The accuracy of the points plotted is
proportional to thi&ness, and may vary up to 10 percent.

SvsrsLrnrrcs

The tephras and nude ardente deposits are described in the order youngest
to oldest because, with increasing a9e, they are less distinctive, less well
preserved, and increasingly difficult to correlate. The base of the described
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stratigraphic column is the uppermost buried soil of the New prvmouth
Ashes and Buried soils. All the tephras stratigraphically above th6 dated

*r,11.:r_1r,t, 
(N1?42, 1 6, 1 00 r- 2 i0.yr 

-n. 
n. l,'f ...^, f rom' the Ot 

"to 
t.pnm

to .tne ground surtace, are here termed Holocene. The previouslv descr'ibed
Iahurangi,_Burrell and Newall Formations are included in the'svstematics
because additional information has been added to their original deicriptions.

Ashes mentioned in the systematics are of varying friabilitv. To dilfer-
Tt,,u!: two grad€s. of friabiiity, "firmly friable,''is "used *t.1. t-t*r. i, ,
srrghily greater resrstance to pressure than there is in "friable" sarnples.

TAHURANGI FORMATION (after Druce rp66)

Type section in foundation cuttinq of the new Mansanui
Hut. Alt: 4,150ft (t,24rm] trtrry/67o619*:

Mpl'rgrn: TAHURANGI ASH (Ta)
cnttrntl: Dark.brown, Ene sandy loam deveroped on fine grey to black ash. Thcerupti.n produced a lateralry restricted air-fari d?posit varyirii fro* r" to io cm inthickness, which has been aicuratety afrir."ilj lyT."U" (rq?oi. '- '-

BURRELL IORMATION (after Druce 1966)
Two members are described at one type section and two at another rypesection.

Mrrrrsen: PUNIHO LAPILLI 2 (pl z)
Formally. named by Druce (1966). Grant_Taylor previouslv referred to

" . :"Jg]e _ shower in this region as the puniiro Lapilri ( f go+a). ttre'
called it puniho Ash, then puiiho Grit (rl64b). Fro,n'i"*m\i.nili'rorru-
llll- ij^y1t.p:.surned the later rhree na*e, *eo. for the ,"r. ,f,l*.r, 

"natney constrtute what I)ruce has now mapped separately as puniho LapilliI and/or 2.

cnt'.Enta: Dark brown (slightly reddish) soil, on lapilli and asrr with sparse smarlcarbonised wood fragments.
Tvpn Srcrlou: NIf of Punihrr Hill (tt m SI7 of signpost at junction of puniho
Track with track around the m.untain) .t.r.'l"p;rri ;r'r3;; tr,iil."liri,' 3,140 ft(942 m). Nl rsl50163r.

,.From..the closely spaced. isupachs arong either side of the deposit, the wesrerndrstnbuti()n .prttern which is t.pographicaiiy controired *a'iii. ;;:;;;:.';i cirurc,rartragments, this erupti,n is.regerd,ed ,i being of a I nu6e pereenr*?:,e*liurinn Jlrig...,(Lacroix 19.30), stiongrv diricted to tt'. *!ri oi th. pr.r.nt Mi rg,nlni i".-,t.
MEMenn: PUNIHO LAPILLI r (pl t)

Formally named bv Druce- (1966) but was presumably also referred toby Grant-faylor (rg6l4aand b))
cnttrrul: Brown to dark brown soir on lapilli and ash, with smail sparse carbon-ised wood fragments.

*Grid reference based on^the narionar thousand-yard grid.f the r:63,160 ropo.graphical map series (NZMS t).
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Typn SrcrroN: As for Puniho Lapilli 2 where Puniho Lapilli 1 is 15 cm thick.

This pvroclastic deposit is considered to have been emplaced by _a small "nu6e

t.rg.nn"'ii'l*plosion hirigee" (Lacroix 1910), strongly directed to the west of Mt
bgrnont sumrnit be.aute 

-of 
its similar properties to Puniho Lapilli 2'

MrMsut: BURRELL TAPILLI (Bl)
Formallv desisnated bv Druce (1966);first recognised by A. \fl' Burrell

in l88l ritd d.icrib.a by Oliver (Lgir) as a lapilli bed overlying a Maori
o".n. It has also been referred to'as the "Burrell Shower" by Grange and

Taylor (1913) and by Gibbs (t968).
Cnlrrnrl: Loose, white pumice blocks, lapilli and coarse ash wjth some lithic
andesite fragments.

Typr SrcrroN: Foundation cuttinli at new Manganui Hut where member is 25 cm

thick. Alt: 4,150 ft (1,245 m). Nr19/670619.
From the generally eastern distribution pattern, the burial of the bases of certain

f,uif.u*"t , tri.i iptir." 1966), and the ociurrence qf pumice fragments in the forks
of matai t ees, ricent work by Topping (1972) indicates that. this.eruptton .was an

air-frll tephra eruption. From iorting valuei at localities along the axis of distribution.
the eruption to the ESE is thought to have been influenced by strong SW winds'

Urruo^: BURRELL ASH (Ba) Named by Druce (L966)

Cnrrrnrl: Greyish brown coarse and fine ash: usually fum, shower-b-edded in.placcs,
rvith abundant small carbonised wood fragments on western side of mountarn.

Typr St:crtoi.t: As for Burrell Lapilli, where Burrell Ash is 18 cm thick.

From the irresular distribution of this member aad the Presence of carbonised

*ooJ- the-astr 7s considered to have been deposited by a small_"nude ardente

uulcilienne" (Lacroix 1930) directly to the vest or the Pr.esent Aft Egmont.summit,
with a smell proportion of air.fall material scattered laterally in the other directions.

NE\UrALL FORMATION

Named bv Druce (1966) to include four members, one of which was
previously ricognised by Giange and Taylor (iz Druce L966), and Gibbs

?iz Wellman 1962). As with the Burrell Foffnation, all members are con-

iormable and are ionsidered to have erupted over a short period of time.
Druce (1966) estimated the date of deposition of the Newall Formation as

about tLo4 alo. Subsequent to this worli Mr Druce and the author examined
sectioos in the Ahuk"*akawa Swamp and concluded from the peat thick-
ness between the Newall anC Burrelf Ashes that a greater time period than

)0 years separated the Newall and Burell Formations. Since then two radio-
carbon dates have been obtained from trees charred by the Newall eruptions
(Table 2). A sample from the tyPe section of Neiall tapilli v/as.dated

iNZrr+r) at 447'- 4ayr 8.P.,'and a sample from a chaired log buried
beneath 3m of river alluvium on uPPer Saunders Road was dated (N2941)
at 4O4 -+- 44yr AP. Both dates suggest an amendment to the age of the
formation to between 1t00-1550 A.D.

Mrunnn: 1VAIVERANUI ASH (\7a) First described by Druce
( 1966)
CnrrnntA: Fine ash s'ith brown to dark brown, fne sandy loam.

Tvpr SEcnoN: NW of Puniho Hill (l5m SW of signpost at junction of Puniho
Track with track lound the mountain where member is 1 cm thick. Alt: 3,140 ft
042 m). N118/601635.

The deposit probably rePresents a srnall tephra eruption.
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TeslE 2-Radiocatbon dates from Tatanaki reported in this papet

NZrrC I NZFossil I cridRef.
Dating No.l Record No. | (* map ea.y

lAe"l
| (io vr r.r.) 

|

Interpretation

NZ 941

N2942

NZ 1141

NZ 1143

NZ 1144

N1 18/520688
(1e6s)

N108/534704
(re62)

N118/540679
(1e6e)

Nl18/s126s8
(1e6s)

N118/s2666s
(1e6e)

404 ! 44

16,r00 x220

447 !+O

12,sso * 150

6,970 + 76

N118/513

N108/s06

Nl18/s05

N118/509

Nr18/sl0

Log carbonised by Newall
etuptives and later ovedein
by alluvium. I?ood identi-
fred as Podocarfiu.c i'orrupiness.

Charcoal within Saunderi Ash,
_ _ 

identiEed as Dracophlllam sp.
Newall charcoal from rype

locality, ideatified as lulyr-
ilne sp.

\flood from base ofdebris flov
sequence, without Okato
Tephra preserved between
N21143 and N21144.

Buried forest covered bv
debris fow deposit which ii
overlain by Oikura Tephra.

MnMsrn: $TAITTERANUI LAPILLI (wl) First described by Druce
(re66)
cnttrnr,l: , Dark greyish brown blocks, lapilli and coarse ash; loose: with variabte
amounts ot carbonrsed wood (usually much less than in bed below).
Typr SrcrroN: As for Waiweranui Ash.

The occurrence of charcoal, the unilobed distibution of the member to the west,and th.e closely spaced isopacfis on either side of ttre Jep"rii-i.a;.iiil?Jor'isin *r,a small_"nude pel6enne d'explosion dirigee" (Lacroix -1930) 
with maximurf, thick-

ness of 60 cm.

MrMsnn: NET0TALL LAPILII (Nl)
, This member was previously described as "Newall Ash" by Granse and

Taylor (in,Druce 1966) and Gibbs (rz \Vellman 1962). Formilly na6ed by
Druce (1966).
cnttent.r: _Dark.grey, coarse.ash; l.ose;.abundant carbonised wood, including
logs up to 21 cm diameter lying in plane of bed.
Tvpe srcrroN: North b.an!-of stony River, lo0m east of top end of saunders
Road. Alt: 1,2t0 ft (tzr m). Nrt8,/540679.
vmt,trroN:. The deposit i9 ggnerally white and loose, coarse ash near source, butin the.richly allophanic.soils-developed-on the ashes in western Taranaki, it forms
discontinuous "cream cakes" in the red b-rown friable topsoil, e.g., on upp-er Newall
Road.

The abundant charred logs .together with a distribution pattern similar to !zai-weranui Lapilli, sug.gest this deposit resulted from a moderate sizedi;nu€e-ardente
l:l:11't.""::'..$Lacroix. 1930), compa-rable with those described from the Mr Mayon
eruptron, phrltrprne.s, jn tgeg a.o. (Moore and Melson r9(r9). The maximum thick-
ness or tne deposrt ts about 80 cm.

Mrtrsrn: NE\I7ALL ASH (Na) Forrnally named by Druce (1966)
Cnrrrnr,r:. Greyish brown, coarse and 6ne ash; usually fum, with abundant small
carbonised wood,fragments on west-side of Egmont and'east side of Fantharns peak;
logs on ground charred on upper surface only.

Sig-3
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Typr SecrroN: As for Newall Lapilli. The maximum thickness of this member

is about 30 cm.

The Newall Ash is clearly exposed 5 .to 10 m beneath. the present ground surface

in clifrs aloneside ttr. na"iii Sii."r-."a Stony River, where it has, been cov'ered by

i;dfi#;ll';; Tit;-.hr;J logs in the deposit have been.traced eastwards along

Stonv River. between ttt" iufr.to' t'na Pyramid'Stre-ams' The immediate thickening.of

;i;"i";l;l;;1.661'n"* a-.poriti (.tiimum thickness 20 m.) .in.tiis area coincides

*?tl ift.'".?, of 
-itr.-f.1"*"fi 

.tstr ind Lapilli members, and indicates the existence

;f 
'; f",--;;-;"iLi 

"tnne 
*i.,l.f' 

-ii,.r. 
ash Ilo*s travelled. Furthermore, much of the

;; ;li;;;;rn tpi."d oi"t id Itnt to b,'th sides.of Stonv.Riv-e-r, between the r'000 ft
iin;i-;;;i;"I "ra 

tn. -"rt. *n, deposited after the Newalt eruptions. This

suggests a targe proporr,on oi-iir" *.r*rn side of Mt Egmont crater has collapsed

over the last 400 years.

The partial charring by the Newall Ash does not suggest such a. hot eruption as

ttt.'i,l.ilfi'-iup;fii, 6ri'ttt. distribution pattern is the-same, indicating a similar
mode of emplacement.

UNNeuro Asu aun LaPtllr Bnos

\Tithin the eastern boundary of Egmont National Park, a series of small

tephra showers of relatively limited-distribution are Pfeserved. These are

nJr Jescribed in this prp.i bec.use they are_not widespread stratigraphic

markers, and are pooity exPosed,--but ihey have been figured by Druce

dgee,,'fi1. 4). Thi 
"pper.dst 

lapilli in this sequence has been mapped as
''unnamed lapilli" by Tonkin (1970).

INGLE\rOOD TEPHRA (Il)

Inglewood Tephra is a new formation, here named after the township
I5 k; SE of N'ew Plymouth. T.he teBhra g 4-creamy pumiceous llPilli,
'containing blocks near to source, and is nearly always Preserved wrtnln

3o-1o0 ch of the ground surface in the Inglewood region.

The upper contact is nearly always topsoil, developed on the Present
d^v erouiri surface, but adjacint to Egmont National Park a thin accretion

of'tf,. unnamed aihes mentioned abJve, overlies the formation. The base

of the tephra is marked by a sharp contact between the richly Pumiceous
lapilli ab6ve. Dassing downwards iito the finer yellow- and reddish-brown
bJried soil dei'elopel on the olive-yellow coarse ash of the Korito Tephra.
The Inglewood TEphra is not shower bedded and no charcoal has yet been

obtainel from the 
-formation. The unit mantles the present day topography

and is probably not older than about 5,000 years.

Cnrrrnt,r: Creamy coloured, pumiceous tapilli and blocks, with minor grey, densc

andesite lapilli.
Type Sscrrors: The type section is designated on Maude Road, 0.2 km above the

iunction with Kent Roid (raa Section 4 of Appendix and Fig. l5)' Nlo9/613752
?t;d.d. 1965), where the formation thickness'varies from 50-llJcm in a "pocket-

tine" fashion. Here it is dominated by creamy, pumiceous lapilli' with minor grey,

Jii'se, andesite lapilli and a small proportion of coarse ash also present in the matrix.

Dtsrnrnurrop ,rNo source: The lapilli is found within the topsoil from Korito
no"J in the west to at least as far as- Dudley Road in the SE, indicating a relatively
recent origin. The isopach map (see Fig- 4) shows a unilobed directional pattern
to the nor'[h. The preservation on the n6rthern slopes of the Pouakai Range_precludes
a ovroclastic flow'emplacement. This unit is very similar to the Burrell Lapilli in
iitft6togy and distribuiion Pattern type, and was a tephra blown to the north bv a

southerly wind comPonent.
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lJ-View of section exposed on Maude Road immediately to south of iunctionwith Kent Road (Section a.of AplenJixi."iypJ'i6,."riry i"i-r"ild,."a,i:;i;(Il) and Korito Tephra U). E :f =Ci*gf""t #;"i Eg I bas tap.:OakuraTephra basal lapilii me;berl" Eg z-:6[ru-',i:rpn,x upper ash member.Aa - Ahuahu Lapilli. r Lr.rt4 uPPcr 4)n tnemDer,

Rrrrnrucr Locarny: Snuthern end.of Korito Road, last road cutting on westside of road (rae Section z ,iiipp.r'aii, ;il't;s t6) Nt09/6r074r.
vARrATroN: The 

'ap'li 
coa$ens.to purniceous blocks, with ve-ry -rittre ash matrix,at the top of Maudi noad., Noith oiG-;il "roaa 

uetween rngrewood and NewPlymouth the lapilli diminishes to ash size li.i.,'i"a is preserved as white speckresin the topsoil. io the west rh; LJ-ii,i;;j;:.;^ as white btocks loosely boundwithin friable red-brown altophanic ash.

KORTTO TEPHRA (J)

Korito Tephra is a new.formation, here named after Korito Roa4 Tara-naki County. where rhe formation 
-wa;';; 

discovered. The tephra is adistinctive fale yetlow 
:.oarsq ash (devoiJ-;fi;; ;j ii;.ifior., 

",pockets in most road cuttings berween Korito Road 
""Jiigr;o,;"a."-''cnlrrnrl: Fine. soft. orive'yelrow pumiceous .ash, with a sharp basar contact toreddish brown ash beds. Sharp uppir contaa benJath Inglewood Tephra.Typr SecrroN: Desisnated 

.on _Maude Road, at the sam.e lo-cality as for the Iogle_wood rephra (ree sicrion..4 {,ARfuli;-;ll'rig r:), Nros/6737)2. Here theformation is richlv oumiceous and avlrages 30 cm tnrctness, with a sharp contact tothe overlyin* Inglewood T.ti'l Till;;;;;ilJ with the oakura Teihra is arsosharp. The formation is veiy simirar. t,r tt.-inlr..".J r.pni"'i.'-airtiinriiun una
I f;iflitllTi. 

except that it is a go'd dear finei' Bo*' r.r'i"i,ir"'"i. ''Jpil'"L.a 
rv
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Frc. l6-Detail of
lnglewood TePhra
and Korito Tephra
on Korito Road
(Section 7 of AP-
pendix). Length -of
tape is 2'5 m (rn
zj cm divisions)'
Il:Inglewood TePh-
ra: I:Korito TePh-
rai - Es l:oakura
Jsphra

DlsrnraurroN ,rNo SouncE: Similar distributio!' pattern to the Inglewo.o$ TeOhr.a

Zii;:'tt but sliehtlv less widespread. The distribution is to the north with an axts

iiorii 
-ltf""d; lffiJ.'A" airfall brigin from Egmont is most probable'

RrrinENcr locaurv: Southero end of Korito Road, as for Inglewood Tephra

(rae Section 7 of Appendix and Fig. 16) Nl09/65074t'
V,u.tanoNs: The deposit is of coarse-ash grade.and is of -mottled appearance to'
*;;;-;;;;.. Ne"r iis outet li-it-ii-forms"small coarse ashy pockets.beneath the

Inglewood Tephra, but remains remarkably similar in texture at most localrtles.

EcuoNt Ssowrn
Grange and Taylor (tgil, P' 33) used the term "Egmoot Shower" for

th. ;iJ&r of three ash sho*iri, which gives rise-to so_i_l*exposed !r. "a belt

of foo. to ten sriles wide, bordering tf,'e coast from \Taitara to Havera"'
An implicit point in the designatioiof the shower is that it was deposited
;'i"t.t"'than'the mudflows, *lich form the multitude of dome-shaped hills
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between Okato and Opunake. This eliminates the large thickness of ashes
exposed beoeath the Saunders Ash from comprising the Egmont Shower.
The Oakura Tephra forms the upper half of the unit proposed by Grange
and Taylor, and although it is not continuously preseived on the ground
surface'between Okato"and Opunake, it can bL iraced, to dip ben-eath a

younger lahar in the coastal cliffs north of Opunake. The unit "Egmont
Shower" as defined by Grange and Taylor (1933) and mapped by Gibbs
(1968), occupies an important stratigraphic position. It should not be con-
fused with the "Egmont Ash" (Flemiog-t91i) which has become an obscure
stratigraphic term for a number of reddish-brown deposits forming the
topsoil between Vanganui and Hawera. It may be correct that some portions
of the "Egmont Ash" do contain part of the "Egmont Shower". However
the percen'iage of quartz (between'l-g%) in thJ Egmont Ash at the Soil
Bureau Reference Site for the Egmont Black Loam (near Hawera), suggests
a possible wind borne origin. Further "foreign" minerals Present in this
reference profile do not oicur in the near volcanic source ash profiles at
Pahra and Stratford (Table 3). The transitional nature of the lateralboundary
of the "Egmont ashes" (Gibbs 1968) northwards into the Mairoa ashes,

and in the east to the Tongariro ashes, has not yet been elucidated'

OAKURA TEPHRA (Eg t)
A new formation is named after the township on the coast of western

Taranaki, 8 km S\J7 of New Plymouth. The tephra is predominantly coarse

and fine ash, which is richly ailophanic and g^rades dbwnwards to'a basal

lapilli. The character of the unit shbws no distiictive properties, but occupies
an' important stratigraphic position and is the most wiiesfread tephra forma-
tion y€t mapped in Taranaki.

The upper contact of the formation throughout the region forms present
day grounf surface except between New Plymouth and Inglewood where it
is-oierlain by the Ingliwood Tephra and 

'Korito 
Tephra. The basal con-

tact is marked by theEase of the iapilli bed and near iource.is sharp- How-
ever, at a distance of about 2-5 kni from the coastline the lapilli diminish
in grain size to become indistinguishable from the ash above. The Oakura
Tephra can still be recognised from the tephra beneath by its slightly darker,
reddish colour and its less well developed structure and consistence which
are reflected in its incapacity to form vertical sections in road cuttings be'
cause it erodes rapidly. Norln of Opunake the formation is bounded above

and beneath by laharic debris.
Radiocarbon dating (NZtl44, Table 2) from buried forest layers b-eneath

Oakura Tephra at tlie iop of Newall Road indicate a maximum age for the
formation bf about 7,00-0 years. However, the total time span for the de-

position of the ash is still unknown.
Cnr1.sntl: Yellowish red, highly allophanic, friable ash. Texture varies from coarse

sandv clav loam near so.,ice io hne sindy clay toam at distances greater than about
t:kir fri,m Mt Egmont summit. Very iverkly de,reloped blocky structure breaking
trr crumbs. Basal lapilli present in niar source deposits consist of creamy pumice
and dense erev andesite- fraaments, surrounded by reddish brown' ashy matrix'
Gradational bo,indary between-hpilti and upper ash. Basal contact sharp and straight,
where lapilli is exposed.

Tvpr Srcttol.1: Designated at the large cutting south of the Omata Dairy Factory
on Hurford Road (ree-Section 2 of Appendix and Fig. 17, l8) N108/591842 (19621'
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;. l7-General view of section directly south of Omata Dairy Factory, Hurfold Road (Segtion.z
of Appendix). Type Locality for Oakura Tephra (Eg r), Okato Tephra..(Fg--2), al{ Pukeiti
Teph'ri. ct i x'a': carrinfton Tephras -F-Koru aih; Kp: Koru lapilli; rrd:'!v'eld ash'

Tape is 2'5 m length.

The following section exposed:

127 cm of coarse and 6ne ash with many .3 cm creamy pumice lapilli and 1 cm

lieht. srev. dense andislte lapilli. The ash is friable-wlth a structure of weal(,

laiee blocl(s which break readlly to small blocks and crumbs. -Grading to.
ri cnioi brownish yellow and grey lapilli, with a moderately distinct basal contact

into coarse ash with a few laPilli.
DrSrntsUrtON AND SoURcE: The formation extends as far north as Waitara although
dt this ;istance the unit ii obscure (tee Fig. 6). It is the youngest widespread ash'

"na -""tii, 
m()st land ,uif"..r in Taranaki, out.ide Egmont National Park. Within

itt. purk the ash b...r..r-L*l.J b.ne"th large thickne;ses of loose detrital .andesite
;;;.;;;^r;d ."neln;i";t-*tt;.tt tt"". originated from Egmont summit sioce the
alpotitinn nf th."Orkurr Tephra. The distriLution shows a broad lobe towards New
Plymouth suggesting a southeily vector influenced deposition.

RrrrnsNcr Localrrrns: cutting on Main south coastal Road opposite Timaru Road
(.raa Section I of Appentlix andlie. 19, 20) N10s,/t03784 (1962)
'"Critire-ij.i tr ;..1.*;-.pifinuth'Ro"i from iunction with Koru Road (ree Section

5 of Appendix and Fig. 21, 22) N108,/58tt117.

vanrarroNs: At most locclities the tephra shows a single lapilli.bed at its base.

However. Darticularly along Carrington Road and at other road cutttngs..near source'

i";il;-i;pliil-b.dr;.ei;l"to the"central part of the ash. No buried soils have been

recognised within the ash.

STENT ASH

Recent work in l97l shows the marker bed Stent Ash (lvellm^ 1962),

Dreviouslv found onlv in coastal sections, also occurs at a fiw other scattered

i;;iilrl Ii- ou.tlir'a buried forest near the top of Newall Road, dated

(NZr 144, Table 2) at 6,970 -+ 76 yr s.p.
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Ftc. lti-Detailed view
of Fig. 17, showing
Oakura and Okato
Tephras(ESt*z),
Carrington Tephras
and Koru ash (Ct
* Ka), Koru lapilli
(Kp) on Pukeiti
Tephra and Veld
ash (!fd).

OKATO TEPHRA (ESz)
A new formation is here named after the township 30 km s'$r of New

fflmoutn- It is. very similar to the oakura Tephra'consisting of coarse,
highly allophanic ash but with a more distinctive basal lapillilThe ash of
the formation is indistinctive, macroscopically, from the ash above, but the
basal .lapilli bed is-a very useful rn^rtet *trich, together with it. ro*
lapilli, ran be used for widesp_read correlative work. TTre okato Tephra con-
stitutes the lower half of the "Egrnont Shower".

The basal, lap_illi .is sufficiently important to be assigned member status
as the Ahuahu- Lapilli. It is named ifter the road J kir south of oakura.
separate rsopach maps are pfesented for the O{<uq Tephra (see Fig. 6),
oliato_Tephra (Fig.'7), ani the Ahuahu rrpiui?fie.Aj:-;;;rroL tr,.
total oakura and okato Tephras (previously the "Egm"ont 3toi"er,'1 isopach
map (Fig. e).
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lg-General vieu, r,f section at junction of Upper Timaru Road and Main South Coastal
Road (Secti0n I of Appendix). Type hrcality for Koru. lapilli and Weld Tephra. T^pg..it
2.5 m in len*th. Ct 

' * KrL : Cirrington 
-Teplrras -J Koru rrsh; Kp : Koru lapilli;

Wd: tOtz.la ,uh is unlabelled; Vt: fueld tufi; NPtsS(I) : New Plymt:uth Buried Soil
No. I (uppermost).

20-Detailed view of Fig. lu showing Koru llpilli
psh (\tu d ), ITeld tuff (Vt ). unn;rmed ash .rn<l

(NPBS( 1 ) ).

(KP) on buried soil developed on Weld
uppernrost New Plymouth Buried Soil
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, T!..upper contactis.sharp_near source, when the ash is overlain by the
basa.l lapilli .of the Oakura-Tephra.- However, along the coast the upper
lapilli diminishes to coarse ash- grade and then the-two uoits are alilost
inseparable. Although a difference in structure and consistence exists be-
fween the Okato and Oakura ashes at this distance, the boundary between
thern is not sharp and thus thickness measurements of each ,rnit a.e ,ur-
reliable. The basil contact is distinctive and sharp where the basal lapilli
i; pr^eserved. In the Carrington-saunders Road region the lapilli 1s51s ut.t
the saunders Ash, the upper Carrington Tephrai. or on rideposited ish.
Northwards the basal lapilii progressively overlies older ashes 6f the Koru
Tephra and then New Plymouth ashes, so that north of Oakura a wide-
spread disconformity s?arates the friable Oakura and Okato Tephras from
the older, firmer, blocky ashes. South of Okato the formation is bounded
both above and below by a sequence of laharic breccias.
Cntr.rntl: Strong brown, highly allophanic, fumly friable coarse and fine ash.
Texture varies from coarse sandy loam to fine sandy loam at distances greater lhan
about. I km from, Mt Egmont summit. Blocky structure with rare pr;r.i'a.uelof.J,
breaking to small blocks and crumbs; passing gradationally to Ahuahu Lapilli.'
Tvp_p. Srcrro^-: .Designated at the large cutting south of the Omata Dairy Factory
on Hurf'rd Road (-ree Section Z of Aipendix aind fig. 17, 1s), Nt0S/59_1i142. Th;
formation is exposed beneath the Oakuri Tephra and shiws:

)l cm coarse ash with blocky structure with prisms developed in places:
76 cm of more resistant c.arse ash, f.rming prisms which break 

'to 
laige blocks

, -and then. crumbs. Lapilti show a marked-increase in the lowermost i cm;l0cm reddish.yellow and light grey lapilli, averaging 1-2cm. (Ahuahu Lapilli)
R[rsneNcr LoclLrrrrs: Cutting on Main South Road opposite Timaru Road (rea
Section I of Appendix and Fig. t9, 20) Nt0rJ,/tOj7S4.

, Cutting Q:l k*. down Plymouth Road from |unction with Koru Road (.ree Section{
I of Appendix and Fig. 21, 22) Nlos/tttt8l7.
. Radiocarbon .dating. (N2942, Table 2) of the Saunders Ash from a sample oi

charcoal imrnediately beneath the Okato Tephra sets a maximum age of the iorma-
tron about 16,000 years. The dating (NZll4j and tt44, Table 2) of a debris flow
sequence at the top of Newall Road, without the okato Tephra oreserved in it.
suggests the formation is older than 12,000 years.

MrMssr: AHUAHU LAPILLI (Aa)
Cnrr.rnt,r: ,Reddish-yellow, ,well rounded lapilli averaging l cm across; lapilli verv
abundant otten wrth trtUe ashy matflxi porous ir0n stained layer with a sharp straight
basal boundary.
vlnt,rrrorls: Near to source, particularly along the str_uthern end of carrington Road,
allophanic ash may approach t0/" of the voiume of the lapilli member]At inrer-
mediate- distances the lapilli size.is very similar to the Koru iapilli and the two may
be confused, but the lafter is distinguished by the underlyine pukeiti Tephra. A
small lapilli wedges into the centre of the ash, along carrington Road. but'becauseit .occurs only. in.this vicinity and does not shrw a' buried ioil developed beneath,it is not considered worthy of separate stafus.
DtsrnrnurtoN ,tNo souRcE: Away from source, when the basal contact of Ahuahu
Lapilli is exposed, the upper contact becomes obscure because the marker bed above
the basal .lapilli of the oakura Tephra progressively thins and disappears. Howeveran isopach map is. presented for the formation 

-(see 
Eig, 7) together with an

isopach, qrap f.or the individuel marker. bed, Ahuahu L;pilli k;e Fig. 8). In
pl.aces._ below.the Ahuahu Lapilli is a redeposited coarse ash with curreni bedd;ng.
This deposit should not be confused as a furiher tephra underlying the okato Tephii.

The above formations are readily distingrrished from the underlyinq ashes.
None of the following formations have Seen previously described. "
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Ftc. 2 t-General view .f secti'n exposcd .n plymouth R.ad, 0. l km north ofjunction with Koru .Rrxrd (Sectiun .I t,f Ajpendi*;. n"ilr"".e -iu."iiiy 
fo,Oakura and Okato Tephrus (Eg r -1- 2) and'the *oru lapilli (fpi. Ct fK,r: C:rrrington Tephras + Koiu ash; p[: pukeiii i;p;r;;'V;:'Veld ash.

SAUNDERS ASH (Gg)

Saunders Ash is a new formation 6rst recognised along upper saunders
Road between the junctions with okahu andtarrington"Ro'"ir. it. unit
:,r u:r{.distrnctive olive-yellow colour in contrast w-th the yelrow brown
ashes both above and below. It occupies an irnportant stratigraphic position
because it lies in an intermediate position in'the tephra 3.q[.nl'.na i,
one of the few ashes containing.datld. charcoal. Tiie uppei Uouna.ry i,
nearly. always with the base of-the okato Teph*.*..it *ir.i.-tt.,.-
deposlted ashes overlie the Saunders Ash. The lower boundary nearly always
passes into the restricted Carrington Tephras. Inflrequently 'the asir passes
both upwards and downwards into a locll sandy ash'depoiit not deslribed
ln rnrs PaPer.
Cnt'.rnll:.Olive-yellow.coarse ash with generally abundant charcoal frasments.Lemented. lrard and nrassrve, wrth sharp. wavy bountlaries abrtve and bel.w. '
T-vps srcrroN: Designated at a cutting on carrington Road, O.gJ km due easr

'f the junction with- oxford _R.ad 1ri !.ai,i"": of Appendix and Fig. 23),Nr}s/i34i04. Thc f.rmation does noi weather.rriiy,'"ni-'f,rili.ii. in'tr,"'i,..t;.rr
sections as:

3f't cnr of a.''pocketing" .live-yell.w crarse irsh, with 2 cm charc.al fracments.n cernented. h.rrd. mrssive bed which resists weather.ing. sharp uppei and lower
contacts bound the formation.



DlsrnrnurroN axo Souncr: The ash is restricted to a natrow region around the
Carrington-Oxford-Saunders Roads region. Recent fie.ldwork has isolated rare, small
pockets. of Saunders Ash on the oldest lahar deposits further south, indicating a
wider distribution than is presented in tlre isopach map (tee FiS. fO), and clearly
indicating an origin from Mt Egmont.
Rrrtnrxcn Locartry: A similar exposure to the type section is found immediately
to the north, along Carrington Road. Nl0tl/534704.

The charcoal preserved within the Saunders Ash at the type locality is dated
a.t 16,100 

= 
22-Oyr.r.n. (N2942, Table 2). The complete chirring of wood at a

distance of 12 km from the Mt Egmont source, indicates the materiil was exception-
a.lly hot when- deposited and was probably not an airfall deposit. It is suglgested
that the Saunders Ash was a oyroclastic flow deposited by a nu6e ardente. T.lris is
consistent with the restricted distribution of the ash and its 

-unusual 
physicat character.

Along Saunders Road, midway between the junctions with Carringt,on and Okabu
Roads, the ash is preserved as a nearly horizontal layer beneath a-rounded hill of
volcanic sand and ash. In the vicinity-, other_ such mounds show weak current bedding
with the concentration of black mafic sand grains into thin bands alternating witt
thicker- yelkrw-bro-wn ashy sands. The unusual and highly irregular distribution of
these depo-sits ind_icate they are not tephras and althoigtr somi sections look as if
primarily deposited. they should not be confused with the overlying Okato Tephra.
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Frc. 2z-Detailed view
of Fig. 2r showing
Oakura and Okato
Tephras (Eg I +
2) overlying Carring-
ton Tephras and
Koru ash (Ct -1-
Ka), on Koru lapilli(Kp), on Pukeiti
Tephra (Pk) on
Tfeld ash (\Vd).
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Frc' 2l-General view of . section on carrington Road, 0.st km due east of oxfordR.ad junction (Sectirn.,j .,,f Appeni'ix j. -ero.,L-iinl --h;r;;; "i.,' 
.utt,ng i,

ii:ld.:r A1f (CsJ ut its type t&a.t;ty; u.ectge of i,Koru tapilti (Kp) ar sitle

ill.nrlj. 
cutting. Eg I I z : oakuirr * -Okat,, Tephrasi'-Ct I-blffinetnn

Vant,rrrous: The ash shows a wide variation in colours. depentling upon themorsture content, from a deep greenish-gre.y coltrur wh"{r wet, to an almosf creamycolour when drv. The preseiviti.n ,,r'iri, urt 
-n.", p.,u"tii-rrri' t^ii.'"q,zoortl

^t;169^.) 
sugges[s l continual .o".. uf 

-u.g"intiirn'"o.. 
present.t trris time to prevenrthe toose pyr,clasts from being eroded immediately they;; i;d;ii.J.'* "'

CARRINGTON TEPHRAS (Ct)

This name is proposed for a sequence of reratively rocarised tephras ofresrrrcted correlatrve usage that are exposed in road cuttings along tarring-ton Road and upper N{aude Road. The individuar tdh;; ,..'?rli-i,.ause and are not considered worth assigning specific'formationar names.

3".1^,:lT:_::up,'^". is typified by coarse"yeilowtih red lapilti which i"rpty
grade upwards.rnto a line blocky yellow brown or brown ash, the latter
?-t-tlq 

*r..plible. to weathering. Because of this, rogether with iire verricar

i.ltl-Irl€: ca-cf ash Iayer is interpreted as having a b"uried soil deveroped onlts upper surface.

A total of nine ash and rapilri showers were counted on upper Maude
Road beneath the okato Tephia, but only five are preserved in the Carring-ton Road area.

^ 
Jh.-,upq.r contact of .the tephras is immediately beneath the SaundersAsn. lhe lower contact is.rarely seen_but is rnarkid by the Koru Ash in

^, f.y ptji"gs in up.per Pitone'and Dover Roads. No charcoal has beenobtalned trom these beds so that only an approximate guess accordirrg ro
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accumulation rates can be extrapolated' An estimated time interval -in the

order of 20,000 y..r, i, considered required for the deposition of these

beds.

CnrrrRt,t:ThinlapillibedsgradingqPwardstothinashes'.withsharpbasalcon-
ifi;,;;.J;J--b.t'i.in the saundei Ash and the Koru Tephra'

Tvpn SBcrtoN: Designated on Carrington $.oad' a.t the same locality as the Saunders

Ash tvoe section (.ree s.itl.""l J iipindi* ind Fig. 23) Nl08/t34704..Here a

ii,irr Sfliotiir'"r'ii.'i"-r.piiii U.at-.".iigi"je upwards into small ashes, with sharp

lower boundaries.

DrsrnrsurroN aNO sOUnCr: The few outcrops of-these tephras are restricted to road

IJ,ii;;:T;h'J"'it'. nr"ii ,r i|,. i'""tt"i i"l',ee. Insufficient thickness data are avail-

able f.r isopach constru..i,,'n' .na jfrri itt. oti"gin ui ihese tephras is still in doubt'

H"*.r.., *i.it presence ti;gt ;n the Pouakai.Range' near Pouakai Hut' resting con-

formably benearh 6,e presefii';;y-.;;ri.;; fnrbably*indicates an origin from Egmont.

KORU TEPHRA (Ka * KP)

A new forrnation is here named after Koru Pa, _L4km s\{/ of New
ptumJn. where the forn'"tlo" was 6rst recognised and where it is.typically

;;'G;.-h;*eue', the locality.was not chosen ?: t tv3:-!::a1;e-.tle upper

and lower contacts ,.. not #ll e*posed' The l(oru'Tephra is. exposed in

*flr'.*a ,..tion, from- Okato td Inglewood, immediately beneath the

cjt^i" t*f,ta. Two iniotrn"I members"are recognised within,this forma-

i..i t'^. $'ilt ; K; ;;h' *hich grades downwards into the Koru lapilli'

it. fii,., ['tir" t.y ,or.t ei horizoi for most of this tephra work.

Type Locartrv: Because of the imperc-eptible.boundarv between the lowermtrst

Carrinston Tephras .,na 
'inJ'uppt'moit Ko'u ash at mo;t .ringplain localities' the

il;:E;i;r-;i iri. r,r'u'i;.'fi;S deiignated,.without choiie. at a road cuttins

d."iti,i'-r""i,f,'u]--puf..iti rit"a.a.rit""- Trost 
'(rt" Section 8 of Appendix and

Fis. 24.2t) N10s,/j6tzqz.'iltit li--th. oniy .uttiitg where the upper. contact of the

;;f,;'Ul'.riiirv''a-.hn.i-in-i.i"tinn to thJ lower'koru lapilli. Ai this localitv the

i6;11"-;$'.;;;irir oi .oirt. *[--*itt'- a few. lapilli fragirents; .sandv.clav loam,

friable with blocky struiiure, 
-iiittp,-'tt-igfit b"i'"t boun{"tv to Koru lapilli' The

i;;iii ;il;r- ie-L',n tttiil".* 
-^ni 'it uniik. it. typical ociurrence in most other

exPosures.

Souncs: The apparent thickening of the tephra towards the Pouakai Range is

#.pd; b..;"J[h;;ir';i"ihk$.-c pai.ses'to.the south of Pouakai summit and

appears to contrnue ,u*"rdl Mi E*r*r;it, although the deposit in this region is no

d;"ii'o;;r;;;.i. r1,. a"pirrii--pr.Brlty'rep'ese'iis a.' ea'iy eruption. from Egmont

;;;"ilr';;i-;;;; p;;;;*J-;; tf,i ig'nint iing plain because of iecent lahar activitv.

MTMnER: Koru ash (Ka)
cn"rrrnra: strong brown colouretl ash with many 6ne ma6c crystals, friable, with

moderately developed blocky structure'

DrsTnraurroN: From meagre data, the ash shows a fairly even thinning away from

source throughout the mapped area.

Mrusnn: Koru laPilli (KP)
Cntrrnta: Rounded, yellowish red lapilli' averaging. 2 cm across' 5911, qlmiceous'

"".lr"ir"ii"iirr;il-i.,n;d:';;gy, 
a.r'"-'*i!rite lipilii in equal proportions. Lapilli

i,i.ill'l"aiiliir ;;;i..J-i;i.i#, ;,th ;.;t little matrix. Horiion generallv excessivgJy

i;1;;'''#;;,'5[;;t;};;';;;;ii;ni in ir<1n pan f'rmation and cimenting of lapilli'
Verv distinct, sharp, straight lower boundary'
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Flc. 24-Detail of
Koru lapilli and
Pukeiti Tephra 

^tbest locality for both
tephras 0.1 km
south of Pukeiti
Rhododendron Trust
(Section tt of Ap-
pendix). For general
view see Fig. 25.
Divisions on tape:25 cm Ka:Koru
ash; Kp : Koru
laPilli; Pk:Pukeiti
Tephra.
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Fr<;, l5-A milre .rtcneril vicu' thiin Fig. 2'i tif. scction 0' I km sotrth of Pukeiti
Rh,rrlodenclron Trust (Section s oi Appendix ) T1"pe Ioca;11t t,tt Kttru ash
(Ka). tsest locrlitv fol Kuru lrpilli (Kpl lntl Pukeiti Tephr;r (Pk) Ct: C:tr'
rington TePhrirs; Wd - \Weld rsh

i,:jpf'r,

Ftc. 2(*Gcneral vtcrv of
Okato -N{emorirrl Cltrck
lapilli (Kp) antl Welcl
Tephr.rs: Cf -i- K;r I

NPBS(l) + NPA(l)
Nerv Pl)'rnt'uth lsh

section on l\frin South Cu;rst;rl Rcracl. 0'(t km ntrrtlr of
( Section {' of Appendix ). Reference ltrcrlity for Koru

Tephra (Vr'd + Wt). Es r -l 2: O;tktrra irnd.Okatrr
Kp': C;rrrin.qttrn 'fephras * Koru ash * Koru llpilli;
: Uppernrpst Neu' Pfl,mputh Buried St'il xnd [-ippermost
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.Th: upper boundarv .f the rapilri is most frequently gradationar into the Koru
1t^!: Frr isopa.ch work, the upper contact was taten where the lapilli form about5oo/a or the deposit- The rowei ccrntaci is 'h;d-;i;ri;H,'"rJ iiti*.;i!]"i,ooo 

"buried soil devetirped on ttre pukeiti'i;;;"." '""'"'
Re prnnrucr Locarr.rrrs: .1. A sectir.n showir.:.q the Koru lapilli is well exposed atthe road cuttins on the Main s^o,,tr' nuuJ'[.,*!.r'br."t.;"d'o;k;;",';i'tr,.Iun.tiunwith upper Timaru Road tr." s.cli,'n f ui;;;.;"ri. 

""d 
Fi;.lt;}di iiriirtzlolzs+.Here it is overlain by:

36cm of soft, friabre coarse-and 6ne ash with rnoderatery deveropeir bl'cks passrnggradation;rlly down to the Koru laoilii,
J6cm of ye.llowish red rapilli. which are densery packed yet loose, on a sharpstraight lower boundary tci older ash. --- --'-'-'
2' cuttine 0'l km drrs'n. prymouth Roed from junction with Koru Rr,:ad (reeSecticn 5.oi ApRgqdix a-nd Fii. ii:-;i; rriio,iz:'riirjz
,'Lurrrng on Marn 50uth c.astal Road,0'gkm north of okato Memorial clock(ree Section (; of Appendix and Fig. zel NiOg,r+#il*.

Drsrnrsurror'r: The tapiili bed shows. a strong NV distribution pattern with an
iTjs lljis arong,a line'from lust souih-.i-p"irr."i,r..;i-i. iti"i,i'nola 1r""r's' tl). The deoosit is cons.idered.to be tpi;;i; ;T";;'"irr"ri"pvrl.ilJi'".ie;n(tephra), and the'unidirectic,nai iirtriu"li* iJltiriu"t.a to a sE wind vector.
vARrATroNs: The l;roilri coarsens to almost smr' blocks near its best locality. Awayfro* the Pouakai Ranee it.hqc;;g; n;.i,"iri,;"yr'Jhr*,.g an tncreasrng quantiry ofashy matrix ar.und fine rapilri rather itrii a;r"ip.irrng to ash grade artogetrrer.

PUKEITI TEPHRA (PK)

A new formation is here named after pukeiti hiil because of the nearby
P,..:r_T!g:ir...fio. teplral appear to have originared from pukeiii'.J.,e, 

"ndrne namlng ot thrs unit does not imply an oligin at pukeiti. The tephra isa. wnrre, coarse, punrceous ash which forrns i distinctive marker Beneaththe Koru lapilli.

9.:::..111: -Olive-yellow, 
coarse pumiceous ash, often occurring as white specklesaway trcfn soufce.

Tvp^r sccnorv: Designated a-t the large cutting along Hurford Road to the southof omata Dairv Factorv (rea section z lr? api-.i'ai. ,,i.t F#. ;i iiii-Nioriiiplscz.
lJ.cm of a yellowish brown friabre coarse ash with a sharp distinct wavy boundaryto
t cm of olive-vellorv oumiceotus coarse ash on a distinct wavy boundary on olderash.

The upper boundarv of the tephra is marked by.a smail buried soil dever.pelbeneath .the.sha.rp. stiaight boundary .i ih; *;r; rapiili. The lower bounoary rsmarked bv the bise .f ihe white p,it<eiti reptri'r.rtiirg upon-tn.'y.iro"r*i;lir'uro*n
ash of theWeld Tephra.
vantrrroN: where the tephra is extremery thin it forms distinct white speckres*'hen the surrounding ash is moist. The lafer is-m,oi-alm."rt-'iot"i.*'il-rr^g tt.dry summer months.

9.sr Locarrrv: The tephra is wer-r exposed alongside the pukeiti RhododendronTrust, where ir reaches zBcm.in.rhickn.ri 1.,* S;;li; s ;i A;;ili;;ni-iig zct,and clearly underties the Koru lapilli.
RnrruNCr Loc*rrrrs: cutting. on Main -south coastal Road opposite UpperTimaru Rood (rea section. I of "Appendix 

"ra-iigl 1.9, zo\ Nroaz:o'ligq. 
-

. 9.rr,l,:i 0-.1 km,drrwn-llylll,"Jt,'Iioad, frrrm j.n?ti,,n'with Ko;'Ro;;'iiaa Section) or Appendrx ancl f rg. 2l, 22 ) N loultgt817.

Sig--4
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DrsrnuurtoN .txo Sounce: The. ash covers an area from north of Okato to New

Plvmouth. showing - oii oi--ilongation. from Pouakai summit' N\f t9 an area

beiween Oakura and ar'n.,'^ 
"tr")'1i"*"i)'1.- ft,. to*i. oi.t cannot be determined

from the iroPach maP'

ThePukeitiTephralsausefuls.tratigraphicmarkerbecauseofitsassociationwith
the Koru lapilti. The pr.r?n.J'#-ittE..i,trit. rp..[-t.r in t]e tephra beneat]r the

lapilti, away from source,'iirilreiirh;i-,tt. rcor,' taliiti from the Ahuahu lapilli.

Thelower,laminatedandcementedtufiisgiveninformalmemb€rstatus.

BEsr LocALlrY: !7eld tufi is best exposed on the Main South Coastal Road between

oakura and okato, I.r r.ii ivr "i i'r,'.-o.u*r no"d-iunciio.r (Fig. z7), (grid refer-

ence N108,/487769), on #"iiy";;;;; ipp;ng' tepirra mantled-ringflain (Maitahi

Surface). west of x"iur..tH",ig.'' il*th ''ziifi nf Kutu lapilli' the weld Tephra

is comprised as follows:

!rELD TEPHRA

Anewformation,herenamedaft€r\X/eldRoad,thelocalitywherethe
formation was first recolnisJ rne formation contains two informal mem-

bers. The upp., -..u.?,"fittii tift' contains richlv allophanic ash' whilst

t. f"**,-'fi,.iJt n,"l! ;';.t.Aely well-cemented,'grey and yellow,

laminated ash and laPilli.

Tvpe Locarlrv: The designated. tyPe locality 
-fo-r 

weld Tephra is at the cuttin'q

cn the Main South Coastai Road 6iposite U-ppet.fi-oiu ibad (ree Section I of

Appendix and Fig. 19, 2;; r.iiiilziSiiil, *-ri.". tt'. formation is exposed as:

9t cm of 6rmly friable coarse and 6ne ash with well developed large blocks (We'd
'-"tt t *ittt a lharP straight boundery to - . -

, {il *'$:,.i#.ir:ll fu?1,-*,llt rinf , $' i r av e rs ro r m i nl "crea mca kes"

The upper contact of the formation it .qq*ti by a thin buried soil (infrequently

p#;iil";J be.'eath the white Pukeiti rephra'

RtrrneNcE localtrv: Cutting on Main South,Coastal Road' 0'skm north of

okato Memorial Clock tltr'i?.ti.r" o oi Appenaix and Fig' 26) Nros/4717758

(1962).

Msusrn: $7eld ash (!ild)

The upper, massive, allophanic ash is given informal rnember status'

MrMsrR: Veld tuff (wt)

Thickness
(in cm) Description Formation Member Symbol

PARACONFORMITY

r10

5

two brick hard horizons comprised. of
z.ivniNZ: (grev) ash, well cemented on

iijYRTs.; '-'1ver:v pale brown)
ipeckled layer *'ith grey lapilli, averag-

inq 3 mm across on
i6Vnz+.r (dark grey) coarse ash on

\7eld ash vd

Veld tufi Vt
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Thickness
(in cm) Description Formation Member Syrnbol

4

60

I0YR,/7.fi..(yellow) ash with speck!ed
grey lapilli on
10YR/4.1 (dark grey) ash, well
cemented (ln
1OYR/7.ti (yellrrw) fine lapilli wirh
specKled grey colours on

PARACONFORMITY

gre.rsy, yellow-brt'wn, massive to blocky
irsh. to base

Ftc. 27-Best Localitv
for rJfeld tuit on
Main South Coastal
Road t. t km NE of
Dover Road iunction.
Tufi at this localitv
described in detail ii
text. Tape is 2. 5 m
in length. ES t * Z:Oakura -l- Okattr
Tephras; Ct + Ka:Carrington Teph-
ras f Koru ash;
Kp : Koru lapilli ;\7d: !7eld ash:
Wt: weld tuff.
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Cnrrenra: A brick-hard layer, generally laminated grey ashes with crange and grey
lapilli layers, generally forming "creamcakes." Sharp, straight, uFper and lower
contacts.

Drsrnrsurtox lNo Souncr: The $lreld tuff thickens appreciably from west of the
Kaitake Range southwards. The axis of thickening .is linear, from upper Oxford
Road N"W io Tataraimaka. The isopach map (see Fig. l]) shows considerable
thickening to the south indicating a source area in the Egmont centre.

Vanr,rrrox: The tuff is continuous near Okato, but northwards as it thins, it forms
discontinuous "creamcakes". Ne:rr New Plymouth on Barrett Road there are three
occurrences of a bed which is considered a correlative of the rJ7eld tuff. It is a brick-
hard layer, but is a pale yellow colour in contrast to the pale grey and orange
colours elsewhere.

The ![eld tufi is a distinctive marker bed and is the lowest unit which can be
traced laterally with any degree of reliability. This formation most probably repre-
sents the earliest tephras erupted from the Egmont centre.

UnNauEo Astr
A yellow brown massive ash which is of firm consistence with a very

large blocky structure lies beneath the Weld tu{f. It is very similar to the
tJTeld ash but is separated from the Veld Tephra Formation by a buried
soil. The ash is not distinctive enough to be used for widespread correlative
work, does not occupy an important stratigraphic position, and therefore
remains unnamed at present.

Nsrp PrvuourH AsHEs AND BURTED Sorrs (NPA + NPBS)

All the ashes beneath the above unnarned ash are grouped informally into
a new division, the New Plymouth Ashes and Buried Soils. Except for the
enumeration of the buried soils frorn the top downwards, there are no
distinctive marker beds for stratigraphic control. The base is infrequently
exposed in the coastal cliffs showing the ash resting on Lower Pouakai
Agglomerate. The uppermost ashes are exposed at the base of most road
cuttings in the Okato-Oakura district, but further north, in the environs of
New Plymouth city, th-ey form the bulk of the subsoil, capped by a thin
veneer of Okato and Oakura Tephras.

The New Plymouth ashes when dry show IOYR/7.4 to 7.6 (very pale
brown to yellow) colours. The ashes appear little weathered and are re-
sistant to erosion. They are generally massive in character, consisting of
weak prisms breaking to moderately sized blocks. The lower boundaries of
buried soils are sharp, straight and very distinct. The Buried Soils dry to
7.tYF./7.2 to 6.2 (pinkish grey) colours. They generally show well
developed prisms, up to a few feet in height, which break to small-medium
blocks and sometimes loose nuts. The lowermost boundaries are straight or
wavy, and gradational as they pass down into the unweathered ash. They
are less distinctive than are the lower boundaries of the New Plymouth
Ashes.

It is undesirable at present to designate a type locality for these tephras.
An excellent locality for them was exposed in a 10 m shaft at the site of
the new New Plymouth Hospital but his since been concreted over. Samples



No. 4 NEan - TrprRocHnoNolocy, \W Taneunrr 539

IL

J

INGLEWOOD TEPHRA

KORITO TEPHRA
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have been co.llected by..Dr K. Birrell (N.2. Soil Bureau, DSIR) at regular
intervals,.g-d cla.y studies on these older ashes were published 6y Gra{well
and Birrell (1954).

Brsr Locarrrrtsl A readily accessible cutting which shows the features of the five
uppermost buried soils is on Croydon Road, O.'km SE of the iunction with the
Main South Road, n-orth of Oakura. Grid ref. Nl0B,/5(:2851 (1962). The terrain
is a gently seaward-dipping, tephra mantred ring plain (Maitahi surface, Grant-Taylor
l9(r4a, b). north of thc Kaitake Range.

_ A sec-ond b.est locality is 0.5 km north of the Oakura River Mouth (Nl0tl/t4j8j5).
Exprrsed at the top of a 10 m high cliff are at least 1,1 New plymiruth Ashes and
Buried soils. From the beach. the soils appear very distinctive'but access to the
exposure is difficult and precludes this site- irom being a suitable type section.
RrnrRnNcr LocarrrrEs: cuttings which expose the uppermost Nerv Plymouth Ashes
and Buried Soils include the iutting on ihe Main'South Coastal R'oad, opposite
Upper Timaru.Road (ree Section I of Appendix), the cuttin.g exposed 0.I'km down
Plymouth Road from the iunction with Koru Road (see Sectiun j of Appendix) and
the cutting 0'8km north of okato Memorirl clock on Main south Citastal iload.
None of these three localities is considered suficiently well exposed to designate as
a type sequeoce for the ashes and buriei soils.
cnttrnra: Firm,. .yellnw brown massive ash with strong blocky structure, with
irregular grey friable .horizons. Generally containing sorne-hall.tyrit.ic clay minerals
in contrast to the total absence of hrlkrysite in thelephras above.
DtsrntsrrrroN luo sorrncri: Figure 14 shows tlre distribution of the New plymouth
Ashes and Buried soils. They ire restricted to the old ring plain surfaces'of the
Pouakai Range, show a majrr disconformitv to the teohrai abote. and thus are
presumed to have originated from the Pouakai ilange,
Acp: A substantial time break is considered to be represented at the toD of the
New Plymouth,Ashes and Buried s.ils. This assumption is based on the'different
character <:f ash beneath and above this boundary.'X-rav and D,T.A. technioue;
indicate that all the clays rvithin the ashes abovi this 6oundarv do not coniain
halloysite but are richly. allophanic. Those beneath the bound:rry still ccn.ain large
quantities of allophane but also show incrersing quantities of hallovsite down the
seguence. Further rvork at the New Plymouth H-ospital site is present6d bv Gradwell
and Birrell (1914). It is difficult to assess the:rse of these ishes because thev are
almost certainly beyond the range of radiocarbon analysis. Three or four of the
,uppermost ashes are -very poorly exposeJ overlying the itaprnui Formation near the
hase of Paritutu. A further section exposed at thi mouth of the waiwakaiho River
shows 8 ashes and buried soils overlying the Nearino Formation. This allows an
estimate to be made of the age of.the-upper 4 ashes as younger than 100.000 years
(pg88estin8.the.upper boundary of these-ishes may be in the"order of ZO,OO0 yeers
<tld). Thus the lowermost ashes are grea:er than t0b.000 vears.

Exposro VBntrcal Srctrorrrs

Figure 28 shows an idealised diagram of the weathered vertical sections
of all the tephras described in this-paper. The diasram is comDosite and
hence hypothetical because all the infor^mation has Feen incorpofited fromall the sections described in the Appendix. Lines of junciion between
separate sections are represented by ddtied horizontal lines. Most weathered
vertical sections examined were roid cuttings or coastal clifi exposures.

CoRnnlartou Cor-ultlNs

Correlation columns are shown along two lines in Fig. 29, jO. Fjilue 29
illustrates the lateral variation of tephra units along" a iorrelati6n line
telected 9n the outer rnargin of the 

-Pouakai ring plain. Because of the



restricted distribution of the lapilli rnarker above the Koru ash, most sections

|3*t.*-tTC p31, th",* undifferenriated Koru ash plus Carrington iepf,ra,
Derween the marker beds (Koru lapilli and Ahuihu tapiiliT. Fisue j0
shows a tvpical correlation line from'any point on tr,. .or-Jt p'io uo?Iun a.of abour i,ioo ft (4io m,1.
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APPENDIX

SECTION DESCRIPTIONS

Colours described in the section descriptions are of the Munsell Colour notation.

Section I
Locatiot: Cutting opposite iunction of

Coastal Road. between Oakura and
Fig. 3 and 29.)

Ahittde: 100 ft (90 m).

Upper Timaru Road, with Main South
Okato. On west side of road. (See C on

Raifiall: 60 inches (1,521mm).

Tenain: Gently seaward-dipping, tephra-mantled ringplain. On the Maitahi Surface,
west of Kaitake Range.

Angle of Slope: 2"-3"
Grid Relerence: Nr08,2J03784 (1962).

Additional Points ol Importante: Type Locality for the Koru lapilli and Weld
Tephra. Reference Section for Oakura, Okato and Pukeiti Tephris.
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Thickness
(in cm) Description Formation Member Svmbol

102 lYR/4.8 (yellowish red). coarse sandv
loam, friable, with weak-blocky structuri.
Coarse ash rvith numerous lapilli of dis-
tinct, dense light grey and white andesite
and creamy andesitic pumice, mostly be_
tween l-2 crn across, showing increased
proportions to base. Many small black
rnafic crystals, about J mm lons. Manv
roots. Moderately distinct, irresulir bound'-
ary,..shown by preferential -drying 

and
wealnetrng.

Buried soil ;.;; ;- - PARAC'NF'RMITY

90 7.IYR/5.6 (strcng brown), n:oderately OKATOsandy ioam, fumly friable. withwell developed biocks in' places
torming- vertical prisms. Coarse ash- with TEPHRAmany line, distinct, white, qrey and
cream.lapilli of andesite rock, with manv
finer black mafic crystals. Distinct, un_
dulating boundary.

OAKURA
TEPHRA

Egl

BS
(buried soil\

Ec?

Ct-.i-Ka
BS36

36

suri.a roil deue;;; 
-- DISC.NF.RMITY

7.5yR/5.6 (strong brown), coarse sandy CARRING-
Ioam, soft and friable, with moderatelv TON
developed blocks. Coarse ash with increas- TEPHRAS
Ing...percentages . of dark and light grey plus Koru ashlapilli towards base. Distinct gridatidnai
Doundarv to
.5YR/:.9 (yellowish red), lapilli, averag-
rr-rg l't cm across, larger fragments
about 2.i cm. Lapilli soft, loose and densely
packeC with . viry little matrix. Layei
appears exceedingly porous and is heavilv
iron :tained. Lapilli show white feldspai
and black hornblende crystals set in an
orange matrix. Very distinit, straight lower
boundary, in places filling small hollows.

Koru lapilli Kp

nuried soit il;o; 
PARA..NF.RMITY

7.5YR/5.6 (strong brown), fine ash, with PUKEITI
white, very soft speckles. \U7hite pumiceous
material cften concentrated into pockets: TEPHRA
shows black manganese staining in places.
Weak wavv boundarv.

91 7.5YP./5.6 (strong brown), firmly friable,
sand_y loam with well developed large
blocks, forming plates on exposed sui-
faces. Coarse ash with no lipilli. but
speckles of white, arey and black civstals
visible in ash. Dlstinct, straight fower WELD
boundary into - TEPHRA

BS

PK

lfeld ash rvd
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Thickness
(in cm) Description Formation Member Symboi

30 I0YR/J.6 (yellowish browo), 6rm to hard
layer, in places laminated into grey ash,
and orange, grey and black lapilli layers.
Forming "creamcakes". Lapilli more con-
centrated towards top. Massive structure.
Distinct straight .lower boundary.

- PARACONFORMITY

Buried soil developed upon
75YR/5.6 (strong - brown) sandy loarn,
friable. Coarse ash with a few lapilli fng-
ments. Very large vertical prisms breaking
to larse blocks and then crumb. with
many vertical cracks. Single brick hard,
5 cm thick grey sandy, "creamcake"
horizon, in centre of ash. Slightly wavy,
almost straight boundary.

MAJOR PARACONFORMTTY

t0 IOYR/5.6 (yellowish brown) drying very
distinctively to l0rfR/6.3 (pale brown).
Coarse ash with a few creamy lapilli frag-
ments in upper oortion. Very friable with
little structure, mainly loosely held coarse
nuts, coarse sandy loam. Irregular, gra-
dational boundary to
7-5YR,/5.S (strong brown) firm, massive
greasy coarse sandy loam. Coarse ash with
many orange and grey lapilli fragments.
Equivalent horizon on opposite (east)
side of road displays strong vertical cracks
and prisms deveioped. Beniath is a sharp,
straight boundary into another New Ply-
mouth Buried Soil. To base.

*New Plymouth Ast,es and Buried soils are divided into (l) uppermost, and (2) Layers
rrnmedlately beneath uppermost.

Section 2

Location:. Large 
-cutting. 

to sout!--of omata -Dairy Factory, across bridge and about 500 nq
south along Hurford Road. West side of cutting. (Sea D on Fig. j and 29).

Ahirude: 380 ft (114 m).
fuinfall: t50 inches (1,t2t mm).
Terrain:-_ Ge.ntly seaward-dipping, tephra mantled ringplain. On Maitahi Surface to norttj

of Kaitake Range.

Angle of Slope: 2"-3"
Gtid. Refereace: Nr08,/193842 (1962).
ArJdit,ional. Points,o!. Impo,rtance: Type locality for. oakura and okato Tephra Formationq

(prevrousry desrgnated lgmont Shower) and the pukeiti rephra Formation,

'!(eld tuff \trtrt

127
BS

Unnamed
tuh

New Plymouth
Buried Soil(r)* NPBS(I)

Uppermnst
New Plvmouth
Ash (t;* NPA(1)
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Thickness
(in cm) Description Formation Member Symbol

127 5YR/t.B- . (yellowish red) coarse srndvloam,. f nable with weak laree blocki
Dreakrng to small blocks and crumb.
Loarse ash with many 3 cm creamy pumicetoqfqh .and _l-cm light grey, d-ense an_d€slte laptlll. Many_ r()ots. lvavy, moder_atety dtsttnct boundarv tu
t0Y.R/6.tt (brownish'yellow) and srevrxprltr, very soft with many black mafitcrystals. Massive "crearncake" structure.
reststant to weathering of sandy loam tex-Iure. Moderately distinct wavy boundury.

7,:|YR/5;6 (strong brown) coarse, sandyloam, firn,. blocky structure in' placel
pnsms developed. Coarse ash. Modeiatelvstr€rght, distinct, gradational boundari,
lnto more resistant
l.lY.R/5-q . (strong brown), sandy loam,firmly friable wiih vertiial .r"ikr-'""j
prisms developed b_reaking to larg; bl;l;and then crumb. Coarse ash, few lapilli,Dut marked increase in lowermost , cmwkre- gradatio-nal boundary rnto
?fR46.s (reddish .yeilow) 

'and r0yR/7.2
.l 
lrght grey) la.pilli, averaging l_2 cm.

w avy, patte,rn . in vertical section. Nctoensely packed,. and matrix consists of
srmtrar ash, as above. Straight, sharp, dis_flnct Doundafv-

Buried soil developed on
l0rfR/5.6 (yellowish brown), coarse sandv
toam. Massive coarse ash showing large,hrmly fnable blocla. Very "d;riir[i,
wavy. gradational contact wiih irrcreail
tng abundance of lapilli toloYR,/i-t (gr.ey) hard, and JYR,/J.B
tyellowrsh red) soft lapilli, - averaging
1-2 cm- across. Densely packed. i,eii
rounded. Straight, distinit bbunduiu. 

"--^

Eel
laP

OAKURA
TEPHRA

OKATO
TEPHRA

AHUAfiU
LAPILLI

CARRING-
TON
TEPHRA

plus

PUKEITI
TEPHRA

Egl

Basal
lapilli

Eg 2a

Eg 2b

BS

ct*x"
Koru ash

Koru lapilli Kp

PARACONFORMITY

t1

to

l0
Aa

DISCONFORMITY 
-

PARACONFORMITY

15 l0YX./t.6 (yellowish brown) friable.
sandy ,loam.. with moderately developed
Dlocks.Dreaktng. to crumb. Fine ash. Sharp,qrsunct, wavy boundrry to
2.5YR/R.s (yellow) to 6.8 (olive-yellow).
corrse. ash, containing light yellow, erivand black crystals in a brownish maitix.very sott, pumiccous material with no
structure. Distinct, wavy boundary,

PK
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Thickness
(in cm) Description Formation Member Symboi

Boried roi .."*o.ul"- 
PARAC'NF.RMITY

56 10YR/1.6 (yellowish brown) sandy loam, I7ELD
fumlv friable with moderately developed TEPHRA
blocliy structure. Coarse ash. rVeak straight
boundary.

BS

PARACONFORMITY
2t 7.IYR/1,6 (strong brown) coarse sandy

loam, friable weak blocks breaking to
smali nuts, coarse ash. Gradational wavy
boundarv into
7.tYR/j.8 (strong brown) coarse sandy
loam. Coarse ash with many 7.1YR/N6/
(erey) lapilli. Friable, with moderately
dEvei6ped 

-large 
blocks. Stra.ight, but very

distinctive, sharp, weathering boundary

lOYR/6.6 (brownish yellow) drying to
IOYR/6., (pale brown) sandy loam. I?ell
developed fiiable blocks of coarse ash form-
ing piisms in places. Gradational contact
into
7.5YR/t.6 (strong brown) coarse sandy
loam, with well developed large firm
blocks of coarse ash sometimes forming
prisms. Sharp, wavy bou-ldary.

MAJOR PARACONFORMITY

into (r) Uppermost, and (2)

Unnamed
Ash

New Ply- NPBS(I)
mouth Buried
Soil (1)*

Uppermost NPA( 1)
New Plymouth
Ash (1)

New Plymouth NPBS(:
Buried Soil
(2)*
New Plvmouth
Ash (2) NPA(2

I

along Carringti
Carrio8ton a1

Pouakai Range. )

t8

PARACONFORMITY

7, IOYR/6.6 (brownish yellow) drying to
l0YR/6.3 (pale brown) sandy loam. !7ell
develooed friable block of coarse ash on

lt0 1.5YF.75.6 (strong brown), older, un-
weathered, massive blocky coarse ash.

*New Plvmouth Ashes and Buried Soils are divided
immediaiely beneath Uppermost.

Section 3

Location: Second cutting to south of Evans' Farmhouse (third,house
Road. from Oxford-Road), 0'85km due east of iunction between
Oxfnrd Roads. On south side of road' (Sre A on Fig. 3 and 29).

Altitude: 1,080 ft (f z+ m1.

Rairlall: 110 inches (2,{t90 mm).
Tetrain: Irregular hummocky dissected surface, crn lower flanks of
Angle ol SloPe: Averaging 10"

Grid Refereue: Nr08,/)14704 (1962)'

Additional Point of Im\ortance: Type locality for Saunders Ash and Carrington Tephr
Radiocarbon date' (N2942) obtained from this locality, from Saunders A
16,100 ! 220y B.P. (Table 2)
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Thickness
(in cm) Description Formation Member Symbol

I'

TSYR/4.4 (brown to dark brown), coarse
sandy loam, friable, weakly blocky. Coarse OAKURA
ash with nurnerous angular grey lapilli. TEPHRA
Moderately distinct, gradational wavy
boundary into
l0YR/s.6 (yellow) soft subrounded lapilli
and 7.tYR/N(y' (light grey to grey)
angular lapilli, averaginl; 2 cm across,
largest 4 cm. Horizon pocketing. Lapilli
loose, granulated sugary looking, with
white clay coatings on peds like plant
roots. I/avy gradational boundary to

Eg1

Basal lapilli Eg 1

laF

Interpreted BS
OKATO
TEPHRA

Eg2

Abuahu
Lapilli

Buried Soil
Dweloped on
Redeposited
Sand and Ash

Gg

- INTERPRETED PARACONFORMITY

1 ,5YR/5.6 (strong brown) coarse sandy
loam, firm moderately sized blocks of
coarse ash breaking to small blocks. 'Wavy
gradational boundary to pocketing basal
lapilli, often scattered and not discernible
from ash above. Cream and grey lapilli,
giving overall light yellow colour to the
horizon, with bla& mafic crystals and
loose soft creamy pieces of pumice, and
hard grey andesite stones, up to 4 cms
across. \Teakly distinct straight boundary

t88 10YR/5.6 (yellowish brown) coarse sandy
loam, wedging outwards to the east. Firm,
strong large prisms of coarse ash breaking
to small blocks.

PARACONFORMITY

- - Sharp, straight, distinct boundary - -

5YR/6.6 (olive-yellow) sand, "pocketing", SAUNDERS
with 2 cm charcoal fragments. Hard, mas- ASH
sive coarse ash, well cemented. Sharp,
wavy, very distinct boundary

- UNCONFORMITY

7.5YR/r.6 (strong brown) with white CARRING- Buried soil on
speckles, small friable blocks of coarse TON ash
ash TEPHRA

_ PARACONFORMITY

10YR,/5.6 (yellowish brown) coarse lapilli CARRING- Buried soil
studded ash, firm large blocks with gra- TON
dational contact to TEPHRA
l0YR,/6 6 (brownish yellow) overall CARRING- Unweathered Ct
colour. fine lapilli mottled orange. brovn TON lapilli tuff
and black in hard, massive cemented ash TEPHRA
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Thickness
(in cm) Description Formation Member Symbol

t(,oYR/'.;;;'; ;;;T:::::-Tfi;; ;; ;,
strongly blocky, coarse ash, on coarse TON Unweathered
grey and cream lapilli, up to 2 crn across TEPHRA lapilli

, ot*rr.r- *r-"-* ;;f ^::"::;-Tff;; ;;; ;,
blocky, sandy loam, coarse ash, on TON

TEPHRA
hard, cemented massive coarse lapilli
averaging 20 mm. l0YR,/6.6 (brownish
yellow),-consisting of mottled fine r:range,
brown and black lapilli

Unweathered
tapilli tulf

Ct

Ct38

r02

,,*,, u *;;;'*f:H-Tff.;; "*,*,.,1,firm. well developed blocks of coarse ash. 'fON
'S7avy indistinct gradational boundary inkr TEPHRA
7.5YR/5.6 (strong brown), coarse sandy ?KORU
loam, unweathered lapilli-studded ash of TEPHRA
fum prisms breaking to medium sized
blocks to base.

Section 4
Location: O.zkm uphill along I\{aude Road, from the iunction with Kent

exposed io sharp-corner on1est side of road. (See E on Fig. 3 and 29).
Road. Sectioi

Altitde: r,25oft (375 m).
Raixlall: 100 inches (2,540 mm).
Tenain'. Irregular rolling surface with steep gullies and rounded

northern slopes of the Pouakai Range.

Angle ol Slolre: Averaging 10"

Gid Refererce: NLog/67)752 (r96t).
Additional Pointt ol lmportante: Type Locality for Inglewocd and Korito Tephra

ations. Reference Section for Oakura and Okato Tephra.

Thickness
{in cm) Description Fcrmation Member Symbol

t0-l1t 75YWN7/ (light grey) dense an-
desite lapilli averagiag 2 cm across,
with tYR,/6.6 (olive-yellow) pumiceous
lapilli drying to creamy colours, averag-
ing 3 cm across, in 7.5YR,24.4 (dark
brown) coarse ash matrix rrhich is
friable, weakly blocky, sandy clay loam.
Black-grey colours towards top where
influence of organic topsoil. Sharp dis'
tinct boundary.

INGLE.
$rooD
TEPHRA
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Thickness
(in cm) Description Formation Member Symbol

PARACONFORMITY

l0 sandy, pumiceous loose sand, 10YR,/6.8
(brownish yellow) coarse ash, with black
mafc crystals giving an overall olive-
yellow colour. Sharp distinct boundary.

L27

lr0

80 loYR/5,4 (yellowish brown), 6rm
massive coarse ash to base.

KORITO
TEPHRA

_ PARACONFORMITY

tYR/4.4 (reddish brown), 6rmly friable, OAKURA
sandy clay loam. Blocky, coarse ash break- TEPHRA
ing to crumb. Distinct gradational bound-
ary to
10YR/8.1 (white) and 10YR,/6.8 (brown- Basal
ish yellow) rounded lapilli sharp, wavy lapilli
contact.

PARACONFORMITY -

Egl
lap.

Egr

Ee2,YR/4.4 (reddish brown), firmly friable, OKATO
sandy clay loam. Blocky coarse ash break- TEPHRA
ing to crumb. Distinct gradational boundary
to
5YR/t.8 (yellowish red) lapilli. Many
with btack manganese stains, all well
rounded, 6rmly compacted and pocketing.
Porous horizon. with large spaces befween
individual lapilli.

Sharp, distinct, wavy boundary

Redeposited
Sandy Ash

f-ocationt Cutting 0.1km down Plymouth road, from iunction with Koru Road. On west
side of road cutting.

t4Jtirude: t00 ft (150 m).

Raixfall: 70 inches (1,780 mm).

ferrain: Gently seaward dipping, tephra mantled ringplain. On Maitahi Surface to NE
I of Kaitake Range.

V.ngle of Slope: 4"

frid Reference: Nt 08,/ttt5817 ( 1962 ).
{dditional Poittts ol lilrportdnce: Reference section for Oakura, Okato and Pukeiti Tephras
I and Koru lapilli. Also reference section for Uppermost New Plymouth Ashes and

Buried Soils.

i,*-,
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Thickness
(in cm) Description Formation Member Synbcl

178 7.5YR/4.4 (brown to dark brown) sandy
clay loam, friable, weakly blocky breaking
to 6ne crumb. Coarse ash with many white
and cream lapilli. Straight to slightly wavy
boundarv to
tYR/t.i (grey) and 7.5YB'/7.8 (reddish
yellow) coarse lapilli and coarse ash.
Yellow lapilli soft, pumiceous, and averag-
ing about 2 crn across, composing 75o/o of
Iapilli. Remainder dense grey andesite frag-
ments. Straight, sharp, distinct boundary.

OAKURA
TEPHRA

Basal
lapilli

OKATO
TEPHRA

CARRING-
TON
TEPHRAS

plus
Koru ash

Eel

Es2

Ct-FKa

Koru lapilli Kp

PK

E^.
:e-
taP

PARACONFORMITY

lG-13 Many hard 5YR/1.r (grey) and l0YR,/6.8 OKATO Ahuahu Aa
(brownish yellow) lapilli, averaginq ? cm TEPHRA Lapilli
across, in coarse ashy matrix. Distinct,
sharp, straight boundary.

721 l0YR/5.8 (yellowish brown) saody clay
loam with well developed large 6rm blocks
breaking to crumbs. Coarse ash.

,6-6r IOY?./6.6 to 6.8 (brownish yellow) sandy
clay loam. Coarse ash containing rnany grey,
light cream, brownish yellow and orange
lapilli, and many black mafic crystals.
Firm, massive ash with latge blocks to-
wards the top, breaking to 6ne crumb.
Straight, gradational, distinct boundary into

l0 tYR,/5.1 (grey) hard and t0YR/6.8
(brownish yellow) soft lapilli. Hard an-
desite fragments dry to 7.5YR/N8,2 to
Nz,z (white to light grey) colours. Maoy
show 5YR/1.8 (yellowish red) coatings
indicating heavy iron stained horizon.
Firmly compacted so lapiili are loosely
adhered together; with pressure fall freely
as loose balls. Distinct, straight sharp

Sharp, distinct boundary

DISCONFORMITY _

boundary.

- - PARACONFORMITY

10 10YR/6.8 (brownish yellow) sandy clay
Ioam. F.irmly friable, moderately blocky
fine ash with fairly sharp, straight bountl-
ary into PUKEITI

l0 soft pumiceous coarse ash. Consists of TEPHRA
soft 2.tYR/8.6 (yellow) pumiceous
material and black crvstals with l0YR/6.8
(brownish yetlow) coatings. Sharp, straight
verv distinct boundarv.
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Thickness
(in cm) Description Formation Member Symbol

PARACONFORMITY

150-175 tYR,z:.8 to 4.8 (yellowish red) sandy
clay loam, tending to fOYR,u).8 (yel-
lowish brown) to the top. Firmly
friable massive blocky coarse ash break-
ing to large crumbs. Undulating, fairly
distinctive boundarv.

rr-25 tYR,/6.3 (light reddish brown) speckles
when dry, distinctive, with many old
root channels showiog 5YR,/7.1 (light
grey) colours. Sandy clay loam friable
with moderately sized blocks breaking
to crumbs. Coarse ash with a few lapilli
present. Horizon susceptible to erosion
in vertical cutting. Gradational, straight,
distinct boundarv into

18-56 10YR/s,6 (yellow) sandy clay loam,
f riable *-ith moderately large blocks
of coarse ash breaking to crumbs.
Straight, sharp distinct boundary.

MAJOR PARACONFORMTTY

IUTELD
TEPHRA
plus

\vd+\vt

Unnamed
Ash

Uppermost NPBS(l)
New Plymouth
Buried Soil (1)t

Uppermost NPA(I)
New Plymouth
Ash (t)

- - PARACONFORMITY

New Plymouth
Ash (2)

It

5YR/6.3 (light reddish brown) speckles,
similar to Uppermost New Plymouth
Buried Soil, friable, moderately blocky
weakly resistant paleosol. Coarse ash with
a few lapilli present. Distinct, straight,
gradational boundary to
10YR/8.6 (yellow) sandy clay loam, with
moderately large blocks of coarse ash
brcaking friably to crumbs.

New Plymouth NPBS(2)
Buried Soil (z)'t'

NPA(2)

Older New
Plymouth Ashes
and Buried
Soils

Uppcrmost, and (z) Layers

,2,

PARACONFORMITY

Older ashes and buried soils, containing
many fine black ma6c crystals to base. All
are similar to the two uppermost New
Plymouth Ashes and Buried Soils. Lower-
most material obscured by accumulation of
fallen debris at base of roadcut.

F.* Pfytt""tft Ashes and Buried
immediately beneath Uppermost.

Soils are divided into (l)
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Section 6
Location: Betn'een

Road, o.g km
and 29.)

Altitade: 300 ft (90 m).
Rainlall:. 60 inches (1,t25 mm).
Tenain: On gently seaward-dipping, tephra-mantled ringplain surface, to the west of

the Pouakai Range. On Maitahi Surface.

Angle ol Slope: 2"-3"
Grid Releretce: Nf08r/477758.
Additional Points of Inpoildncei Reference Section for Koru lapilli and T/eld Tephra.

Thickness
(in cm) Description Formation Member Syrnbol

N.Z. Jounu,ll oF GEoLocy AND GEopHysrcs Vor.. 15

Dover Road Junciion and Okato Township, on Main South Coastal
NE of Okato Memorial Clock, on east side of road. (See B on Fig. l

165 Upper ash (Oakura Tephra) tYR/4.tt
(yellowish red), lower ash (Okato Tephra)
loYR,/5.8 (yellowish brown), show
gradational contact and are undifferentiated.
Sandy clay loam. Coarse ash with a few
grey lapilli, friable, the upper portiun
tending to be weakly blocky, lcrwer portion
moderately blocky. Wavy, weak bounCary.

DISCONFORMITY 
-

50 10YR/5.6 (yellowish brown), sandy clay CARRING-
loam, 6rm, with moderately coarse blocks TON
showing platy structure on exposed sur- TEPHMS
face. Gradational boundary with increas- plus
ing lapilli content in the coarse ash to

25 lOYR/6.8 (brownish yeltow) notably
coarse ashy horizon, with numerous crearn,
orange and grey speckled lapilli, avetag-
ing 0.5 cm across, friable and loose. Sharp,
straight distinct boundary.

we, ;;;;;:fi:"TlTil;-;;-
weathered coarse ash, with similar charac- TEPHRA ash
ters except that buried soil is more friable
and shows less well developed structure.
Both show 7.5YR/4.4 (brown to dark
brown) colours, moderately coarse blocks
with plates developed on exposed sur-
faces. Sandy clay loam texture.

- - Straight, very distinct, abrugt boundary - -
23 Laminated, brick hard horizon. Cemented \/ELD Weld

grit showing three l0YR,/7.1 to 6.1 (light ]'EPHRA tufl
grey to grey) coarse and fine ash bands
interbedded with two l0YR/8.6 (yellow)
lapilli bands. (Colours when dry.) Almost
continuous feature, with a few "cream
cakes". Straight, very distinct, abrupt
boundary.

OAKURA
and OKATO
TEPHRAS

Eg t*z

Cr+

Koru ash

Koru
lapilli

Ka

Kp

Bs
wd

t0
t0

Ifr
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Thickness
(in cm) Description Formation Member Symbol

,40 ,.yR/' i;ffi;iiiffi?il?-"rrY - - -u""-* 
^,nloam. Coarse ash with distinct abundant

mottles of grey rock fragments, creamy
purnice, black ma6c crystals and soft white
speckles. Friable, massive with weak
blocks. Straight to slightly wavy, very
distinct boundary.

- 
MAJOR PARACONFORMITY

Vhen dry L}YR/I.2 (light grey), sandy
clay loam, with small well devetoped
firmlv friable blocks of coarse ash. Gra-
dational wavv boundarv into
when dry - 10YR/8.6' (yellow) un-
weathered sandy clay loam, 6rmly friable
with moderate sized, well developed
blocks of coarse ash. Straight, distinct,
relatively sharp boundary.

6r *n.., a.v rov;;A; frf;coNFoRMrrY--;;*o,,,l, NpBs(2)
clay loam with small well developed firmly Buried Soil (2)*
friable blocks of coar$e ash. To base.

t0

140

Uppermost NPBS( 1)
New Plymouth
Buried Soil (1)*

Uppermost NPA( l)
New Plymouth
Ash (1)

*New Plymouth Ashes and Buried Soils are divided into (r) Uppermost, and (2) Layers
immediately beneath Uppermost.

Scction 7
Loration: 3.8km due S\V of iunction of Korito and Kent Roads, last well exposed

cutting at top of Korito Road, (.ree Fig. 3).
Altitude: 1,100 ft (450 m).
Rainfall: 100 inches (2,540 mm).
Terrain: Irregular, nrlling surface with steep gullies and rounded hillocks. On the lower

northern slopes of the Pouakai Range.

Angle of Slope: Averaging 10o.

Gri:l Ref erence: N109,2610745 ( l96t ).
Additional Point.r ol lmportance: Reference Section for Inglewood and Korito Tephra

Formations.

Thickness

19")
Description Formation Mecrber Symbol

I 

'00-l ' 
5 7.5YR,/N7/ (light grey) dense andesire INGLE-

lapilli fragments, averaging 2 cm WOOD
across, and tYR/6.6 (olive-yellow) TEPHRA
pumiceous lapilli. often drying to
creamy colour, averaging 2.5 cm across
Coarse ashy matrix 7.tYR/4.4 (clatk
btown ) with blackish colours to top-
soil, coarse sandy clay Ioam, friable,
weakly blocky. Distinct boundary.

II
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Thickness
(incm) Description Formation Mernber Symbol

38'o*ru., r*'"*;,liT:tilffY#,.--
mafic crystals forming sandy, loose, TEPHRA
pumiceous lapilli. Laterally pocketing to
coarse ash. Straight to slightly wavy,
snafP, clrstlnct Doundary.

L2J fri"Ul., g.."ry, L,l*; ;:t::?:Tfl#;;
to base. TEPHRA

Egl

Section 8

Location;, Cytting 200m south of Pukeiti Rhododendron Reserve Main Gate. on Carring-
ton Road. Cutting on south side of road, at sharp corner, before descent to bridge. 

"
Alrittde: 1,2t0 ft (3Zf m;.
Raidall: 13J inches (3,430 mm).
Terrain: Irregular steeply dissected, bush covered slopes c,f Pouakai Range.
Angle of Slope: Ilo
Gild Reference: Nr08/J65742 (1962\.
Additional Pointt of Impoilance: Type Locality for Koru asb. Best Locality for Koru

lapilli and Pukeiti Tephra.

Thickness
(incm) Description Formation Meinber Symbol

150

30

90

r8

7.tYR/4.4 (brown to dark brown) sandy Topsoil
clay loam. Coarse ash with many I cm plus
grey lapilli. Friable and weakly blocky OAKURA
to gradational boundary TEPHRA
scattered grey and 10YR/8.6 (yellorv) Besal
lapilli with corrse ashy matrix. Sharp lapilli
boundarv- _ PARACONFORMITY

10YR/3.4 (dark yellowish brown) sandy OKATO
clay loam, friable with moderately devel- TEPHRA
oped medium blocks of coarse ash. Gra-
dational boundary to
l0YR/7.1 (light grey) hard angular
lapilli averaging 40% of layer, and
7.)YR/7.8 (reddish yellow) soft, rounded
lapilli averaging 60%. Sbarp, distjnct
undulating boundary to
7,JYI./4.4 (brown to dark brown) sandy
clay loam, friable with very well developed
prisms of coarse ash breaking to blocks.

Ahuahu
t-apilli

Egt

Egl
lap.

Eg2

Aa

r5

65 ( rephras, ;t";**Ht.t*tlJ Y}::-:llTlffi -

most unit), Straight, distinct bouodary TON
TEPHRA

Ct
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Thickness
(in cm) Description Formation Mernber Syrnbol

PARACONFORMITY

:i 7.5YR/4.4 (brown to dark brown) coarse
ash with grey andesite lapilli and black
shining maf c crystals. Sandy clay loam,
friable with well developed blocky struc-
ture. Straight sharp boundary

Buried soil Bs

Koru
lapilli

- - Shaight, sharp boundary

8 7,tYR/6.8 (reddish yellow) friable coarse l.owermost
ash with numerous soft pumiceous lapilli. CARRING-
A few grey andesite lapilli tovards the TON
sharp, straight, very distinct base TEPHRA

,n-r{o iYR,; ; ; ;;;i*';',}:;Tff; - ;" -
clay loam. Coarse ash with a few TEPHRA ash
lapilli fragments. Friable with blocky
structure. Sharp, straight very distinct
bounclarv to
7.)YR/6.8 (reidish yellow) lapilli.
Loose balls of lapilli consist of sr:ft
orange rounded pumice and angular,
dense, grey andesite, which is heavily
iron stained, Very porous, basal 8 cm
of lapilli also show manganese staining
Straight, sharp, very distinct lower
DOUnOATV

Ct

Ka

Kp

PARACONFORMITY

PKl0 L0YR/7.2 (lieht grey) sandy clay, with
many small distinct manganese stajned
root channels. Buried soil developed.
Greasy rnassive horizon when wei but
develops vertical prisms on drying out.
Heavy iron pan developed in lcrwer J cm.

PUKEITI
TEPHRA

I
r5

Distinct, sharp boundary

l0YR/5.S (yellowish brown) sandy clay
loam, friable, weakly blocky.

- Distinct. sharp boundary

vari-yellorv coloured 10YR,/8.8 to /7.8
roft pumiceous ash horizon. Sandy cla-v
!oam.

- 
Distinct, straight, sharp boundary

l0YR/5.8 (yellowish brown) coarse ash
into
10YF./7.2 (light grey) coarse ash to base.

A. II. SIIEARER, GOVDRNMENT PRINTER, WELLINGTON, NEW ZEALAND-Ig73
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TEPHROCRRONOI,OGICAL IMPLICATIONS ON EGMONT RTNGPLAIN ST'RFICBS

DetaLled tephroehronological studLes of ttre wldecpread

Egnont tephras hao allmed ttre mappJ.ng of rlngplaln surfacca lD

greater datail than previoua 112501000 geologLcal raapplng (Hay

19671. In particular ttre unlts Oprrnaks and Stratford lalrars can

be re-ex'mlned. l{ogt of ttre Opunake la}rars to thc west and aout}r

of Mt. Egnont have been subdlvlded l-nto four princlpal for:uratlone,

and ttrece are dl,ecussed elsewhere. In addttlon ttre followlng
points are noted wlth regard, to the l:2501000 (f967) nap.

Areas lncorrectly nrapped as $tratford, latrarg include an

unnarqed strtp north-weet of Okato, to tlre norttr of Stony Rtver,

atrips aLong Tl.maru and oalcura etre$s and a atrl.p along the

eagtern ELde of Geruran HtIl. The latter surface consletc of

river alluvlun ovarlaln by Inglewood and Korlto tephraa and Ie
probably lees ttren 41000 years old. The former surfacer are all
correlatlvee of ttre Opunake lahars.

The t{angawhero rldge, 13 km eouth of Mt. Egrmont ie
conglderably older ttran the aurroundJ,ng Opurake latrars and apSreare

to be older ttran tha Stratford latrara mapped ln the Inglerood

regJ.on. fn road cuttlnge tlrrough ttre rldge, ttre Koru laptlll
occura at the base of noet exposureo Lndl.catl,ng ttre rLdge wae

preserved south of Fanttrang Peak ag later Egrnont lahan war6

dLrected to eittrer el.de of lt by an early trFanthamo Fealc cone'

whlch hag been in exl.stence cryer a mLnimun perLod of 351000 yeara.

In an excavatl,on on ttre uSrper surfaca of Pnkeltl cone the

oa*ura and okato tephras ralt upon agglomerate. Thle Lndicatee

the cone haa a rd.nlrmrm age of 161000 years and unlega tcphrar

older than ttre Okato Tephra havc gince bcen eroded, ttre conc ls
probably younger tlran 201000 ysara.
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Thc extent of ash cover preserved wl.ttrln Egruont NatLonal

Park lndlcates ttrat almoet ttre entlre rLngplaln and cono of, l.lt.

Eguont above ttre 300 m contour hae orLgl.nated Ln ttre last 161000

ygars.

MA)(IMTIM SIZE DIAI'IETERS

Ma:rlmum ej.ze dLameterg for the gurrell Lap1lJ.i, oakura

Tephra basal laplllt, Atrualru lapllIi, Kont laptIll and Korlto

Tephra (coarse ash) were measured accordLng to Fisherrs (1964)

nrethod. The flve largeet dLarneters tf,ere averaged at polnts

along ttre arcis of es,ch lobe except for tlre Atruatru Laptllt where

samples cloge to source nerE not on the maLn axlal lobe of

distrlbutLon.

The curveg (Flg. 4) indlcate tlrat all ttre eruptlono

Lnvolved a almilar enerlfy releage between that releaeed I'n thE

Llttle Glass Mountain prrmice-fall eruptlons ln the Unlted Statee

(FLgher 196{} and ttre 1783 Mt. Asana eruptLon, Japan (Mtndcant

L942). OnIy ttre Inglewood Tephra was aE powerful ae that at Mt.

Asama and appeara to havo been the most porrerful eruptLon to have

occurred l-n Taranakl. The Oakura Tephra baaal laptllt ' Atruatru

Lapllli and Koru laplllt are all rrnore wldespread ttran the Ing1e-

wood Tephra but ttre eruptlons whlch prodused ttrem lnvolved lowcr

energy release, aLthough they wor6 hlgher ttran ttrat of ttre Llttle
Glass IrtountaLn punrlce-fall eruptLon. The latter eruptlon wae

of slm.llar sLze to tlre Korlto Tephra and Burrell Lapllll (lfopplng

L972) eruptlona. Thug none of ttre tephra eruptLona from Egmont

released nKrre energry ttran the 1783 Mt. Agana eruptl,on and have

never approached ttre eizs of the Crater-Lake pum!.ce-fall (Flgher

196{}.



21

MM-
FTGURE r! - Maximm airr fla1f.rs (ia mmt of punric€ fragment, vrtrr drrtance fr^o

aitu.tce (E lc). ltr=Burltell l+i3tlli;Eg I lapitrli=Oekula Tapbra' .baa.at
lapillt;.Aii={bUahrr lrapilll;.I(p=Koru Lapilllr Date from tUe erjr fiilrc
aad Ltttlo Glara Moruitaia cruptions te frsrrr Fisher (t961)rard
M.L Araara data .is frooi Mioa&a*if (lg4gl.
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TEI{PERATURE STUDTES ON CJ\RBONISED $IOOD FOR}IATION

Abundant earbonLsed wood wlttrLn Taranakl tephras ls
restrictcd to the Saunders Ash, Newall Ash and Newall Lapllll.
In ttre Saund,ere Agh ttre fragnents comprise complete ateng and,

trlgs of a scnrb-t1pe vegetatlon €.g. E*9p!IIS gp. but are

not large anough to obtaln suffl.elent material for laboratory

studLea. Horever wLttrln ,ttre Newall Ash and LaplllL thera are

numerous carbonLsed logs up to I m Ln dLatreter whLeh oould be used

ln studLes to estLmate ttrc mLnl,num temperaturc requLred to char

the wood.

The NewaLl Aeh and Newall tapllli menbera are largely

restricted to an elongate dlstrlbutlon whJ.ch follotcg the courge

of Etony Rl.ver (pruee 1965) , yet each enrptLve a\terages only

about I cur thtck. Together wLth narrow but elongate Lsopachs

ttreee features Lndl.eate tJrat the two eruptl.vea were probably

emplaced by hot glow!.ng avalanches or ,ro6"" ardenteg (Neatt

L9721 . lto fl.nd the mLnLmum tsrrperature regulred for carbonlslng

ttre logs non preserved ln ttre Newall deposl,ta r sanntrrlet were

collected from the Nerall Aeh depostt. For comparative purpocce

eanplee were algo collected fron ttre Taupo Prmtce Ln the Central

Norttr Island. lfhe carbontsed wood aanplee were first eubnltted

to Dr. B. irtolloy, Botany Dlvl,glon, D.S.f .R,, LlnOOIn, who

ldentlfle<I ttre origJ.nal specl.cr of woode. Present day llvlng
sanrples of theee wood slrcciee nere al.r-drled and then heated to

temperaturea betrveen 30oo and gOOoCr at loOoc i.ntervals,

withLn a layer of ttre reepectLve llttrologles to prevent coubuctLon'
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(a) DTA.iI{ETHOD

eirtrlcd sanrplee of llvl-ng nLro (Fodooarpua ferrugLncurl r

rl,mu (Dacryd,l.rrm cupressinum), hj.nau (Elaeocarpug dentatus), and

lllyraLne sp. heated to ttre abova tenperaturea were examLned by

the ElltA rrethod. Traces betwecn dLfferent woods showed largc

differencee in peak intensltLeg whlch frequently obscured emaller

pealcs dletinguished in ottrer apecies, but a certal,n nunber of,

peaka are cormon to rnoet samSrles. The sequence obtalned from

miro sanples ia presented Ln FLg.S. To show tlre eimllarlty of

varlous woods an untreated earple of rimu is lncluded (trace 1).

The initLal endothennLc peak between 1000 and 200oc 1g due

to renroval of water. Untreated wood samplee shorr a strong

enclothermLc peak between 3500 and 3g5oc (attrlbuted to claraln
andr/or vltral.n) which ls absent from samples heated, above ttria

temperatllE€r A second endottrerrnic pealc between 4950 and 525oC

(attrlbuted to graphite,) ls dlagnoatlc ln sanples heated to lese

ttran 52Soc but remaLns weak Ln aarplee hEated above 500oc.

Betneen tlrese trvo peaks le an exottrernLc peak at about {2OoC

attributed to llgnin and in the untreated rlsu eample an endo-

ttreruric peak betrrreen 250 and 3OOoc !.s algo due to llgnln. An exo-

ttrerrnlc peak at about 760oC Ls coneLd,ered to be formation of

carboligninr and le more dLstLnctLve in ttre lower teqrerature

curveg.

fhe nininum temperature of wood carbonLsatlon Ln the Newall

Ash and Taupo Pumice waa extrapoLated by conqrarLng ttre reprecent-

atlve unknown sample surves wittr the heated control aample

surflree (Flg.S), ft is lrowever not posslble to nake an accurate

estLmate of ttre teurperature requlred for carbonlcatlon fro therc

cutrres, other than belng able to dLgtlnguleh eanqrles charrcd to
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FICURE 5 - DTA tracca o! wood ud carboalrcd wood aamplca. 1= Rlrnu {ggsIldt*
cuprcsginum), no treatrncnt. 2= Miro (Porkrcarprrs fqrrurlineugl , no trcalmcnt.

3= Miro hcatcd to 3oooc. 4= l,{iro bcatcd to 400oC. 5= Miro hcatcd to 60OoC.

6= Mlro hcatcd to 80OoC. Z= Miro,collccted lrcrn Stony ltivcr,charrcd by

Newall cruptiong. E= Fltnau (@93;391 dcntatus|rfrom Rangitaikl Plains,

f f--..r r r, r

ooc e00oc i00oc 6ouDc 80ooc lrooooc
TEIIPER.A,TURE

charred by Taupo Pumicc.
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above or belors 400oC when tbe clarin,/vltraln cndotherrnic peak

between 3500 and 365oC le preeent or absent.

(b) rI{FRA-RED AI{ALYSXS

Slx repregentatl.ve sampler of carboniscd woods sere eramlned

by the Inf,ra-red nettrod (FLg.6l. Three eanqrlea were of rlmu

(f) not heatad,

(2t heatcd to {00o, and

(3) to 600oCr together wlttr ttre follorlng ttrrea aamlrlea.

(4) charred wood from rLmu consLdered to have been knocked

over by the Newall Aah but charred only on ltg upper eurface.

The sample was collected from ttre south bank of Stony Rlver.

The t-ree could not have bccn expoecd to a large amount of
heat because of ttrE ell,ght charrlng t 80 ttrat a nlnlmun

temperature exposurs of befireen 0o and 300oc was e:qrected.

(5) a sam;rle of coryletely carbonl.sed urlro, from the Newall

eruptionr, dated (NZ9{1, at 40tl t 14 yt B.P. llhc raqrle
rar collected belqr alluvlum about I kn from the Bpe
localJ.ty of ttre Newall Agh and Laptllt. Sarnple waa also

used ln calorlflc determLnatLone (Sample E, FLg.7l.

(6) a saqrle of hLnau, completaly carbonl.sed wlthln tlre Taupo

PunLce, colleeted frqn r tto6" ardente deposlt on the

RarrgltalkL Plalne (algo Sam1rle C, Flg.7).

Curvee lr2 and 3 show general background transnlttancc whlch

decreasee rtith hlgher tenperatur€s. The atrong peak at 3{00crn-1

ie ugually attrlbuted to H-bondtsd OH groups of phenollc OE and

COOIII at 2900crn-l to allphatlc C-H etretchlng of CB, and,/or

CH3, at 1720cn-1 to Cro stretchlng of C0OH and ketonc!, at
1510cm-1 to arornattc C-C and H-bonded C-O of ketonee and at

I5I0sr-1 to aroraatlc C-C vlbratlonc (Gohr19701p.681; Stevcnron
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and Goh L97Li Dr.K,M. Goh, pers.corr.). The allphatlc C-H bond

-l2900cm-r paak la lost wltlr heatlng to l00oC alttrough Schnl,tzer

(1965) reported ttrat lt dlsapp6ar6 from etrars above 5l0oC. lfhe

oH abaorptlon ln ttre 3400em-1 range ie qulckly reducsd below

4O0oC but is not ell,mlnated and continues to ba waakly prcrcnt

at 600oC.

The three naturally charrcd earqrles 4r5 and 6, when plottcd

ln FLg.6 ghow tcmperature orderLng expeeted from ttreLr rerpcctLva

nodeg of fornatLon I,e. 4<5<6. Sanple { broadly follore the

untreated rlnu sample exeapt for less prorn!.nent 3400 and 2900ctn-I

peaks, !.ndlcatlng it wag heated to betrrsen 0o and l00oC. Sanple

5 posseesee a curv€ Lndlcatlvc of hcatl.ng to ,l00oc. Samplc 6 J.g

llkely to have been heated betveen 400 and 600oC.

(c) STAI{DARD COAL ANAI,YSES

A thlrd nethod of determinLng thc tsnperaturo requ!.rcd to
carbonl.se eelected woods fron varlous eruptLvea was attonpted

uaLng sl,x trlal sanples eubmltted to tlre N.Z, Coal Rcgcaroh

AesoclatLon, Welllngton, for gtandard coal analyeLs. Ths resultg

are praaented Ln Table 2. lIha calorlfic value of nl.ro (D) and

hinau (A) woods (Ftg.3) was ar.mLlar but rl.ntr heatcd to {00oC (F)

gave a concLderably larger value ttran hi.nau tdccn to ttrc Bama

temperature (B). Thle confirmr ttrat temperaturc oetlmatcr arc

dapendent on the tlzpe of wood and oannot be rellably made fron

unldentifled charcoals. Beeauce of the stmllarlty of the un-

heated mlro and hLnau analyses, charrlng tenperaturo eetimtteg for
bottr Newall A,gh and Taupo PunLoe w.re obtaLned fron ttre aarns

aombined nlro-hl.nau surv€s and not frqu proJectlona eonstnrctcd

from thc rLmu value (F). I{e!.ght-gaLn at ?0t R.H. and 20oe,
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molcture q and eulphur t were plotted agaLnst taroperature but

no relationehLp to temperature was establtshed. Tenperrturo

estLmatee however could be ruade from ttre llmited data avaLlable

on calorlfie values, volatile matter, flxed carbon and ash

contente (FLg.?), and minlmum t€[perature eetl.matee are preeented

in Table 3.

From the trlal analyaea it appeare that aeh t Lg relatlvely
conetant between all three woodg examLned and rnay provc ueeful

ln accurately plottlng a detalled tempcratutre culve. ALr-dry

sanple calorLfic values, volatLle rnatter and fixed carbon aro

coneLdered more relLable t}an on an ash-free baeLs becauge they

glve a ninLmun teriperature for oarbonl.satlon.

Although the lnfra-red and standard coal analyala rettrodr

Ir€re reetricted to sl-x samples wlth each method, tlrey do lndlcats
the Taupo Pumloe carbonlsed wood wac heated to a hlgher temperature

than lilewall Ash wood (Table 31. From ttre above evLdence ntnLmun

t€Eperaturea conrldered to have earbonlsed ttre unknown wooda wore

szoot l0ooe for the Newall Ach and TOOot l00oc for the Taupo

PunLce.
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. g = Hinau, charred to 400gC. i

C = Hinanr from Trartpo Frurrice on nangitafii ptraine.

D = rvliro (fsdryrp."s ferrpgineqs,)r w-rtreated, wood.,
E = Miro frorn Nbwall .dsh in Maero StreargrMt. Egmont.
F = Rimu (ogsEriiunr- cupresgin-um), cha red to 400oc.l
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WE.ATEERING RATES OF IATE QUATERNARY

PUI,TICEOUS I.APILII IN TARA}IAKI

The weatherlng rate of Taranakt punlc€oua laptIlt, establlehed

from maJor element analysee of dated pumJ.ceous laplllL horlzonet

provides a basle for ttre approxLnate agJ.ng of undated pumlaGout

laptIlt. The weathering rate Le aetabliehcd from ttre prevlously

dated Burrell Lapillt, oakura Tephra baeal lapllIt and Jlhuahu

LaplJ.lt naking lt poeslble to extrapolate ages of undated horizong.

SAI,TPLE DETAILS

Dietrl,butLons and descrlptl,one of tlre punLceous lapllll are

aa follong. Sanple locatlon data are Pras€nted Ln Tablc 4, Tbe

Burell Laptllt, dlatrl.buted to ttre aaot of Mt. Egnont sumlt
(onrce 1966i ToppJ.ng L9721 , contalns moderately hard whlte pumJ.ce

apparantly unweathered, although aborrc 1r000m altLtude the

exterLor surfaccs of the 1ap1111 are iron st.aLned. Sanplee of

large taplIlt and blocke werc collccted fron naar sourco.

The Inglcwood ltephra (Neall L9721 t dlgtrlbuted acrors the

northern rLngrplalns of Pouakal and Egnont, betrrcen Inglewood

and New Plynrouttr contains relatlvely fresh pum.l.cc sfuoLlar to

that Ln ttre Brrrrell LapLlll.
The oalcura Tephra (Neal.I L972) eontaLna a basal laptllt

horl,zon restJLcted Ln distrl,butLon to the rnlddle and upper elopes

of ttre Pouakal Range and ls begt erqneed along Carrington Road.

llhe bagal 1ap1111 lg a ttght yellow oolour and rcet laplllt
orunble easily.
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Ahuatru tapllli l.s most widespread l.runedlately soutlt of

New Plynorrth (Nealt L972) and shong an axj.g of thlekenlng along

Frankley Road. It le brlght orangc and shotts eongtdcrable

amounts of lron staLntng and eometlnee above tlSOut altltude gbowe

a weak Lron pan developed ln ttrc ash bebveen 1ap1111. The pumlcc

(Neall L972) te eof,t, although laptlll stlll retaln tlrclr

indLvLdual shapes.

The Koru laptllt !.s etratLgraphlcally ttte lorlost 1ap1111

sanqrled, and shoqts an axle of t*rlokenl.ng to ttre north-west of

Egmont although being wLdespread on rnost pre-251000 yoar gurfaceg.

Near aource tlre 1ap1111 are large and abrrndant arrd are readLly

dislod,ged Lnto lndlvldual rorrnd ipelleta'. Llthlc fragrmentr

remain hard, relatlvEly unwcattrcred and do not cnunble whl.lct the

pum!.ceous Iaplllt cnrnible eaaLly. Howevsr away from eource thc

1aptl]i lose ttreLr t ndlvldual forrn and bcome oementcd togethar

lnto a poroua layer or shott boundarLec whl.ch merge Lnto tlre

surrounding aeh. The porouc nature of the lapl,llt layer har

regulted J.n heavy Lron and wealc nangtnesc atalnLng.

}IETTIOD

Eaah pumlceous laptllt horizon aarnpled oontaLna >601

pqmi.ceous laplllt or blocks wlth tlre remaLndar emPrLslng dcnro

ltthle EndecJ.te fragments. The ptulcaous laptllt werc washed

ln water to remove adherlng nateri.alg and tlren drtad at ll0oC.

MaJor elensnt analysee (excePt lor Na) of all pumLceour laptllL

wers dctermLned by ttre X-ray fluorescenco (Xnf) nrattrod and uatrlx

correctLon tables of Norrigh and Hutton (1969). Na was dctcr-

mlned by atonLc abaorptLon (AA) and Mg and AI werG detarnlncd by

both methodg.
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ASST'I'{PTIONS

In order to eetab1ish a weatherLng a€quonce for a partlcular
rock type the lnltLal ohemLcal eonrposLtLon of each weathered

eample ahould be knswn. ThIs la relatLvely eaelly eetablLshed

for saprolites reetJ.ng upon materLal from whloh they werc dcrlved,

such as baaalt lava fl,owe ln HawaLL (AtkLnson and Swlndale X971)

and andeslte flows in Callfornl.a (Hendrlcks and Whltttg 1968 a

and b). Becauee of the accretlona4lr nature of andegLtia eruptl,ona

compared to rhyolLtlc voleanLcity (Neall L9721, moat laplllt
horLzons in TaranakL are Less than 50 ernr ttrlek and no part of ttre

horl.zon remaing relatLvely unweathered. ft Le tlrerefore nccesaarlt

to assume ttrat ttre initlal corpogitlon of rocks and volcanic

glaosce from Egrmont have remained the eamo durlng thc porLod over

whLch the IapJ.IIl. wsre erupted. ThLa aesumptLon ls rupported by

evldence fron Egnont lava Ll,ttrologLeg whLch show conetant compos-

l-tl,on between the recent lavae of Egrmont cone and andesLtl,s

congloneratea (reetl.ng upon ttre RapanuL Formatj,on n6ar Hawcra)

d,erLvod from a previous Egnont cone (Gory 19581.

AII clay formstlon from Egmont darl-ved lapllIt 1g arsumed

to be derived from weatherLng of volcanl,c glaas. It hae been

ehorvn ttrat allophane can alro or!.glnate fron feldepan (Flsldee

and E'urkert 19661 , but Ln ttre Eeqluence of puml.ceout 1ap1111

examl,ned ttrere Lc little etchlng of these cr:fstalB. In thle
study allophane derLved. fron other aources is consLdered

lnelgnJ,fLsant. Hydrottrermal.ly altered claye are not found wlth

ttre pnml,ceous laplllt. No end products contaLn enectl,te atd/or

vetrorlcullte whlch could ottrewlee make gLlloa-to-alumlna mole-

ratLog ungultable ag a woatherlng Lndex (Ruxton 1968a). No

alrrmi,na 1g asaumsd to have been loat or gal.ned from or to the
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laptlll during weatherLng, go all naJor alsment cotrpoeltlons

for gLlLca loge calculatlona have been recalculated to constant

alunlna values,

It ls asauned ttrat thoee taphras burLed by younger

eruptlvee have not retained appreclable guantLtl.es of elenentg

by solutlon from above. Al-l the yowrger taphras crop out wlthln

50 m fron ground surface and form the parent naterlal of nany

preecnt day eolls, but the Ahuatru and Koru IaptlIl are buricd

beneattr 2-5m of yorurger ashes. If contamLnatLon of older 1ap1111

has occurred fron percolating aolutions lt wtll have reduced

ttre valueg of apparent ratee of weathcring mcagured from chernlcal

analysee, and tlre rates muat thErefore be regardad ae mlnLnal

for ttre older horizone. Separate lysineter atudter (eee Chapter

8) LndLcate that lncrementg of elements from tlrc atnosphere are

much leeg ttran loeg of elementc ttrrough dralnage. ALl the

Iaptllt samples come from well drained sLtee wlttr ral,nfall bctween

1.3 and, 2.6 x l03mn per annun, except for the lfurrall Lapllll
eample sLteg where raLnfall Ls 5.2 and 6.5 x I03m pctr tnnum.

RESULTS

The punJ.csoua laptlll shor slll.ca contsnta whidr dccreare

from 55 to 3ttt (Table t) lndicating an extr>onentLal rate of sLllca

1oes. Na and K shfrr rapJ.d tnttlal renoval whLch tapers off ln
older horizons, whilst Ca and Mg ehon inconcluglve trends. Ct

renoval is signLficant only ln the Koru laptllt. Loss on lgml.tlon

values show ttrat ttre rnal,n proceas of weattrerlng le hydrolyal,l.

WLIATHARTNG INDICES

Nuneroue weattrerLng indiceg hane been fortulated to

expregs the ralatLvs wsatherLng of rockg. Rcl,che (1913)
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formulated a weatherl.ng potential lndex

plotted lt agaLnst a produet Lndex (PI)

3',7

(wPr) and Rtrxton (1958a)

where

WPf - l0O (Kr0 + Nar0 + eao + l,tgo - EZ0*)

s102 * sZ03 + Fero' + T102 + FaO + cao + Mgo + Na20 + K20

and PI '. 100 s102

sL02 + rt02 + Fe203 + Peo + A1203

The Taranakt puntoeoug laplllt analyaee plotted agalnrt tlrege

Lndlces are presented ln Fig.8. Becauge FeO and Fer0, wero not

aeparately deternlned, the total l.ron value wa"s usGd ln ttre tfPI

fornula. Losg on lgmition valu€r wsrc ueed Ln place of Br0+.

Fl,ve olay analysee scparated from flne detrltal ash havc bccn

plotted ln tttle figura to deflna ttre lwer end of thc cutnre.

Rtrxton (1968a) uged a wcattrcrLng Lndex (WIl a8 a n€rturc

of percentage weatherlng ln ralatlon to fresh rock, by aarLgrnlng

ttre V{PX value for fresh roch a value of 0 and the noet wcatlrcrod

sanple 100. Sirnpler measures of weatherlng euch ae ctll.ca loeg

and sLHca-to-ahnina mole-ratLos shon good corrclatlon wl.ttt

ttre WPI and PI values dctcrxrLned from total aLllcate analyeie

(Rrurton 1968a). To derlvc wI valucr for ttre Taranaki punlcee,

the Koru laptllt sample wag arlLgned a value of 100 and a frerb
rock value of 0 wae aeelgned to an analyeLa of a llthlc f,ragrrent

ln ttre Burell l"apllli. SLlLca-to-alumLna mola-ratl.oa, l{I, total
elenent loss t and rlllca lorr t valuea ralatl,ve to the unwcath-

ered Burrell Laptlll ltttrlc fraguent are prsaentcd Ln Table 5.

The Wf values are plotted agalnat gLllca-to-alumlna nolo-ratios

Ln FLg.9.
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Another Lnclex whleh relateg tlre atomle welghtr to atonrLc

proportl.ons of four naJor elenents (Parker 1970) ts hereafter

referred to ag iParkerrg Index (PKf)n. ft le defl.ned as

(lla)"* (ll9)a 
+ (K)a 

+ x I00(ca).
G'"a,I; IEsTE FqE c.'q

where lXla LndLcatss ttre atonlo proportLon of olcncnt X, dofl.ncd

aa atomLc percentage dlvldcd by atmlc wel.ght, and (X-0lb l! the

bond strengtJr of element X wlth o:rygon. Calculated PKf rs of thc

Taranaki purnl.cer prove ttre lndex Lg a useful mcasurc of relatlve
wcatherlng (Table 5).

AGE OF I'NDATED PUMICE SORIZONS

The Burrell LaplUl has been dated by tree-rlng ncttrods ar

havi.ng been erupted, tn 1655 A.D. (onrse 1966). thc Oalura

Tephra la conel.dersd to be about 4 1000 yoara old and tlrc Nruahu

Lapiltl is datcd about l{r000 yr B.P. (Neal1 L9721 . Weat}rcrLng

ourvca for the three prurtJ.ce horlzons w6rG plotted usLng each of

the weatherlng Lndl.cea calculated, and the Inglcrrcod Tcphra and

Konr taptllt Lndlcee were ttrcn plotted on these quryea. to
determLne ttre age of ttre Koru 1ap1111, choLcal analygat of olayr

extracted from ttre uppermoet Ner Flyrnouttr Aghes by Clcrldgef a (1969)

method, uer6 also uEed ln plottlng the wsatherl.ng cuts'!e€. Ftrom

extrapolated tephra accurnulatl.on rateg an age ir establirhcd for
the uppormost New Pllznnuttr Aghas of bstween 70 and 1001000 yr
B.P. Thie age ls eonfLrmed by tlre ashes reeting upon ttrc RapanuL

marLne bcnch (about 80-1201000 yr B.P.l at New Plynouth. The

weathering cunree eetabllghed from I{Pf , PI and PKI valuea

LndLcate the relatlonehlp bctwean weatherl,ng and tlnc le not

linear but ocponential (Flg.10), a feature aleo found Ln Ncw

GuLnea (Rrrxton 1968b) .
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Slllca-to-alunina rcle-ratlos suggest the Koru laplllt lg
younger than 251000 years, and WPI values ehow lt ts between

251000 yr old (If I'iew Plyrnoutlr Ashes ar€ aegumed to be 701000 yr
B.P.) and 24rO00 yr old (if tlew Pllznnuth Ashes are 1001000 yr
B.P.). PKI and PI curves shov ag6s of 46-591000 yr B.P. (baccd

on ttre young€r agc of the tlew Pllnouth Ashes) and 52-611000 yr
B.P. (wlth ttre older age) for the Koru lapllll. Frqn rcccnt

Lnforroatlon of a radl.ocarbon date on wood, from fumedlatcly above

the New Pltrrcutll Ashes, the St02-A120, ratlos and WPI valusg are

consLdered rnost rellable.
An estj.mated age for the Inglewood Tephra can be gauged

more aqcurately than the Koru laplllt because of the rcr€

restrLcted tlme range betwaen Catad purrice horlzong. PKI and

WPI ctrrvea euggest an age of 31000 yr B.P. and the PI cunre

suggests 2r?00 yr B.P.

WEATIIERING OF GLASS

Fresh volcanLc glaae wlthln ttra Burrell LaptllL waa analyred

by the electron probe method. Compart,son w{th analyeer of olay

sized allophanJ.c products indicate losees of nobLle congtltuonte

of about 70 grams (Table 6 ) . AssrurLng constant cheml.oal

compoeltJ.on of glass ovetr the perlod of weatherlng, a total
Loss of 70 gn per 100 gnr of aeh (i.e. 100 gn reduced to 30 gfn)

is aasuned, for the conversion of glaes to allophane. Egrmont

andesLtes contaLn an average 58S groundmaes (dcrLved from

averaging Gorrrts (1968) earnples D7, DB and El, collected fron
Dlt. agmont) so 58 parte of glass Ln freeh ash can bsooue 18 parts

allophane and 100 parts of freah aah becme 60 parts freah crlzctala

and aLlophane. Thc rate of decrease of glasa as measured by
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the rate of logs of moblle conEtLtuente waa rcscaled frorn 100-60

to 100-0 and ttren exprcaeed as percentage of orlgJ.nal glaea

renalnlng (Table 7l. AeeumLng ltttle contamlnatLon of oldcr

salqrles r ttren a half llfe (tlr, for the glasa ean be egttnatGd

from Table 7 of about 50-501000 ycars. ThLe half-ltfe Lg

conslderably longer ttran ttrat of dacLtic glaas Ln New Gulnea

under humld troplcal condltLone where glaea tlr varLee betreen

I'650 and 51600 yeara dependl,ng on raLnfall and grorurd watar

control (Ruxton 1968b). The Taranakl glass ls however wcatherlng

rapldly cmpared to volcanLc glaae eleewhere Ln New tealand and

lts tL ts mueh shorter than rhyolltlc glaee ln the Central

North Island (B.P.Kohn, pers,com.) .

SILICA LOSS

Slllea losses from a land surface of pumicGoua lapllll,
expreased per cnr2 area, were calculated rslatlve to ttre
trunweatheredtr Burrell Laplllt ltthio fragrment. Calculatlong

agaune

(1) constant 41203 cmpoeLtlon,
(2t an Lnltlal bulk denaity of 0.75 for the pnmlceoue lapLlll.,

and

(3) {00 nm thLcknees of prnLceoue 1ap1111 at each sanple polnt.
Slllca losees p"r .*2 of pum!.ecoua laplllt (Tabla 7) avorage

O . 5? 
^g/q2 /yr durlng the Eolocene , under l. 5-2 . 5 x 1O3m

ralnfall, but ttre older Kor:u laptlll (c.35r000 yr B.P.) shorts a

reduced rate (0.18 mg/m?/yrl LndLcatl,ng an exponentLal relatlon-
shtp between allLca loea and tlme.
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Silica losses obtaLned f,rom voleanLc ash soi.le ovarEcas

include:

(f) lmg/q2/yr on a {1000 yr old eoll at st. Vlnocnt,

d.eveloped under hurold troplcal condl,tLone wittr 2.3 x

lo3un annual raLnfall and a mean anrnuaL temperature

of 25oc (Hay 1960),

(ff ) 3.8-3.9 mg/rrrr2/y, undcr 2.54 x 103rur annual ralnfall
ln Hawal.i (Hay and dloncs L972r,

(ftt) t-s rq/#/yr under 2-4 x 103un annual ralnfall Ln New

Gulnea (Ruxton 1968b).

The muctr lower rate of sLlLoa lose Ln the Taranalcl prnJ.oeoue

lapilli Le probably a functLon ol graln eLze, becauas all the

I o*r"raeas exauples lnvolrred wcattrerlng of flncly emlnutcd taphra,

By aasumlng that ttre prlncJ.pal loea of el-ll.ca k fron

volcanic glase, rates of eillca loee have alEo becn oalsulatcd

per 1009 of frcsh glags (Table 71 , lfhe calculatl.on aaEunGB

that ttre corpogitLon of glase remained congtant dtrrLng the

perl.od of time ttre lapllll were enrpted. The frEsh glara

analyele Ls frm ttrc Burrell Laplllt and was detemlned by eloctron
probe analysie. The rates confLnu a much hLgher ratc of sLllca
loss Ln ttre Holocenc (averagLng lW/L009 glase/yrl cmparcd to

tlre avarage rate over the last 351000 years of 1.14 ry/100g gl,aee/

Yt.
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KATIKARA FORI'{ATION

DETTHITION

A new formatLon Ls here proposed. for redeporlted tsphraa

whlch crop out over 250 km2 on Pouakal rlngplain, raranaki.

The forruatLon ls named from KatLkara Strcan whlch orlglnatcr

near Pouakal peak at 1.377 m altltude (41591 ftl and flqrc north-

wegtwarde to the coaetll,ne betreen Okato and Oalcura. The nama

wae ohogen because thLs gtrean la adJacent to whcre ttre fornatfon

waa flret dLscovered and whera lt ls algo wLderprcad. Tho

fomatlon i,s defLned to encorryass all ttre redeposlted taphral on

Pouakal. rlngplaln depoeLted between the Oakura and Konr tephrar.

The varLable nature of ttre ltthology har requLred two refcrencs

or subsLdtary sectLons to be deaLgmatad ln addLtlon to thc typ€

locallty. The type seetl.on j.s nam€d on Saundere Road betrrern the

Junctions of WLrenu (prior to 1970 callsd otatru) and Carrlngton

Roade, 4t grld referenoe 11118r/510698 (1955), The geetLon ls a

6 ro hlgh and 35 m long sxposure through tlre formation, expoaed

on a sharp oorner to the eouttr ej.de of ttrc road (Flg. U . Herc

there is exposad

50 - 120 czn Oakura lFephra

50 crn Okato Tephra

3 - { m Katlkara Formatl.on wlth grey "crearncakegi about I m

above Saunderg Aeh

7 - 10 o Saundere Ash wlt-h ctrarcoal

at leagt 30 cm + Xatlkara FomatLon to baee of ceotl'on.

The fonnatLon comprleae yellonlsh bronr (10yR 5/6't nagsive

fl.nn sandy agh wLth weak vertlcal Jolnts. Thc material aontaLns

flne rhLromorph chanurels ttrroughout wLth faLnt crorc-b€ddLag.



FIGURE ll - Vhw of typr locdlty of lg.ttlrn Fotarllorrt
Nf lt/tl069S (l90tl. Srunturr A.t lql lr prtren.d
|ttoqb bur ol hlll.

f'tOURIt lt - Gurrrd \ddtag yfr$L v$ht! Krtltut Detar$o o
llljtvay ! rt Nl0t/6tttt?lll6tl. gDrd. b rppr&rtrly
ln loo3.
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The Saunders Aeh has sltghtly wavy and gradatLonal uppcr and

lwer contacts wlthl.n ttre Katlkara FomatLon. Ash nertancakeg'

(EeE Neall 1972), wLthln ttre fomatlon average 2-3 cnn and are

preaerived tn a near horizontal plane.

the fonration wedgea away on both sides of ttre htll. At ttre
eagtern extremlty of the wedge ls a large andeel.ts boulder,

approxLmately 60 cm across, whlch lrmrEdlately underlles the

Saunderg Agh (see Fig. ll).
The follwl.ng reference scctLons are deeLgnated ln conJunet-

ion wittr ttre type sectlon.

l. SectLon on Carri.ngton Roadr on aouth slde of tytrm locallty
for Saunders Ash and Carrl-ngton Tephras (see Sectl,on 3 of

Appendlx ln Neall, L972r. The forrnatlon here le wcdged

betrveen the Ahuahu LapL1ll and Saunderg Ash. It is abrent

fro tjre erest of the aectton but to the eouth la in exceee

of 3 m ttrlck, wlth the base unexpoecd. Weak but dietLnctl.ve

crosE-beddlng Le vislbl.e wLthLn the deposlt.

2. Sectlon on Statr Highway 3, approxlmately 300 to soutb

of the New Pllnnouth Crenatorlum and alongalde lttangamahoe

Nurserles. I{ere ttre fomatlon La expoaed ln 6 n hJ.gh sectiong

on both eidea of ttre roadr grld reference N109,/69383? (1965).

WelI developed cunent beddlng lE vLElble (Flg.12) wherc

blEck bands rLsh in maflcg (nraLnly magrnetLte and augJ.tc)

alternate wl,ttr 7.5YR 5116 strong brown aah bedg. The coaracr

bands wl.th fragments up to l qm across, average about 2.5 orn

tttlck whllst finer alternations nay be only 3 m ttrlck.

The mafl.c nl,ncrale adhere only looeely and eaeily f,rct frq
vertlcal faace by weatherLng. Thus togethGr wlttt the colour

contragt tlre mafLc bede tcnd to aocgntuatc ttre lanlnatLons.

The bede dtp 24o to the north-wert.
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DISTRIBUTION

The KatLkara Forrration Lg reetrLcted to rLngplaln eurfeceg

graded to the PouakaL Range (gee Appendl.ces BL and 82) and on

the nortlr-weet sLde of ttre Rangc the fornatLon Ls nEEt cotmoaly

above the 200 n contour. rt la well expoeed ln road cuttinge aloDg

CarrJ.ngton Road, especl.ally between Dover and Saunders road

Junctioner and aleo between the 200 m and 400 m contours on Pitonc

and Dover roada. It also ocoura along AlbLon Road and Llolated

pockets occur on Upper Tlmarrr, gleld and Atruatru roads. The

foruration appeare abeent ln the vlclnlty of Pulccltl.

To the north and north-east aLdes of the Pouakaf Range the

formation Ls more widespread and thlcker. It entendr frotn thc

Pouakal Range allaost to thc present aoaatlLne at CInata, and

extends towards ttre coast along all, ttre naJor river oyatemr '
espacially the Oakura River and Tapuae Stream. Ehe formatlon

does not extend northwarde beyond the southern frLngee of New

Flynouttr otty and to the eouth hae not been looated beyond thc

I{al.wakaJ.ho and gtony rLvere.

GEOMONPHOLOGY

The formatLon Ls assocLated wlth trro prlncLpal ringrBlal.n

eurfaces. On tJre lower elopes of ttre Poua[ai RaBger bclow the

200 rn contour, lt te assoclated with a gently eeaward dlppllrgr

ttrickly tephra rnantled surfaca (termed "MaLtabl lalrarg" by Hay

1957). It has extensLve planar Lnterfluves aeparated by

characterLetLc box-ehaped gulllee rrhLoh forn an lntrLcate dendrltLc

drainage syeten. on the Lnterfluvee are thln accrunrlattonr of

ttre formatLon wlth llttle rnodl.flcatlon of the pre-depoeitLonal
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surface. A fen Lgolated hll1e of the formatLon betrreen Okato

and onata resehble eurfacea on trtre htgher rloper of the Pouakal.

Range where tlre pre-deposltlonal eurface haa bean rcdtfled, The

baee of the fomatlon Le eharp but confornable wlth ttre underlyt ng

tephraa.

The other rLngplaLn surface (temcd "Leppcrton lahare' by

Hay 1967) occure above $re 200 n contour and conrlrte of a ncrr.

dlgsected topography wtth rolll.ng hlUg, steep elopea r V-ehaped

gullLee and no planar Lnterfluvea (Fig. 13A). on this lurface

the Katl,kara FormatLon 1g often greater ttran 2 n thlck and hae

rnodlfted ttre prc-exLetlng landscape, fregucntly forml.ng n€ry

rLdges or oLrcular mounds (Flg. 138). llhc ridgea tend to bc

sllghtJ.y gLnuoue rather than stralght arrd occur ln a radial

orientatlon to ttre Fouakat Rangel L.o. they parallel thc naJor

draJ.nage Eystems. Some htUs hanc becn burled by the dcpolLte

and new rldge cregts are dlaplaeed to one glde of thcm (tr19. 13C).

At maDy locallt1es where the fotmatlon Ls dLscontlnuoua an

eroelon break whlch defl,nes lte baee Ls Been to be wJ.deeprcad.

(Flg. 14).

THICKNESS

fhe largest mounde obeervad wLthLn ttre formatlon occur along

Kent Road where ttrey reach I0 m thiek. The nounda can earl,ly

be mletaken for lahar mounds urtLl thcl,r ooposLtl.on la cxanlned.

Tonarde New Pllmouttr, 10 n hlgh rl.dgee of slnilar rqatorLal are

well exposed between Mangorel and Plpnouttr roada r whcrc ttrsy

range fronr 500 to 11000 m Ln length and average about 100 n wtdth

(rlg.15). rn many areaa ttro rldg€g aa vlewd on aerLal photo-
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l.t(ruRt l{ - Scctlo rt Nt08/tzt?0a119621, m Crerlajim Bord,

th rcrtt of ffotd nod Jrnct{oa. N4. drcololulty
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FIOURE lt - Obll{rrl rcrlrt photopryb looHrr3 lo*.tb-trrrrudr
torrr.d Nw Plyao6. Molt rldgor b tL lcrrfrmd
ftt GGPoaad of Katikara Formation.
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grapha nay be mt stalsen for rannantc of a f,onrer wl.d.ecpread

surface. Bocauge of the varl,able ttrLekness of ttra fomatl.on

lt ls dlfftoult to accurately estJ.mate Ltg voltmq. Aseumlng

a I m average ttrl.ckncgs Ure formatLon totals 0.25 km3.

IITBOIPGY

Inl,tl,al lnvestlgatLone auggected ttre fotmatLon wat an alr-
fall ertrptLve becauae of Ltg simLlar appaannce to noct tephrac

Ln Taranakl, but detalled studlee ncnr lndLcata thc natcrlal lc
redeposited. The gencral llthology is glrnllar to marrlvo blooky

ash of sandy loan texture, but on cloea lnspectl,on wealc cros!-
beddlng ls dl.scernLble, At a fcw loaalltLes lenssg of gtonea and

wood occur at ttre bage of the deposl,t and nay mealurG up to 5 cq

actross. In ttre vlclnlty of Carrington Road bettreen Frankley and

Saundera Road Junctionr, two thl,n grey ach layetrc are prererned

near the top of ttre formatLon, ln the form of "ctreamcalcesr. The

forrratLon generally raeta sharply upon the Sarrndcre Aghr wherc

lt ls preeent, but Ln tlre reglon between Oxford and 9aunders

Roadr tlre Saunders Ach ls prasetived wlthln tlre bacc of the

formatlon. Here ttre upper and louer contacts of ttre Ash arc not

sharp but rather gradationalr altlrough ttrey remaln dl.ctlnctlvc
due to ttre colour dLfferenc€s. ThLs indlcates ttre baee of tlre

formatlon Lg tLnc-transgresslva. At t*re Dtanganahoc ref,ercncc

sectlon the rnoat well derrelopcd beddlng wlthin ttre formatLon Lr

exposed, and clearly differs lrom the weah ctioso-bGddlng cvidant

elgewhere. Although the graln elgeg are not necestarlly vcry

different between the upper and lorer parta of each bcd, thc

bage is always narked by tlre heavier mafla gralns. A aanple

from this loeall.ty nae dry elcv€d and hal a eortLng oocffLcl,ant
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(So) of, 1.3 corpared to a value of 2.3 obtalned from thc

weakly bedded materl,al.

Heavy mineral gralns sarpled frorn the formation are

prLnclpally augtta and magnetLte, wtth mlnor hornblende and

hlperattrene, lndlcatlng atr andcsr.tlc aource. Aggociatcd studlec

of ttre tephra column Ln Taranakl. LndLeate ttrat the fLrat oeourr-

ence of halloyslte is at about 701000 yeare 8.P., and ttrat all
ttre tephras above thls tfurc plane are rLchly allophanic. Clay

fractlons separated from ttre formatlon and analyeed by XRD and

DTA techniques ehow ttrat although the donlnant clay le allophane,

ttrere is some halloyaite present. ThlE suggeeto that the

deposlts are derLved from older halloyaite-beari.ng tephrar aa

well as younger allophanie tephras. Ilow€ver, the tephrag have

not been transported ovar a suffLclently large dlstanoe lor
healry nLneral graLna to be rounded or worn Ln any w4tr

The baee of the fomatlon Ls always sharp but the uPPor

contact Ls often dlfftcrrlt to distlnguleb becauge of thc slnllar
structure and colour of the Okato Tephra above.

AGE

The formatLon Le always overlaLn by tlre oal(ur! Tephra and

except for rare eectLong lt ls overlain by the Okato Tephra.

Thl-s indl,catee ttrat the bulk of the formation 1g older ttran

121550 years, but that near Oxford-Carrington road Junctton Ln

particular, It may be ae young as 71000 years old. Ieopachs

drawn from thieknesaes msasurcd batween the top ol the oakura

Tephra and ttre bage of the okato Tephra (Lncorectly tcmed
iTotalr oakura and Okato Tephraa Ln P!.9. 9, Neall , L9721 ghor

up to 30t discrepancy with iaopaehs of ttre tndlvLdual tephrar

cmbLned. This dLfference Ls attrLbutcd to enall Lndietingrulshable
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pockets of ttre KatLkara FozrnatLon whLch appear to occur bctr*csn

the Okato and Oakura tephrae.

In sections along southern Carrlngton Road, ttre Sarrndarr

Ash Ls preserved at or wLttrLn and n€ar the bage of the fomatl,on.

Elsewhere beyond the dlstd.bution of the Sarurders Ach the fot!-
atlon reste upon tlre Carrington Tephras, and Ln tlrc vtolnttlz ol
Barrett, Frankley and northerrr Carrlngton rolds rests dlrectly
on a hlghly weathered volcanl.c breccla whloh fornns the Tapuae-

Manganut Rldge (Glbson and Morgan 1927). This LndLcatcg the

Saunders Ash wae enrpted about the sane tlme ar dcposltlon of
tha formatLon conunencad, ln places on an erodsd gurface.

Because the Saunders Ash ls dated (N2942) at 151100 t 220 yx B.P.

and is preservsd near the baae of ttre formatLon, ttren ttrc

formation ls probably legs than 201000 yr B.P. The bulk of the

format{on waa deposited between the Okato Tep}rra and Saundcrr

Ash, betneen 14 and 161000 yr 8.P.1 whlah correepond,s to thc
earller and Later Kumara 3 advancee (Suggate and !{oar 1970).

ORTGIN

Four

formatLon

1. The

Ilkely orlgLne (or conbLnatlons of thm) for tbe

were eonsLdcred Ukely by ttre autlror.

lamlnated bedg Ln ttre vJ.c1nLty of Mangarnahoe llureeries

almost identical to gurrent beddtng produced by fluvlal
procesaee. The general oesrrrrsnce of ttre fornatLon in
both vallaye ancl on rldgee, d,J.splaced radlally to ttre Poualcal

Range makes a fluvial orJ,gLn for ttre entLre formatLon unll.kcly.

Thle Lg because it Lnvokee a wl,deapread and verlz large flood

whLch ls llkely to have adru{xed coaraetr ruatarlal.a, and

produced more prominent boddLng ln the formatLon. It could
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also be expected to occur on the Egmont ringrplaln. It Ls

proven tlrat ttre depoglts ln thc ltangamahoe regt on trere

deporLted by water, but becEuge the bulk of ttre fotmatlon

elgewhere contaLng only wedc croaa beddlngr lt lg wrllkcly
that all of lt was deposlted by ttrlc proceisr

The restrictlon of ttre deporlta to ttre PouakaL rl.ngrplaln

does suggest that Lte orLgLn lc due ln part to tttc protence

of ttre volcano, either pr!.narlly as a volcanLc envLronnent

or due to lts orographlcal effect. The wl,deeproad rgcogrnLt-

ion of baee surge dcpositc (lloore L967 7 Firher t Watarg

1969) prod.uced during noleanLc eruptJ.ons and nucloar atmos-

pher!.c teste deeervea cqnaideratLon a8 a poeslble orlgln
for tlreae depoalta. If a bace surge origlnatcd frm
Egmont, there should bc featuret on tlre Egrnont rLngplaln

landscapa produced by thlr event, lnstead of beLng conflned

to ttre Pouakal Range. The Pouakal Rangr la ltkely to have

been cxtLnct for 250?000 years and 1g not congldered a

poeaible source ar6a for a base Burge. Thc bulk of bagc

surge dures reported by lloore r tend to be consentrlc to ttre

souroe arca (gee FJ,ge. 11 and 12 Moore 1967), and not radLal

as Ln tlre case of ttre KatLkara FormatLon. Thus thlg orlgln

lc consldered unllkely.
sUghtly slnuoua dunegr vGry eimllar to ttre fonmatl.on,

wera produced Uy nu6ee ardenteg whlch descended tlre Wal!.bou

RLver durl.ng the 1902 eruptlon of La Soufriere on St.

VLncent (Plate IX Andersonr 1903). How€ver for glml'lar

reasons to origln no.2, auch a mechanLsm should havc producad

elmllar featurce on the Eglmnt rLngrplalnr and the PoualcaL

Range ts unllkely to have been actLve at ttrLe tttns. Tha

3.
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charcoal bearLng Saunders Ash le considered to be a flow

depoalt whlch probably orlglnated ae " tto6" ardente (Nea1l

L972) whlch descended ilre Stony RLvcr catchment from Egnont

eumtLt. The gradatlonal boundarlz between ttrls ach wlthln
the Katlkara Formatlon together wlttr wcak beddtng could be

Lnterpreted as lndlcatlve of a eontlnuoug event whlch

Lnvolved a hot modE of emplacement. If ttre formatLon was

deposJ.ted by a nu6e ard.enta then chareoal could be errpected

to occur Ln the formatLon besLdee Lt occurrLng ln ttre Saundere

Aah, whereae ln fact only rare wood fragmente are found.

In addl,tLon, ttre preaence of grey 'ersancakea' wLttrLn ttro

deposlt indLcates LncorporatLon of undi.sturbed alr-fall
eruptlvea wlthLn tlre depoaltr which te dlfflcult to prerenre

Ln ttre centre of a aingle tru6" ardents depoelt. ThLs origln
La thus coneidered untenable for these reaaons.

{. The posetbtlity ttrat ttre depogltg $rer€ of aEollan orl.gin

wae Lnltlally dismlgsed because eLmple deflatlonary drrneg

were coneLdered most llkely to have formed ncar ttrc coast

where sand dunes now form under the influence of nalnly
weeterly wl.nds. Thc bulk otf forr,ation on the otJrer

handr tendg to have aceumulatcd on ttre seatrard sl.d,eg of,

prevLoue hlu.s at hlgher altitudes, whLch suggeets an

orl.gln from t$e hlgh flanks of ttre volcano. The preaence

of an erosLon break beneath the fomatl,on (and/or ttre
Saunders Ash) at wLdegpread localities above 300 n altitude
LndLcates that erosj.on waa wLdespread prtor to the depoaLtion

of ttre fomation. The LncotporatLon of " .o6" ardente depoeLt

(Neall L972, wlthin ttre fomatl.on preclud,ee ttre ottrer tlrree

orLgl.nsr but J.a eonsistent wlttr an aeollan orLgln. Thls
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together wl,th weak croee-beddlng La consldered the beet

evLdence ttrat tlre nounds and dunea could have accunulated

by aeolian processeo.

CONCIUSION

DurLng ttre laet stadlal lt ts apparent ttrat wl'deepread

erosLon occurred along all strean channels draLntng Poudcal Raag6

above ttre 200 m contour. It Le to be extrlected that durl.ng tttls

time ttrere would have been a lorrerlng of ttre bush llne Ln Taranakl t

and Wlllett (1950) eoncluded tlrat tlre pemanent snottline dropped

to 11290 m (4r3OO ft) r 1.e. below the preaent eumtrit heights of

ttre prLncl-pal PouakaL peaks. ft ir not elcar whettrer the Pouakai

Range waa unvegetated at thl-s ttns, but charcoal eaqrlee fron the

sarurderg Ash (dated (Nz 942t at 161100 t 22O yx B.P.) havo been

identlfled as Dracophyllr:m sp. (NealL L9721 , euggestLng that tbc

doml.nant negetatlon lras a subalplne scrub, l[hug the groat $tck-
ness of tephras which mantled ttre Pouakal Range would have beeong

suaceptible to eroslon once ttre vegetatLon covar beoamc sParae or

ltras removed during perLode of cooler cllmate.

The presenCeof halloyalte Ln the deposLte Lndl-cates that

older tephras were adnLxed wlth younger eruptl.ves and prearrnabLy

ttrls could oecur if older tephrae were eroded and redepoeltcd

by predominantly aeollan proce8sea. In placee Lt lc clear ttre

deposLte ?rere rasorted by fluvlal action whlch could be expected

lf ral-n felt on exposed dune surfaces. It Ls concluded that tltc
fornratLon represents ttre producta of resorted tephrae which have

been redeposl,ted on ttre flankc of ttre ttrlckly tephra-mantled

Pouakal, volcano during a perLod of cooler cll.mate, when the bugh

llne waa Lowered. The formatLon can be consldered to be a
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laranalcl correlatLve of ttre Mokai Sandc found ln the Central

Nortlr leland (Vucetlch e Pullar 1971).

The boundary betrveen the MaLtahi and Lepperton surfaceg is
generally dlstlnct beLng marked by a small cllff whlch facce

inwards towards the mountain (Flg. l3A) . It nearly alwayr ertendg

geawards down ttre naJor rlver channelr. Occaelonally lt ls
obgcured by dunee and, nounds of ttre KatLkara Fomatlon bury!.ng

ttre cllff . It Ls euggested ttrat ttre Lepperton gurface Ln weetern

Taranaki alnply ropresentg ttrc cqul.valant of tlre t{altahl aurface

whl,ch was aeverely eroded and nodtfled on Ure hlghcr flanke and

J.n maJor rl.ver syatems of PouakaL volcano.

The lack of any slml,lar deposl.ta on Egrmont rl,ngplal.n Le

notable and two posslble erq>lanationg arc auggacted. FLrst,

ttrere La a dl.etl.net poaelbLllty that Egrrcnt wae not ae hlgh as

PouakaL durLng t}re laet stadial. Ehers le evldance frm ny

tephrochronologl.cal studLee on Egmont surfacer to Euggcct that
much of ttre conc has been congtnrcted durlng Holocsne tl-ne (1.e.

durlng ttre Laet 121000 yeare) and thur therc rnay not have becn

source area for such depogLts to the eouth. Second, ttrers ls
lLmlted cover of tephras at hl,gher altLtudGB on Egrmont due

princLpally to ttre relatl,ve youthfulnest of the surfasee and

also to th€ altltude and anglc of elope rhlch preelude tephras

belng easlly establl,shed In topsoll above the 11200 m ({1000 tt)
contour. Thus durLng the lact clLmatlc cooling there nay havc

been insuffl.cLent Bourse matcrlal at hlgh enough altltudc on

Egrmont, fLne enough to be influenced by aeollan procostaa 1,.e.

most materl,al rilas coarae sand,y debrLc.

a

a
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CRAPTER I

LAHARS - TEEIR GIOBAL OCCURRENCE,

ORTGINS A}ID A}{NOTATED BIBI.,IOGRAPITY

SUMMARY

The orLgln of uee of ttre tsra labar fu rqvLewcd. Lahara

are di.vLded, Lnto 9 maln groupLnge accordLng to ttrelr orLgLns

and the aource of water requlred for theLr fonuatl,on. Laharr

may be inltiated by -
(a) an eruptLon tlrrough a arater lake

(b) adnLxLng of a no6" ardente Bpe of flm wlth nrnnl.ng

or ponded water

(c) actl.on of hearry ral,ng on products of eruptiong eittrer

recently ejected or accompanyLng an eruptlon

(41) collapae of a crater lake by a non-oruptlve rneehanlgn

(e) release of ponded water frorr beneath an Lce cover

(type Jiirurnlaup)
(f) meltLng of gnon and Lce dLrectly accompanyl,ng an eruption

(g) phreatic explosl.ons or dLreoted blagtg

(h) heavy rains dlsaseociated wlttr enryltLona

(f) earthquake coLlapses.

A revlew of the hLstorLcal occurrsnces of each Bpc ls
presentedrfollored by reference to aomc Quaternary and other

lahars.
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INTRODUCTION

Lahare (volcanLc mudfl.ows and debrig flowe) have

devagtated areas surroundlng volcanoes at many placea Ln the

world durLng the Last 11000 years, espec!.ally ln the elrsrrm-

PacLfic regl,on. The largest known modern lahar, In 1955,

travelled a dlstance of 90 kn from Mt. Bezlml.anny, Kanchatlca

(Gorghkov, 1959). r-,arge fielde of lahar morrndg around the

bases of a number of volcanoes ln ilava t a.g. Mtg, Raung,

Galounggoung and Keloetl and I,n New Zealand, 6.gr Mtg. Egmont

and Ruapehu, testlfy to lafiarg of eataetrophlc proportlona

during the Quaternarlr Perlod.

Escher (L922, p.293) LLgted early litarature on

Indoneelan latrare publLshed ln Dutoh, and Anderson (1933)

reviewed much of ttre llterature aval,lable at that tlme. The

preeent revlew supplements Andersonrg work and of the publt-
catLons prior to 1933 only the more sLgnLfteant are refened

to.

DEFTNITIOI{S

1. IAHAR

The Indonesian term lahar wag fl,rst used tn Engllah

llterature by Escher (L922) when dLecussLng the porslbtHty
of, ttre 1912 Mt. Katmal eruption havLng been Lnl.tlated by the

collapse of a crater lake. Aftcr deecrl,bLng the nature of

the lahars from Keloet (or Klut) volcano and honr they cmparcd

wlth the Katrnal deposlts, he propoeed that voleanj.c rnudflone

be claseLfLed ae followgr-
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(a) SpecifLc volcanLc mudflous:

1. By an eruption ttrrough

rSrp€

latrar (hot Latrar) (hot

a crater lalc,e I

mudflow) KIut (ifana)

2. By melting of an Lce-cap by an

eruptlon:

idkuurraup fceland

(b) Not sBecl.fl.c volcanLc mudflows:

3. By healry rains on looee materLals:

murgang (cold lahar) (cold nud,flow)

Many of the early latrar deecrlptLone are ln Dutah, and

Englleh tranelatLons becarne aval,lable Ln ttre 1920sr €.g. lflng

Eagton and KeuunerlLng (1923); Palrnerre tranalatLon of Escher

(1925). The terrn latrar waa more fully accepted Ln rnglLsh

literature after ttre potentLal sl.ze of ttlltte-like lahar

depoeite was appreclated (Scrlvenor, 1929; Cotton, 19441

van Beumclen, 1949).

The earlLeet precise deflnttlon known to the wrlter Le

by van Bermelen (1949) where $re lalrar Ls descrlbed ag '|a
mudflow contalning debrls and angular blocks of chlefly
volcanlc origJ.n". He renrarked ttrat ttre blooka wer€ up to
many crblc rnetres in sl.ze, angular, and had not sattled ln thc

natrix. ThLE deflnltLon (LncorporatLng Eecherre murgang and

J6kulhlaupl has been generally accepted Ln geologlcal lLtarature,
The AGI Gloeeary (1960) deftnltion of lahar as a 'landrllde or

mudflow of pyroclastLc materLal on ttre flankg of a volcano' ig

unacceptable. Non-pyroclastic roake such aB lava fragmente and

varioue kLnds of detrLtal depoel.ts may easily becane Lnoorporatsd

wLttrLn a lahar, especl,al,ly dlurlng the empQirLng of a crat€r lalcq.
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Van Benmelenre orLglnal deflnltlon allorred for lava blooks

and FLgher (L960) reported slgm{fLcant amounts of non-volcanlc

matarlals Ln sone latrars.

The auttror proposes a more flexlble deflnition - a J,arge

mu<lflow or debris florr mostly composed of volcanlclastl.o

detritus, often including large blockgr on or surrouncllng the

flanks of a volcano. Escher'g claeelfl,catlon of lahars la
here nodLfLed aud extendecl. The tern murqangr has been abandoncd

because such flows are frequently Ldentlcal to debris flows Ln

non-voLcanic areas. lPlpes recognleed slnce EacherIs cLasatfl-
cation (e.9. Anderson, 1933) are lncorporated,.

I 1. Speclflc voleanic mudflows and Examplee

debris flovrs

Initiated by:

(a) an eruption through a crater Klutr Java; 1919.

Lake (type lahar) Ruapehu, t{Zl 1959.

(b) adraixing of a nu6e ardente type Merapi, Java.

of florl wLth running or trrcnded SoufrlEre, St.

water

(c) action of heavy ralns on

VLncent; 1902.

VesuvLue, Italyi 1906.

products of eruptLons eLttrer Fuego, GuatenaLai

raeentLy eJected or aceompany- 1953.

lng an eruptlon Agung, BaU. r 1963 .

(d) collapse of a crater lake (non- Ruapehu, NZI 1953

eruptlve)
(e) releage of ponded water from Kat1a, Icelandl

beneattr an ice cover (ttpe 1958

Jijrulhtaup)
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2.

(f' rneltLng of snorr anC iee dlreetly
aceonnpanylng an eruption

(g) phreatle exploslons or dJ.reeted

blasts

lion-speeL,fLc- volcanLc nud,flcrvrs and

debrLs fl<nrrs

InLtlated Fyr

(a) hearly raLns

(b) earthquake collapses

Examplee

CotopaxL, Esuadort

L877

VLllarl.ca' ChlXel

19 64

Bandai-gan, ilapanl

1888

BezlzmLannYl USSRI

19s5

Egmont, Ntl 1935

Fuego, Guatemala;

1917

Whlte Island, NE,

1e14

2. DEBRIS F'LOW

The subdivlelon of lahare accordLng to the percentagc of
qomponent fragments lnto mudflowa or d,ebrig flcrws hae requJ.red

deflnttlon of debrla flow.

Sharpe (1938) cleflned delrls slide aa a "rapld downward

nrctvenent of predomLnantly unconeolldated and incoherent earth

and debrls Ln wht ch the mage doeg not shom baelryard rotatlon
but sltdea or rolls forrrard, for:ntng an Lrragular hurnnooky

deposlt whlch may roaemble moraLnal topographyn. At ttrc aame

tlne he dafLned 4ebrls avalanche as a flonlng sllde ln whtch

flow exceeded sllp owLng to Lncreasad water Ln the naterLal

tranaported.
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fhe deposLts resulting from prehlstorLc flonre and slldcs
shott little evldence of ttreir mode of transport so a genaral

ter:n, 'dae need,ed, for thern. Sharp and llobles (1953) uscd debrLa

flow as a general term for a1-1 tgpes of rapld flowage of debrl,g

in rshich mud controlled ttre flow behaviour, ancl thls ueagc waa

Iater accepted by CrandeLl. and, Mullineaux (L967) and llaldron
(f967). Varrres Ln nckles (1958) restricted mudflorvs to
material with a'E least 508 Eand, eLLt, anrl clay sized partioles,
and debris flcrors to material wltlr a greater proportLon of
coarse debrie. fn thie paper the term debrls flotr le ueed ln
tlie se,nse proposed by Varnes.

TYPE 1(A) : IAIIARS INITIATF BY ERTIPTTONS THROUGIT CRtrTER I,AKES

Lahars asgociated wl,th crater lakee have probably crused

more Loss of llfe and damage to property than any ottrer tlpe
of mud or debrie flow. Laharg are mre cotrmon in Indonealap

whare the word orJ.ginated, than anlmhere else, and are well
docunented.. The high lnciclence Ls attrlbuted to tropleal
raLnfall fllllng all volcanLc deprereLons wlti water. Of 21

Indoneslan voLcanoes with recorded latrars or Lnferred

Quaternary lahars, L2 possess or have posEeaaed a crater lake

(van Padang, 195I). tahars generated by eruptione tlrrough

crater lakes are referred to as hot lahars Ln Indonegla, cv€n

if the crater lake water was cold (van Bemoe1en, I949r p.19ll

Zen and Hadikusumo, 196{).

Keloet (Java) - Betveen 1000 and 1920 A.D., 26 lahare

resulted from coLlapee of or eruptlons through tlre gratsr lahe.
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Durlng the 1919 eruptJ.on documented by Wl.ng Easton and

Kenmerling (19?3) r the lal-rar reached a maximurir dlstance of

38.25 km fron its aource, coverLng 131.22 km. Illore than 51000

lives were lost. A photo of the crater after the eruptLon

appears in nllluetration" (1919r pp. 115-71. Prlor to the

eruptlon the crater lalce containeri about 40 mllltorr t3 of watcr.

In 1923 tunnels and shafts r.rere establiehed to control tha ld<e

Ievel ancl by siphoning, tb.e capacl,ty was rertuceC to 2 nllllon
?m- (van Pad.ang, 1960, ftg. 7r. DurJ.ng the 1951 eruptlon thc

turrnels v/ere destroyed (Zen ancl Hadlkueuno, 1965) although no

grea't laharg resultecl. In 1954 a new draLnage tunnel system,

built on a seepage princlplen falled to draLn the lake

sufflcientJ-y, Ieaving 23.5 nllllor, *3 of watar ln tJre lake.

on 26 April 1966, a violent ocploeLon expelled sonre 20 mLlllon

m3 of crater wat€r, lnltlattng lahars ttrat kllled 282 people

over 45 kmz. By l,lay 1955r the orater lake was ampty and tbe

tunnels were blocked by pyroclastl.cs (IladLkugltmo. 1967),

Itaunq (.lava) - Thls volcano Lg ttrought to have had a

crater lake prLor to 1838. A snarm of hLllochE aa ltg
western foot extand for 50 krrr and are congl-clered to reprecent

the niselng westtarn sector of the cone (van Padang, 195I).

Galounggounq (Java) - Escher (f925, transl.ated by PaLmorl

L929) attrltrute<l the Ten Thoueand Htlls of TaslkmalaJa to a

lruge landsl,l<le caused Lry collapse of a crater lake on Mt.

Galounggoung. i,yell (1867r pp. 6-8) records ttrat ln two

eruptione in L822, hot water and mucl t-ravelled more than 38 kn

from the mountain, and the countryeide was icovered to guoh a

depth wLth blul.elr mud tirat people were burled ln thelr hou!aa'.
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Lyell continueB 'the faoe of the mountain was utterly changsd,

ite gwtrnlt bolng broken dor.rn, and one gLde, whLch had been

covered wlth trees, became an enornous gulf ln the fom of a

eemj.-cire1e". Over 4r000 persons w€re ktlled. Mudflorrg

ocqurred agaJ,n on Galounggroung on 18-19 October 1894, wltlr
no sasualties (van Padtng, 19511.

The follor'ring data (van Pad6tr9r 1951) has establj.shed ttre

role of erater lakes ln the produetlon of lahars.

Kawah fdjen (Jarra) - An emptlon occured j.n the crater

lalce in 1817.

Una Une (Ca1ebes) - A poastble eruptlon ttrrough thc crater

lake, betrveen 1898 and 1900, produeed a rmrdflovr; 2.2 nlllLon
?t

m- of ash and mud were spread over 3031000 km-.

K1abat (Celabes) - lFhe sr:mtt eontal,ne a crater lake.

Lahar deposits surround the base.

NrL siau (Celebes Sea) - On 14 June 1892, explosLons led

to a mudflos. In June 1921, the rrolcano contalned a orater

Iake.

Avru (Celebee Sea) - Mudflows orlglnated fronr the sumlt
in 171I, 1812, 1856 and 1892. The eumrl.t now contalna a crtt r
lako 1050 x 825 n dLameter, wltlr a depth of 150 172m,

Peak of Tornate (off Halmahera, East of Celebee) - Three

parasLtic eraters are filled vrith wat6r. Mudflows were

producod in 1561 (or 1562), 1862 and 1897.

Kab_a (Surnatra) - A twLn volcano wtth 3 cratere and { laker.
A mudflow ln 1833 was assocLated with exploel,ons Ln the

central grater.

The above data hae estabHehed ttrat nearly hal-f of alL

knonn Indoneelan eruptLone have lnvolved casualtLst attrlbutabls
to lahars.
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Zao (ilapan) - The sufimit contalng a crat€r lalcc. EruptLone

produced mudflorrs Ln 1821 , L967, 1875, 1895 and 1939 (Kruro,

1962).

Haku-san (.rapanl - The crater lalce bolred and caugcd a

mudflor'r on 28 Septernber 15Zg (Kuno, 1962) .

KuEatu-sl,rane (ifapau) - rn 1932 the watera of Lat(c yu-gama,

nLxed wlth ash and suJ.phur formed a nudflow to tlre east and

ktlled trro pereons (Kuno, 19621.

Asrua (Guatenala) - On I0 Septonber l8{1, mudflws
destroyed cludad vieJa, the former capLtal. The dlsaster wlg

attributed by aome to drainrng of a crater lalse, by otlrera

to heavy raLns on the loose debrLe of ttre vorcano mantle

(Moogerr €t.al., 1958). Cotton (19{4) quotea Ruagell, ..o..
nThe qrater presente all the characterLgtlcs of a fomer lakc
basln, and upon ttre slde of the mountain an Lnrmense ravLna san

be clearry eeen, departLng fron a place where ttre rLm of ttra

crater is broken, and extending ln the dlrectlon of ctudad

Vt'eJa"r... Ivteyer-Abich (1956) concldered the allde remnants

on ttre northern wall near ttre top LndLcate wittrout doubt tftc
vlolent dj.scharga of a former crater lalse, whloh posslbly had

been formed durJ,ng extremeLy hearry ralns.
La Soufrilre (St. VLpcent) - On 5 llay 1902, f!.ahemen

croaelng ttre eununlt notlced ttre water Ln ilre crater lake
dlseoloured and agltated.. By ? May the crater waB enLttLng

a continuoua roar and the rlver bedg dratnLng the nountaLn to
the eaat and west (nabaka and watllboul had bscome ragLng

torrents of boLllng mud and water up to 15 m deep. Thlg

actlvity waa attrLbuted to partLal dlecharge of ttra crater
rake (Bullard, 1962). on ? r{ay ttre eruptLon climaxed wLth a



nu6e ardente and mudflowg of a dLfferent nature, the depoel.te

of which were later examlned by Andereon (1903).

Nt_latrue (Chi.te) - Durlng Aprll 1907, a uud,flow colnoldsd

wlth ttre dleappoarance of a nearby crater lake Volcan Carran

(Casertano, 1963).

Ruapehu (Ner Zealand) - on 23 Jwre 1969, small cn4rtLonr

through tlrc crater lake generated four mudflons whloh flowcd

radially from the gununit. Earller latrare of ttrlc Wpo ar.

recorded tn 1889 and 1895 (Healyr 1954).

Fl f"'/i)

Early hlpotheses proposed for tha nod,e of cmplaccnant

of ttre products of ttre 1912 eruptJ.on of Mt. Katnal.,

lncluded a rnudflov ortgLn (Esshcr, L9221' but tlre

depoeJ.te have gLnce been proved to be of a prJ.nary

r,o6" ardente orlgln (Fenner, 1923).

ES:

TYPE 1(b) : I.AHARS INITIATED BY ADMIXTHG OTI M'68 ANDENTE

DEPOSTTS WTTH RT'NNING OR POIIDED IrATER

Lahare of tlrls tlpe are often secondarl' effeeta of

eruptions, belng generated at the lateral and dLrtal margLns

of nu5es ardentes.

Merapi (Java) - xu6eg ardenteg have been erupted fron

MerapL, wlth productj.on of aaeocLated mudflwE tn 1587, L672,

L822-3, 1832-5 , L846-7, 1888, 1930-1 (van Padang, 1951).

Seneru (Java) - Mudflows assoclated wLttr nornal cxplorl.oar

and nu6eg ardenteg wore recorded ln 1875, 1911 and 1916 (van

Padang, 1951).

Lanrongan (Java) - !{udflowa were generated by normal

explosione Ln November 1893 (van Padang, 196I).
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Hlbok-Hibok (Phllllplnee) - On I Septenber 1948, a caull.-

flower-type cloud erupted from the eununLt crater. Nu6es

ardentee and a lahar ewept down the north-east sld,e of ths

mountaln devastating an area of about I km2 (l{aoDona1d and

Alcaraz, 1956).

Avachlnskv (Kanchatka) - Avalanchea of Lncandescent looee

materlale often produeed mudflows on ttre volcano durl.ng eruptLona

in 1926 and 1938 (Vlodovetz and Pttp, 1959).

Asama (Japan) - on 5 Augruet 1783, a nu5e ardente rushad

down the northern slope of Agrrrcr and on reachLng the rlver
Agatuma-gawa produced a Eecondary hot mudflow, kl.lllng 1r300

persona (xuno, 1962).

.Iorullo (ilexlcol - The voleano forrned on 29 Eeptcnber L759.

Ntrmerous tro6." ardentes florred down ttre western slopes i.n ttre

early days of the eruptions and were aceompanled by mudflffs
whLch destroyed nearby haclendae and sugar plantatlonr. Plowg

continued untiJ. L774 (Mooser, et.al., 1958).

Santa Marla (Guatemala) - Hot mudflows accompanied

eruptlone in L929. I'Iud covered an area 10 km long and bGtstcen

100 n - 1.5 km wide. Blocks up to 20 m3 Ln sl.ze and not

apprecl.ably round,ed were sarrLed by the mudflm, whlle sttqlr
of trees vrere carbonlsed, ThIs suggests ttre mudflons lrere

caused by admixlng of nu6e ardente matErl,al wlth watcr froro

streams whlch wer6 running htgh, l.ruredJ.ately followLng ttt€

ralny season (Anderson, 1933),

Mt. Pel6e (Ftartinique) - On 5 May LgOz, three dayr before

ttre destructLon of St. Pl,erre by a r,o6e ardente, a torrent of

boiJ.lng mud deetroyed a sugar otll and kllled about 25 workmen,
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two mlleg north of St. Pierre. The cauae of the mudflow wag

Iater ascertalned to be ttre forautLon of a dan of ash Ln tlrc

headwatsrs of the nivtlre Blanche, it an altltude of about

Ir000 m. The water gradually beoamc haated (horr or by wtrat Lc

not speclfied), broke ttre dam and ruehed dorrn tlre valley
(Bullard, L962r. on 14 october, exploslonr proJectod materlal

which eaused frrrtlrer mudflows ln the nivllre Blanche. Robson

and Rorblln (1966) also record earll.er nudflong l.n f:htg rl.ver

durlng eruptLona Ln I85L-2.

La Soufrilre (St. Vlncent) - During the naJor agh eruptLon

ln 1902, ash damned streanra on nany occaeione, parttcularly
between 23-25 May. ifhen ttre rrater broke the dams lt formcd hot

lahare of type 1(b) and cold lahare of type 1(c) (Andcrson'

1903). A renewal of ash eruptLon on 3 SeBtember lnltLatad

another mudflovr.

Tungarahua (Ecuadorl - Mudflowa ltere produced in 1885 and

between 1915-25. on 5 ApriL, 1918, "blg tto6"" ardontee and

Iahare caused landalides and phreati.c expLoslonso (Eantlce and

Parodi, 1966).

TyPE l. (c) g LAHARS INITIATED BY THE ACTION OF HEIVY RAINS

ON RECENTLY EJECTED PRODUCTS ACCOMPAI{YTNG OR

SHORTTY FOLLOWING AIf ERUPTION

Such raLn lahars are common Ln troplcal regJ.one and arc

referred to in Indonesla a6 cold lahars.

vesuvLus (Italy) - The torrn of Herculaneun waa covarcd by

a mudflow from Veguvl,us in 79 A.D. The resultlng depoal,t

exceeds 20 m thLcknase, and ghqre no stratifLcatLon, conelrtLng

of flne ash, lava fragrments and pruolce whl,ch penetratcd
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ever-]r cr6vl,ee. Ihe mud,flow vrag slxdlar to others whlch have

devastated numerous towns on the slopea of veeuvLus ln nearly
al.l lte vLolent eruptLone. The rack of human skeletone ln
ovenrrhelmed Hercuraneun has been taken ae evidence tbat
Fompell vras d.estroyed a few daye earlLer, givLng ttre cltlaans
of tlerculaneun warnlng in sufficlent tLme to eecapa (Bullard,

L9621. The water in these mudflows ls supplied by heavy raLns

which accompany most eruptiong and convert aeh to l"ncohcrent mud.

on 17 December 163r, mudflowa on vseuvlua deetroyed, nuncrour

vLllages and nine towne includLng St. Glorgio a Cremano, Portlcl
and Reslni (t-he town butlt upon the anslent Herculanetrml .

During Aprlr 1906, ash, sand and boulders were carrled by hot
avalanches for 3-4 kni from the grurnit. on 2T April, heavy

raLn fell saturating ttre agh to ttre point of flowtng- Torrents

of llguid mud contLnued to flow down ttrrough gullLer onto

Eurrounding farmlande untLl october, 1908 (perret, LgZQr Fp,

L02-4).

Agunq (BaU) - During ttre L963 eruption, tropical
torrential. rain fell Ln the hJ.gher regions lrrunediately after
ttre eruptlon, eweepLng the accunulated deposits of nu6es

arrlentes to rower regJ.ona, devartatLng many acrea and ktlllng
200 people where ttre lahars left ttrcl.r rlver courgea at benda.

From topographlc nape, lt appears that lahars hava acoowrpanlcd

paet eruptions on Mt. Agung (Zen and Hadlkuewno, l96i[).
Lamington (Papua) - t"tudflowa were an aftermath of tJre lg51

explosive eruptlon. As soon as heavy raln fell around. thc
suannlt area, a deep channel was qut through the freeh agh bcdr

and a series of great mudfrows began sweeplng through rlver
channel,s to the swampland below. Torrents of vl.scoue mud
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perlodJ.cally deEcanded the water courses ln almost oomplete

sllence, apart from ttre rumbllng Lmpact of large boulderg.

They rrere supplled by ttre great volume of unconsolldated

rnaterlal on ttre upper slopee, and carrled an astonlehing

araount of large fragmnents (Taylor, 1958).

embryn and Manam (UelanesLal - After the large cruptl.one

of Manan tn 1968, thlck layers of scorLaoeou! laptlll and

blocks that had been gcattered aro,turd acted as a hugc Blronge

and prevented runoff for eeveral weekg. Errentually the

saturatlon point waa readred and destructLve etrcarng of mud

and stone descended onto ttre flat land, cuttl.ng sn routa gorges

9 m deep overnight (G.A.M. Taylor, pera. corun.). A mudflou at
Ambryn on 6 Septernber 1950 (Flsher, 1957, p. 92, wae probably
gfunilar ln orlgin to ttrose on Uanan.

lilavon (Phl.lliplnee) - Mudflows hrere recorded tn 1766, L973,

1879 and 1915. on 23 Aprll 1968, .o6"r ardenteg were cnrlttad

from ttre surnmit, contLnui.ng untLl { May. The larger nu6es

ardenteg generated, torrentLal ralnetormg whl.ch eroded the

Ioose agh and caused destructlve nudflowg on tlre lowar flankg
(Moore and Melson, 1969).

Fueqo (Guatemala) - In Septeurber 1963, agh and lapLlll
exploded from the surruol,t. DurLng 29 Septembcr, maaE6! of arh

and lapl.llL accumulated on the steep north-eastern alopc of ttrc

cone and upon saturation by hearry ralns forned a latrar that
descended the upper Barranca Honda at great spced. At itt
lqrer end the lahar dlvlded lnto tno toaguee in north-eartarly
and southerly dlrections. Renerad aehlall durlng ttrc nsxt

day (30 September) probably trlggcred a eecond lahar ln whlch

7 persone perished (Bohnerrberger, Gt.al., 1971) .
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Irazu_ (Coeta Rlca) - Irazu erupted ash almogt contlnuously

from March 1963 to February 1955. ttuch damaga was caurcd by

debrl,a fl.owg orlglnating from ttre upper slopee of the volcano.

Snall flovrs occurred Eoon after the eruptLon ln t{arsh 1963,

but the moet dLsastrous debrLs flow wae J.n Deoenber, at the

end of the 1963 ralny seaaon. Iqorc ttran 90 debrlg flowe

occurred tn 1964. A largc block transported by one of ttrc

flora meaeured 7.5 x 5.5 x 3 n errd wag astl,mated to welgh at
least 200 tone (I{aldron, L967, f,Lg. l3). Speede ln axceec of
15 20 m per Bec hrere attained by some of ttre larger flowr.

ut, pel6e (Martlnlque) - Bearry rai.ns aoeompani.ed tlre

eruptlon durLng ttre ntght 7 I ltay 1902. Torrentlal raLn

caused mrdflows whlch ruLned parts of ttre gettlementr of Grand

Rivt8re, Macouba, Basse PoLnta and pr8cheur (nobson and Toblln,
1966).

fyPE I (d) r LAEAF,S INITIATED By COTIJAPSE OF CRATER L,AKES

BY NON-ERT'PTI\TE UECHANTSMS

Lahare resultl"ng from collapse of a crater laka other

than by volcanlc actLon are dlfferentlated alttrough ttrc dcposl.t!

may be slmllar to those of type 1(a). Such bodLee of wetcr at
htgh altLtudes are pecull,ar to volcanLc crat€ls. fh!.r lalrar

type ls not conmon, but one New Eealand example le well
documented.

Agua (Guatenala) - In 1541 the crater lake rlm aollepecd

and a mudflow occurrecl, but no eruptJ.on wae recorded (ltlooacr,

et.al., 1958).

Hood (USA) - Radlocarbon dating ehotred, ttrat about 288 A.D.

a "waterburct" florycd out acroes the eouttr-west flank of Mt.

Hood. taurrcnce and Lawrence (1959) belLevcd tlrc water had
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orJ.glnated from a crater lalce that wae about 500 m acrosg and

240 n deep. uncharred wood preBerved wlttrin ttre daposltr
uraa takan to Lndlcate tranaport as a eold latrar.

Ruapehu (New Zealand) - During the cvenlng of 2l Deceurbcr,

1953, crevaaslng movements ln a glacl-er on Mt. Ruapchu probably

weakened a rqr aeh barLer retaLnl.ng ttre lalce, allowLng the

lake lcvel to drop 6 rn Ln 150 nlnut6e. CalculatLons sho,rrGd

that the maxl,mum dLecharge at ttre !{hangachu RLvcr brldge, 19

km to ttre south, reached 850 m3 p€r Bec. i8 the flood wwe

crest travelled dmnstream at about 16 km per hour (267 netres
par sec.), As an expr€rs traLn waa croacl.ng ttre brLdge at
the helght of ttre flood, tfie bridge collapeed and tha tral.n
plunged lnto the rLver, recultl.ng ln the deaths of 151 people.

The capaclty of ure lahar to carry debrls was demonatrated by

the baee portion of one of the plers weLghlng 126 tonE bclng

carried 53 m downetream. T\ro 5 ton concrete blocke frqn one

of the pLera were aeen about 5{ n d,ornetream wlttr bouldera of
at reast the sane welght restJ.ng on top of ttremi and one of
the rallway carrlage frameg rsas carrled about 2.8 km dorn-

stream (Stllwell, et.al. p 1954).

Slnllar lahars have travslled down ttrle rLvcr lrorn ttre

crater lake in 1861, 1889, 1895 and 1925. Those of 1861, 1925

and 1953 appear to hava been cold lahare due to releaae of
lake water below ttre glacier. Thoee of 1889 and 1995 reaultcd
from eruptLons ln ttre crater lake (Healy, 1954) and rcrc of
tlpe 1(a) .
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TIrPE 1(e) : LAEARS INTTIATED BY RELEiASE OF PONDED WATER

FROM BENEATH AII ICE CO\TER (JI'KULIILATIP8}

The liifuDrtaups or "glacier runsn of leeland are notorloua

mudflorrrs which havo freguently accompanLed hLstorle enrptlon!

of Katla and ottrer volcanoes burled bencath the lce of tho

vatna oiit<utt (R,tttnan , Lg62l , Reoorde<l I liiruUrtaups' (or
thlaupar for short) often last about one wcek, and ag nuch ar

??7 lrlrs- (1.5 ml-) of water have plunged out from beneatlr

glaciers and into the eea, briafly carrylng ae much water ae

the Anazon River (ThorarLnaaon I L957). Thorarlnraon aonllderg
It*/ ttrat ttre water la partly magiqptlc, partly ground water, and,l-t-i mostly nelt-water stored beneath tlre glacl.er iee prl,or to an

eruptLon.

Katla (IceLand) - In historLcaL ti.mes KatLa has erupted

13 tl,mes and every eruptlon has becn aceompanled by rhlauprr

(equJ.valent term f,or lahar). One hlaup ln 1918 had an ertl-natcd

maximum volume of 3-{001000 m3, In 1955, tfre maxLmum diacharge

rate of a hlaup reaehed 31000 rn3 wlthtn an hour after Lts

vleLble start from a glacier front (Thorarlnsaon, L957, flg. l).
clfngvdtn (rcstand) - cr{nrvtitn, beneath t{re nlddlc of

the Vatna liikull of lceland, i.e a depressLon more than 35 kn

in area and more ttran 500 m deep, tnore or lese ftll€d rlttr nslt-
$ater. ebout evera/ tenth yoar tlre water clcapes f,rom bencath

the Lce, issuLng fron many tunnele ln ttre glacl.er front
(Thorarlnsson, 1956). In iluly 1954, a rnaxLmrrm dlecharge of
-1 r101500 m'/sec waa recorded Ln a hlaup whl.ch totaUad 3.5 km"

water di.scharge. An hlaup Ln the sane area during Uarch 1931

!{aa estLmated to have a maxLmum dLacharge of {51000 r37r".
wl,ttr a total rclease of 7 km3 water (Thorartnaaon, 1957).
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Hek1a (Iceland) - Durlng eruptl.on ln l9l7r extenslve hlaupo

descended ttre northern side of llekla, wLth flood trave crasta

travellLng at an average veloelty of betrreen 5.{ and 8.3 km en

hour. The neaeured volume of water Ln the hlaups was mucb

greater than the estlnated a:nount of, snqw and lce aval.lable to
be melted, lndlcatlng ttrat magrraatlc water contrLbuted, cigntft-
eantly to ttre hlaup, or that a eubglaclal reservolr cxlrtcd ln
the crater. Lava was reported to nelt lrnolg only alowly whcn

it flwed over it durlng the later etagee of the eruptLon

(KJartaneson, 195I).

Lasgen Peak (USA) - On 19 llay 1915, a nudflon dcgeended

the north-eaat sLde of ttre peak lnto Hat and Lost CreEks.

Suggeated causes Lnclude water pourLng out from wltlrln ttre
monntain (r,oonls t L926, , and rneltlng of sncrw by a downward blast
of hot steam, by raLn or by hot aghes. Flnsh (1929, 1930)

concluded and wtutams (1932 p. 324-9, eonflrured that tt hadl

forrned, by lava flows meltlng snolr. rf Loqnls Ls sorrect, then

the I9I5 lahar should be Lncluded Ln tlpe 1(e), but lf Flnch

and wl.lllams are correct lt should be lnerudad wLttrj.n typc l(f ) .

ImnedLately after ttre mudflow LoqrLg obeenred ttrat the latrar

varied betnreen 0.8 km and 200 m tn wLdth and was about 5 m

thlck. Rockg up to 6 m dl.ameter wers carrLed 6 km from the

mountaLn and some wetre stlll hot for days after the enrpt:lon.

Earller mudflows from ttre peak arc also recorded, including
one 500 years agro. Wllllams (1932r p.320) also noteg that
depoaits of some of the older rnudflows on ttre bankc of Hat and

Logt Creeks, have formed moraLne-like mounds.

nutz (Coloqbta) - In 1595, a vLolent eruptl.on through a

subglacial crater produced lahare (Itantlce and parodl, 19661.
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TYBE l(f ) : T.AHARS INTTIATED BY MELTIN.G OF SUOW AND fCE

DIRECTLY ACCOI,TPENYTNG A}I ERT'PTION.

Lahars lnitLated by anonr andr/or lce neltlng are gencrally

local and do not occur on a maeslvc scale.

To.kachi-dake (Japan) - Bctween Decenber 1925 and May L926,

hot gaees and debrLs melted snor at the surrnlt, causLng a mrdflow

whl.ch destroyed the hotel of Hatckeyama. DurLng a later
e:qlloslon, the norttr-west part of the cone collapeed, produclng

a hot avalanche (about 0.004 t<n3). The avalanche rnelted snq
and produced a mudf low (stmllar to tlrose of tlpe f (b) whlch

descended wlth an average velocity of about 50 m pcr ssc,

reachlng ttre tqrn of Kaml-Hurano, 20 km weet of ttre cone Ln 26

mLnutes, and ktIllng 144 pereona (lrlural, 1960).

Aeama (Japan) - A mudflon caused by rnsltlng of gnor ir
belleved to have ocsurred durlng the l53I eruption (Kuno, 1962).

ShLveluch (Kamehatka) - In 196{ a pyroclastl,c aruptLon

caueed rapid neltlng of Lce and snow and generated lalrarg
(Gorgtrkov and DubLk, 1970). The latrarg would be gLmllar to
type I (b) .

BezrrnLanny (Kanchatka) - Slml.lar lahan to tlroee at
Shiveluch, accompanLed ttre 1955 eruptl.on (Gorehkov, 1959).

Laggen Pealc (USA) - If wllllatns (1932) and Flnch (1929,

1930) ara correet, ttren ttre 1919 lahar would fall Lnto ttris
categorlz.

Mt. 8t. HeIenB (usA) - Eome hot lahars are reported to hane

occured on ttrLs mountal,n. MullLneau.:x and Crandell (1962)

attrLbute ttreir orlgJ.n to hot materlal falllng on tlra eumdt,
and flowlng donrnslope, increaslng ln volume by ttre rneltlng of
anow and Lce ln ttreLr paths.
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cotopaxL (Ecrrador) - Mudflows wers raaorded on 2L onear!.onr
between 1532 and 1904 (Hantke and parodl, 1966). Every unrdflor
$taa aseocl.ated wlttr lava flow extrusion, but ure Eourcs of t5e
water ls Ln doubt. The Lg77 eruption wa8 paronyamar,

accompanled by continuous snowfall on ttre sutrmlt. Laharg
etreamed donn ttre rlver beds for more ttran 100 trcn. rn 1gl?r
40-50 m deep channels nere cut Ln Lce as mudflowa (avenidag)
descended grulches and epread onto ttre surround,lng plal,n,
formLng a great take of nud (I{bIf in Anderson, 1933}. llcltlng
of enow by lava flore Le congLdered to be ttre nogt probable
source of ttre water (t{olf , ln Fenner, 1923).

Vlllarlca (Chlle) - The volcano in central Chlla produced
mudflowe durLng cruptLong betwcen 9 october 19{g and 3 February
l9{9. on !'tarch 1964 a furt}rer mudflow cauged by rapld ncrting
of snorr and Lce at ttre srrrmlt follmlng an eruptlon, flmcd
dorn the northern a'd aoutJrern olopes of the volcano, klulng
25 persons (rarsuL, 1967).

calbuco (chllel - on February let, 1961, a lahar descanded
ttre nortlrern flank of carbuco and entered Lake r,ranqulhuc. rt
was caueed by the eruptlon of rava and pyroelastic araterlal
whlch melted lce and enow on the surm'lt. The lahar degoendcd
the Rlo colorado at an egtlmated velocLty of 20 km7,hr and

totalled 3r000m3 volume. A further t$ro smaller lalrars
descended the south flank to Lake chago and the norttr-eagt
flank to the RLo petrofru6 (Klotrn, 1963).
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TYPE 1(q) : I,AIIARS INITTATED BY PEREATIC EXPLOSIONS OR

DIRECTED BI,ASTE

All lahar types 1(a)-(f) lnclusLve Lnvolve proportl.onatcly

large amount of water relatlve to ttrE amounts of blocka, sand

and aeh Lnvolved ln ttre flow. gome lahare have been reported

to contaln llttle water and, approach ttre rdLrected blaetsr
descrLbed by Gorshkov (1959), yet dletlnst from tlre tnre
dLrected blacts recorcled on Mt. BezlmLanny.

Sorlkrrarapl (Sumatra) - A phreatLc explosLon on 21 May

L892 produced a mudflorr (van Padang, 1951).

Tangkubap Prahu (Java) - On 27 vay 1846 axplosl.ons produced

destructLve mudflowg (van Padanrg, 1951).

TjerJ,nai (Java) - Similar mudfloss wGrE obsorved ln 1598

(van Padang, 1951).

Ban$ai-san (Japan) - !4udflowa sars prod,uced by cteam

eruptlons near the surunlt of ttre cone in 806?, tr808 and 18881

and by coJ.lapse of solfatarlc decayed rocks tn 1954 (Kuno, 1962).

The well-knotcn catastrophtc erglJ.oaions of 1888 ware preceded

by several weak trenors and one strong one. The uraJor part of
ttre eruptLon eonsLsted of 15-20 exploelong which deetroyed

moet of ttre peak Kobandal; ttre fragrments pourlng dorrn the
.northern slope of ttre nountain aB a mudflow. More than {60

people w€re kllled by about .25km3 of rocky debrlg. Cotton

(194{} showed a reeongtructlon of ttre cone and etated ttrat tlre
naterial dlelodged from it was thoroughly satrrrated wlttr water,

and wag rapidly brecclated. Grange (193I) LlluEtrated thc

Iahar deposit wLttr a d,rawLng and Jaggar (1930) nentlong that
the materlal forming ttre deposlt sank away from Lts hlghcat

level, correspondLng to the tops of morurdE.
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KurLkana (;Iapan) - rn 1946 an exproar.on produeed mudfror*
which flowed rapldly to tha north-east oauslng acldlty of ttre
rlver water (Kuno, 1962).

Yalce-dake (ilapan) - An exprosr.on r.n 15g5 produced a rn'dflw
whl'ch descended a varrey, burted the vrlrage of Nakao, and
flnarl.y reached a por.nt {.5 km north-west of t}re g'nunrt (Kuno,
1962).

ueu (Japan) - Three maJor nudflowg have formed cxtenglvc
deposlte around ttre bage. The earlieet wae the Mlnanl-Byobu-
Yana mud etream on ttre aouthern gLde of the mountaLn for whLch
no eruptLon r.g recorded. The second wag ttre Bunssl nud ltream,
on the south-western slde, whrch aocompanr.ed an cxplosrvc
eruption at ttre foot of the xo-ueu dorne tn 1g22. The ttrlrd war
the Tatel.wa mud sttrean, on the eartern slde, whlch reaultsd
from c.ollapse

of explosLong

of

in
the eaetern part of o-usu dome after a eerles
1853. From 23 dlrrne to 1 Jury 1g{r aurarr ccale

mud' eruptLong cormlenced insLde newly opened craters. A rmrd
etream overfrorved from one crater and pourcd lnto a deprcarlon
nearby formlngr a pond of mud and hot water (ltlnakarnl, ct.al.,
l95I) .

shiveluch (Kanch.atka) _ rn 1954, a d!.rected blaet f,ronn
shiveluch volcano eJccted exploeLon breccl.a to a dlctance of
10 km frorn ttre crater. Thc deposr.t covered 99 km2 and tts
boundaries rrere eharpry derr.neated by adJacent undr.sturbcd
forest- The breecLa attained a naxlrnum ttrLcknaas of 50 m aud
waa cold and Lnert contar.nlng broeka of r.ce. The or!.gln raa
not laharic, but the r.nterestrng featnrs warrantrng rtg
mention here, ig ttre reaultant aurface topography whlch appcarB
Ldentl'cal to ttrat of aome knorun lahar daposlta. To dLfferentiatc
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directed blaet deposits from lahar deposlte may be very

diffLcult.

4t! St. Helene (USA) The slmilarl,ty of all the Sl.Ivcr

r.ake debrie floroe Lndicates a conulon orLgLn. They are ttrought

to have been producad by mlld exploglve eruptiona or by collapsc

of spines or domee (Ir{ulllneaux anrd Crandell, 1962).

nalnler (USA) - In Decenber 1953, rock dabrle collapaed

from Little Tahoma Peak onto a nearby glacl,er, and then wag

avalanched 5 km down vallay. calcrrratlone based on the heLght

to which tlre avalancheg rose on the valley walls euggeat tlreir
veloclty reached at least 130-145 km per hour. The regultant
deposit showed low mounds wLth large boulderg bensath. The

cause of the rock falle was not an earthguake and may harre

been either surficLal freeze actlon or a stean explosion
(Crandell and Fahnestock, 1965).

The ParadLee debrie flow on ttre south eLde of Mt. RaLnLcr

(Crandell, 1953) and ttre Ogceola mudflovr on the north-weat

side (Crandel'L and waldron, 1956) total at leagt 13 x 109 n3.

Crandell (1963) hae proposed that ttrey orJ.gLnated as avalanehcg

reeultLng from ttre deetructlon of the former sgto{t of Mt.

RainLer. The cauae may have been phreatLe explosl.ons or

earthquakes. The miselng surunl,t would have been Ln $re order

of 2'000 m baeal dLasreter o,nd {50 n hlgh. A gl.mllar explanatlon

ie offered for younger mudflors on tlre weet alde of RaLnler,

one dated at less than 31500 years B.P. and ttrc other - tlre

Electron titudflow - extendlng 65 kn down valley - datad at
500 yearu B.P. (Crandell and llulllneaux, 1967].
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TIPE 2 (a) : r.NUlnS rNtrtAtrO gy EEAW RAt*t

Ralnler (USA) - Debrle flows are very comnon on llt.
RalnLer. The largeet wag probably eaused by volcanLc e:qrlolLona,

others by healry raj.nfall or rapLd anowmelt. In Octobcr I9{7,

an estLmated 50 mllltor.r .3 of rock dsbrls lras earrted by dabrlg

f lws from the peak dovn Kautz Creck Valley durlng a pcrt od

of heayy ralnfall. Postglaclal Lahara fron Flt. RainLer are

eumnarised by CrandeLl (1971).

Mt. St. Heleng (USA) - DebrLs f,lcnre are frequent on the

north slde of the volcano (Verhoogen, 1937). Recent flowg extend

for more ttran 40 miles down valleys west of ttre voleano,

formlng 4.5 - 6 m ttrLck depoelta composed mainly of non-

vesicular fragments. Thalr length of travel ts attrLbuted to
htgh noblllty lmlrued by water. Wood from ona of the weetern

flows gavo a radiocarbon age of about 21000 years B.P.

(llullineanrx and Crandell, 1962 ) .

Cggla RLca - DurLng ttre ral,ny lleagon Ln Coata RLea,

flovred off volcaDocr lntptorrents are recorded of mud havLng

canyona belqr (Wtllta-tns, 19521.

gqrmnt (New EEaland) - Numeroug debrlg flor depoeLte can

be recognised, on Mt. Egmont, and nuny of ttre fresher onss ars

knosn to have occurred wLttrl.n ttre last {00 years. The raLnfall
lc betwaen I-1.5 x 103 mm per annum. The loote Jotnted lava

flous and Lnterbedd,ed loose breccl.ac of the Eglrtont courposltc

cone are susceptl,ble to eroeLon trnder the prevalling condt tlonr
of saturation and hlgh runoff. On 21 FEbruary 1935, ln
torrentLal raln, part of an hotelts hydro-electrLo plant wae

swept away by a debrie flow (Scanlan, 1951). Tree-rlng datlng

has been used to determLne ttra agce of a number of hirtorloal
debrLg flows (orucs, 196{).
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lyPn ?(b) I I.,AHARS INITIATED BY EARTRQUAKE TRIGGERED COLI"APSES

Fow laharg are caused eolely by aarthquakes or surfl.cLal
geologicaL condLtLons. I'Iowever earthquakeg nay be tha maJor

eause ln trlggering a lahar Ln agsoclatlon wlttr ottrer errents

€.g. the 1889 Bandal-gan collapse.

Fuego (Guatemala) - In l9l7r landElLdee were lnttlated by

earthguakes (Mooser, et.al., 1958) .

Whlte Island (New Zealand) - Sltuated on ttre norttr-eagt

eide of New Zealand ls White fsland, voLcanro, a cone lrlttr a

horse-sho€ shaped crater wlth tts central floor Just abova

sea level. In 1914, part of tJre crater rlm collapeed along a

rLng fault and fell to the crater floor. ALthough unoertaLn,

the iusnedlate cause of ttre landell.do may have been an cartlr-
quake because noderately severe earthquakee were reported on

the island two weeks before ttre event. Great detonatl,ong frm
the leland were heard 40 kn anray on the maLnland, and are

attributed to an erploElve eruption forrq.rlng brockage of tic
vents of t}re maLn fumarole by d,ebrls (gartrum, L9261 . $lard

(L9221 bell.eved that ttre eruption eaused further rockfalle
fronr ttre crater waIIs. The slJ.pped debrLg wae probably

rubrlcated by water from pools Ln the crater floor and by Etarm

fron ttre maLn vents, and becanre moblltsed ae a lahar whLch f loved

600 m out of the crater to the eaatern coagtllno, leavLng

remnant mounds on the crater floor.
Tonqarlro (New Zealand) - A nudflow has orlgLnated Ln

hlstorLcal tlmes from Ketetahl Sprl-ngsr oD the northern cLde

of, l{t. Tongariro (tlatthews, 196T). No heaqy raln wae faLllng
at the tLme and ttre mudflow ls ttrought to have been lnLtlated
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by earthquakes aggoclated wittr an eruptLon Ln the lorer Te

l{arl crater, about 1.5 km to ttre east (W.W. Topptng, pere,

conm. ) .

OTHERS

Lahars for
to Lnsufflclent

Indonesla:

whleh the origLn hae not been Lntarpreted, dua

Lnformation, are llgted according to rcgLone.

EnrptLons on Butak Petarangan occurred on

on 13 October 1939 produclng latrara (van13 t{ay 1928 and

Padang, 1951).

Oceanl-a: Few nrudflows have been recorded Ln Ocean:ta.

The Lsland of NLuaforou (Tln can rgland) cnrptad tn 1896, anrd

on 13 August, mudflowa occurred on ttre north-eagt alde

(Richarde, 1962).

Philliptneg: Mudflows oecurred on the volcano Catanaran

ln 1827, L862, 1897, L902 and betneen I September 19{8 and

January 1952, and on ttre volcano Banahao tn 1730, 1843 and 1909,

the 18,'13 mud,flone belng caueed by landelLdeg (van padang, l9s3).
Chlle: Mudflowg are recorded from Petaroa tn 1832,

Nevados de Chlllan between 1861-2 and Llalma Ln 1876 (Carcrtano,

1963).

TanzanLa: Ol DoJ.nyo LengaL ln the AfrLcan Rift Vallcy,
souttr of Lake Natron, produced mudflows durlng eruptLonc ln
1921 and between Augruet 19/t0 and February t9{l (RLchard and

van Padang, 1957).

colombLac Three volcanoes produced mudflows Ln hLgtorlcal
tLme - oofra Juana between 1g92-1906, purao6 in 1869 and Rur.z

in 1595 and 1845 (Hantke and parodL, 1966).

Wegt IndLee r Trro sets of mudf lo\re are recorded on La
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\soufrLere, Guadeloupe, on 29 septeurber and 2 octobet L797, and

on 12 February 1838 (nobeon and Tornblln, 1966),

Costa RLqa: The volcano Cerro Negro, born durLng Aprll
and ttlay of 1850, produeed a rnudflotr in 1911 (Mooger, ct.ar.,
lg58).

Japan: Between JuLy and October 1910, four or fLve emall

cratere formed along a lIne at ttre nortlrern foot of ttre cone

usa. From theee cratera, mudflowg lrere dlEoharged eeveral

tlmeE. other leeg werl documented nudflwa occurred on

Kutleraba-Zinra between 1931-35i on KLrl.rLma on 20 ilanuary Ig82;

on Hakone Ln March 1786 and l.n July 1953i on rwate ln 1586 and

on IwakL Ln L597 (Kuno, L962,,

QUATtrPJ{ARY LAHARS

old lahar flelde are reeognleed ln urany parts of tlre world,
the largect belng Ln fndonesia, Japan, UnLted Statts, Ieeland

and New zealand. rn 1925 Eecherrs retrrort on the "Ten Thoueand

Hlus of TaslkroalaJa" at the baga of, Galounggoung ln rndoneeLl,

aroused inunedlate controversy. one critLc, Dt. F.x. schafar,
eonsLdered. ttrat ttre many hLlls lvere ntan made (palner, Ig3l).
Escher (1925) carculated ttrat ttre aggregate volume of all the

316{8 htl}e to be a portJ.on of t}re volume of ttre huge geml-

clrcular gulf at the eumnLt of the nrountaln. Jaggar (1931)

supported Escher|s ttreory ae to ttre origLn and cLted elnLlar
deposits on the slopes of Pavlof volcano, in tfte AleutLan arc.

The Oeceloa Mudflow Ln Puget Sound, Vtachlngton, USA, onee

regarded as a ttll, vras convl.ncj.ngly shown by Crandell and

waldron (1956) to be a rate euaternary mudflow of exceptl,onal

d,lmensione. The deposit varles from about 1m to 105 n ttrLck,
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ttre marglns of the florp belng dlgltate and ttre eurface hav!.ng

a alope of 5 m per km. The nudflcr overlles a brown podzollo

goLl, dated at 41800 years B.P. by llC datl.ng of oontainad

wood.

VolcanLc debrLs ln the Wrangcll !-toturtatne, Alaakar lhorl
a dlstrlbutlon and character slmilar to a voleanle mudflow.

The deposLt, dated ae pre-W.Lsconsin ige, extende 10{ kln dorn

the present Copper RLver, and FerrLansT ct.il. (1958) havc

suggeeted lt waa probably lnitiated by meltLng of snow and lce.

old lahar field,r eurrould nany actLve r dormanrt and extLnct

volcanoes j,n Indonesia. Large focsll mudstream depoelte covetr

the eouthern foot of Tandlkat volcano. On tlre north-aart rLdo

of Blerang BerltL, ls a 11200 n wlde crsacentLc erater of whlch

the north-eaet elde Ls mlealng. Fron thLs breach etretahcr I
lahar deposlt 3 kn long, and 11300 m acroac at ttre wldeet pol,nt.

Lahar d,eposJ.te up to 20 krn long occur on the north-eaet alopea

of Patuha. ilundredg of hLlle on ttrc north-eaet foot of Sundoro,

repressnt ttre eroeLon r€nnants of another vagt prehlrtorl,c

lahar (van Padang, I95l).
A large late euaternarl lahar deposLt flowed ttrrough the

300 m defLle of the Rlo LaJa. 445 km south of Santhgor Cht1c

(MacPhall, 1966). It extend,s {0 krn from the apex at the dcftlo,
and Lts aource locall.ty, Volcan ADtuco ig looated anot-her 56 kn

eaet of ttre apex. The surfLcLal nClay wlth Bouldcra' FormatLon

covering much of ttre Meeeta Central of Cogta Rica (WlUlans,

1952, p. 165), contalng bouldcra motre ttran 3 m acrogs, and a

rudLmentary horlzontal layerJ.ng. WLlllaurs concluded that Lt
vtas latd down by 'torrents of mud forceful enough to tranaport

huge boulders for long dl.etanceg". Wtlll.arts (1933, p. {0) aleo
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deecribed breeclas 75 m thick on the \reat6rn flank of TahltL,

as lahar deposJ.ts.

In New ZeaLand, studiea on Quaternaty lahars began In the

1920s. At that tlme eonelderable dJ.sagreement exlsted aE to ttre

orlgin of the many thousande of "conLcal hills' on ttre western

slde of Mt. Egrnont and Mt, Ruapehu. E. de C. Clarke (1912) and

Morgan and Gl-bson (L9271 coneidered thern to have formed over

numerous independent volcanlc vents. Boesard (1928) suggeated

that the hllla formed at polntg where volatllea worc concentrated

in lava flows and had butlt up auffLcLent pr€asure to blow out

fragruental materlal at the top. Grange (19311 guickly recog-

nised ttrat ttre hilLs were compoaed of fragrrnenta of andeslte

set wlthln a fLne clagtl.c matrLx and tlrat ttrey were not parts

of lava flowg. He compared ttrem wlth the mudflow depoaLta

which had recently been d,escrLbed frorn Indoneeia and Japan,

and wlttr features of known mudflong on Mt. Ruapehu and at Whlte

Island, New Zealand. Te punga (1952) descrLbcd the Hautapu

Valley Agglomerate in the Rangltlkel. Valley, New Zealand, and

from the dLstribution and lLthology of tha formatLon, he

concluded that lt had been depoeLted by lahars derlved fronr

!lt. Ruapehu. Slngle blocke of andeslte wlthl.n ttre depoaLt are

estinnated to weigh up to 300 tonr.

PRE-QUATERNARy ITAHAR DEPOSTTS

By applylng crlterLa for recognLslng modern latrar depoelts

Ln the eouthern Cascade MountaLnr, USA, FLaher (1960) concluded

that a number of Eocene-oligocene volcanLe breccLag near Mt.

Rainier are also lahar deposLts. schmLnke (1967) deserlbed

about L5 lnversely graded lahar deposits Ln the typa seetJ.one
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of ttre Elleneburg Formatlon (pllocene-pllocene age) ln
Washington State. H€ eonsl.dered ttre orlgln to be an ancl.ent

Cagcade chal.n of volcanoes 60 krn to the weet, and he crrplal,ncd

the Lnverse gradLng aa a reeult of lnertLal flsr.
Ihe nature of the latrars of ttre lfirscan Fornation,

CaLlfornJ,a, is very well docr:mented,. Tha brecoLag rlttrln tlrLa

formatl.on sover over 51000 h2, attain a maxlmurn ttrlckncgr of
500 m and a volume of 11250 km3. Andergon (1933) flrgt
eritl.cally revlewed ttre posei.ble orl.glnc of ttre formatLon andl

tended to favour meltlng of Lce and anor to prod,uce euffLcicnt
water. However, Lydon (1968) eoneLders autobrecclatlon took

place in the source area of ttrc lahara and gufflcLent nagaatl,c

and neteorlc water was avallable for thel.r noblllty wLthout

Lnvoking additl.onal eourees, l.e. crater lakes or neltLng of,

snot and lee. Apparently emplaced ov6r a perLod of about a

nilllon yeara, durLng the late Pllocene, the lahars orLginated

by autobrecclatl.on ln dykee and conduLtg at temperatursa

probably ln tlre range 340oc to 280oc (r,ydon, 1968).

Brlef mention ahould also be nade of ttre lLterature
surveys on volcanic breccias by Parlons (1959). trtueh of hls
work arosc from observatLona ln the Absaroka Vo1canlc Fleld
(e.9. Hay, 195{, Parsong, 1958). lhere, large ttrlckneseca of
breccLas have no topographlcally elevated eource aroas and are

believed to have orl.gLnated by undergrourd breccj.atlon of
magma.

NCONICAIJ HXLLI' SURFACE TOPOGRAPHY

IJahar mounde or 'conical htllsr have frequently been

descrLbed ae the dlagnogtlc surface features of latrar dcpoel,tr,

although lltt1e reeearch hag bcen made al to ttrelr orLgl,n,
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The Nirasaki mudflow in Japan, which ext,ends for a distance of

23 km from the vol-canic Yat,suga-dake is comprehensively

described by Mason and Foster (1956). It has a topography of
conical mounds like that characterist,ic of t{ew Zealand and

Indonesian lahar deposits, The same topography has been

remarked on deposits from the Bandai-san eruption of 1888, the

1919 lahar from Lassen Peak, and the deposits on the flanks of
Pavlof in the Aleutians. Mason and Foster concluded that the

Nirasaki mounds were formed by hydrostatic pressure when low

viscosity material was extruded, from the interior of the

mudflow through fractures in the drying, hardening crust.

The majority of New Zealand lahar mounds show cores of large

boulders, suggesting clustering of coarse materiaL and then

.immobilising of the clusters before predominantly finer and

more fluid material had ceased flowing in the intervening

argas.
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CEAPTER 5

I,ATE QUATERNARY IAHARS IN YilESTERN TARAT.IAI(I

I!{TRODUCTION

The largegt knovn concentratLong of lahar noundg ln tbe

world are on t*te flanke of Mt. Egrnont, New Sealand and Dlte.

Raung, Keloetr Galounggorrng and lttcrapJ., Indonec!,a. Nulerout

nounds to ttre weet of Mt. rgnont rrerc fl.rst deecrlbed by Clarke

(1912). They wGre eonrldered to have formed as lndepcndent

voleani.c vents (Clarke 19121 Gl-beon and l{organ 1927}1 but later
Borsard (1928) suggeeted ttrey were bliaterg on lava flowa and

Grange (1931) showGd ttrey !rer6 remrants of a huge lahar flo.
The preeent study J.nvcatigated ttreLr r9€r whether all the htUs
constltute one depoelt and ttre sondl.tLong of ttrelr foraatlon.

It was concerned only wl,tlr ttre latrar depoaits to the wcgt and

eouthwest of Llt. Egmont and does not Lnclude a few small laharg

that travelled to ttre east and north-€c8t.

GEOLOGICAI., SETTTNG

Mt, Egmont Ls a cmpoel.te volcanic cone of hornblende- and

pyroxene-aadealte, 2r478n htgh, altuated about half way along the

wegtern coaetlLne of tlre North Islurd of New tealand. Lahar

depoalte crop out from near !1t. Egrnont gurmit to the wertcrn

coaetline, a dl.stance of 30 kn (FLg.ll . They forrn tlre wsct€rn

part of ttrc Eguont rlngplain (Itay 1957) whlch Ls bounded to thc

north by a thlckly ash nrantlad rlngplaLn graded to an older

volcano - Pouakai. Beneath the gurfi.cial lahar deposlta

desoribed here are older lahar deposLts erqrcaed Ln thc coaetal

cllffg from Opwtake souti-eastnrardg to ttlanaLa.
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VarLous ttrLckneeces of volcanlc aah have accumulated on the

upper surfaces of ttre surficlal deposita, and wlttr ltttle eroaLon

elnce depoeltlon, utuch of the orLgl,nal topography ls well
preserred.

The many ttroueanda of lahar mounds Ln western Taranakl

(Ftg.15) ware fLrst grouped into ttre trOprmake atage" by Grant-

Taylor (1964), but lator napped ag 'rOpunalce Laharso by Hay (X9671

and roferred to by Grant-Taylor and Kear (1970) as eOpr'rnalrc

Fomatlon", but no deftnttlon or tyPe locallty Le g!.ven, HGre

nopunake Latrars" Ls ueed Ln the sonse of a eub-group whlch allowe

lt to be regarded ag a s\rbdLvlrl,on of tlrc PoualcaL Group of

Flemlng (1953) and at the eame tlne to be cubdLvldedr aa ln ttrLe

tcxt, into varLous fonmatLons. It ls not defined becauae as the

various com[]onent fornatLons becqne npre widely uced, the untt

le llkely to become redrurdant.

wlttrtn trOpunake Sub-group" arc three wideapread lahar

formations which crop out betwean okato and Asatuna, - the opua,

Warea and Prurgarehu formatl,one. The oldect and youngestr the

Pungarehu and opua, show most of ttrc neonLcal h1,11" topography.

In Wallnate West County fluvlal gravels and sandrtonea at lcaat

20 m ttrlck (degcrLb€d by Grant-Taylor and Kear aa part of the

"Opunake Formatlon") are consldered poeelble lateral facLcl

equLvalente of the Pungarehu Fonnatlon.

Above 300n altltude on Mt. Egrmont younger dabrls flow

depoaLte grouped lnto the Kahul FormatLon and Maero DebrLr

Florvg, conpletely cov6r ttre Pungarehu and Warea formatLons.

lloat reflect Holooene collaplea of the upper Egnont cono causcd

maLnly by hearry ralng. They are generally fan-ehaped cxcept

nhere ttrelr flon hae been controlled by rLver drannelsi they
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rlGuRE 16 - oblrSr rrrLl lfototarDb of rrrtrra Trlrrrrtt bbrr
nqudr lcaporrd oC h{rrtbu Ferartlo[ locHl3
toreldl ttr rqnh-Olrt. t.errr rt4' of ltt. DtnOt
vlrtblo m rlflm rt Ltt.

TIGURE l7 - tlootlo ln rerd crfiNEt rt ltllS/{t?6St ll96tl,o Frrlbrb
Rcd. Ic3crt bnrl|rr lr b rotc.rrpr.rrrrd ;tLf! th.
Yrrll forurtlo. Ior.l bmccb lr Prn3urhn fotaltlo.
Drtrllr of rcsBon ta Gbrptor t rlPrnlrrrhu Foranllo - 

]

i

Da$ddmrr.
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show weak graded beddlng; each le generally Less tlran 3 n

thlck except very cloge to source, and few exceed 10 km Ln length.
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I,ITHOSTRATIGRAPFX

PIII{GAREHU FoR!.tATIoN (pf)

DEFINTTION

The fornatLon named after Pungarehu townshLp, 32 km routtr-

wegt of New Ptymouth, cqrprlEes ttre prlnetpal surfaoo roek

type on the map NZlttS 2rNI18/2, Soutft and ealt of thlc arst

the fornatLon ls often overlaln by younger lahar depoeLte.

The type locallty ls the area wlttrln 0.5 km of Parlha*,a qnd

gliremu (Okahu) road Junction, where several good exposurss

exl,st, ttre forerrcst of which Is ttrrc Egrrcnt Corrnty CorulcLl QuarrYr

NI18,/194627 (f965). Her6 a 30 m vartlcal cltff erPoBeB brcocla

of ttre formatl.on. About 0.5 kn west of the Junotlonr otl

Parlhaka Road, are exceptlonally well exposed eontacts wLth the

ov€rly!.ng forrnatLons (Flg. 17). Ae thc Pungarehu Potmatlon lt

the lowemoet lahar unLt expoeed at ground surface Ln westcrn

Taranaki, ttre bage Ls 111 deftned. The expoaurga Ln tlre tyTc

area ghow

115-120 cm Oakura Tephra

50 ot Warea Formatlon oonglomerate

60 ss okato Tephra

25 (max.) crrr Saunders Ash

15 cm uppermogt ash of Carrl.ngton Tephraa

sharp, stralght contact

1.5 m+ Pungarchu ForrtatLon brecoLa

Daee not gEen.

For mappi,ng purpoaea the formratlon wae defined as ttre

laharic breccia and conglourerate bencath thE Saundcre Agh.
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DISTRIBUTION

The Pungarehu Fotmatlon extendg 16.5 kn inland frout CaPc

Egrmont before lt le overlain by younger dcbrLg flow deposite

of Mt. Eguont. It le bounded to tha nortlr by ttre PoudtaL rlng-

plaLn, ttre boundary cloaely followl.ng ttre channgl of, Stony Rlncr'

whllet to ttre south (Appandlx 82) tt la progreBsively overlappcd

by ttre Warea and Opua fornnatlonr. Many of ttre htllg ln ttrc upper

portLon of ttre Opua Formatlon may repregent modLfled nrounde of

the undarlylng Prrngarehu Forrnatl'on.

Thc fonratLon Ls well expoaed along 20 kn of the weetern

TaranakL coaetU.ne (Appendlccs Bl and B2). At the noat northerly

coastal erq)osure, between Stony Rlvsr and Kal,hLhl' Stroanr it la

thln and eonslsta of largc rorrnded andealte boulders guEounded,

by a frlable yellowJ.sh brown, allophanlc matrLx of volcanlc ash.

Souttrsards along llre coast tha fomatLon beeqnes a breqoia-

conglorncrata and Ls clcarly expored at asa levsl ln low cllffe

as far south ar Cap€ Egmont.

The weetwards extent of ttre formatLon offehorc Lg unknownt

but a cedLment chart (McDougall and Glbb 1970) showg a aonc ot

boulders, pebblee and cobbleg extcndl.ng for I kn west of Capc

Egmont before gand and granulec becotn€ ttrc dqrlnant rcdim3nt.

Thig auggeets the coaree sedLmGnta may rePreaent ttre wcrtorn

extent of ttre formatl,on prlor to ttre Poat-glaclal riee I'n eea

level. Detalled battrlmetrlc mrrPs south-wcat of Capc Eg[Eont

shosr ttre presence of conieal hllle on ttre aea botto to a dcptlt

of {0 n.

Souilr-eaet from Kalhlhl, Strqam mouilr ttre forsratLon bccmeg

buried by <100 year old rLver alluvlum along Orford and $aunderg

road8.
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Its eastern boundary at ttre 300n contour ir narkcd by

irregularly cluetered htgh hllloclce whlch protmde betnccn

younger debrle flow depoelte extending fron Oxford Road to

Kahul Road (e.g. Ravcn Trlg' N118,/503656'. Further gouth tlre

fornatl,on ig expoaed only ln deep road cuttlnga.

GEOMORPEOI,OGY

Tha maJority of lahar mounde in wcstern Taralak! belong

to ttre Pungarehu Fonnation. ebout 31000 hllla aPpoar on

NUIt{SlrNlLBl ttrelr average helght ls about 5 m near the coact

ranglng to 30 m near ttre 300n oontour. Tho largcet htll
obeerved Ls rnulttple (Raven TrLg, 3l2rn altituder)r and close

to tha eource area, Lt meacurcg 500 m baeal dlannter and rlsss

50 nr above the sutrolxrdLng eurfaceB.

Previoualy deecribed as 'conLeal hlllei, f,cv of the nounda

approaeh a tnre conical ehape and the great naJorlty rhorr a

broad baaal diameter in relatLon to helghtr 3dl€what !|ka

flattened hemlephereg. Near tlre coast ttre mounde ar€ stParated

by larga areaa of flat ground, hare termcd 'lntar-areagr but

near the 100 rn contour tlrey becqre larger and arc corryrounded

(flg.18) wtttr few lntetr-areaa. Along the entLre langttt of tltc
lahar deposlt ttre great proportlon of moundr ars clrcular and

dlscrete, but to tbe east thc larger nounds form Lrrcgular

clusterg. At ttre north-eastcrrr endg of Ngarlki and Arawbata

Roads, mounds are cometlmer elongate and llnear and arc orl.entcd

radLal to Egmont wittr apparent ohannelg betnecn but thcr€ arc

no dnrnlln-llke or crsscontl.c ehaped nounds. Mogt chor roundcd

eummits, often srarked by one or a nqnbcr of large boulderr,

but a few show planar upper gurfacsg.
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FIGURT 18 - Obllqur rcrtrl photqrrph of Puaguchu Forartlo nou$d..

Sbrdowr .$.Dd certrrrdr towrtdt Mt. tlmmt'
photogrrph tehen tt nnrct.
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ttarsfunum basal dl.arnetera of latrar mounde ln NEHS2,NLL8/2

were conetructed from aerLal nocal.o photographa on a ceale of

11251000 and plotted on a ecale of 1:531360 (rlg.19l and ttresc

have been contoured (Flg.20) to include areag not yet mapped

1s25r000. Contours at 50 m Lntervals show a conesntratlon

$re largeet htllg ln a west-east zone from Pungarchu thtana

to ilre 250 m eontour. llound helghts were contourad on tlre

eLngle publlshed 1e25r000 rnap NEMS2rNIISr/Z of tlre area and shot

sl.nllar ehaped oontoura to ttre mound maxLmum baral dt anster

contour map lndlcatLng that although t*rc helghtc of rnoundg are

less than basal dLameters there Ig a dtrect ratlo bctween then.

Many hi.lls have accordant surullta whlch reflect t*rc lnltLal
dtp of a once contLnuous upper aurface of the labar, oongiatent

wlttr ttre preeent overall topographLcal contourg. Planar sutfrd.ts

of roounde along PunLho Road ars remnants of ttrle gently sca?ard

dlpplng eurface (Fig. 21). Struotural contoure whieh elLmi.nate

the effects of stream eroelon on the eurface, lirdLaate tlrat nGar

upper Parlhaka Road ttre gradLent Le 1 ln 20 and gradually as ttre

formatlon spreade ln a fan-chapc towards the coagt tt flattang to
I in 66.

To show the change tn donelty and sLge of Fungarehu Foruutlon

mounds from ttre coast Lnland, tracl,ngs wor6 nade frqn aerlal

mogaLc photogrraph NZi63,NLL8/2 (1:251000) of a eerles of grld

aquares (see Appendl,x Brt) bet$een 350 and 500 eastlnge tdcen

mostly betrreen ttre 6tO-620 northlnge except where extensLnc buah

cover obgcured mound shapee, and ttre 520-610 northinga worG usGd.

The equares approxl,mate to 900 $ aquare and thug covor 0.81 km2.

Thls wegt-east lLne correapondc to ttre longest axLg of mounds,

Traces of all mounds Ln ttre ctroecn squarea were nade and tltc

maxlmrrn dl,ametarg rneasured. Analyees of the raaulte are
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presented ln Fl.gs. 22 and 23. Bar hl.stograma (ftg.22) show the

pr€domlnanee of mounde 10- 30n rnaxtmum dlaroeter near ttre coast,

but towardg aource there ls a nuoh wLder range ln theee dl.aneters

wlth a laek of predonlnence of onc mound 312c.

Plotted ilQana of ttre sraxlugm basal dLanetcrc (Ftg. 23a) !n

all squares Lncrease up to the 120 m contour but have no

conelstency beyond thLs altLtude, alttrough nona of the lattar

valuer fatl bclow tlrora nsar the coatt. Moat noundg (Flg. 23bl

ILe below the 90 m contour becaurc wl.tl lncreage ln skc of, morurds

there Le a correspondLng dccrsara Ln ttreLr number per unl,t araa'

By polntcorurtlng 200 polnta to each sguarel En estlmate wal mads

of the percentage nound cover (Ftg. 23c) t the degree of confidence

l"s leaet in eguarea g. 10 aad 11 due to burh eovcr. lfhere Le

a stcp-ll.ke form to ttre graph whlch Bhtrs an lncreasc from

lesg than 10t oover at sea lencl near Cape Egrmont to a ll'ttle

over 50t at the 2tl0 n contour.

There are trro areaa where ttre origlnal Pungarchu Formatl'on

surface has been urodlfLed eLtlrer by burt al and/or etrJ.ppLng by

yaunger laharg.

(1) ttalnly between Warsa and Stony rLvers' a flOod of Wtrsa

Formation grit hac ftllad muah of ttre lnter-arca bcttraen

Pungarehu mounde. 1[hLc hag rerulted ln a gtrbducd land-

Bcape wlth many Pungarehu nounda protnrdJ.ng aa gentle

domes from a planar aurface of more raccnt LnfLll.
(2) Souttr-eact of Arawhata Road, cover beda on ttre tormati'on

have been partlally atrlpped or burled by the Opua

Formatlon. Protrudlng through ttre Opua For:uration' between

the 120 m and 250 rn contours, aro larger eLzed mounds wittt

eteeper nargina whlch are charactcrLatic of Pungarehu

Formatlon mounds.
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DRAINAGE

The charaeterigtlc radlal drainage from ltlt. Egnont Le

superlmpoged on ttre Prrngarchu Fomatl.on. Poor d,ralnage from the

maLn morurd field at Pwrgarehu Lr shown by rwanqryr eedge aasas

wittr accompanyLng Lron gtained aollr. No streams arc dceply

lnclsed lnto the formatLon and mort have cut only 3 to 15 n deep,

beneath thln cover bcde, lndlcatlng avorago donncuttlng ratee

of bc8reen 0.12 rn and 0.6 m par 11000 years. Along ttre margLne

of the fornatlon whare younger lalran have bcan depoaited upon

Purgarehu moundg r ttrere La evl,dence of rrcro actlve downcuttLng

and better draLnigcr probably due to tlrg uncongolldatcd nature

of the younger debrlg.

I,TTIIOLOGY

Fraqments

The deposLt ic t1plcally unsortcd and no beddlng har

been obrerved wlthLn lt. Ltf:htc fragrncntr are varlr dark gr€y

(5 vn 3/Lr, drylng to ltght grey (2.5 yn n7/1. They are

frequently porphyritlc pyroxene- and hornblenda-andceltce

supported by the matrlx, although thc larger bouldcrs up to { u

acroaa and averaglng 2 n dlamcter, touch. PumLce Lc absant,

although ecorlaceoue fragrments wLth sulphur stalned vegiclcg

occur. A number of xenollths found withln ttre ltthlc fragrnents

Lnclude wtttr decreaslng abundance, dlorl.tes, gchLrtg, tlrernally
altered Tertlary eandstoner and granodl,orlteg.

Near to gourca at 300 n altltude, most fragrrenta are blghly

ehattered dense andesLte and thcre 1r Uttle or no elay matrLx

and a nlnirnun of coaree sand partiales betwces. Along Wiremu

Road, between Parlhaka and Arawhata roade, the andcrite appear!
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massLve, alttrough so broken that loose fragrments can be prl.zed

from expoBures wlth ease. Thc Lndlvldual plecer all ftt
together, and appcar to have been contLg,uous yet wore broken Ln

sl.tu. |fhe textrrre of ttr5.s materLal approaches ttrat of an

autoclastic fltr brcccia suggcrtLng that cloce to sourcc lt nay

have been a vLgcous brcccJ,atlng flow. Such flowa are known to
accompany and have rceulted ln productLon of lahars (FllhGr 1960,

p.975). Away frm aource, al thc I natrLx Lncreacee the fragmente

grade from angtrlar to subangular to evcn aubrounded at the ooaet.

BouLderg nLxed witlrln unidentLfted arh on the norttrern frlnge
of the fonnatLon ghor good roundl.ng.

An exceptLonally large and puzzllng Lnelusl.on wltlrln ttra

fotmatLon vtas oxposed durLng Augruet 1971 at tha road-nctal quarry

on Wiremu Road, 0.5 km north of the JunctLon wlt*r Arashata Road

at NllEr/5075{8. fhe top of, the lnclusLon Ls lrregrular conaletLng

rnoetly of, whlte frlable quartz sand, erqloaed ovicr 100n2. on

Itght presaure the materlal broke to 90t+ cubangrular quartz

crystals and a few angrular glasc ahardc. Tosards the outel,de of
the depoal.t, cr6am, orange and orlraaon gtreaka were present.

The unconcolldated nature of $re LnclurLon and tha prercnce of
glaes and subangular guartz suggerte that Lt wag prlnarlly
aasocLated wlth a volcanic gource and not derlved from Tcrtl,ary

guartzltee beneath the Egmont nolcanlca. The abrenoe of altered

narglne precludes an ln al.tu hot sprlng deposLt.

From the appearance of ttre freeh glaes lt le poeslblc ttrat

Lt represents the reeldual coryonentr of a Central Norttr Igland

rhyolltlc tephra prevlously concentrated Ln Egnnont cratar. Borever,

no flnn conoluslona about lte orlgtn have bcsn establlghed.



12F

frro very unueual lithtc lragrrncnta Irere found whLch are

coneidsred Jrnportant ln aecartalnlng condLtLone wlttrLn tlre lalrar

fLotr. The flret Jugt north of htrgarehur on the eagt rl,dc of tttc

road at N118r/{036{5, har been rcvercly contorted (f19.2{). lflrc

fragnnnt fu normal dark grGy andeal.te, 1.5 m rcrola, and eactr

"llmb' Lg aplit by many fracturcs.
Thc second fragment Lr expoeed on WLrenu Road, a rhort

dLstance north of Klna Road Junctlon at NllSr/199562. Hcro a

large block { n hlgh and 1.5 m acro!6, wl,t}r bagc unaxporcd lr
hlghly fractured. ThG lndlvldual ptccae are covGrod wl.tlr purple

redr and black coatJ.nga, naLnly of rnanganero, sornetl,ncr occurrLng

aa 5 rm long lentLclec whlah are orLentad Ln cl.rcular pattcrns.

Such unusual brlght coloure agrocLated wl.ttr altqratLon of the

surroundLng naterlal LndLcate tha boulder ras hot whan tbe latrar

canc to regt. Srrbstantial quantitles of a dull rcd matarLal

expoeed at the Egrrrcnt County Councll $rarry ars gln .lar to
material at ttre above locallty and werG ldontlf,ted ag orLrto-
ballte.

I'latrlx

The matrLx conslgts of fLne and ooanc sand and clay.
Towards ttre upper eulfaca of rcrt moundc therc le oftcn a ycllow-

brown cementcd lanl.nated laycr up to 2 n thlok, locally rcfcrred
to ae a "shell.". Shelle only mantlq moturde, and are froqucntly

abgent frorn nound tope. Thcy shor a hlgh pcroontagc of clay

whleh csmsntg the bouldera togettrer fomlng a hard orust whtott

1r dLfficult to breakl 6vGn ul,ttr machlnerl. Thl.r Lr Ln narked

contraet to the loosely cmpaoted bouldera beneatlr. Frequently

the oehellei are brtghtly coloured (ysllorylrh- to reddLrh-brown)
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FIGURE ?4'- Clast preserved within Pungarehu Forneation on

Flighway 45rnorth of Pr;ngarehu,at Nl 18140i646.

' Fragment is l.5m acrosE and lm hlgh,

FIGURE Zg - 'section on Wlremu Road, immediately south of Kina

Rbad junctionrat Nl18/50155?' Sectioa shows 'Warea

' Fo,rmation overlying Okato Tephra which overlies

the Pungarehu. Forrnation.
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and show vteak layerlng concordant wlth tlre present growrd

eurface, auggestJ.ng they are post-deposl,tional featureg,

The sandy matrLx le gencrally looae and hLghly poroue, but

few large. V€sleleg are Preaent. Wfiere savLtl.ee arG Gt$roScd

(about 5 cuttLnga have been fannd whl,sh shor aa\rLtl€t greater

than 15 crr 6,Gr.oss) r ttrey are always loaated ln interatl,Cs!

between J.arge bouldere. Bacause the cavl.tLes ocqur ln newly

expoeed road cuttlnga ttrey arG clearly not s.condatT laachLng

eff,ectg due to exposure, and werc probably lntttally flllcd trltlt

air or water at ttre tlne of dcp,oaltLon. An Lnfra-red analyeie

of a earnple of matrlx chowed 34t andeel.ne feldapar, 5-8t halloy-

eLtlc clay and t.}1E reurainder a n ,xture of Pyroxen€ r nagnetlts

and glaaay mesoataalr.

THICKNETS AIID VOLUIIIE

The hel.ght of tlre guarry face Ln ttra tyPs atlBt togrcthQr

wLttr drLllhole cvldance eupplted by the Eguont County Englnccr

lndlcates tlrat tha fornatlon lc at least 30 n f:trlck et thts

point.

The baee of the Pungarehu Fonnatlon bas not been sighted '
except wbere tt Ls vory thtn along tbo nortbern rnarginr but

the Lncreate J.n relLef wtttr proxlmLty to aource ouggeetr tlre

formatlon lc thlckest ncar the typs arsa.

Only one drlllhole log tc avallable Ln ttra entl.re rsgloD

whLch glver an Lndl.catLon of tlrc maxLmum ttrLsknsrr of the

formatlon (Flg.25). Thc drlllhole ir frm ncar Pnngarehu ln

the axl.al part of ttra fomatlon end lndiaater a maxLmun poaalble

tSickneer of 60 u. On Eanpton Road along the norttrcrn boundary

it Ls 2 n ttrlok overlyl.ng Carrlngton Tephras and ttrc Koru lapllll.
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FIGURE 23

DeecrLptlon of Holc 2 on K.H. Flamtngrr propcrty, PUngrrehu.

(Xaforrnatlon receLvcd frorn Clancoy and Arsoclated Drt'llcrr Ltd. t
Waverleyl

DEPTH DRTLLBRI S IPG
(ln rmtrecl

AI'?EORI S CEOIfGICAI,
TNTERPRETATION

0 - 1.8 Clay Oakura g Ohato Tc1finr

1.8- I0,8 Stonsr and ahLnglo

10.8- 11.{ soltd stone large boulder

11.4- 12. 0 Stonss and shl'ngle

12.0- 12.3 Soltd gtone large bouldor

12.3- 16.5 Stones and shlngls

16.5- 21.0 Coarae dark grey sand wlttt
oceartonal ltonec

21.0- 22.2 9toneg

2?.2- ?6.4 Colree dcrk groy aand wtttt
oocasl,onal ltonec

26.1- 32.1 Stoneg and shLnglc

32'1- 33:o ::H:i"i:i*,$il""*d wlttt

33.0- 35.4 Stonee, rhingle and sand ? baro of fornatt'on

35.{- 39.3 Darh grGy gand wlt}r odd
Etonaa fluvial

39.3- 5{.0 sand andl stonee andceLtLa gandr

54.0- 59.4 Eand wltlt odd stonca

59.{- 60.3 Sand dark groy

60.3- 75.3 Papa

75.3- 78.5 Very flne grcy eand wltlt
eheU and sillca
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The fomatl.on covcra 200 knz whlah could be extended a

furttrer 50 lm2 tf the gteep htlls ln ttre upPcr Portlon of ttrc

Opua Fornatlon are lnterpreted ar Pungarehu Fonnatlon noundg.

If ttre fomation ls aalun€d, to have an avEragc ttrlcknoss of

30 m, then ttre total volume J.e bctreen 6km3 (msasured arca) and

2.5 kn3 (inter?rated cxtencLon bsncath Opua FormatLon). lfheee

fl.gures would bc doubled lf thc fomatlon J.s 60m avaragc tlriokn€88.

AGE

No radlocarbon datable rnatsrlal har bcan collectcd from

ttre forrnatlon co the age !.a bart extrapolated from tcphrocttroaologrlr.

Tephra control Ln 'thc area !e good (Neall 1972). Tato prlnctpal

ash fonoatlons, the Oatcura and Okato tephralr nantlc ths

formatl,on lndLcatlng tlrat ttre Fwrgarehu Fornatlon ls pre-Holocene.

Isopach maps for tfieac t€Phral are Pretcnted ln F!'gs. 26 and

27, becauec of thel,r lmportance ln datlng several laharg. In

ttre vLclnlty of, upper Parlhaka Roadr thc Sarurdere Arh and tltc

uppermost Carrlngton Tephra arc PrGlerved ontop the t\rngarehu

Formatl.on. The Sarurdcrr Ash le of rcatrlcted dlatrlbutlon
(Flg. 28, and along Carrlngton Road contaLne clrarcoal dated

(NZ9{2) at 16'100 t 220 Yr B.P.

In a coastal section at Ftangahume Strcarn nouth, NI18,/463{16'

to ttrs souttr-eaet of Opunalcc, la a peat layer wltlr wood fragmcnts,

erqroeed betrreen ttre baaa of ttrc lifatrca Fornratlon ond undcrlylng

gravele and eandgtones, which may ba lateral facles of tttc

Pungarehu FormatLon. A wood sarnple of, Dacndtun blforne frcm

ttrls locallty hae been radlooarbon datcd (N81257) at 23'000 t

300 yr B.P. If ttre gravsll and aandetoner ale prov€n to be

correlatLvsg of the Pungarehu ForrnatLonr thcn a mLnLmun age of
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tlre fornatLon LE cstabUshed at 231000 yr B.P. pgg!$
blfotme no longer ll.vee on Mt Egrnont, and Lts lower altitudlnal
llnlt Ln ttre northern Tararuas today k 690 n (21300 ft.),
(Mr A.P. Druce, [lers.con.) 2 lndlcatlng that coolcr condLtionr

exlcted Ln TaranalcL at ttre tln€ of tlrc peat formatLon.

ORIGTN OF THE PT'NGAREHU FORI.IATION

rhe large volumc of autogcnour brsccla Ln the lahar ruggerte

It wae derLved from a pre-exl.atlng andecitc cone by conre frec
f,all nechanlsm, The preeent Egnont cone conrlets of looac

columnar Jolnted lava flors wLth deep seated beddtng plancr,

ln placce reetlng upon unconlolldatsd gravels. A prevlour

Egmont cone would probably bc glnLlar ln etructure. The well
preaertved gource area of the Opua Formatl,on (deecrlbed Ln detall
Iater) on ttre prerent cone glvea an Lndl.cat!.on of the type ot
coJ.lapae whlch has occurred ln the rccent paet, anrd alnLler
collapeee are llke1y to havn ocr:urred on a previour Egrmont coDG.

The dlrectlonal nature of tlrc Pungarehu dcpocLt lndLcatcs

eollapae ocsurred to the scaward sLde of a prevLous sonc and

ltttle sll.ppage took place Ln the caet. The confl.ncd d"lstrlbut-
Lon of ttre foruratlon twarde lource lndlcatet a nalror zone

from whLch ttre latrar flow (s?) emanated and bclow thc 250 n

contour It (thayf) raptdly spread outvrardg in a fan ehape.

Certaln faaturea wlttrln lt (dsasrlbed under oFragrments") LndLcatc

parte of, lt ycre warn when depoalted, lrylytng that the collapBs

may have becn inltl.ated by an enrptlon, but no dl,etLnctl.vc or

wideepread airfall depoelte were enrptcd at tlrir tlme to
indLcate a catagtrophLc eruptlon. llhe abgence of purnice

fragrnente and freeh glass ghards ln ttro latrar precluds " tto5.
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ardente type of eruptlon and tlrsre l.s no cvLdence of wLdcsprcad

dyke tntrurlonr a mechanLom rfiLclr ls tlrought to have lnltl.ated
Lahars of the Tuscan Fomatlon (Lydon I9G8).

The massl.ve character of thc fomatlon and an abgancc of
beddlngr buried eoilg or foasLl vood Lndlcatee ttre bulh of thc

formation was depoelted ag a tLnglc evcnt or at a nrunbcr of
cloecly spaced lahara. Betwccn Oprurake and Manalar gravel and

Eandstone unLts ar€ a!(posed vhlch are poralble correlatLrree of
the Pungarchu Formatlon. Eaah rrnLt Lc well aortcd, graded,

and has beon depoat ted wltlr llttle eroaion of ttre previour

unLt. Abaencc of tephra rayen and eoll developnent betrreon

the unlts LndLcate they accumulated fairly rapldly. Thera La

LncuffLclent cvl.dence at present to ltnk ttre succecslon of
eventa in thls area to tlre deporitlon of $re Pungarehu Fornation,

but lf correlatLon wcrc establLrhed than a Eucserelon of lahar

flowa can bo rccogrnl.agd whlch dcporited ttre formatLon Ln a pultc-
like faehLon. Boeause ttre Opundce area war located on ths
eouttrcrn margLn of thg rnaln Pungarchu lahar flow, the better
sorted and graded unlts nay lndLcate latran at thlr dl,etance

vrere becuring LncreaeLngly watsr donLnatcd and began to grade

lnto a rLver-type flor.
The unugually chaped block of andcalte (flg. 2ll t north

of Pungarehu, eould not have been deformsd ln g!.tu aad nugt

tberef,ore have becn dcforrred n€aror aourcG wherc Lt bcoane

enveloped ln clay eo that ttra flangct of the bouldcr wsrr
protected from abraeion. ThLe bouldcr togctlrer with the large

bloak of frlable guartz eand lndlcatag the trdl.s;nncd phaoci

wag not thoroughly nlxed rlth tlre Fcontl,nuouc phase' (of Flrher
1971).
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outcropa neareet to source (along wlrGnu noad) ehow highly

ehattered andesLte claeta (avcraglng 10-20m) contl,guour for
many metras. Thelr l.dentlcal ltthologiea suggelt they wero

orlginally a eingle large lava bloek. Thc orlglnal fragrnrntr

could not have been tranaported far fron aouree bccause ot

ttreir irmenge st se and nay havc bcen produced durlng tlre volcanlc

crploelong whlch tnltlated the lalur,
Alternatlvcly the lava could have been extnrdcd prLor to

the latrar and wae ghattcred ln eLtu or waa draggcd a ehort

dt etance along the baee of ttrc f low.

SOURCE AREA

The caetern boundary of thc Pungarehu Fonation follore a

broad V-rhape wlth tlre apex near the eagtern cnd of Kahul, Road.

ThLs llnltr the sourGa arsa to duc eagt of ttrl.s polnt and fron

proJectlone of Pungarehu Forrratton surface contoun eaetwardg,

ttre aource arca nay harre becn rllghtty west of ttre prescnt lit.
Egmont sumnLt.

A rough ectlmte ean bc nadc of tlrc eLrc of, andealtr oone

above the 300m contour requLred to produce a lahar wlth thle
volume, aggumLag tlrat thc conc had an average slop of,27o,

where r thc radLur - 2h (h - hetght) r ttren the volune La

calculated by tfre formula (V - Llz=zn!. rf tha foruatLon Le

30m arrcrage ttrLckneee, then the conc would havc bccn 1r950n

(61500 ft.) ahr\re Eea level frm the rncaaurqd extGnt of thc

fornatlon, or 2r080m(6r930 ft.) htgh allorl.ng for ttrc Laterprctcd

dLctrr.butlon. AEsrrnlng the forrratlon to be 60 m averagc t*ttck-

neas lndicatea a cona 2r380m(?r930 ft.) htghr ot 215{08(81170 ft.)
hlgh from Ltg Lnterpretsd dietrlbutLon. The lagt figrure la a
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ltkely eetLeatc of the sl.ze of a sourc. oonc booaurc lt 1r

unltkoly that all tho cone collapted Ln the onr dl.rgation to
eonstLtutc tlre lalrer.

Thc calsulatlon o! 6km3 utnlnun nohnc lor ttrr f,ornatl.on

allows a coparl.ron to be nadc rlth hl,storLo cnrptloar rhLsh

tnvolved largc ecala oollaprc. 'llho \rolumo of tlrc dLnotad blart
daporLtr lrm thr 196{ enrptl.on of, thtnrluch volcano totalhd
I.5 km3 (Gorehkov and Dublk 1970! rnd for tlrc 1955 Eaqntanny

cnrpt!,on 1.8 km3. lltrc rclaanc of rnrrgry ln ttrc Bcrlnl,anny

eruptLon (Gonhkov 19591 rould pro,bably aonrtl.tuto a rlnl.lar
throrhold valuc rcqulrcd to lntttatc latTr scalc oollapre of
a prevlour Egmoat cono.
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WAREA FORMATION (wf)

DEFIIIITTON

The formation la nannd altsr tho eettlcnant of Wttoar 29 kn

south-west of New Plynouttr. The tlpe locall.ty ls dcaLgmated lD

ttre road outtlng lumedlately aouth of l0atsa (N108r/tl1270tl, anrd la
bounded to the west by a htll (fr!.g f1 , altLtude 77.7 m, wlt*r

an old trtaorl, pa rlte on top. It ehowr a eectl.on almoet tangentLal

to the hill whlch le coupoeed of Pungarehu FomatJon breccl.a

wittr wedgcs of Warea Formatl,on ttrat lap onto bottr cldee. In

seetLon, 60 cn Oakura Tophra ovcrly the Warea Formatl,on, rhlch

Lg prlncipally of cobblegtone lltlrology, ln placca paerlng to
a grLt. It ftlle deproeelonr betnecn Trlg P and ottrer rurroundLng

htlla and at ttre north and gouth cnde of ttre cuttLng J.a 2 m

tlrLck. It regts on 60 - 90 cm Okato Tcphra

on 2m+ Prurgarohu Formatlon breccia to blle.
Because t}re formation shwe a ride lateral facteg varLatLon,

a second (or rcfcrence) locallty 1r darlgnated ln the road

cuttlng 0.5 km wcgt of tlre JunotLon betscon ParLhalca and lfl,nnu

Roads (N118,/{87628t, ln the tlzpe rroa of t}ra Prrngarehu FornatLon

(flg.l?). Here the Warca Sornratl,on Le a congloncrate with a

large 2 m rounded andeeLtc bouldcr prceenr€d ylthln tllre dopoal,t.

The f,ormatLon ls dlgti.notlvG ar tJrc prt nclpal depoalt

between thc oakura and Okato trphrae. Uppar and lqrer contactg

are eharp and well deflned. Inland froar WLrenu Road, a

Bsqu€nce of debrLe flo,r depoeite bury tlre lfaroa FornatLon but

not ttrs overlying Oakura Tcphra.

DISTRIBUTION

The lilarea Formatlon has an unusual dlstrlbutLon (AppodLara

Bl, E2 and 83! r Gotrll.Etlng of, 3 prlnolpal lobas hue nenad ttre
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north-western, wogtGrn and southcrn lobcr. t{hereas moct of
the other weetern TaranakL flowg regulted ln ttrtok fan-ehaped

depoeLta of a eLngle llttrology, the Vlar€a FotratLon ir of
varyLng ttrLcknees, trLlobate and rangGs frm grlt to aobbleetone

and breccl,a. The norttr-rectern loba $GtGnde frm ttre noutlr of
tha Kal.hLhl Stream along tlre eoaet to war6a Rlver and extendg

lnland to near the Junctlon of Prurtho and l{Lremu roadg. Thc

lobc le roughly trlangular, the apox havlng been overlaln by

later debrLs flowr. Xt ls cmpoaed ahnoot entl.rely of cobble-

etonee and grlt llttrologlcr and raroly contaLne largc enough

fragmrents to be temcd breceLa or conglmerate.

The seetern loba extende from eouttr of Capc Egnoat, lnland

to KahuL No.2 Trlgl about 11.5 kra caet of Rahotu. rt Le rpllt at

tlre eactern ond of Katrui Road lnto norttrernr central and

gouttrern portlone. The northera portJ.on cxtcnds along tfaito-
toroa Stream to near ParLhaka Pa. The aentral portLon cxtendr

down WaLtaha Strean from thc 360n to 120u contoura and thcn

srd.ngs gouttr-wectlrardr acroas Opourapa Road to Ratrotu. At

Rahotu lt spraads latarally to Jotn ttra appreclably ttrlokcr
routhern portLon whlch extends frm Okelru Strean eouth to
Kotsotco Strcan. On Wlremu Road, near Kl.na Road Junctlon

Nf18,/501557), ttre formatl.on le 2 n ttrlck (flg. 29). Thc

gouttrern bourdary of tho western lobe Lg ovcrlaln by the Opua

Fomatlon but ln ttre coaatal cllffg to ttre south thc fomatLon

le aeen to thicken. A U-shaped recldual nhlghi atrca prceened

along Arawhata Road frm HLghrey 15 to ttre coagt reprcrentc

ttre qaln axl.s of the forrrration. The "hLght Ls nor bordered on

botb eLdeg by ahannels along whlch the Opua lahar flowed.
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The gouttrerrr lobc doee not e*tend to the coaat and near tha

200n sontour blfurcatss. Above tho blfurcatlon, the formatl,on

Lc 1.5 km wlde and extcnde bctrreen the Punehu and Ouri atreams

but bclorr the 350 n contour lt widcna and along Eltham Road Lc

5 kn widc. Below ttre 200 m eontour the fomation 1r thln and

ternLnateg ln two lobee, one along Oeo Strcan dowr to the 120n

contour, the othcr dcrn Otakeho Strcan to ttre 200m contour.

GEOUORPHOLOGY

In the north-vestcrn lobe lfarea grLtr and cobbleetoncg havc

fl[sd depresslons betrrecn pro-exlrtlng Pungarehu FomatLon

npundc. On aerl.al photographs tlrc surfacc ir dlagnoetl,c,

eoneLsting of large flat lnter-arear totalllng 90-95t aurf,ace

area wlth ecattcred rnall mounda. lfhe War6a FometLon avqragre!

tln thlck ln t}rls lobe Eo tlrat many cnall Pnngarehu noundc and

thclr lnter-areas have bcan burLcd. Thc fomatl,on Lc ln
excEsl of 5n thl"ak at WerckLno Etraan, and thlng to barcly

covGr a Pungarehu mound ncar PunLho Road, 5001a ayay along

Hlghway 45 (Flg.30).

Along ttrc norttrern part of ttre weetcr:l lobc thc fornatLon

avsragea I-2n and hag not nodLflcd thc phyalography. Thc

southern part Lr ttrlaker and at tho Ararhata Road coaatal

sections totals 5-6m and hag buried carlLer aurfaecr.

The eouthern lobe ahows noundr <5n hlgh, betrrrcn ttrc

450n and 250nr contoure. They arc baet oxpoeed near tlrc lntor-
eectLon of Opunake and Oeo roadr and gradually becmc smtllcr
south-wecirvarde along ttre axLc of ttro waetcrn bLfuroation.
They are abgent below ttre JrurctLon of Eltham and Oco roada where

tlte deposit 1l thtnly spread aa a wrLform layar about 2m thLck.
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FIGURE 30 - Grsra-ccctior of qqplu8e oD Meln So{tB Rbsii

llfgh$ay 45), aor6 of Fuaiho Road ;llactiot,
N!08/423?49. E*porurc tt Soirr leng adl {e }rgh.

(--Oeua MorrN,D6-| Foq,te - \rAREl\ MouNDs--+
oI ,^- ^3J 

l

NE

of = optra Fogralion
l.rf - Wdrea l.o|IDfts{r! Nste tlser at qo!.ta-Gtr

FI{iERE 32 ' Dlhgiranirraiic crorr-aectlor of OPge Fpqaedrirn aortadr

elil older autface of Opua-lVatcaqfosn*tlonp nrouqda

Grlroaeil oh waiteit(a Ro:rd, Nl18r5444??. Sw=louth-ntalt!
NE=norrh-eart'
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Good e:q)osureg of ttrlg deposlt oecur on Eltham Roadr lmedLately

ealt of Awatuna.

Warea Formatl,on depoal,te are not oxtenslns and tttlck
enough for strcamg to bc confLncd to ttran and show no dLagrnogtlc

fcatureg {n the prerent dralnage pattern.

IJXIEOI.OGY

the north-wsrtcrn lobc le cmpored alrrcst cntiraly of

cobblagtone and grlt showJ.ng wedi beddtng lndlcatlvo of

fluvj,al orLg{n. At ttarea, ttre aobblartone conll,stg of dark grey

(5Y l/Lr' blaok (7.5Y-R N2) and vcry dueky red (lon 2/2't andasLte

fragnants whloh average 3-rlemr est ln a dark grey (5y l/f)
sandy matrl,x. Ths materLal Lr all ltttrLo andecltc and no glaray

fragnenta or vecLclag have becn notcd. lfhe depoeLt Lg wsll
lttlrlfted and forme an extenaLvs npano beneath tlre topaollt
alttrough the Pnngarchu Formatlon ie a hlgher grade of llthtfl-
catLon. Bstncen Stony Rlver and Pwrtho Road, whora tha dcpoelt

Lg weLI cxporcd, a soctlon at Werchtno Strcan rhowg cxecptLonally

good rorting.
the northern portLon of the weatern lobe Ls oonalderably

coarasr and contains wcll rounded bounderr up to 2m aoroeg

wi,ttrLn relatlvely thln conglmerates averagl.ng 1-2n tlrLck. In

the gouttrern portlon ttre fragmcnta becme Lncrsaglngly angular,

lndLcatlng proxinlty to the axLe of 'qaLn flow.

At Arawhata Road, the breccl,a fragrncnta aro eubangrular,

average 15 qn acrosa but rangs up to 80 cn. lttoat are grey t'n

colour wLttr orange, red and whlte etaLn!.ng. lfho sandy clay

natrl.x 1g dark greyleh brovn to vcry dark greyJ.sh brown (2.5fR

4/2-3/21 but torardr ttra top bceoee Lncraaeingly 'aehy' (L.c.
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containlng rcdepoaltcd tcphral brlghtenlng to ycllowlah-brown

(10fn 5/61 colours. Verl subtle weak beddtng lc dlrtlnguJ.ehable

Ln the natrLx as 5rmr ttrlck bandg rhlch tend to be etehed Ln

weathered facea. The for:natlon la lcrr congolldated hcrs

compared to moct ottrcr localltLcc and Ln contraat to ttrc varlz

well ltthtftad underlylng Pungarahu For:sretlon, enabllng t:bc

othenrviae var? alnllar dcpoeltg to be reparated. Bscaulc of
ttre laak of congolldatlon harc, the coactal cllffr formed of
ttre formatlon ars vrry eusccptLble to marlne eroelon and

collapsce of tha cllff facc are oftcn cvldcnt after storrryr

8e48. Three $ood fragmenta up to 30ern lengttr were aleo found

at thle looallty, and are the only fragrmnts yct forurd wlttrln
the three extenll.vc westcrn TarandrL laher dcpoaita. Anothsr

rar6 conponcnt here Lg a largc bouldcr 3.5ar longr of well
lr'nl.nated fluvlal gandatonc bedrr whl-ch dlps l5o tmardr thc

coaet. A eeeond s{nller bouldcr Lc exposad ln Hcinana Strean,

about 100n upstream frqn tlre coast. The l.attcr Lr lOn length

and {n helght and rcprerente ttre largeat boulder forurd ln t*rlc
lahar rtudy, altlrough tt waa probably not trancportrd fu. It
1g rafted wlthln tlre latrar dcpoeLt and axhtbitr eandgtone beds

whlch have bccn deforured Lnto an S-ehape lndlcatlng the boulder

wag draggcd and dcformqd along thE bage of tlrc flon.
The southern lobe of tlrc fonratlon contalns prr.nstpally

angrular grey andeslte fragrncntr and Lr LdcntLcal to ttrc

Fungarehu Fotmation llthology. lfowarClr Ltt marglna thc daporlt
shows a large Lncrease ol ycllovl,sh broun agh ln thc natrh
partlcularly about 200n weet of Mangavhero-Opunake road JunctLon,

anrd east of Awatrrna tlre depoeLt le an 'aahyi conglonrcratc

showlng a ratlo of, 2r1 rnatrl.x to bouldere.
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THICXNESS AITD VOLU}IE

The Lsopadrg for ttre Warca FormatLon (Flg. 31) ean bc

plotted where the depoelt La thtn, but totrards the axial portLona

ttre base Ls rrnexlrcaed exccpt on the coaet, and Lsopachc lre not

lnterpolated. Aftcr tlre depoeltLon of the Pungarehu Format!,onr

ttrc wcrtcrn Tarandrt landscalrG bctnecn Warea and Rahotu

ooryrlaed a trh!,ghn aroe (acc Appcndlx B2l, llhe 9farea labarc

sere ctrongly topographloally oontrolled so that ae tlrey floved

fron Egrnont ttrcy wers ctrannelled around the 'hl,gh" to ttre

north- and gouth-wGgt.

The northern and central portlona of the weatern lobs are

tiln and were channellcd along valleya bounded by hlgh

Fungarehu surfacee. Ths eouthern portl,on of the lobc war

defleoted to the soutlr of ttrs PurEarchu 'hLgh" and south of trina

Road tho regultrnt dcposLt La thldrcgt wttJr ttc bare belor rca

level at the coagt. Souttr of Aravhata Road the bate rcaPpcarl

above sca 1e\r.1 as the fotration thlng towarda Mangalrune 8t[an
moutlr, and at Pihana lt te abrcnt. the bare of thc eouthern

Iobe 1r not erlnred ln ltg axlal portion but along lts nargLns

the dcporLt averageB 2-3u thLck. It soem! ll,kely that tlrc
wegtcrn and souttrern lobes are Jolned bctwccn Awatuna and

Opunalse, but becaugE of Lnsufflclent dcep expoturee and tltc

younger Opua Formatl.on cover, ttre distrLbutlon here ig obccurc.

The north-wcgt lobe attalne a naxLmun tlrl,ckncss of about

5m and totalg about 0. 25 km3. AgsumLng an average formatl.onal

thLcknegs of 5m from Rahotu to Awatuna, ttre total volune of

ttrc wcctern and aouthern lobce le about I km3.
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AGE

The age of wood collected frm wlttrln thc fomation hae not

beau daterudned at ttre tLne of wrl,ttng. The fornatlon j.e ruder-
laLn by the Okato Tcphra whlch Ls known to have been enrptsd

bctwcen 7 and 161000 yeare ago and Le nost llkely betscen 12

and 161000 yr B.P. (Neall 1972). The oakura Tephra datcd at
<71000 yr B.P. overliea the fornatlon, An agc of about 12-111000

yr B.P. Ls ltkely for thc Warca Fomation.

SOURCE ANEA

The leopach nap of ttre fotmatlon ahorr an origi.n frm !lt.
egrcnt and not froru Fanthans Pcak. Thc dcposlt tfilns and lapa

onto alolns that gradc to ranthang Peak and tends to ba

shannelled away frm tlrem. I{tretlrcr t}rc lahar wae dgrivcd frm
the prcecnt !lt. Egmnt uppcr cono or a prtor conc Ir dtff,tcult
to interpret and tno altcrnatlrrc hlpottreeca clan bc conrldstrcd.
(1) ff the maln axLe of ttrlakenlng of the dcpocLt !.e proJceted

torsarde ![t. trgmont, lt ctrl,kce the uppar conG ln thc l,ilrst

Rldge-oaonuL st:ean reglon where thc contoura ghor no llkely
aource lrocr The Weat Rldqe and Oaonul Strcam lava flong
and aeaoelated surfaccs roprea€nt gonp of thc oldcgt
gurfaces on Mt. Egrmont. Thus, tf thc latrar wag dcrlved

f,rm thlg rcgLon, lt must hanre ooeurred prlor to ttre

extruelon of the Wegt Rldgc and Oaonul Streanr lava flows.

ut. Egrmontr ! uppar conG la gcnerally regarded ar havLng

been conrtruoted Ln Holoscnc tlnoa becauee of tha laak of
glaciated features, youthf,ulncrs of tlre oone and a X"/At

date of 211000 i 31000 yra B.P. obtaLncd frm lava tlors
at Dawcon Falle (iI.,J. StLppr pera.c@. ). Thue ttric
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hlpothesLc Lnfers $re oxtruclon of ttrr above lava f,loe
about 121000 yr B.P.r follorrLng the Warse lahar flow.

(2) AlternatLvelyr the nlaLn dcporit nay havc beon lnltlated
from ttrc Boba Bluff-Fanthanu Pealc "anphlttreatrer. If
thls ls correct ttro naln flor of thc lahar ohangad dl.rcctLon

fro twarde Ts KlrL to an arca north of Opunako. Iha

prosenss of ttra ottrcr lobcg to ttre wart and north-''rett

rcqul,ree emaller aeeocl,atsd collapscg nlecwherc on thc

cone.

In both hypotheasa a rurplua of watcr rar raqulred for
ttre north-uest lobc. Volurne calaulatLonr of ttrc Bobe Blutf-
Fanthane Pealc "anphittreatrci sbor thc Opua latrar dcpoalt whlctt

gradee to lt ir of a sLmilar voluna, LndLcatlng that the Warea

Formatlon could not also havc beln dorlvsd from Lt. Ehc fint
hlpotlrealr Le ainpler and Lnnolvcg a lahar derlned lrorn a ringla

aours€ arsa whLch apllt and bscame rtrongly topogpraphLcally

controlled ln qontrart to thc seoond hlpotberle wherc at lcart
2 latrare origLnate from Eglnont aborre an altltude of about 120m,

and which eubatantLally alter diractlon fron a etraLght radtal
course. llhe flrgt hlpottrerlr le thue congl.dered rnore likely.

NAIURE OF FLOWS

The nain axLs of the leopaehg ller Ln a sril-llE dlrcotlonr
intereecting ttro coaetll,ne be6rccn Ararhata and Helnana ltreans.
In t{rLs regLon, thc baee of ttro depoalt 1r gllghtly belon rca

level, anrd occupiea a former vallcy that sxtended ln wldttt fron a

poLnt 2krn south of Rahotu to opunako. lfhe coincLdcnce of tlra

axls of maxlmun thiaknoaa wtttr a brcocla llthology suggegts tlre
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dapoel,t represents a gravl,ty controlled lahar shannelled by

pre-existlng ralief.
Sone latrari.c material aleo flowed eouth to Awatuna, but

ttre faLlure of ttrle flow to rcaeh the coagtllne indioates ,lt wae

narginal to ttre naln flow.

Where ttre formatlon Ls tlrln ttre Okato Tephra lr freguently

pr€Ben/€d beneath, tndLcatlng lLttle eroglon at the floryts

bage. Erren wherc ttre axLc of ttrlckcnlng rtrLkes ttre ooart at

Arawhata Strean and aleo at thc faungatara gtreanr north, ollff
exporurea show a thln tephra laycr prslereGd bcneath. Above

tha 200n contour howevsr okato Tephra J,aopache ttrlnr probably

reflectlng eroeion by the overlytng lahar on thq cteeper alopee

near rource, The tephra horrevor hag beqn coupletely rercvld

along Wlrcuu Road betweEn Arawhata and Oso roads. Thc 'fluvlal-
llkex cobblestones and grlta to the norttr-west luggeat a Larga

proportion of water cornpared to debrLs waB channelled to tbe

north of tlre Pungarehu rhlgh!, and waa deposlted aE a largc

flood. Ottrer svLdanec of curplug water Lg in t}re wsst'crn lobe

near to source, where ttre f,ormatl.on la lm thtek' yet lg sprcad

ovor aorna of ttre hlgheet Pungarehu nounds. BetweoD ttra top of,

ttre Pungarehu "high" r rt ttre Egrnont Corurty Councll Quarry facc

and a nlown to the norttr of Okahu-Parlhalca road Junctlonr tJtare

le a helght thraahold of 22.5m. Thlg suggerts a flqr with a

water surpluar rt leaet 25n deep waa required to dcpocit the

materLal over such dLveree topography, Further aouth along

Wl.renu Roadr tlrore la a slnllar helght dlfferenae.

In contrast to thls, tlre southorn lobe dLd not contaln

ln sxcoss of sater conparcd to debrLs, and nueh of the flow cana

to rcet norttr of, Awatuna. llhcrs le no evLdencs hore of fLner
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randr and rlltr bd,ng trrtrrportrd by cxcalr rat:r brltod tlra
dl,rtel juEl,n ol tfir oortt.tr drbrlt.

Bcoaun trtrr drporl.t conttlnr uohartrd uood, Sa f,Iq l:
prrrumd to hrvt brgt @1d. lbc tm mlt ltkrlf sourolr of

nrr;rlur rrtrr rtr @Dfldlrrdt to brr
(al frm bervy ralnl, or
(bl by collaplr of t urtlr rto-reer r.r.t|tlElr (aretc Lrlel sr

unftrgrarnd rrt t nfirre$ harl,aourl by rrr-.auptlTl
ulchtalrn.
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OPUA FORI.IAIION (of)

DEFINIrION

The Opua FormatLon iE hcrc namcd after Opua Road whlch

Jolna Hlghway {5 to Wtrsmr Road, L.c. bettrcen polntr N118r/12{{65

and NIIS /3L9529. The tlpe locallty Le at opunahc (northarn) bcach

N118/tl45t[33 where a sectLon hac becn expoaed by a road that
degcendr the cllff,s to fLsher:nanrr boatsheda. rn thc upper part

there ie expoacd bcncath prarcnt day toprotl
{ n opua ForuatLon wlth no overlylng tcphra scluorr charp

contact

50 o Oakura Tephra, aharp, stral.ght contaot

35 cur Warca FomatLon lanrdrtonc, rharp eontact

30 cm Okato Aah, sharp cqrtact
tl m ?Pungarchu FormatLoa, fluvLal gravele and randgtoncr,

sharp, stralght contaat

5 q putty coloured arh

f,urttrcr gravele and sandstonet to ba!G.

A refercnoe locallty La algo degcrlbed at ltangahrnrc Straan

mouttr, N118r/t63{15, whlch can bc reachad by a prLvate road off
rlLghway 15. l[ha prlvate road branrchee n.ar the coagt and the
gectLon is best obgenrcd, where the northern branetr dcaccnde

the clLffg to a bay, north of Mangatume 6trem. Ecre erpotcd

ln tlrs uppcr part Le

5 m volean.Lo breccla-conglmcrate both corprlea ttrc Opua

80 cn aeh wLth gtones FomatLon, thc latter
reprelcnting ttrc ralhytr

baac of tho deporLt.

70 crn Oakura fephra
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2 rn lamlnated grl,tg of Warca FormatLon (vhtsh thleken to {n

on tbs headland to the eouth and where the llthologff

bocmeg a volcanlc conglornerate)

{5 cm Okato Tephra

{5 cra peat

2 m cobblestone.

t{ood collected from tlre bagc of the peat har bccn dated (ffZ 1257}

at 231000 t 300 ycara B.P. (set Prurgarehu Fornration "Agc').

The o,pua Forrnatlon il a latrarlc brccoLa,/conglomrate whlctt

forms ttre prerent ground turfaoe lD Opumke and Ee KlrL dLrtrLcta.

There !.e no tophra cover on ttrlr arc!. Thc lowcr eontact of the

fomatLon ls sharp and d!.agnostlc ln t*re coaetal cll,ffc and ls

rrnderlal,n by the Oakura Tephra. Giood atq)osurct ocsur on Elghray

rt5 bqtraen llalaua Rlver and Elttan Road (N11S/1631271 t l"uuodtatety

norttr of Otaht Et:ean (N118/{{21121, and LrmsdLately nort}r of

Helnana Stream (N118,/433419) .

DIS$RIBUTION

18he opua Foruat!.oa Le of a brocd dslta-li'kc forur (9.

Appendleas 82 and B3l. Near aouroo, ln thc denlc burh oountry

of Egmont Natj.onal Parkl tha crtent of the f,orrratLon La oblcutre.

At ttre 750 n oontour, the fornratlon Lr 4 kn wtde extendLng f,rom

WaLaua RLver to Punchu 6tJeam. At the {00 n contour lt attalng

9 kn wldttr and thcn epreada outrrards to Lntergect thc prercnt

coactlLnc over a dtgtance of 22 km. For about 6 tm lnland from

ttrc present coagtllne ttre flor was channelled along prevloua

rlver valleys and bctween tlrrco rlLghtly elcvated 'bl'gblo.

trhc ,highen arc trl.angnrler Ln planl oD€ occurt near tlre northern

boundary and two near the eouttrern borndarT (ggg AppendLccs 82
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and 83). The northern 'hlgh" extonds along Arawhata Road, a!

far lnland as Aranhata Trlg, 9I.2 n altltudc (NU8r/155502). llhe

trro souttrern "hLghs' aro centrcd on Pthama, ths fLrut extendt

lnland fron ltrJ.g E No.2, 16.2 m altLtudc (N128r/50736{) to a

polnt Nl28r/535400, ncar ttrc lntencotlon of, Patlkl and Skeet

roadsl tbe gcoond gxtends frm a polnt N128r/530347, nldway

batween Ourl and Oeo etreama, lnland along Nopcra Rord to a

poLnt NL28/547 388. Thuc tn ttrk rcgLon thc fomatLon lr dlgltate
and rsatrLoted to tlre narrow Ourl and Oco etrean ohannglg.

GEOMORPHOI.OGY

Thc wide range tn alze of thc Opua Fomatlon rnounde,

togettter wLth geonorphologlcal rclationthlpe of aurfaccg lndLoatc

uounde are of prlnary and rccondary ortgLne. Thle rolatl,onrhlp

has not been provcn by tephra corrclatLon bccaurc of paucLty of
deep eectlons and abcence of, reoent cruptivce i.n ttrle region.

In the Opwtalce arca tlre mounde undoubtedly orlg!.natcd durlng

depoait!.on of the fomat!.onl ttrey ara dl.rcrGtc and arG

frequently smal1 Ln dLaneter and halght. Hosever Lnland,

elongate areaa of larger moundg crtend radlally tovardg the coagt

as nj.nterfluv€Bi, separated by areaa of snallcr moundr along

existlng rlver channels, The larger mounda aplraar to bc oldcr
and to have bcen conpletely atrlppcd of tholr ovarlyLng trphra
with younger opua natcrlal partLally eovertng tlreu and oompletely

filling vallcya between ttre 'Lnterfluve!'.
On Feaver Road, a road cutt.fng at rtght anglcs to the

dtrectLon of f,lorn, ehona youngcr Opua brcccLa conprLring ttto

upper part and older breocLa ttro loner put of the nound. Thla

mound €:rpoaurc proves a nultlple origin. Botwscn Karcora and
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WalteLka roade, at ttre 300n contourr 30m high mounds an€rgc

above the pre-Opua lahar depoelt, anrd ropreeent an earlLer lahar

depoalt. Tlro older lahar surfacar, bottr of whieh have besn over-

run arrd non protrude from beneath thc Opua FormatLon, are llkely
corrolatl,vse of €rc Pungarohu and Warca foruatl.ons. They are

accordingly nanad Opua-Pungarehu (of-pf! and Opua-lYarea (of-wf)

noundg. The largcrt Opua-Prurgarehu nrorurd la Clqment Trlg
(N118r/5/t6497), altLtuda 230m. It 1g 200 n ln dlameter and Ls

the nort geawatd of ttre only llns of Opua-Pungarehu nounds

obscnred,, opua-f{arca mounds are ln contragt abundant, Partlcu-
lar1y abovc the 100n contour (Appcndtx B2). The largegt le about

80nr basal dLameter. ALong Waltelka Road' noat NIIS/554477, 1g

a rLger whLch le consl.dered to most cleerly rePretent the

boundary of ttre opua and opua-Ifarta surfacea (F19. 321. Becaure

of the dtffloulty Ln eeparatlng Opua and O,pua-lfarea noundg,

bottr t11tet arc consLdered to belong to tlre Opua FormatLon t n

thlc rtudy.

tdost Opua moundg are cj.reular Ln outlLne altttough a fsw

ehow eltght clongatLon Ln the dlrcctLon of flov. FloBt ar€

J.rregrularly dletrLbuted but one dlgtlnct llne of mounda extcnda

for over I kn along WaLtekl-a Road, betwaen Elttran and lilLremr

Roads. lfherc l,s no gradatLon Ln slze betrrccn then and tbey

are nearly all connected by lw shoulderg.

A earleg of grtd sguarea waa chocen radlally along a ton€

of Opua and Opua-Warca mounds to compare thelr relatl.ve stzc

and abundanca wlttr Pungarehu noundl.

rracLnge werq made from N.Z. Lande and Survey acrLal

t"q{gb photographe NZMS 3, N118,/8 and, /9. the nethod ol
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reference Equare countl,ng as explalned for ttre Pungarchu noundg

wac adopted exccpt that becauae the roundr croeg the photogrraph

diagonally ln a NE,/SIf dlrectLonr the referenc€ Eqluarss wero

chogen ln a dlagonal plttern. Tho serLec of aquarct extcnde

from the coastllne (betrrcen {00 and {10 northlngt and {70 to

{80 eartLngg}, lnland to ttre referencc tguare bounded by the

170 and {80 norttrLnge and 5{0 to 550 caetinge. Th€ bar hietogramg

(Flg. 33) ghow the predoml.nance of 10-20n dlametsr mounds at the

coaet but bettreen { and 6 kn Lnland, 20 to 30 n dLancter nounds

sre rcst frequcnt. Baheen 6 and 10 kn ttre l0-20n nounds agaLn

predornlnats and ln ttrs Last refcrcnce sguare 20-30m nounda

agaln form ttre mode. Plotted naans of naxLmun dlaneterc Ftg.3{a)

Ln each of, ttrc aquaret and nariuum dlanrctcr contourg (Ftg.20)

ahon a gradual lncrease Lnland rlt*r a eharp lncrcalc nsar source

but norhere do tlrey approach thc glzs of tlre largert Pungarchu

mounds. Towardg ttre dlctal nargln munds are smaller and fawcr

ln nrunbcr ttran further tnland. Bettreen tlre 80 and ll0n oontourl

ttrere Le a charp Lncreaae ln rcrrnd frequeney (Flg. 3lb), from 70

to over 280 nowrds per 0.81 km2 area. AB wtth ttrc Pungarehu

FonratLon morrndr an cstimate of the percentage covar of noundg

to each aguar€ wag dctermLned by potntcounttng (Flg. 3tlc).

Although thc pattern Lg sornwhat cycllc thcre Lg a dLgtLnct

lnereaee ln cover fron 0 to bctnesn 20-30t norurdg. ThLs lc
conaLderably lsag ttran ttrat detcralned for ttre Pungarchu mounds

whlch are larger Ln sizc anrd coner a relatlvely greater ar€a.

Ae tlre Opua Format!,on fomr preeent grotrnd surface ln the

Oprrsake-Te Klrl regLonr t}re gradient of ground eutface rePrc8snts

the gradLent over whLch the lalrar flored. At tlre 900n contour

ttre gradLcnt ls I ln 6, but ttrls qutckly gradee to about I tn

25 near ttre 350 n contour and to I ln 77 near the coaat.
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FIGURE 34 - a. Means of maxirnum

(in metres) in each reference square (1-9 in Fig.33),

b. -frequency of mounds to each reference square,

S*- % mounds in 400m square units with distance from

coast. Note: For ease of counting, squares in Fig. 34c are

400m square, compared to squares in Fig.33 and Fig.34a & b

which are 900rn square.

coast )
diarneters of mou:eds
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DRAINAGE

Strcane whlch f,low at presont through ttre Opua Formation

drain radlally to ttrc coaet. Xn ttrel,r upp.r reaclrea ttre gtreama

Gnsrge from 30 n deep gorgcs on tlre uppsr gouth-rycst f,lrnkg of
Eguont, but downatrean at the 350 n contour tlre rLvcr courscs

occup:f ahallotrr narrow nsar atralght elrannelg. OD ncarlng the

coagtr the clrannela wl.d,en and are lncised about 12 n balor
the Opua Fornatl.onrs uppcr rurfacc.

The lfaLaua Rlncr Lg tlrc largort guoh rLver courac and near

the coast occupLes a 0.3 kn wlds ctrannel. UpatrGan at the

WLrolu Road brLdge, a eore drlllcd below rl.vrr level by Egrnont

County CowrsLl reeorde Ln exoerr of 15 n of eand, suggcrtl,ng

that at thle altLtude ttre dccply Lnoleed rl.vcr channel lg
choked' wlth debrlc whleh lt le unable to carry except dudng

occagional floodg. gtrcrme guch as tfila lnclgcd through or

Lnto the formatLon chow ratca of dowaeuttlng Ln exoegr of
2 - 2.5 m per 11000 year8. Thic Le substantlally grcator tlran

that calculated, for ttre Pungarehu Fomation and lndioateg a
&ore rapld crotLon lnto ttre loosc unconrolldatod Opua Foraation

debrig.

LITHOIOGY

In Hel.nama Straamr towards tlrc formatl.onre northern

boundary, ttre lltJtologpr congtgta of aubangrular andeslte fragrmnta

loorely eqmented Ln a grey eandy grlt. Moet lragrrncnta are leae

$ran In acroaa, a fw arc ellghtly vceLcular and they range ln
colour from 7.5YR N5r/ to N,/ (grey to dark grey!. llhc natrLx
Lr LDyn- 4/2 (dark greyLeh browal wlttr irregular pockets of 'achyr
naterLal 10m, 6,/8 (brownlsh ycllor) clearly lneorporated
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within the fomatLon. tthe depoeLt Ls poorly sorted and contatne

a large percentage of matrlx to bouldert. t0edc beddlng lr norc

sorutron than Ln the l$area and Pungarehu FornatLons.

At the type eectLon, near the axLa of the deporlt, ttre

maJorlty of fragrrnentr aro a grsy oolour ar above, vl,th rarer
10R {r/3 (weak red} and 5IR l/8 (yellowlrh red) colourcd f,ragmcnte.

The matrLx is 10YR 5rl2 (grayiah brown) wl.ttr lrregrular analtouprlng

networke of 7.5Y-R 5/6 (etrong brorrr) etal,ns and towardr tlre

base ttre matrlx La 51 1/2 (ollvc grsy). Bouldera are genrrally

legs than I u acrosr and eubrounded, whllgt snallcr fragrmcnte,

generally lees than about 10 cm aeross, are anftular-eubangrular.

Nearer aource, boulderB up to 2n aotrols crop out on ttre surfacc

of the depoaLt.

TIITCKNESs, VOLUHE AIID SOURCE AREA

!!he baae of, tho Opua Fomatlon can only be rccogmi,eed rltlt
oertalnty wlthln I km of tlre prcaont coartlLnc, bccaugc ol the

eroelve sffect of lahar rcrrcuent upon ttre nndcrlytng tephraa

nsarcr aource. Ths fornatl.on avcngr. I n ttrlcknerr at ths

coagt aLthough whers tltre f t w wae largely confinqd to channcb

Lt reachcs up to 5 n tlrickr o.9. along Tarurgatara Strcu.
Inland the formatlon le constdcr.d to bc ol glnllar thLcknegs

beoause older lahar nolurds protrude fron benelth. 'llhc crtcnt
to whleh older latrar deporite have becn rtrlpped and ovcrlrl,n
by youngar rnaterlal lr varlable and aocurate volunc caloulatlone

are not poaalble. Howovcrl aenrmlng an av€nge thlchnGs! through-

out ttre sntlre rrea of 3 n, tha total voluno Lg Ln ttre ot{cr of
0. 35 km3.
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The deltaLc fom of ttre dapoalt, allons saly extrapolatj.on

onto ttro burh covcred elopee of !lt. Egrnont to a aource area

betrreen Boba Bluff and Fanttrrqg Peak, herc terned thc 'anphltlreatrar
(geo FrontlepLecel. Hero, a largc lector of thc older lavas of
Egrnont cone (ettll rsprcaentod by the Wcst Rtdge and Bobg Bluff
lava flwg) r La niaelng and younger lavae from tbe preacnt crater
havs since apread Lnto the nLertng eector e.gi. ttre Skeetrr Rl.dge

lava floss (see NZUS 169!. Becauge thc oanphltteatre' lg
partlally ftlled wlth younger lavar, tho nlaeLng gector would have

been larger than Lr at preaent apparent, anrd aceuml,ng the aector

wta about 100 rn ttrlek, approxfunately 0.3 km3 of nrttrlal would

have occupLed lt. This volrrme Lr rLnLlar to that coputcd, for
the Opua FonnatLon latrar and supports cvldsnce from the

dl,ttrlbutlon pattern, ttrat ttrc opua Fonmatl.on reprcrentr tbe

oollapacd souttr-rcgtern eector of Mt. Egnont.

AGE

No known tephras overlie ttrc Opue Fotmatlon bclow tlre

350n contour. The Oakura Tephra Le preeenred beneath the latrar

on lnterfluvee at the coart, whl,lct ln rome rl.ver charurels

It te incorporated wlthin ttre lalrar to forn an 'aahy' baaal

horl,aon. A r-^aatoo.rbon date (N211{f) of 6 ,g7O t ?6 yr B.p. hast

been obtained from a trae trnderty!.ng ttre Oahura Tephra, eetabtLsh-

lng a marcLnum agc of 71000 yoars. Recant correlation of tlre

oalcura Tephra to Sectlon 53 ln l{ellnan (1962) lndleateg lt le
<6r300 yr B.P.

NAN'RE OF FIOW

It ls llkcly ttrat ttre Opua lalrar orlginatad by gravLty

collapee of nratcrLal fron tlre oanphltheatre' on thc goutlr-rycgt
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eide of Mt. Eguont. Near the 350n eontour thc lalrar rmrst have

bsen strongly eroaLve bccause tt rtrlpped tephrae from wrdor-

lylng surfacee. Furthcr tocrards thc coaat, dLgtinct clongate

order Eurfccse rad,Lal to Mt. Egnnont; ahow ttrat thc lahar war

guJ.dcd by pre-cxlstlng rLver ehannala, and naar the nortlrenr

and souttrern nr.rglng of ttre dcporLtr Lnterfluvce protruded

above the flq. The atrong topographleal control of tlrc flov
together wlttr LnarearLngly greater evidance of sorting rray
fron source LndLcate a large proportlon of thc flov waa vatcr
gaturated. Furttrarnore , on the eaet€m margLn of tbe dcgnrtt
Ls an extcnsLve but thln depoal.t of rnLxcd andolltc boundere

and ash which suggeets a elurry flored latorally onto older
gurfaccc.By ttre tLme ttre flory raachcd ttrc preaent coattlinc
lt rag atartlng gs 3rrn{ fy and channel alnoat coryletcry Lnto

pre-exiatlng rLvsr couraca, wl.th ltttle croelon of ttrc Lntcr-
fluvec where ncrrc coplete aeh segusneca ars stlll prorcwcd
beneath. The non-erosLve nature of ttre labar at ttrLr dirtanae
auggests the lahar waa ncarly at relt.

ORIGIN OF I,AIIAR

Mogt of tlrc lavas adJacent to the aourc€ area of thc Opua

FotmatLon are etill prsaolryed and tt le clear ttrat neLttrer

wJ.despread dyke Lntruglon nor largc goalc exploel.ve enrptton
preclpltated the collapec of ttre nm mi.sal.ng ecAment. fhc
strong topographlcal control of ttre latrar Lndl.catcs that gravt ty
flry may be the elnple nechanism whereby natcrLal uas loorened

and travellcd at leaet 22 kn to the present coartline, The

rharply defl.ned Eource arcr, to the side of tho maLn eonG,

strongly suggeets mov€nent on ons or more dccp seated beddl.ng

plantes.
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rn mort goctlona on urc preacnt Ht. Egrmontl the perlphery

of the uppGr lava cone restg upon loogc volcanlc conglorcrate
and it Ls ltkery ttrat ellppage haa often occurrod along such

promlnent ltttrologlcal dlacontlnuLtlcr. There is no Lndleatlon

Ln the tephra colrrmn of a large aoeval enrptl,on whLch could hava

trlggered the flow. The rolc of watcr sstablLehed fro tlre

dlstrlbutLon and ltttrology of ttrc dcpoelt, nceeggitate ttrat
water atorage wtthln or upon the volaanro rmrst be eonrldered ag

trlggerLng the flow. tgater nay have been storcd Ln a cratcr
lake or Ln deep saated aqulfcre wlthin tlre volcanLc pllc, whlah

enabled elippage to oscur poaalbly in arsoclatl,on wlth earth-
qualces or haarry ral,ns.

Haarry ralnc alone cannot be dlgoountsd because of the

unuaually large amormts of ralnfall whieh havc bcen recordcd

durlng hlatorLc etonns on !lt. Egmnt.
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KMUI FORUATION

DEFINITION

Thc KabuL Fornatlon 1g named aftsr Kehul' 8111, 850 m

altltude, N118,/59t630, about 500 n wcrt of Kahul Hut. rt It
defl,ncd ar tlre gerlqe of debrla flw dopoeLta whLch orlgLnatcd

fron Egrmont and Fanthams Fcak conca betwcen ttra Saunders Ash

(dated at 161100 t 220 yxa B.P.r Nt 9l2l and thc Oalrura Tcphra

(dated at <6,97O t ?6 yre B.P.l Nl 1l{4}, and wblah extcnd

wlthln a 20 km radlua of, ttre prcrcnt sumLt of }{t. Eguont. The

fornatlon !.g Lntcnded to Lncludc all thc guall dcbria f,low unlta

whlch w€re dcpoeLted arorurd thc baro ol Egruont oonc at ttrLr tLue,

whlch are dlff,Lsult to map aeparately, but whtch are dtgttng-

uiehablc from larger nudflorr dcporLtr of the Warea Fonutlon

whioh extend .to ttrs prosent coaetlLne. Thc grouplng lncludes

at leaet 8 unltg ln ths upper Ncrall, and Punlho road regLon, and

glnilar aged flon aro resorded along f:ho l{alwalcalho Rlvor on

aaatern llt. Egrnont.

The tlTlo eectLon t,e deelgrnated Ln the northern banh of

waiweranui strcam, NuEr/52?665, (Flg. 35al l'15 kn due north of,

the eagtern end of Nesall Road. Esrc thsrs I'e orpoeed

60 on Oalcura Tcphra

60 qn aah wl,ttt aandY blooka

Debrlg Flow Unlt 155 cm greyr wcll beddcd andeeitic rand

I s gray arh, uPpcr Stent Ash (!{ellnan 1952)

3 cm dark brown buried aoll
50 cm grcy sand witlt gtoneg

100 q gravcl, wl.ttr boulders up to 50 @ aoros!

{O o whLto- grcytrh aandy ash, Stmt Arh

(t{elLnan 1962}, wLttr blaok organlc

Debrl.e Flow Unit



p16IURE 35A - Typr locrttty of l(rbct Forurtlou'dmgrldo Ydrcnaul
gtrru.$ NllS/536665. Uglrr uro'w rrploratr btm of Orkun Tr1thrl

rcr$ag upoa dcbrtr flov dolnrlt. Ugnr 8t tt Arh (W{hrlr 1962l tl
pltrcrvrd rt f.wf of tprdr bladL. Lmcr Itror Ddlit to utddh
St ut Arb rfitel rrrtr uPG bgo of trca t1111t drt d fiZlll'{} rt
6, 9?0 3 ?6 yr B. P. Notc wldmprord plrtfora rt tblr lrvd' rftlch
s.pt...Sr r bu,rbd fout Ooor slth lodl tno blre la forrgrond.

Douldau fa dlbt lorcaround rr fro drbrlr Ast d.Porlt wtlcb hstGd

troo to Ltt of t1rdr.
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Debrls I'low Unit

Debris Flos Unit

I 6,,1

mottles overlylng a burlcd forest of

troc trrurks whlsh are broken about

160 cm abovs ttreLr baric

yr B.P. )

160 <m black burled eoil of f,orest floor,
with tnany trrl.ga and roote

50 our anderLtjc eand

? cltr black burled eoLl, maLnly lltter naterlal

sand to bare of eeetLon at rLver lcvel.

A reference locality (NlI8r/512558) ie also deel,gnrated on tlre

north-eaetern bank of Telkapurua Stream, oppoaite Mtr W.A. Wt'lllangr

homer oD Newall Road. Herer croal,on Ln 1958-69 cxpoaed an

axeellent section of ttrc Kahul FollratLon, but tlre aectlon wac

not choscn aB a tlpe bccauee lt le now ov€rgrontn. lfll€ seotl'on at

tlrig looaLLty le preeented Ln Fig. 358, togetlrcr wlth radLooarbon

datee (xz 11{2r1,1.,t3 and 1255) obtalacd tlrere.

For nrpptng purpol.a, ttre Katrul Fomatj,on repretents all

tlre Pogt-glac1al, d,ebrig florrs beneattr ttrc Oalcura Tephra' but

excludlng the Warea formatlon.

DISTRIBUTION

The Kahul ForrnatLon constttuteg muotr of the area betvesn

ParLhalca and PunLho Roads, to tlrc east of, Wlrenu Road. The flry

dapool.te havc ftllGd depreaelons bctnecn hlgher rl.dgee of tlre

pungarehu Formatl.on, prlnclpally elong ttre Kopoaiata StJoaD, I{area

RLver and tltalwcranuL strsan (rcq Appendlx B2l , and havc flooded

along channela ar tar weEt ae Goodwln Road, The norUrern botndary

of ttre fonnation l.g burlcd by younger volcanlc derivad alluvlun

depoelted fronr gtony Rlver. Eattlrards.Lt Le buried by younger
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FIGURTj 358- Sectlon expoacd oppoeltc ilLl1l'ams' Bmcetead,

tfevall Road. N118,/512658.

15 sr Topaoll, dr:f grey oolour

LZ c!il Ditif,r of andealtle aand (lfesall r.rptllll
{04 t {{ yro (Nz 911) obtelned fron

Nll8r/520688

{5 crn f,riablr ycllortrh brorrn arh (odtura tcphra)

Dobrir Flow Unl,t 18 qr of, ! - | cur prbbhc ' beavlly lron atalncd

DobrLs Plor Unit 5 o$ grsy andcritl,c rand,

I oxn ltght gny-bronn to ltght plnk aah

t cm grsy andrrltl.e cand

2 qa soft Ugbt grey-brorrn arh wlth putty-llka

elay, uPper Staat Ash (t{cllaan, L962,

I cm groy andegl.tlc eand

BS traca of carbonrceouE nattor, repr€lcntlng burLrd

soll
10 cln ycllouirh broryn aof,t aeh

Debrl.s Flon Untt 105 cn llght grcyleh anderltlc eand vlttr r !.r
pebblor up to 2.5 crn rcrott

Bs { c& buricd sor.l

13 crn gray clay

DebrLr Plorr Untt 50 c$ of bouldort up to {5 cn lcrote arourd

troe rturErr proJeotlng upvardl r burlod

so!.!r

2.5 - ? cur groy to llght ptnklsh brwn lrh, nlddlc
gtent Aeb (HellPan 19621

BS
7rl60t80 yra 2.5 - 5 c*r burlod eo{l, blaak, fron rhlch bam

, (HE 1112)
of treo proJcctr
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Dcbrls Flol'' unit 15 - 25 sn flna grcy andrrltlc rand

4 crn ttght plnktah bram tfh r lwsr Stent

Arh ($cllnan 1962)

B5 r Pollen
$anplc No.l 2.5 - 5 crn blltk burlcd sol'l

D6brl8 Flow Unlt 15 tln lenr of flno andasltlo rand

I - 18 cm laPllll
ttg 60 cm chaotLc n lr of burhd trccl, everlglng

Debrt g Flotr Unlt t0 cn lcrost, I'ncludot br.noher and' logs

wlth blactr hunla laYar

68 qa grGy anderltlc rand

Pollan Smple No.2
a cn burtcd eoll

11,300 I 210
al* fZ5Sl 3.6 m aldcrltlc rcnd, part|ally gracrld oy1r

I2r550 i 150 to burLcd soil et rtvcr lrvll'
(nz r1l3)

lGgucnco not bottmed.
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Maero dabrLs flw deposLta (eoae <100 years old) r Except for

a narrow ridgc whLch extends uP the western flanks of Mt.

Egmont to Punlho and Kahut Ht1ls. (On tlre ororurd-the-mountaLn"

track, tt ttre 900n eontour, between the Puniho Track Jructlon

and Kafuui Hut, river gectLons lndlcate t]re area has not becn

covered by l'{aero D€brls Florg). gouth of Kopal.aLa 8traarnr tlre

Kahui Fornratlon hag been burlcd benaath Macro debrlg flowl.

Surgeys Ln the Okahu Gorge, Wect Rl.dge, OaonuL Fork Stream and

oaonul Hut area indlcate ttre fornation reaPpeara aa far goutlr

aE ttrc Walaua RLver.

From reConnal.seance work on tlre north-Cactern slo'pee Of

Mt. Egnont, tentatlve correlatl,on of ttre formatlon is also nade

to debrl.e flw gurfacee betsreen KalauaL stream and Waisalcalho

River. SurfaceE on ttre southsrn flank of Fanthams Pcalc,

betvreen the ?50 m and r[50 m contours, aro also nappcd ac l(abul

For:nati,on.

GEOI'IORPHOI.OGY AIID DRAINAGE

There ara no dLagmoatLe geomorphologLcal featuro! on

the Kahul. FormatLon. The aurfaca contours are quite rcafular

aE ttre gradlent drops from I tn { near Frrnlho Htll to I ln {0

near ttre Junctlon of WLrenu and FunLho roads. There Lr a htgh

llkelthood of some rtralght rlver couraoa in tlre formatJ-on,

partLcularly along Tlal.weranui and Telkaprrrua stroans belng

controlled by radLal faults to ldt. EEmont.

TITHOLOGY

the larger debric florr unitr wlthln the fornatl.on contal'n

boulders up to 50cm acroaa wh!.oh have enapped trunke of trcea
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leavLng the bases ln eltu. souc depoaLtr are graded vtttl the

soatse gravel at th6 basc and gandy llttrologl.es above. Irlost

unLta ghow llttle erosLon at the baae of the flowa and tlre

sequencea are well prererved. lhur lt seemc only natcrlal
above ground leval and Ln tlre pattr of flwr 1.€. nainly trael,
hras tranaported any dletance. At the referanso gcctl,on tlrere

Ls a chaotic accumulatlon of trec trunkg and branoher Ln one

flow depoalt whl.ch Lllustrates thlc. Snaller dcbrlr flowr were

depoaltad aa fLne sande acrola much of ttre landecapc ln a

glmllar manner to floods obserned Ln hlctorie tLncr.
There ls no trace of Lnverae gradcd beddlng ln these

deposJ.ts aE ls reported fron lahars of ttre Ellensburg Fornatlon

by SchmLncke (1967), Withtn ttre depoglts negllglble erosr.on

at ttrE base l.ndlcatee ttrat ttre flows probably travclled Ln a

lamLnar fashLon.

TIIICKNESS AND VOLT'ME

Contacts of debrLe flqr depoeltr are well expoaed and

defl.nltlver allorlng tephrochronology to be uacful for datl,ng.

However the baee of ttre Katrul Formatl.on Lc not exposcd i.n tha

regJ.on of tlre tpe locallty as Lt Lg alwaye belon rl.vsr Ievel.
At the 300 n contour the debrl,g flqr deposite ml.nl.num ttrlcknere

Is 8.5m. The proven extent of, ttre deposite frou Punl,ho and

Newall roadr to Punlho HtIl covsra about 32 kn2r ro ttrat a

mLnfunum voLune for the cteposlts Lg 0.3 km3. If correlatlon
wlth ttre other areas mentl,oned La eetabll,ghad, and einl,lar
ttrlcknersee exigt ttrere, then ttre KalruL Rormatl o totals rbout

0,5km3. It wae depoel.ted ovsr a parlod of about 51000 years.
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AGE

The buriea foft at the tyTe localLty hae becn radLoearbon

dated (N21144) at 6 1970 t 76 yt B,P. Thls aample eorrelator

well wlttr the trea etumps above H811{2 (71160 t 80 yr B.P.) at

the reference eectlon. The dates obtained from tlrerc two

sectLons Lndl.cate the contlnurl aggradatlon of debrLr flore
between 7 and 121000 yr 8.P,, at a rate of about I per 11000

year3.

nro pollen analyses by Mr M. tttcGlone (Botany Dept.1 V.U.W.)

Lndlcate a foreat covetr at ttrLr tLner near tlre 300n contour.

Sample l, from lmsdlately bclov ttre 71160 year horLzon Lr

mainly trae ferng, Aeoar1na, and rlmu (Dacrydlrn cuPrergLnum) t

suggestlng ttre samplc waa on tlre edgc of or under a rLrau foregt.

Sanple 2 (Flg. 36) collected fron ttre 11,300 year horl,lon ghowE

a pollen count lndLoatlng regeneratLng forest.

ORIGIN

ThLn pale grcy aches (rcfcrrcd to as upltar' mlddle and

loner Stent ABh by l{ellnan L9621 rect upon tree trunkr and

burlad soLla whlch have bean overvhalned by Kahul. FormatLon

debrLs flong, LndJ.cating volcanLc enrptl.one prcceded threc of

ttre f lows. No organLc uaterlal acparatec tJre arhoe from tlre

debrl,s flos deposLter LndLcatLng a short tlmc lntcrval ceparatcd

the two events. It lc htghly Llkely ttrc eruptlons (porctbly

wLth asgoclated hearry ralns) trtggcrsd soue of the dcbrll
flows.

It ic perhaps more than coincidental ttrat thc Kahul

FormatLon lc a natural grouplng of sl;aLlar alzed deporlts whteh

accurmrlated at regrular lntcnralr durLng ttre pcrlod of
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FIGUIIS 36 - Pollen graln eount blt llr l.l. DlsGlonor Eotany Dlpt. I

V.U,W. of peat earqrh collcsted fror horLzon alrt'ld

at IIr300 t 210 yrar tt rafercnca localtty for lrhul
Poruatlon.
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anelLoration ln cllmate follorrJ.ng ttre Laet gtadlal (Wellnan 1959;

rrdllant 1966) r untll 6?500 yr B.P. Thls la Ln marked contragt

to ttre abgence of debrLe flon depoaLts ln tlrc preoedlng gtadial.

It auggeats ttrat d,urLng the nartLng clLmate , tnor€ wat6r yas

storad wlthln ttre uppcr levcle of the con€ (tn the atadLal

before, it may have been frozsn), and when ellppage occurred

suffl,cient water wlthLn the dsbrLs allored flowage to ocour.

There La no lndlcatlon of sxceac water belng aval,lable ln tlrese

debrle florrs, unllke ttre opua, Warea and Pungarchu formatlonst

eo that much of ttre water wac probably derLved from rlttrln the

orLglnal materlal that collapaed.

rhe source a,rea of the flora waa clearly eaet of Puniho

Hill. Holrsver volune calsulatlonr show ttrat porttone of the

present suenlt|r upper cono arc rurllkely to hane contrlbutcd

enough materLal to these flmr, Lndleatlng ttre depogLtg are

older ttran the cone a.bove lr200m eltttudc, 1.e, much of thc

upper cone Ie <71000 years old.
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MAERO DEBRIS FLOWS

DEFINTTTON

Maero debrle flowc are alr Lnformal grouplng of, at least
I'l debrlr unlta depoeLted above ttre oakura Tephra. A refcr€nca
gectlon 1r hcrs derlgnated ln cllffs of Maero Stream adJacent

to the Puniho Track (Egmont Natlonal Parh). It ig well expored

(Flg. 37) ln ttre south bank of, the ltream, at Nll8r/586556,

altitude 690 m, where ttre channcl wtnds ln an S-ehapc; and ghwr

the followlng

90 sn Debrle tlon=u4lt lr gray sand 90t, wlth pebbler up to

30 cm acrora (averagl.ng 16 m acroaa),

weak Lrregular contact

I n Dcbrls flow unlt lA, gravel wlth grey bouldera

averagtng 30 cn rcroa! and 15-20f eandy matrl,x

gradl,ng to
L.25m coaraer gravel baae wl.th larga bouldersr v€ty loocc

wlth ltttle matrl,x

ehaqr, atralght contact

85 cm Debr{q tlot_udq !, 50t randy rnatrl.x, and pabbles'

and bouldera 50t avcraging 30 elr across on

65 m pebblea and coarac sand to rharp sontast rlth
50 qro llcbrl,a florf__gn_lq !, 70-80t sand wttlr nany angrular crcan

coloured hydrothermally altered and grcy unaltcred

andcel.te fragmentr

90 sm DebrLs fforl_-Unlgl, about 80t aandy matrl,x wlth angrular

pebblaa and cobblca wl,th douttnantly aubroundcd-

subangular bouldcrs

sharp, et:alght oontact
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ftCfltRD !?A - PhotognDh of lvtmro Strrnn ertcrucr redftrlt
NllS/506656 (6t Cbrptg 5,rlMgto Drbrh tllorr - DtOd{orf.
btrpectrdo of tdtr pserfd tr rhorrr ln Fll. ttB. Erslio lr l0 n
blgb.

rICiURE 3t - Vt ? tcto.r 80 yrer cld dltslr Oow drforltrloollry
torrrdt ldttlo rrd Bt3 PF.Efdr lla crCnh Mt. Dlnd rtmlt to

ullp.r dibt. Crorr nu]l rttr of iceryfte rtldy dmcrlbrd la

Ghqtrc E.
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7 cm burLed col,l on pale grey nsdlun eand wtttr sarbonl.sed

twigr (l{alweranul, Lapllft)
sharpr etralght contact

I.25m Dgbrfs fltr unit 5, about 60t matrlx wltJr subangular

grey andeei.te pebbles 3-5 crr acroll (one carboalssd

log noted wlttrln ttrla unlt) on

eharp, ravy contact

50 orn nedlum eand wlttr no pcbblce (Newall Laplllt) and

large numbcr of carbonLaed loga 10-20 cm dlaneter on

eharp, stralght contact

{5 cm Debrlc flon unit 61 80-90f eand, wlth tnany 1.5 @
pcbblee on

sharp, atraight contact

I0 crn lanLnatsd gands on

6 cm grey aand on

6 on ptnky-cr€an eoloured ash on

5 cur peat layer wlth wood fragmcnts (wood samplcd for
NU 1145 t Lr975t 50 yrs B.P.)

1.6 m maaslve ycllowlsh brwn tephra, predo'nLnantly grcasy

aeh (?oakura Tephra- ntar lource dcpoalt), rl'th nl'nor

lapllll horlzong frequcntly water saturatcd wlttt much

lron etal.nlng on

6?+cn ?Dcbrlg flow unLt 7, gravel wtth eubangrular arrdeclte

fragrments up to 7 en across ' 50t aandy rnatrLr

to baae.

Two elmllar eectlong are €xpoocd up and dqrastrcam from

ttrlE locality and are here dealgnated gecondar:y reference tsctionlt
(N1r8,/585657, Nll8r/587555) .
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At leagt 12 flow depoaLte wLthin ttre groupJ.nE have orLglnated

from the upper Flt, Eginont cone over the lart 500 yean, In Maero

St-ream ttre floryg ovErlLe tlre Oakura ![ephra dated at <6 r97A t 76 yx

B.P, Debrlg flow depoelte not mantled by the Oahura fephra arc

thue napped ae ltlacro Debrie f lorrs.

AGE

The oldegt knorm !{aero debrla flon dcposlt Le ltkely to be

about 31000 yr B.P. becauge lt lc overlaln by the Xnglewood Tephra.

It cropa out at two locallttec near the 300n oontour' on ttre

north-eaatern alopee of Mt. Egnont. At the flrat Locallty the

depoel.t covers about I heatarc on the Eouth-eagtern sl,dc of

German Htll and ig well exposed on Hlll Road at N109,/698766 (1965).

The gecond locallty le along the wsgtern branah of Waionganattt

Stream where ttre deposlt ls allgmed NE-SW and covere about 1 krn2.

It ls well exposed on Bedford Road, about 0.5 kn north of ttre

Dudley Road Junctl.on.

l{acro debrla flor deposits of pre-Newall age are expoacd ln
clLffe along Stony RLver and ars probably of slnflar agc to those

exposed to the north-aast of Egmont,

A peat sample collected frqr 0.7 m belon Ure lower eontact

of Newall Agh ln ttlaero Strean has bcen dated (Nt11l5) at 1'975

t 50 yr 8.P,, Lndlcatlng a perJ.od of 1'500 years ctablltty prlor

to ttre Newall eruptlons. A aLnglc 0.5 m thick debrlr flow

deposLt Ls preeenred at the Masro debrl,e flor rcforcncc gcotton

between Nz11l5 and ttre Newall Ash and Laptlll. The lack of,

eoil development between ttre flow depoelt and the Nerall
eruptLves l"ndlcater the debrl.a flow orl,gLnated at ttre bcgLnnlng

of the Newall eruptlona.
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At tha Maero Stream sectl.on a debrl.s flw deposlt oceura

betrveen the Walweranui r,aplllt and ttre Newall Laptlll. Bsoaugo

of the abgence of soll development, peat or plant renalna bctrcsn

ttreee ttro meub6rs, conformable elsewher€ on Egmontr the flow ls
qoneLdered to have been deposltsd wlthln a very short tln6 aftsr
the NewalL Laptlli.

ALI debrle floree follwlng thc Newall FornatLon deetroyed

Large areas of rregetatLon and ara tlrersfore eapable of beLng

tree-rlng dated. Ttree-rlng datee of kanahL trees whlch reg€ner-

ated af,ter havlng been levelledr oD thc norrElr-wettern rlo;nc,
all post-date ttrE 1880|e, and kanukag (a tree of the first asral

stage eetabU.ahed follonlng dcatnretion of the f,oreet) rhow

simLlar agles.

H.M. 8keat1 an early sutnyeyor, took a photograph ebout 1889

A.D. which shws debri.s flw unlt I afunort devold of vegetatlon

lndlcating the ehort tlme j.ntenral gLnce Lt had bcen depocLted.

Another photograph taken by Skeetr of ttre northern rlopee of,

Egnuont ehowg a fan of debrLe i.n tlre Ahrrlcawakawa Srranp graded to

llinarapa Stream (see AppendLx Cl). It ir aluost devold of

vegetatlon, etrongly auggeetlng Lt waa lcss than 20 yeare old

at ttre tlme. A trlr Casey, noir deceased, corumlDl,cated to tlre
author that when he fl,rst rerlded on upp€r Ncwall Road, about

1910 A.D., local resldents werc aware ttrat parte of the foregt

nearby had been levelled about 20 yeare prevlously, tha damage

betng attrlbuted to htgh windr frm tlrE ooutlr-eart, (later
evLdEnce showc ttre treea were lcvclled by a debric flov).

An hj.atorLc debrl.g flow ln tlre Oaonul valley ic datod at

L922 A.D, by Druce (1970). Slni.lar flowc havo croEsed from

Mangahume Strearn to Wal.aua Rlver tn 1935 and from Oaonul. Strcan
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to otahl Stream tn 1936 (ece "OrLgLnan).

If the lateet debrig florcg ar6 lces than 100 yeara old then

the gource area on ttre upper Egmont oone ahould havc been prccent

prJ.or to about 1880 A.D. Hoct paLntLnga of Mt. Egmont prLor

to that date are groatly exaggerated. No palntlngs or photo-

graphe fron the west, axamlned ln the Alaxander Iurnbull Llbrtrlr,
Welllngton or ttrc Nev Pllzrnouttr Mulcurn, are ln auffLctent detaLl

to allow Lnterpretatl.on of any naJor sururit changae. A aLnglc

etchl,ng by Barraud and dated ci.rca l85G ehows a d!.atl.nctLve

rldge to the westenr edge of Egmont crater - i.nconclugLve

evLd,ence of a fonrcr wgstern orater trtm. Early lnformatLon on

Egmont t s eumn!.t war eupplled to Hochgtatter by Meears f{elllngton
Carrlngton' ProvLnoial Sunreyor of llaranakl, and Tnrrrer and

A.s. AtlcLnson of New Plynouth. Hoctrrtetter wrLtes rAnothcr

astonl.shLng orror for such an excellent obrer:rrer aa Dl,effenbach

(the flrat Euro;rean to agoend Mt. Egrnont, in 18391, raye !itr.
Auclnson, eoncerns the eurfacc arcr of ttre ouuunLt, whLch

Dleffenbach declareE to ba a Bquaro rolle. AtkLnaon ttrLnkr ttrat
the area arpunts to only about a cl.xteentJr part of a squrre

ntle L.e. a quarter nLre eguare" (10 aerec), (Flernlng 1959 p.l76l .
H.l{' skeet meaeurcd t}re area 60 ycara later (cLrea 1B99A.D.,

aa 15 acrGa (scanlan 1961), whtch ls gtml,lar to ttrat today.
rt ls conceivable that aome of the debrle flw r:nlte I - 5 at
the I'taero straam sectLon, orlgLnatcd over ttre perlod betwecn

Dlef fenbach I s and skeet I e vl.slts and ttrat ttre very largc
dl.fferenceg Ln egtlnatea werc duc to parte of, the weetern

crater rlm whLch hava slnee oollapred to the north-w€lt. r.c

Dlef fenbach I s eetLmate wae accurate then tJre srutrnLt arca has

decreased from about 300 G00 acrea tn 1839, to {0 acres oLrea
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1864 to 15 acrea cl,rea 1899, reaultlng tn depoeltLon of thc

younger Maero debrLg flows.

TOPOGRAPHS AND DISTRIBUTION

Moet ilaero debrls florrrs hava been dlrected along rl-ver

courses, ecourl.ng them out at hlgh altitudcs. Belw thc 300 n

contour, flotps form aggradatlonal tcrraceg but to tlrc norttr and

north-wegt where nueh .larger quantltles of debrl,a slld frosr

Egnont crater dcpoalte are slnrLlar to "shlngle-fang". Only

the latast flcnr gurfaceg ate prcseryed but obcervationg of
older flor unLts lnd,Lcate they wcre all very sinllar.

Most rlver channels draLning !tt. Egnont ghcnr vegetatlonal

evidence of debrls flowe durlng tlre laet 100 yeare and to ttre

north and north-weat tlre bush-Ilne has been d.epreaaed to at
leaat 300m beler its present level elsewhcre on Egrnont. Flons

to the north-west spread do'/nhtll between the Pyranrl.ds and

Punlho EtIl (Appendlx 82 and Flg.3g) to an altitude of 300m1 l.c.
the eagtern end of Puntho Road. lthe lateet flor deposlt ghowr

a Lorr humocky relLef , irrdl.catLve of Lrregular compactlon

around large boulders. A bould,er train preaent along ttre axLs

of thls deposlt eontalns boulders up to 5 m aeross (Fig. 38)

whlch appear to have floated on the upper surface and probably

reflect the flqrts hlgh vl,ecoaLty. DobrLs also floned bctween

the Pyranids, Skl,nner HttI and Peterg Stream, and show elnl,lar
gurface featuree. On the norttrern clopes, debrls flors e*tcnd

fron l4lnarapa Stream into Atrrrlcawak"ra gprrnFr

Flows wer€ also dlrectetl ttrrough Okahu Gorge and emerged

at the 600 m contour dcvastatlng natLve bush down to the 360 n

contour. Resultant vegetatJ,onal patterns are olearly vkl,ble
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on aerial photographs (gca Frontl.aplecel. SLmilar devastatlons

have been tdentlflcd along oaonuL stream to the 300 n contour,

and down Mangahume Stream and t{alwakaLho RLver to the 210 n

contour. In the latter rLver, gravcle have spread over a 1.5 kn

wLde zone betryeen German n111 and KalnLtro. Other lerr wcll
documented debrlg flowe orlgl,nated ln t{anganui, ltlalsetawa, Punehu

and Kapuni streams.

PT'NTHO HOLES

About I kn eaat of Puntho Hut tlrc lateet debrLs flow

eutface (<80 yeara old) Lc narked by at lcact stx oyllndrlcal
holes (here rcfencd to aa ttre nPrmLho holeg'), soma of whlch

extend to ,l m depttr. The largcet holee reach 2 n dLaneter and

clearly represent the aLte of fomer treeg. T\ro elmilar hol,oa

occur wlthln rOkahu agglomeraten (Grant-Taylor 1970, p.78) on

K&huL Track near tbe 750 m contour, and charcoal from thcn hac

been dated (N2557) at 53? t 55 yr B.p. Grant-Taylor (ln crent-
Taylor and Rafter 197Ir p.398) congiders tlrat treee werG

"engulfcd" by an cruptlon, partlally carbonLred and ttre unoerbon-

lsed wood then rotted away to loave ayllndrlcal cavLtLes (tfre

"KahuL holce"). However the exl.gtencc of carbonLsed wood doec

not neceeaarLly lndLcate tlrat tlre Okahu agglmerate eurroundlng

the trees carbonl-scd them. The aut{ror hag obaerved ttrat gLnce

a l-2m tlttck post-Nevall debrig flon overtopped thc gLts of
the Punlho holer wLthout fllllng tlrem, then ttrey uruat have

orlglnated af ter the latter event. A mors cmplex orlgln of
the PunLho and Kahul holeg ie lndleated. (Flg. 39).

Charcoal collected fron wl,ttrln $re Newall enrptLvee glvc

a rango of radLocarbon datcg. Completo tree epeclnene g!,rru
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FIGURE 39 ' Interpreted series of events which led to formation of
the'tPuniho and Kahui holes'. A = tree growing on original surface,
with base of trunk above ground leveL. B = Pre-Newall d.ebris flow
buries base of trunk but tree is not severely darnaged and continues
to grow. C = Hot no6e" ardentes of Newall eruptions begin to burn tree,
followed immediately by a post-Newall debris flow. parts of tree
exposed above post-Newall debris flow continue to burn. Wood irnmediately
buried by debris flow after nu6.s ardentes, is converted to charcoal.
O =\ Hole in debris flow d.eposits where tree has ttburnt outrt. Fragmente
of charcoal in base of hole and along contact between pre- and post-
Newall debris flow deposits, represent heated wood. buried. quickly by
debris which prevented combustion and enabled slow baking to produce
charcoal.

ff=-=5-----jaael
Pi,Jr-tnin-Ll Dlinils

POSf-IIL:I"IAIL Dil8RIS FIOE
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ages of 417 t {0 yr B.P. (NZll4I) collectcd fron the tlpe
localltyr and, 620 t 74 yr B.P. (N21256) collcot,ad from ltaero

Straam. lFhe flvc outermoat rlngr of a coqllete carbonLeed nlro
tree (Podocamug f,erruql,neue ) kllled by the Newall eruptt ons gwe

a date of l0{ t 4{ yr B.P. (NZ9{11 , ttrc nost llkely agc f,or

the Newall cruptl.ons. At the punLho holes, a carbonLccd lorcrt
lltter about I m bslow prcrent ground surface has bccn datsd
(N2720) at 439 n 55 yr B.P. Thur radlocarbon dates obtalned

from tha Kahul. and PunLho holes fall wlttrln tlrc range of dateg

obtalned from charcoal wltJrln tho Narall enrptiveg.

It lc suggeeted ttrat the trcee whl.ch onea oceupled the

Puniho and Kahul holee may have been eurounded by a cold dsbrh
flor but were not kllled and contLnued to grow wl{:tr tielr bole

baseg covered by debrla. At t*re ttn€ of ttre Nerall Aeh and

Laptlll eruptiona, hot nuee ardente avalanchee ewept dorn thc
north-western Egmont rlopee and charrcd or burnt the vegetatLon

only to be rapldly followed by another dcbrie flon (poat-Ncwall

r.,aptlll debrLe flol . The effect of imadLate burlal of ttre

forest rltterr fallen branchac and tree ctruqra wourd be to
retaln heat wlthln the charred vcgctatLon layer laadlng to
srotr baklng and productlon of clrarcoal. Those portl,ons of
larger treee whLsh protnrded aborrc the surfaca of ilrc poet-

Newall Lapllll d,ebrlg flor depotlt may havc contLnued to burn and

were conpletely combueted. sone rootr and baral branahGr mly

have been burLed by falltng debrLa fron tlre eLdcr of tlrc bolcs,

resulting ln small aarbonlsed fragrnentr pressnred ln the flow
deposlt (Fig. 39) such as the fragrrrente radiocarbon dated
(N2567) ln ttre Katrut holec. Thl.s orLgln Lr consldered ltkoly
because
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(a) the Newall and Wal.weranul lapl[ls are conformable at

noet localltleg on Mt. Egmont and llttlc tl,ne reparatea

them. Thus tha debrl,s flw depoelt separatlng the tr*o
laplllls l.n ltlacro Stream probably followed t-uredlately

after thc Newall Lapllll eruptLon. Thla would ald

retention of heat ln ttre rurdcrlying layars aldlng oharooal

fomatlon. ff thc holcs had formed prlor to thla stage then

they would have been filled by the flow deporLt.

(b) tf the pre-Newall Ash debrl.e flm had partlally earboniccd

the treea eLthar

(1) sone decornpoal,tLon would havc prcaeded the pest-

Newall Lapt1ll debrLg flon. ThLs ls unUkely becauec

the debrle flw would then have partlally or totally
ftlled tha holes, or

(ff) all the wood, and charcoal haa decoryoaed durlng the

last 400 years,

The knorrn stablllty of charsoal Ln oldar aah deposLts Ln

bottt Taranakl and the Central Norttr Island, makeg ttre latter
alternatLve unllkcly.

LITEOIJOGY

At the tlpe section, moet debrle flow deposlta chow wcalc

graded beddLng lndlcative of lanLnar flow. The fragmante Ln

all t$e depos{ts are supportod by tJre matrtx. All t*re poet-

llewall debrLs flocr deposLte ghm sharp upper and loner contactc,

but the abgence of eoLl or plant natarLal on ttreae oontaotg

suggeate any materlal that was prcsent has bean carrlad aray by

the f lo,n above. In debrLe flow rlnlt I t.he bedded unltc wLttrln

the flow euggeet ttrat the coarger bagc waa depoeLted a short
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time beforc the fLner nore eandy uppcr portl.on and that ttrc
flory orl.gLnated ac a eerles of pulaea, sueh ag have been reported

ln North llmerlcan mudf lows (Broscoe and Ihmson 1969; Blackrelder

L928; Sharp and NobleE 1953; Currfr 1965).

None of the units are lLthologLeally dlcttnctl.ve exccpt

debrLs f low unLt 3, whlch contalns many fragrments of hydrothermally

altered andesLte. Thete fraEnoenta, shwlng whtte eoatlngr of
maLnly crl,stobalLte, are verT sLmLlar to roeks eonprJ.sing the

eastern wall of Egmont crater, unlLke the veglcular andegLte

of the sulmLt tholol.d, suggestLng ttrat thls flw originatcd
by collapsc of the weetern crater rim. Onc of the ltaero dabrlr
flona has been referred to aE Okahu agglornerate (Grant-faylor

19 ?0 , p. ? 8 ) lot ffi"terlal La not welded and ls better
conEldered a volcanlc brecci.a.

NATURE OF FIOW

The maJorl,ty of hletorlc debris flowa on Egrnont havc becn

agsociated wlth hearry rains. Plows have been gtrongly controllad
wittrln exlstlng rLver channels but where channelg meander

Lrregularly, f,lows have departed fro ttresr to cut swathcg through

the bush. ThLs has often occurred whcrE flows en€rge frorn

gorges n6ar the 500 m eontour. Debria flowc have aleo erotred

Lnterfluveg Lnto other catchmente, partloularly betrsean Okahu

and KopoaiaLa streans, Oaonul Streasr and Wal.aua Rl.ver, and

Maketawa and Llttle Maketana StreaDB. In each case ttre flovt
appear to have travelled ae turbulent watary suepeneLons, and

wl.th reductlon ln velooJ.ty on lwer gradlents, gravel waa

depoeLted en masEo.

In the regl.on betrreen Maero gtr€sn referenss sectlon and

Ahuhawakawa Swamp, much coarae dcbrLs sluqred downhtll fro
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Egmont sumrit and flowed up to 5 kn. rn the lateat debrla flor
(unit 1) the bulk of ttrls debrl.c has spread, J.n a broad fan

downhtll to the 600 m contour. Mogt of Lt appears to have
rfrozentr aa the veloelty of ttre flow deereaaad, ag le tlpteal
of laninar flow (Fleher 19?1), wl.ttrout settllng of largcr roll.ds.
Large andesite lava blocke on the depoeLtra surfaee Lndloatc

the hlgh yteld etrength of the debris whlch retarded ttreJ.r sl,nklng

and kept them suapended during flwage. The unsupported frane-
work of the alart fabric (Flsher x97r) also confLrnr the htgh

denaity and hlgh etrangth of the materl.al.

Below t:he 600 m contour, debrle flow unlt I beconeg ttrLn

and difflcult to trace but much of the bugh belorrr thls contour

has been devaetated to grorurd level. Tha preaent karnatrL

(Welrunannla racamosa) foreet hcre chowe many treee Jolncd
laterally at ttreir baeeg (Flge. 40 and tlll whlch have grrown

from fallcn logg. Pregent-day 'aerialn roote extend dryn to tha

sot l surface. lrlany of the present-day trees are Jolncd by

livLng wood, orLglnally fallen bolee, whilat ottrers ehou hollow

cyltndrlcal root netrrorke whLch greu arourd fallen bolsr now

rottlng ahray. At ttre uphlll narglne of nany fallen trsce arc
vertlcal dLec-ehaped rnaeaes of roota lndLcatLng ttre trecg wGaG

levelled from an uphlrl direstlon. The orlentatlons of 103

fallen loga have been measured (Flg. 12 and 43) and clearly ehow

a etrong north-weaterly orJ.entatlon LndlcatLng the tree! wcra

Ievelled by a component from ttre Bouth-east.

Sl.nee ttre treee ara dated ae havl.ng regenerated Ln ttrc 1880-

1890rg lt La unllkely that any dLrected volcanLc blaet occnrrrcd

wlthout tt belng recorded by reaLdents Ln westerrr Taranahl at ttre

tl.me. In addltl.on the forest rrag not devagtated Ln aom aroar of
htgh relLof cloce to source, Thc large scale devaatatl.on of tho
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t'IGttRt {O - Brrcl of Uvlag trrlrht (Udmunli r?caonl trcct rtill
Puatbo Tlrcl. !.rr Nllt/353659. Prrrat dry tolo htw grort! &c
bruchcr of frlloa trrlhf.
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flGltRE {l - BlfGl of Uvfry |.raFrbl {folmrnir rrceolrl trror dil3
hltho T:rcL,. nGra NllS/553669. &orrr lbtcb rbotr bUs t , wttb

.Gv!n bolcr row glowlng lrm Pold of frrcturc;
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WEST

Frgquency

FIGURE 4? - lOalcntadon of frillau le.bahl tree trunhc
irtt Fiilribu TraCk,Egmolt National .tar!$
cOstgrfi.

- Nuober ot trees meeaured 4i.

({retrrnannta raceurocet
b6t'rtarlr 40O add +:]s|il

wEtil[

rrc+enc{, i,
FIGIJRE 43 - Ollcatatior.of fallcq karnahi: tree ttunko {$lclrnrarirrta rase.Boral

oa Puniho Track, Egmcnt. Nati@nril park.-ffiEi-4I5;ma-iE?fr
- cotrtbtra" Iluhber dl trecr &:ea6r!tcd lg"

l0 9I 7 6 5
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foregt by souttr-eaat aourcc winds ls unUkely because therc ls
no racord of damage on the elopes mogt e:qloeed to ttre south-cagt

at ttris tLrne.

Thc orientatLon of ttre fallen treer follorre ttre gencral

drainage ln ttrs regLon and ln partlcular the DOtth-wert draLnage

of, the upper Walweranul Stream ohanncl. At ttrc 450-5508 contour

fallen treeg are orLented parallel wLttr a nurnbcr of dry channelg

Il,nked wlth WalweranuL strearn whlah herc altarg souras and flowe

ln a weaterly dLrcctl.on, Traccr of sarrd on tnrnk baees and ln
the forkg of eurvlvlng treee (pruce 1970) arc furtlrcr evldence

that the t-ree8 wers probably flattened by a wave of sandy water

whlch flwad downelope from ttre termlnal rnargLn of ttre coarge

debrl,s ln dcbrlg flow unLt 1. Mdltlonal evidance f,or ttrlg
orlgin la a comunlcatlon by Skeot to iI. Strauchan, Chtef

Surcveyor, NGrr Plyuouthr dated 20th Aprtl 1901 whlch rcads 'On

ttre wegt sl,de of t{ountaln betrreen Beahl,vea and ttre Poudrai ranger,

the bcds of sore of ttre streans arc waahed out wldc, hugc ltonG!

are to be seen ln the forke of trees, in ttre bush there ars

patches of fallen tLmber. Thege se€m to shorr that extraordlnary

dotrrnfalle of rain have occurred mor€ llke the actlon of a

waterapout than ordinazy stotms'r.

Clearly a vav6 of water wae largc cnough to knoek dqrrr young

kamahl trees go that braneheg on ttre{r upper aldca have regener-

ated and grown lnto tha preeent foregt. Torrertrlal ratas
(MetroeLderos robugta) were suffLeLently large, wlth bolae up

to I m acrosar to reslst belng knocked over by tha flw. By

the tLne the flory reached thc 300n contour lt had lcft the

channel of lilaiweranul Stream besaule of Ltg lnoapaclty to ncgotLate

dranges ln the drainage pattern and flqrcd north-wertnardg
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through the bush Lnto stony Rl.ver, produclng vldesprcad acour

channele. Flowg algo apread northwardt from Mlnarapa Strean

lnto Atrukawakawa Swamp and d,owr Okatru Gorge at $rLs tlme.

The gradlsntE of tlre latest debrlc flon depoaLt indlcate
that between the Pyranride and Punlho Htll ttrc debrlr etartcd to
rlse alongslde a liNW trendLng rLdge below and wegt of Punl.ho B!,11.

wl.thout eurmounttng lt ttre flow was gulded by ttre retlsf and

changed dl,rectl.on to flon downhlll almoet parallel to tlre rldge,
Materlal dlverted to ttre other sl,de of ttre rldge parced down

Okahu Gorge and ovcrfloved northwarda Lnto Kopoalala Strcatn near

the 500 m contour. Thug a WNW trendLng rldge betrcen lfalweranul.

and Kopoalal.a gtrearug eccaped the latest debrLe flm anrd now

eupports an older forect oover of rata (lietroeiderog robus!,a) tnd

rlmu (Dasrvdlum gupresglnum). Elnllar agcd foregt along lor
rlver tenacee on tlre south glde of Stony Rlver, above tlrc {50m

contourr lr€te probably unaffected beoaure ttrey wcre sLtuatcd on

the northern margin of moet post-Newall debrLs flow depocLte.

Below the 450 m contour the older forert along Stony Rivsr wag

levelled bacauae ttre 80 year old flow left !{alweranul. Strean and

paesed north-weetflards Lnto Stony RLvGr.

ORIGINg

All ttre Maero debrls flw depoaLts ehff dlatrLbutLonr,
surfacel and ltthologLee whlch LndLcate ttrey were watcr baled.

llhe poat-Burrell flow depoelte on ttre norttr-wegtqrn Egnont

slopea al.l have characterietLcs almLlar to the youngeet flow

depoalt (debrle flow unlt l). Thue lf the cause of the latect
flos deposlt could ba detcnrl.ned tt ta llkely ttrat gLml.lar cauaes

lnltlated prevLouc flown. Prom all ttrc avallab1e cvidcncc ttrc

latest largc-ecale florr from Egmont sururLt ie thougbt to have
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orlgLnatEd about 1880-1900 A.D. rlth fotrr prevl.ous flong

orLgLnatlng betrreen 1600-1888 A.D. No eruptl.one are knqrn to
have occurred at ttrLa tlme and only 3 orlgLns for ttre flow

depoalte canr bs eoncLdercd llkelyl coX,lapse by

(al an carthqualce

(b) heavy rainc t ot
(e) a cqrblnation of, bottr.

Flva naJor carthqualcGr wcre recorded in TaranakL bctwecn

Dtcffenbachre vlsLt and 1900 A.D. Ot tlreter tlrree wcrs betwcsn

magnLtuder 6 and 7.5 and are docunsntcd by Etby (1968) ar followgl
1853 ilan l, New Plyuouti, f,elt on bottr aLdcs of Cook Stralt

anrd on a shlp near Cape Farewell. Intenctty Ul{8 ln
New Plynouth, Aftcrshockg.

1868 Aug. 16, laranakl ?ltagmLtudc 6-7.5t felt oner tlre
goutlretrr half of tlre North lgland and northern half
of tlre Soutlr laland. IntencLty about tOlS ln parts of

Taranakl.

1881 itwr 26, TaranalcL, felt throughout both lrlands. About

MM6 ln New Plynoutlr. PogaLbly daep.

If earthquakec were ttrc priuar1, cause of the youngect llaero

debrla f,locr, ttren aurmlt changoa would havc besn obgcrrred

between the above datee. Thc only souroe of water for such flors
would be that stored wlthl.n the volcanLc cone.

Data on some unugual runbltngg whLch are well docunontcd Ln

the "Ogrunake Tllneer wore klndly brought to ny attentlon by l'lr

J. Stronge of Arawhata Road. ThLs data ls eumarLsod Ln Flg. ll
togethar wlth rainfall data at ttrat tlner supplled to uc by

l.lr J. Flnkelstetn, N.U. lrleteorological Seryloe. thc nrubll.ngr

show an aasosLation wittr perloda of ralnfall and I congidor Lt
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Runbllngs and
durLng 1890|s.

FXGURE 4{

AssocLated RaLnfall Data Recorded Ln l[aranraki,

Rumblings reported
by Postmaster at Opwrake

RaLnfall
-Kalrcnga

(ln mr)

RaLnfall
-RLversdale
ncal
Inglewood
(ln m1

22

23

24

2s

26

27

28

Septenber 1895

2 rumbllngs

I rumbltng

I runblt ng

{ rwnblJ.nga (also earthquake
1.28 pm recorded on raLnfall
at Rlvergdale)

4 mublLngs

1 runbling

October 1895

shock
ehart

5.1

L7 .2

{9.{
5.1

0

{.6
at 25.1

19 .0

0

1g .2

2r,1

5d.I

Att.2

0.8

0

34.5

66 .8

5.3

29

30

1 2 rumbllnge

In october,
earthquakes
dLstrlct

0.5

a continual serLes of
were recorded in the Okato
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Auqust 1897
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10 mLns.

15 3. 39 atrl,

16 L.25 €u!11
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hlghly llkely ttrat ttre runblinge r€precent debrLs flwe, thc

one on Saptenber 28 belng ao large as to produce a local
earthquake.

Only ono accurats nap of Egnont sumd.t area was aonpllcd

prLor to thla date and due to the draughtlng tcohnl,que tlron

adopted lt tg cllfflcult to Lntarpret gtructures wlthln ttre cratcr
area whlch rnay have provided a gource area for ttre fIovg. If
they nere derLved fron ttre suntld,t area ai.nce ttre map sa8 corq)lled

tn 1885, it must bc arsutn€d that thcy wcre derived fron tlrc area

marked West Peak (see Appendtx C2) a etructure gLml,Iar 1n appcar-

ance to the frrrtle.
Later debria flowg along rlver channelr ssrs vsrlf much ltkc

floode and epread large quantitles of, eoaraa dcbrls over cxtenstve

aroas outclde the preeent Natlonal Park. Dur:tng the flood of
2L-22 February 1935, 480 mr rain fe1l at Dawaon Pallr ln 2{

hours (So11 ConeervatLon and Rlverg Control Corrnctl 1957) and

Mr Stronge reports that l.tangahume Strean altered lts couree and

flooded Lnto the l{aLua Rl,ver naar t}re 350n eontour. Along tJre

Kapruri Strcarn the hydro-elEotrLc generator nag awept anray (Ur

it.L. Wells, perarcorno) at l*rls tl,me. On l and 2 Fabnrary 1936

ttre woret etorm ln livlng m€nory, a cyolonlc etom, etnrck

Taranakl. (S.C.R.C.C. 1957) .

Oaonul Stream left tts banka at ttrc 390 rn contour and

flmed down otahL Stroan; depoetting over 4 kn2 of gravels.
(see Appendix B2). Flowe also took away portione of Oaonui

Gorger thc Okahu RLver brl.dge on ttre naln road collapredr and

Itlangahurnc and Taungatara StrermS wcr€ {washed outi,
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HOLOCENE COASTAL SECTIONS IN WESMRN TARANAKI

Wellman (1962) descrlbed fLve Holocene coastal EectLona ln
Taranalcl, trvo of whl,ch (Sectionr 53 and 54) ara witlrl,n tbe preacnt

study uei. Seatlon 53 lg tho more corrylete etratJ.graph!.c

eeetion and ls here retnterprctad. The sectLon ls lncorrcctly
located by Wellman, and ehould read

istent Roadr Dorth end (Nl08r/3737l0)r whLch 1g a localtty
7kn ({t ntlcr} nort}r of Capc Egmont.

Wellrnanre degcrlptlon ia preeentcd wlttr rny lnterpretatton

of the nenly named rurLts ln ttre sectLonr (Flg. l5). The flrat
appearance of Eandg Ln the Holocene at ttrLs eectl,on ls interpreted

as the 51300 yr B.P. maxl.mum Port-glaclal gea levsl hetght. Ths

sande overllc the urlddle nenbcr of the Stant Aah, whloh ts dated

at 6 1970 t 75 yr B.P. (Neall L972) and undcrll,c the oalcura Tcphra

wrongly Lnterpreted by Wellnan aa the nstratford Shower'. The

cectLon establfuheg a naxlmum age for ttre oalcura llephra of 51300

yr B.P. and conffumrg ttre ldentiflcatl.on of the nl,ddle nanbcr of

the Stcnt Ash ovcrlytng a foreat datcd about 71000 yr B.P.
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FIGURE {5 - }Iolocene coastal section at ttre end of Stent Roadt

(Nt 08,/3737L0 ) .

WelLnan (1962) - Section 53 Neall (thls paper)

150 rrun Black sandy soil Present topeoll

30 nsn Trace andeeLtLc ash ? andeeltlc tephra

30 mn Black sandy sol-l Burled Boll

50 mn Traces of eeveral mlnor aeh ? unLdcnttfled tephrae

shotrers

90 mtr Ruety black sand wlth Taupo Taupo PrurLaer fLrat
Ptuulce and andesite boulders oscurrence

tl50 run Reworked ash and andesJ.te Reworked agh and pebbles

pebblee

I50 nn AndesLtlc coarae-sand-grade Oakura Tephra

ash (Stratford)

300 un So11 with iron noduLes BurLed soLl

180 nm Cross-berlded andesitlc coarse 6,300 yr naximum Bsa

sand and pebbles level
90 mn LamLnated sllt-grade putty- Stent Aeh (ntddlc nember)

coloured ash (Stent Ash nlddle 6 ]970 t 76 yr B.P. (NU 11{{}

member)

900 mn Soft andesite agglomerate Warea FormatLon

okato Tephra (prerenrEd ln
pockets, eLsewhere eroded

by overlylng latrar).
900 nni Peat at about l.l.H.W.M. Peat dated (N21351) at

181350 t 380 yr B.P.

Hard old agglomerate Pungarehu FormatLon
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COITPOSITIONAL DIFFERENCES BglllEEll t()ttllDg AIID IIITER-AREAS|

From prellninatl, ,.nvcstlgatLong of mtny hundredr of, nourrd!

Ln Taranalcl Lt was clear that aGrtaln rclatlonships exLsted

between the vohurc of natrix to boulders tn nprurdc and lnter-
ar6a!. fn order to show thlEr photogrraphe r€rc taken of, gelected

rapres€ntatLve gectlong, cleaned (frettcd) to thc lame dcarea, and

polnt countJ.ng of ttre componentr was carrled out wLth an underlay

of graph paper. In anr attcnpt to kaep ttrc rrcttrod aonrlrtcnt,
photographr rccord a rlnllar flcld of vLcw excopt shcre lttbologl.cr
wtre relatLvcly flnc, whcn photor wcra takcn oloaer to thc outorop

to dlacern pebble edger. Apart fron onc photograph of an

rurusual eectlon where only {32 polnts could be oounted, 23 photo-

graphs wers examined wlth betneen 763 and 1022 polnta counted on

each. Photographs lncludedl
(a) interl,ors of mounde

(b) the nantlLng or "shelln sratcrlal on thc nound, whtah lc
exceedlngly hard, and

(cl the inter-araaa

The analyses were grouped Lnto four dl.vlrLonr r

(a! lcss than { mn, or matrLx,

(b) {-5{ rm, cobblee,

(o) 6l-255 nm, pebblea, and

(dl >256 rm bould,erc,

and are precented Ln Fl-g. 46.

fn the Pungarehu ForuratLon ncar aource ttrE matrtx ranger

from 9.3 to 28.7t and ln tlre ccntro of a mound near Pungarohu

ttrere was only 6.61 matrl.x. Fro addl,tl,onal vlsual obrenratLons

moet moundc lnland from Pungarchu arc ltkely to rhor natrLx

values whlch would fall wlttrln ttrls rangc. Bctrrecn Hlghway 15 and

tho coagtllne, matrl.x valuea of 15.6t at Stent Road, 28.5t at the
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IICIURE ll - Photopefb of llcdm A8 o( Fl|. d6l rhcwlag lderlor of
pungrr&r Foturdm hhrs nourd,rt Nllt&altata. !lcd.
t 30 cE 16g.

fKIURD {t - Ftctofrrfh of rcdm q d Ht.l6.rt Nl08/t?l?10, llo
Itta0sE.urrtr of O$f lfornrtloa. ScrL ll tO .rn lql.
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coastal end of Bay1y Roadr 37.5t near Ttlnka Road, {2.9t ncar

Prrngarehu and 48.1t on Pungarehu Road, etere obtalnad. 'Shalll'
photographed on the topa and sldea of rcundc shooted values of,

5{t, 51t, 73i and 33t and even !.n ttre latter eaEe whlch le

nottceably Lower ttran ttre othere, lt wae a hl'gher natrLx valuc

ttran the Lnterlor of the rprrnd. trtatrLoog neaaured betrvaen uounds

(lnter-areas) ehtred valuec of 58gr 53t and 56t even tlrough ttey

do contsl,n some large fragments.

In the Warea ForuratLon, a 21.71 natrix value waa noalured

Ln rnorrnds near aourcc. A value of 59t wae obtalncd frm the

coactal end of Arawhata Road wherc ttrerE arc no moundcr and

ln the northern lobc nhere tlrere has been extenslve watcr EortLng

the matrLx totale 92t.

In the Opua Fornatl,on, natrLx valueg lnglde mounds ver€

33t, and 7t, botfu meaaured about 17 kn frqrr source. Intor-

area matrl,x valuee were 57t and 6?t on tlre GoEBt. A ttrln

veneer of tle formatLon at ltg nortlrern nargln showed 73t natrLx.

From ttre above data tt le apparent ttrat no mound lnterlor

showed a I uratrlx ln axoasa of {8.1t and ttrat no lntor-tlel

ahoued a t matrlx leeg tlran 52.9t. Xn addltlon all neasurementa

of mound "ehelLeo chowed an Increaeed t matrLx coqrared to thc

Interlor of t|e mound. Thue although thc largo bouldorg wlthln

and bettreen mounds ars cotuoon Lt Lg ttre relatl.ve aburdancc of

boulders wLthLn mounda whl.ch cheracterl.ee ttreu from adJolnlng

lnter-areag.
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TRE FORMATION OF ICONICAL HTI,LS' OR LARAR MOT'ITDS

lthc orlgln of "conLcal hllla' that curround marry of tlre

clrcun-Faciflc andcalte volcanoeg hag recel,ved rparnodl.c l,nterest.

Cont-roveray ln the 1920 | s on the ortgLn of the Taranakt htUs
hae already bcen mentl,oned. Tbe uounde of the Pungarchu, Warca

and Opua formatlonc could conoelvrbly ber

(f) Prfinarl, Volcanlo

(2) TectonLc

(3) Gcourorphlc

({) Archaeologloal

(5) GlacLalr or

(6) Laharlc Ln orlgln.
TakLng thege Ln turnr
(1) The layered naturg of thg flou unitg and abgenee of

vcrtlcal corurectLonc precludaa tfrc hlllo beLng small volcanoer,

(Clarke 19121 GLbeon and !'torgan 1927). None of thc flow

unLts ehow lava flows beneath nounde (Boaaard 1928).

(2) The htlls arc not related to fault llnee and are too

numorous to reprcgent qomprcaal,onal twclll.
(3) None of ttre hi.lle ehow a dlfferLng roak tlpc to ttre lntcr-

arEaa that would LndLcate ttrcy are long tern erorLonal

featur68, Both htllg and surroundl.ng flat land are

contLnuous and wldesprcad yet relati.vely thLn.

(l) Thc rnoundg nGrG fomcd prLor to t*re hunan occupatlon of
New Zealanrdr although mrny have aLnce bean uacd ae D{aorl

pa sl.tes (Dr. F.X. Schaffar ln Pal"mcr 1930 r on hdonccLan

mounde ! .

(5) There ls no avl.dence of defLnltc Alacl,al depocl.t! on Mt.

Egmont and the altLtude of ttre mound,e 1g inconsLrtent wltJt
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Ievalr of, glacLation elrewherc ln New Zealand at ttris tlms.

(5) The fornratLon of uounds by lahars Ln rndonesi.a and New

lealand has been wLtncesed on a nunber of occasLone (Grange

193X). The nounde ln Taranakl closely rcrenblE the produote

of hletorLc Laharg and ara aco€pted ae havlng boen depoal,ted

by ttrem.

Tha fonnatl.on of "conloal hLllg" by lahare Le a wLdcapraad

phenomenon but llttlo attentlon bae bcen pald to the procGsa€t

that lead to tlrelr formatlon. t"lounds are knovn to have forned

relatlvely rapldly becausc ln 191{ on trlhlte rrland, N.8.r labar

nounde forrusd ov€r a perLod of lcrs than two daye. In addLtlon,

the resultant mounde show accordant gututti.t helghte whioh are

consldered remnantr of a planar uppcr surfaoe of the lahar.

Followlng th€ collapse of Eandalean conc ln 1888, ilaggar (1930)

reported ttrat ttrc regultant lahar deposLt began to sink bclow

itg naxLmun level. llhLs wae attrlbuted to consolldatlon and lt
was noted that ttre tope of the ronlntng hi.lla correspondcd

wLth remnants of ttre upp6r level of, ttre lahar depoalt.

The reaeon wtry parts of a latrar flcr continue to be nobLle

whllEt other areaa arc lmnoblle has nover been fully explaLned.

SettJ.Ing of materlal l.n t}rs lee of a slngle large boulder has

been suggested as an orl,gln for each htlt (J.8. Bradleyl p€trs.

com.) but many httla do not contain slngle large bouldersr and

nany of ttre largeet boulders obcented ln thLs etudy do not oosur

benEath nounds. Settll.ng of rnaterl,al arowrd elorly neltlng
blocks of loe can also be dLsoounted besauee lahar nounds have

formed in nany areae wherc anow and Lce are abgent e.g. 1914

whlte Island lahar, and lahara Ln IndoncsLa produoed by collapee

of crater Lalses. Mason and Foat€r (1956) constdor aons moundg
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at Nlraeakl, Japan, have formed by extrugl.on of matarLalg

through a hardencd cnrst of a lahar flow. ft geeur ltkely tbat
one of two procerasa lsade to thlg dlfferentlatlon of thc flor.
Eithcr
(1) the eomponents of the dlepersed phase trs ncver proporly

mlxed ln ttrE flow and relotli of thesc naterLale t€prart.
out as the more moblle eomponentc draLn aaasarda r orr

(2) ttre dlapersed phaee becmcs corpleteLy adnlxed wlttr ttro
contlnuous phaee, and mound foraatlon ls related to a

aettllng phenonenon.

The unuaual lncLuELonc wlthln the Fungarehu FomatLon

(descrLbed under "Fragmcnte") are conaidared evLdance that
co,mplete mlxLng of all compononto d!.d not take placc and tbat
alternatlve (1) Le most likaly.

PTJNGAREHU FORI{ATTON MOUNDS

SLnco the bulk of the Earanakl lahar monndr belong to thc

Pungarehu Formatlon, the follwLng dlsqrselon relator to tltls
formation only. The flat-topped nature of mounds on Puntho

Road,, and tho general accordant hlll heighte Buggest tlrc

Pungarehu lahar flow posaesaed a near planar uppqr turfaoo. fn

crosa-section ttre flow would have bean a broad rheet sltghtly
domed towards tbe centre oorraapondLng to the hlghest raonlcal

hl,llen. Towardg the margLnr of tha depoalt ttre uourda decreata

l-n sLze and merge lnto an even lurface. At okator bclow ttrc

6ven surface, ttre dlepoait ghone ttre htghsst matrLx valua obtaLnod

ln thLs etudy of the Dungarehu FormatLon (78.tlt). Thlg Lr

probably due to a hlgh proportJ,on of water at the flow margLn

whLch mLxEd boulderg wlttr oopioue quantttles of ash mantllng
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the older Pouakal rl,ngrplaln.

Once the flow wae lnltlated ttre vcloclty generated by the

steep gradl.ant and gravLtatj.onal acceleratl.on ambined wLtb a

high deneLty of component naterLalg Ln suspeneLon (ttrc contl,nuour

phaee of Flsher L9721, allowed boulderg 3-{ n acroar to be

catrrLed. on the loser elopee of the volcano, atrbetantial portlone

of ttre flow would have loat veloclty and compctence to carry

larger fragments of ttre dlepersed phase, whtah wsrc not adnlred

wl.tlr the contlnuoug phaee, and they rrould, have begun to rcttle
torards the base. The relative Lncreagc Ln frLctLon at thc

baao of the flow would also ald furttrer cettll,ng. Coarge

materlal accunulated untll lt exceeded a crltical dlncnrLon aB

finer nob1ls material war dlreeted to both eldea. Leee rnobLle

rnaterial aettlad and bullt up Ln llncar rl,dgca bctrlnd ths Lnltlal
accunulatLons. HoflGvcr, along the main a:rls of tbe flor Urcre

is a errbgtantlal unchannglled delrcalt whlch conesponde to ttre

arca of largeet mounde (rtg.2Ol, probably rcpreoonting the naLn

ani.g of dcposltlon. The laek of dl,gtlnct draLnagc channels ln
tbe axlal part of ttre florr euggeata a large porportlon of tlre

coargest materLal had cone to rest a short dlrtanec fron lourcG

and wag tncapable of flowlng further. Thls prevented f,iner

materLals dralnJ.ng lnto ctrannels. In sontraat tlre dletal and

lateral margl.ns show dLstlnctLnc channelllng Lndlcatlve of, more

protracted flow.

Ag the gurface of the lahar flor began to subeLde, near

cource hi.lla began to protruda above tlre aurounding lowerJ.ng

level of fLncr matcrLal whlch oontLnued to draln ecasarde. A8

larger fragrnents ln ttrc zoncs of accunulatLon becam lmobl,le

they began to collapee togetlrcr and flner matcrlal wl.thln
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lnteretLcee reeped laterally outwarde aubtraotlng natrlx from

t}te moundg. Many fragrments lrould reach etabtllty upon pl,lee of,

boulders beneath, whLlgt thosq whlch becane unstabls on removal

of ttre fLnes would have eud from rldgae or moundg of coara.

materLal. In ttrle way ttre topa of the preeent htllr repreacnt

remnante of an upper gurfase of tlre f,Iou and thel,r clopea nost

nearly repraaent the natural angle of reet of tlre expored

comPonent breceia or conglomerate. ft ls apparent ttrat ttrc 30n

htgh nounde Lnland lurply a greater relatlve drop ln ttrc levcl of
the flow compared, to ttre 10 n htgh nounds near thc coalt. Bha

gradual decreaec ln sl.ze and nunber of norrndg eeawards corresponde

to where flner material contlnued to flow further towarda the

dlstal margln ae ttre proportLon of coaracr matsrial dccreaaad.

The rcaeon for the h111 fomatLon ic thcrcfore attrLbutcd
to accumulatl.on of largely unntxed portlons of ttra flow whcro

there Lg an obvLoua change ln gradient from ilre eteep uppcr

Egnnont slopes above 300n (about I tn 6) to the gentle lwer
slopes (about I ln 66). Thers Lr a nerfr strong correlatLon
between the mound dlatrLbutLon and clope.

fn near aourco depoelte the chaotlc nature of the f,ragmantc,

thelr large slze, and Lntense shattcrLng ctrongly auggert tlre
flow was turbulent. Howcver ?dlctal unLtg betrrcen Oprurake and

!{anala appsar to have been deporlted by I'-Lnar flow, poeeLbly

due to exc'osa water dral.nl.ng eearards after tlre maln load wae

depoalted. It ls probable that ttrc veeLcleg dcsarLbed ecrlLer,
whLch are present ln the matrLx, contalned, pookcte of ontrapped

aLr whlch probably rerult from fluldLsatl.on Ln ttre flow, whlch

enabled the f lows to traval euch large d,istancea.
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The prcsenco of a "ahelJ'n of f,lnEr matarlal rround mort

rnounde can be explal,ned elther ar

(f) ttre flne materlal ttrat cecped fron tlre lntcrstlacg o! tlrc

bouldere wlthLn ttre moundg to tbo oxtcrior or

(2) ar a ttrln veneer of natcrlal whlch had bccn aontlnuoue

over thc nounds and lnter-rncae but whioh had adhercd to

and hardencd on tbc upper portlona of ttrc moundr to lorn
a oruot.

Becauee thcy nost f,requently occur on thr rlder of rcundr only

and not on thc I,ntcr-arGa8, the tLrat orLgLn La conal,dcred nort

llkely.
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WATER REQUIREUENTS

Almost all Iaranakl nudflorc and dcbrLc fltrs have becn

water based, but debrls flows are many tLmes emaller Uran the

huge nudflqrg whLch travelled beyond ttre preaent coastlinc.
In the Maoro debrl.s flows and the Katrui FomatLon rnoat of the

conrponent materLals carne to regt about 5-10 km from Eouroe,

as water eontLnued to flow from thc temlnal nargfn of the

deposit slmilar to a huge flood, In contrast ttrc nudflowr of
the Pungarehu, Warea and Opua Formatlong appsar to havc

contained vast quantttlea of water whi.ch tranaported dcbrls 2A-

30 kn to thc coaet. The nost llkcly sourccs of guah large

quantltlee of water are

(1) frm very heavy ralng

(2, nelting of snow and Lce

(3) stored water Ln or on a volcano G.!f. a cratsr lalce,

and

({) eruptLon of JuvenLle water.

Taklng these Ln turn:
(1) Heaqit ralns have been knorrn to have prodused labara but

are not knorn to produce strongly dLrectlonal deporlts of suctl

large slze ae ttre Pungarehu FottatLon.
(2) Grant-Taylor (1970) considered that many of ttre older

Iahar deposl,ts ln Taranaki odeveloped by eruptlone under much

ttrl,cker lce durlng ttre glaciattonsn. In guch tlneg torupttonr

neltLng ttre lce and gnow would much inereare ttre bulJc of watar

thrown out durlng an eruptlonr. CoId ollnate pollenr extracted

from peats lnterbedded wltlr lahar dcpoeits older than 301000 yr
B.P. support tlrlg Ldea. Ilorrevqr a@€ auttrors have shown that
large quantl,tlee of water are not produced frur nalting of rnow
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and ice during eruptLong, probably beeaurc of the large arrpunt

of heat requLred alnoet inatantaneously. KJartanrglonrg (1951)

calculationa on ttre arrcunts of water r€lerled from the 1919 Eckla

eruption show ttrat t*re bulk of water could not have bean derl,ved

from the neLting of Bnow and ica and he euggeats lt war wator

releaeed from wlthln tlrc voloanio orater, probably ar JuvcnLle

water. Matlrewe (1952) hae deeorlbed lavaa ttrat wero darmcd by a

Pleietocene Lce gheet ln BrltLsh Columblar Canada. Allo RobLneon

(19{8r p.525) Llluetrated a photograph of a rt-eamLng lava dore

protrudJ.ng from an lce fllled crater on Great SlUsln lrland ln the

Aleutlane, whLch showe no surface water or meltrater atreanr and

most Lce 1g slmply cracked.

It would be very dlfflcult to determine orlgln (3) and ({)

when dealJ.ng wlth pre-hLstorio lahar depoeLte. The cltff ccctLon

exposed at Opturd<e ia sorrelated wltJr i:he tlpc eectl.on of tlre

Katrui FormatLon (Flg. ,!9). Tlro radlocarbon datee (N81257 and

NZ136l) collected, from llangahume Strearn 1.5 km to tha souttr-oact

of Opunake, and from Stent Road 2O.5 km to thc NHttl, have alro bcen

correlated to ttre Oprurake sectLon. The conblncd Eoguence shonr

up to l3m of lahar depoelta accumulated betnccn about 331000 and

23'000 yr B.P. A perlod of pcat accumulatlon ocsurrsd bet*reen

23,000 and 151000 yr 8.P., wtth a furttrer period of lahar

accumulatLon from 1{1000 yr B.P. to ttre preeent. Thc pcrlod

331000 to 231000 yr B.P. ig recorded (Errtltanl 1966) as havlng

been of terq>erate ellmate cmpared to the oooler perlod whLch

followed between 22r00O and 151000 yr B.P. In addLtlon durLng

ttre amelioratlon of clLmata follorlng the last stadl,al 12-6 1000

yr 8.P.7 the Kahul Fonatlon vaa dcposlted nearer aouroe. lty
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interpretation of ttris aaquenoc Le that durl.ng ttre last
stadj.al wldeepread peat accumulatLon occurrad at ttre prercnt

coaetlLne and durl,ng ttre interctadlal and port-glacl.al perlodg

ttrere was a htgh freguency of latrars cgngeguent on lnsreaaed

raj.nfall and greater water storage at htgh levelc withln ttre
volcano. In one of the largegt higtorlc latrarg knwn, from llt.
Keloet, Indoneel.a, an estl.mated 3O-{0 nLlllon n3 of rater
released from Lts crater lake tranaported debrla up to 30 kn

from source. This Lndl,categ ttre larga amount of ratcr which can

be stored ln a volcanlc crater, not alwayt by a lalcc of largc

areal extent but by ona whlch 1g relatLvely deep. Th€

Jokulhlaupa of lceland are exarqrlee of watcr bel.ng etored Ln

volcanlc craters eubglaclally, Thorarlneeon (1957, conglders

that ltttle Lce is netted dl.rectly vhen Jokulhlaupe ara LnLtLated,

but that mogt watcr i.a stored reltwater raLxsd rll*r sonG Juvonila
wat6r.

The sumnLt of Mt. Egrnont Le a llkcly ar6a for water to
have been gtored Ln ttre paet. The reglon haa an unurually htgh

ralnfall at present (betrrecn 10 - 15 x lO3urr pGr annrnt and t{re

area Le llkely to have had a hlgh ralnfall, relatlve to nort
ottrer areas of New Z€aland, durlng thc late euatarnary. fhc

source of water avallable for t;aneportatl.on of the vaat

guantittes of debrLg present Ln the Opua, Irtarca and Pungarehu

Foraationg ls ttrus conaldered rrcat ltkely to havc orlg!.nated from

water storage on the volcano, probably Ln thc fom of a crater
lake.

The wldespread uni.form thLckneea of older latrar deposLtc

on interfluvea along ttre souttrern TarandsL coastlLne nay be
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lnterpreted three wry!:

(f) Riverg would aggrade durl.ng glaclal perLoda go that lalrars

would spread over a wLde rrGrr DurLng lnterglacLal pertoda

there wore no large laharg. Thig proposal aa an abeolutc

generalisatl,on Ls unlLkely bccauge of the oacurence of

LnterstadLal and poet-glaclal laharr Ln wcstcrn Tarandcl.

(21 Aa above, but durlng Lnterglaclale, lahars w.rc channcllcd

along decply Lncl,eed guUl,es, It la howener unlLkely that a

Iarge lahar would be confincd to a rl.ngla rlver channcl as

It would tend to spread latorally outrrarda ln a lobata fom.
The latcrt large-acale collapse frour Egilnont fornod thc Opua

lahar, 20 krtr ln wldth at the present coastlinc and epanning

13 naJor atrsam and rLvsr channels.

(3) trhcre hac not becn a naJor dlfference Ln thc prss€rvatLon

of lahars Ln glaclal and Lnterglaclal perlodrr to that a

Iahar is llkely to gulokly fi.lf any rLver grtrllLca (nort

of whlch are emaIl at preeent) and apread lateraIly,
Lrreepectl-ve of the clLmatLc regLne, Thlr altarnatlve is
congLstent wLttr ttre obaerved data obtaLned at prosent on

lahar depoeits in Tarandci.

CONCLUSION

The lahars whlch dcpoel.ted ttre formatLonr dclcrlbcd ln
thLs paper are conrl.dered to have fomsd by gravLty oollapce of
Eg:mont eone wl,th accdpanylng relcase of substantlal quentltl.ae

of water probably frm a crater lalse durlng perJ.odsof tenqnratc

cll.rnate about 251000 yr B.P. and betrwcan 1{1000 yr B.P. and tlrc

present day.
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CHAPTER 5

STRUETURE OF EGIVIONT EONE

|Ihe boundary of Egnront NatLonal Park, defJ.ned aa a 6 nLle

radLus (9.5 kn) from Egmont sununit, la at d50n (Ir500ft) altltudc

to the east and 390nr (11300 ft) to the wegt Lndlcatlng Egrnont

cone I'g not perfeetly aynwretrl'cal from eaet to west. Thlc

ellght aeylrsnetry is due to large scale collapeea fron the

west gLde of ttre cone whLch hanra reaulted Ln slightly eteapar

gradl,enta. In a north-sout-h crorg-rsetlon ttre ngnnont cone 18

broken to ttre south by Fantharns Peak, frequently referred to

as a parasl.tl.c cone to Egrrnont. The souttrern cone hag bcen tn

exietence for at least 351000 yeara and may have formcd prlOr

to the Egtnont cone ln whlch caae "Egrmontr hac bsconno Parasltic

upon trFanthana Peaki and then grown larger.

Above the 450rn contour the rlngrPlaln surfac€a r whLch

sxtend to ttre weetern Taranakl coastltne, abut agalnat tha

upper Egmont cone. Frequently ttre contaat le obscured by

acre€ covered lava florrg whlch termLnate nelr ttre 1r200m

contour. The oldest parts of the upper cone are prolcnrcd Ln

ttre west bstween l{eat RLdge and Bobe B1uff , and ln the nortlr

and east between Carington and Curtie rLdgcs. llarry rcmnants

of the old lavas are preserved as flowg cappLng rldgea whlch

have been reverely dl.esected by lateral etream ctrannel eroalon.

ltany of ttre gUlllee LncLeed wi.ttrln ttre old lava flqrs havs

slnc€ been fllled by nore recent florre whlch i,nclude l{inarapa

Stroam lava flow, (soe FrontispLece), Sharks Toottr, Dray Traok
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and $keete RLdge flows, ttre latter j,n ttre amphltheatre betnecn

Bobg Bluff and Fanthams Peak. The o1d lavas are Ltke1y to be

less ttran 161000 years old because they could not have been

extruded untll after the datecl Warea FormatLon orlgLnated.fron

the eone. The young€r fLowa to ttre nortb and eouth Ln contraat

postdate ttre <71000 year old Opua Formation. Sorae of theee

flovrs have followed ttre present day strean channels and have

aLso been clj.verted away from Fanthane Paak. Thus moct of tlrc

upper Egmont cone appears to have heen conetructed durl,ng the

Iiolocene.

On the eaetern slde of Egrnont cone Ls a flattenlng of

slope near the 1r200m contour which Grant-Taylor (1964)

referred to ae I aofifit&-rLng, fonmed by subsidence of the

upper parts of ttre mountaLn, and ttrat Egmont has gronnr Ln a

calclera. Somna-rtng Ls deflned as "a hlgh, clrcultr or

crescent-ehaped rLdge, wl.th staep Lnner walIs, aurroundlng

a central, volcanLc conen (A.G.I. Dlctlonary 1950). None of

ttreee featuree are preaent on the east gLde of Egrrcnt and the

plateau referred to by Grant-Taylor le y*rere the volcanLslactLce

abut agalnst the lavag of ttre upP6r Egnont cone. fn oertal,n

areaa lavas have flowad onto the volcanLclastLcs G.{t. Wert

Rldge.
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ABSTRACT

Three zones of radial lineations interpreted as faults are described on the lower

,fop.t-rf-frii'n',o;nt.- frfagnia is consiiered to-.5ave nscended.along three of the

iuuit, to form four .urnuloio..r-The Dorne, Skinner Hill, and the two Be"ehives'

Jdinting patterns, concentric to the margins, suggest that the cumulodomes torrneo

largely by internal growth.

ItstnonucrroN

Mt Eemont is a volcanic cole t|,260 ft in elevation' on the west -coast 
of

t#'N;ftil ]ri"na "f New Zealand, 140 miles north-west of sflellington'

i;r;;il;[;l shape is broken only by Fauthams Peak' a small€r cone to

the sorith. The steep'non-vegetated-siree-covered slopes of the up-p_er cone

;;;r;;;;;"id, to^ the moie gently dipping foresf-covered lower slopes

[eiow a,ooo ft. The mountain Ti.t i"tgtiy *ithin -Egont National Park'

ttr.-p^rU boundary being a circle of I +ih radius from the summit' except

io the north where it elxtends to include the Pouakai and Kaitake Ranges'

i"o[ d;;-;n"p.i-trittt, covered by heavy forest, protrude from the lower

;;;r;i-',h; riountain.'The namei of the domes are those used on sheets

N108. N109, NIl8, and Nl19 of the r:63,360 topographical map series

(NZI\{S t), except for the two Beehives which, to avoid contusron' are

;*j*."a#ir-'r.i!*.J to as Northern Beehive* and Southern Beehive*.

in.tiur"-'iiJ.f,i;;; ;. 4km and )km respectively to the-south of the

summit. The Dome is at the foot of the northern sloPe ot Mt tgmont'

il;;; to-1n. ro"tttern slopes of the- Pouakai Range,-and Skinner Hill,

;,ffil ilr'irrff *"y up the'northern flank oF Egmonl, almost due south of

fi;b;.. Skinner glf is partially covered by dJbris flow material from the

opper cone of Mt Egmont.

Pnrvrous lZonr

Gibson and Morgan (1927), in-a survey-9f tlr. pgmott Subdivision,

,"s-;; th. Beehiv"es a.e prob;bly being small volcanic cones, Parasitic to

M? lsmont. Arnold (195i) suggested that they ar€ "very viscous lava . . .

."tr*?""r,'. Numerous "c6nicaI-hills" in Taranaki ane considered to be

t"-uii. in orisin (Grange, 1911). Grant-Taylor (1964) regarded the two

it;;hi;.; as piobably bei-ng unusually large "conical hills" perhaps "formed

around exceitionally large blocks of andesite Iava stranded at the bottom

of the steeP mountain sloPe".

*These are not approved Geographic Board names.

N.Z. lotrxal ol Geology and Geopbltics 14 (I):71-81
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TrRlrruorocy

- The terminglogy of volcanic domes is confused and unsatisfactory since
domes formed by identical processes are divided only on the bisis of
whether or not they are extruded withjn a pre-existing crater.

The term "tholoid"-anglicised from "tholoiden" by Escher in 1920-is
a convenient term for domes extruded within craters, with the dome on
Galunggung (Java) being the type example. The ferm "cumulodome" as
used by Hoimes (-tl0:1 is "an isolated volcanic dome which shows no sign
of a crater or orifice". (The term as originally used by Fouque (1879)-is
"cumulovolcans".) Indicative of the confusion of the literaiure the term
"tboloiden" was first applied to the Grand Puy de Sarcoui in the Auvergne,
which is now regard.ed-'by Holmes as a "cumolodome".

The term "volcanic dome" can be used for both cumulodome and tholoid,
and was defined by \lTilliams (1932) as a "steep-sided, viscous protrusion of
Iava forming-,l_ more or less dorne-shaped masi around its veni". It is sug-
gested that Villiams' phrase "around iis vent" would be better expressed L
"above and within its- vent". In general, a volcanic dome is devllopsd by
internal and external accumulation-of highly viscous lava over a hidde'n vent.

SrnuctunE oF THE Dolras

t{ay (t962). identifed Mt Egmont (including the four domes described)
and the Pouakai Range as hornblende-andesiles. I have examined thin-
sections from all of the domes and a few lavas from the main cone of
Mt Egmont, and they are predominantly pyroxene-andcsite and plagioclase-
pyroxene.andesite. The Southern Beehive and Skinner Hill ari cJmposed
of hornblende-andesite. (The andesite terminology is that used by tlark,
1960.)

The Dome (Nrr8/624668*) shown in Figs. l, Z, and 3, is 3"439 ft in
elevation, and rises as a steeply sided, dome-shaped structure 400 ft above
the surrounding debris flow surfaces. It presents a smooth hemispherical out-
Iine from all directions. The Dome has steep slopes with a gentl| undulating
relatively wide upper surface of about 4.: k ici" m3. The 

*estimated 
volumE

is 2'57 X 10? m3. It is elliptical in plan, being 0.8 km long in an east-west
direction and 0'5 km in a north-south direction. An arcuate furrow. concave
to the west, runs across the undulating top of the dome. According ro
Mr 4 B. Duncan (pers. comm.) a volcanic dome on the flank of Mt E-dge-
cumbe shows a similar arorate furrow. The northern part of The Dome has
been eroded through by Stony River forming a 3OO ft andesite lava section
showing vertical columnar joints up to 200 ft high in the basal part. The
base of the dome is exposed behind the foot of Bells Fatls and rests on
volcanic conglomerate. The basal contact dips to the south at about Zio.

*Grid reference based on the sheet district of the | :61,360 topographical mao series
(NZMS r) and the national thousand-yard grid shown on thal siriis.



Ftc. 1-1'he Dome (cenire) viewed fronr the u'est. at sunset, q,ith its shatlorv cast
on to ridge of Pouakai Range (middle bnckground). Debris Ilow surfaces
derived from Mt Egmont (right) with the Pouakai Range (to left).

By courtcsy ol Dcfi'urhrtrtt ol l.ands aul Suruey

Ftc. 2-Vertical aerial photograph of The Dome (lower left) rnd Ahukawakawa
Swamp (centre). Arrows indicate lineation 3a. Recent debris flows derived from
Mt Egmont extend into Al,ukawakawo Swamp from the south (point J).
Measured line (40 chains) : 800 metres.

Inset
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Ftc. 3-Contour map of The Do4e---<ontour i.stervds 100 ft. By pernissioo of Lands
and Survey Depertment.
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Ftc. 4-View of Skinner Hill from the north-west, Mt Egmont in background to the
left.

Skinner Hill (N118/621648) has an elevation of 4,300 ft,(see Fig'  )'
It shows a domid form onlv from the north, since the southern part has

been buried beneath debris flow material from the upper cone of Mt Egmont'

The dome is 0.5 km wide in an east-west directiori and 400 ft hi8h. The

volume is estimated to be about 5.74 X 106 m$. The exposed part of the

uDDer surface is nearly horizontal. Upsom Stream has cut through the

nirithern part of the d6me to expose weak columnar jointing overlain by
jointing cbncentric to the surface bf the dome. A slip scar- 50 m -north-west
iho*r ihe same concentric ioint pattern. A rcck sarirple from the slipface
is a vesicular hornblende-andesite-strongly stained by limonite.

The lack of outcrops to the south-east side of Skinner Hill does not
allow a complete inveitigation of the structure, and the hill could also be

interpreted a's a coul6e. From the observed jointing and the proximity of
the 6ther circular cumulodomes, Skinner Hill is included with them.

The Northern Beehive (N118/6415'77), ),r2I ft in elevation,(shown
in Figs. 5 and 6), lies on'the gently seaward-dipping southern slopes of
Fanth"ams Peak. Not as steep-sid& ai the other doma, it rises 200 ft from
a circular base to a nerarly'flat srunmit 1'1 X 104 m2 in arca, Its basal

diarneter is 0.1 km and its volume is estimated to be 7'2 X 100 m3. Its base

is buried by debris flow material derived from the north. The only outcrop
found on the dome is in a small stream that drains Lake Dive, half a mile
from the outlet. The rock is pyroxene-andcite with minor olivine. Vertical

ioints concentric to the centre 6f the dome cross the stream obliquely, forrning
imall ponds and waterfalls.
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The Southern Beehive (Ni18/640570) shown in Figs. I and 6, the
srnallest of the four domes, rises almost l0O ft above the surrounding slopes
as a perfect hanisphere. Its elevation )s 2,775 ft, its basal diameter isl.+ [m,
and its estimated volume 2'5 X I00 m'r. Like the Northern Beehivg its
perfectly circular basal outline has been obscured by debris flow material
derived principally from the north-north-east. No clear rock exposures .ue
visible, but a 2 m deep pit, excavated through tephra on top of the dornq
e(posd a highly irregular surface of vesicular lava. The lavaIs a hornblende-
andesite with marked trachvtic texture.

Taarr t-Dimensioos of the Three Promineut Dornes

Diameter
(metres)

Height
(metres) (feet)

The Dome
Northern Beehive
Southern Beehive

max. 7O0, min. 400
400
300

54A
400
27'

r62
120

S3

By cotrltsr nl Drltd.rtmcil o! Inarls ani Surtty
Frc. J-Vertical aerial photograph of Nortiern Beehive and Southern Beehive (lower

left). Arrou's indicate lineations 3d and 3e. Cross marks bog.iron diposit.
Messured line (40 chains) : 800 metres.
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DoMr INTTnPRETATToN

Vor.. t4

Sflilliams (1932) in his general survey of volcanic domes of the world
stated that lava of high viscosity is a prerequisite to their formation. Domes
are thus composed of lavas of acid and intermediate composition and not
of the more fluid basic lavas. He recognised nine types of lava associated
with volcanic domes, pyroxene-andesite-the rock of which two domes are
Iargely composed-being the most abundant.

No cumulodomes have been observed on the upper cone of Mt Egmont.
All four cumulodomes dccribed are located b*weiri the altitudes of zlooo ft
and 5,000 ft on the lower slopes of the volcano, which has an average slope
of Lzo. Lava extruded from the summit crater of Mt Egmont has llowed on
slopes averaging 28o, from the top of the mountain at 8,000 ft altitude
down to about 4,000 ft. The same viscosity lava extruded on slopes of. I2o
could well form domes instead of flowing downhill.

Lrurntrons

Because of its conical form, the drainage pattern of Mt Egmont is radial
and fairly regular. Examination of aerial photographs showed a number of
radial streams to have unusually straight ieaches s-ometimes flanked on one
side by high lava cliffs. Other evidence includes 30 offset streams, a bog-iron
depoqiq and straight rc:aches in a number of streams being strongly collinear.
The linear reaches and the high straight cliffs are considered to have been
caused by faulting. Most other streams on Mt Egmont are not linear and
follow irregular, winding courses. Descriptions of the lineations are listed
below; letters in brackas after the names of geographical features refer to
their locations as shown on Fig. 7.

la-Straight reach in Cold Creek (A) ; collinear with straight reach in
unnamed creek and_ straight stretch,in, Mangahume StrJam (B). In
upper Mangahume Stream lineation flanked to north-west by high lava
cliffs of Bobs Ridge (C).

lb-From Dieffenbach Clifi_s (D),_ linear reach along main headwater
stream of Waiwakaiho River; flanked to north-wesf by line of south_
east facing cliffs in middle reaches of river down to 2,obo ft contour.

2a-straight reach in a tributary of okahu stream, to south of the hill
Maru; lineation extends approximately eastwards along cliffs forming
.upper part o{ lkeet-s Slide (E), tg upp€r Okahu Gorge; lineation flankef
by linear_cliff o_f northerly facing columnar jointed andesite, to
south of Okahu Gorge, adjacent to TTest Ridge (F).

2b-Lineation begins south of t$Tarwick castle (G) and continues east-
wards along a tributary of Manganui River to north-east of curtis
Falls (H); -lin-eation continues eastwards for over 2 miles along
main drannel of Manganui River to beneath the 2,000 ft contour.



I
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Frc. 7-Lineation Fattem cor*tructed frcm aeri4l photographs aad ground observations'

Contour interval, 1,000 ft. For synbols uocd sce teilt'

79
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The third and most dominant set of tineations (Lineation s la_jg) occupiesa l$km zone trending in a north-west-south-east directioo. 
-o' -

3a-Marked by a lineation which strikes parallel to and iust to south of
smatl stream to north of Bells FallJ; recent debris'flows in orderof a few hundred years old are considered to have ;;;; [h" t r..
to the south (J): the lineation corresponds to a rine of disturbeJ drain-

- age in I 1 stream courses, interpreted as due to faultins.
3b--Parallel to lineation 3a, and itriking. along south sid"e of the ridgefrom linqtion i,a; consists of kniTk points in 20 small parallel

streams; lineation 
.stops.abruptly.at Beils Falls, and is thCIitht-;

jeappear in a tributary of Storiy hiver Mountain branch (K).
3c-Recogrrised in straight .qtrry of stony River Mountuin dr.i.n, rro,n

The Dome south-eastwards almost to iummit of Mt fernoni.--
3d-Extends from linear- rea$ in Mangawhero Stream (L),"ro"in-uastwards

along collinear rearh of MangawEeroiti stream, dl*n to beneath the
2;OOO.ft contour;.larse spring'-depositing bog tbn' oUr*ru.j- 

^io"g 
tt is

^ lineation (M),- (Mrn. P. O"ruce, pers.-comin,;.
3e-Linear trace along upper reaches ^of trl*g"*'heroiti Stre.am. parallel

to lineation 3d, Atending down to the r,i00 ft contour.-- 
-' '

Jr-Lrnear course of main branch of Kaupokonui stream from about
4,500 ft on the slopes of Fanthams pea.k (N) d;;G !*."tn tr,.
2,OOO f.t contour.

3g-Collinear trace 
"f y9. trilu-tgieg, in upper reaches of Kapuni Strearn,from the 4,000 ft to the 2,000 ft contdrir.

3h-short lineation cutting obliquery acroes drainage patteyn of Manga-
whero Strea-m.

All the lineations are grouped into three principar directions. Lineationsla and,lb,may repres€nt a sinlte lineation thai strikk aa20;_t0; iine"tion,
2a- and 2b are considered to rellresent a, {urthe.r singre lineation striking
between 8oo and 90o. The third set of lineations,Z;_,g,1;-; rlon. ofcollinear featurq up to 1!lim wjde, striking t?,}o_I4ro. Lineations I andI rnrersecr neirr the summit, but do not show on the upper and younger partof. the cone. (above 5,000ft) due to extensive #il il'iI.?, r"uuerctrusions- The centre of the third zone passes close to tt. irrt.ir".troo pointof lineations L and,2.

CoNcrusroxs

The third lineation zone s interpreted as a fault zocre; Iineation jb is con_sidered to be a fault upthrown to ihe north-east. A. ,;d9rt.d'oiigir; io, tt.domes is that they weie formed by rising uir.ou, rava alonA vertical radialfaults around the base of Mt f*; ,uritr, iinL-l]rr?*ir"""r ,r,.surrounding_strat4 the domes probably grew .naog*oorly-?,ir.ii.ffyl 
"r.,their veots. prominent polygonil jointin!'in the ceritre .r fi,! o"-. ,'ogg.rothat a thick cmst deviropdd on'the eirernar ,r;f*r-;"d'il;;rLring

s*td comparatively .siowly. Skinner Hill is "oi ,"JiJry--ii"or' *i.tThe Dome and is not-sited on an observed rl".uuor. H;;;trr,'ii:prou"ury
originated by Iava rising 

-arong 
a radial fa,rit which reacheJ'trr.tr,rrr"..

a short distance from the fault-trace.
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Both of the Beehives lie on a straight line, which extends radially from
the summit of Mt Egmont, and are theiefore also considered to have reached

the surface along a-radial fault plane. However, from observations made
from aerial phoiographs, an anticline is considered to exist along the axis

of the two domes-, *trlctt ;f projected northwards extends to the sumrnit
of Fanthams peak. nock ootitopt along this projected line suggest dike
intrusion, and towards Fanthami Peak l-avas have diverged and flowed off
the axis of the anticline. Furthermore, recent debris material which has

flowed down the anticlinal axis has tended to slide off the axis to one

side, and in so doing has built an apron of volcanic conglomerate.on both
sides of the Beehives. This has led fo an area of non-deposition along the
upper base of the Northern Beehive, thus altering the present drainage pat-
tern and forming Lake Dive (tee Fig. 4).
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EHAPTER 7

AGE RELATIONSHIPS OF I.IESTERN TARANAI(I SOIIJS

st t'tMARy

The age relationshipa of ttre soil tlper descrLbed by

Grange and Taylor (1933) and mapped on a ecale of { url to 1

lnch l-n thoete NZMS1-N108, Nl18 and N12B are examlned in
sontext of both geomorphLc eurfaceg and ttre succeesLon of
dated andesitic tephras and Lahar deposlts. Of two prLncLpal

"sets" of rlngplaln surfaceg, ttre older set (a) gradas to ttre

PouakaL Range and ls rnantled by about 1,0 m ttrlcknesg of tephrae.

On ttre hlgher slopee of ttre Pouakal. Range, Holocenc tepbrae
(formally named oakura and okato Tephrae) total about 2 m of
this tephra mantle and form ttre parent material to eol,l mapped

as Patua sandy loam. Honev6r, below ttre 200 m contour ttre
Holocene tephras ttrln to lesg ttran 30 can and rest upon an

halloysite rLch subeoil (Gradwell and Birrerl 1954) extendlng

back at leagt 501000 years or more Ln age. lrhe soLLe daveroped

on these latter parent materl,als are mapped ag New plyrnouth

black and brown loams.

The younger set of ringplaln surfaces (b) grades to Mt.

Egmont and compriseg at least 3 lahar units in western Taranalcl..

The oldeet lahar unlt ls about 251000 yeara old and ie mantLed

by the Holocene aghee Oakura and Okato tephrae. The middle

lahar untt Ls betweEn 12 and 15,000 years old and ls mantled
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by Oakura Tephra, The yourgest lahar unl.t Lg legs ttran 71000

yeara old wlttr no tephra mantle. Waroa gollg are developed

upon the Oakura and Okato tephrae whl,ch overly andesltlc

breceLa of the oldest latrar unlt. Warea soLls are slml,lar i.n

age to Patua sollg, but ttre latter eol,Io occur at grcater

elevatlon and under hlgher raLnfall on ttre Pouakai ringplal,n

and becauee they are nearer the tcphra source - !lt. Egrnont,

contaln nunarous pumlce fragrmonte. Rahotu and Glenn loame

are developed upon the Oakura Tephra overlyJ,ng the nlddle lahar

unit and Glenn and awatuna loams are devetopad dLrectly upon

ttre youngeet lahar unlt. Newall bouldery gande (devcloped on

7 - 121000 years old debrl,e flow d,apos!,tr) r Inglawood ooarso

aandy loam (on a pumJ.ee ghower dated about 31000 years old)

and Hangatahua sol.Is (on letr ttran 500 ygar old gravela and

sands) are of restrlcted dl.strlbutlon and are each rclated to
specJ.al parent materLale.

INTRODUETION

Tha recent nolcanlc history of TaranakL l.s donlnated by

the activlty of tnro volcanoeE - nguront and Pouakai, whlch have

constructed extensLve rlngplaina of detrLtal voloan!.clastLcc

graded to each oentre. Tephras erupted frorn ttre older Poualcal.

volcano are preaerved only on ttre Pouakal rl.ngrplaLn. fephras

erupted frorn Egmont centre have been depoaited on bottr the

older Poualcai. ringplaln (a) and ttre youngcr Egrnont ringplaLn
(b) and recent lahars from Mt. Egmont have destroyed all but

the yourgeet Eguont aource tephrae on thE Egmont rJ.ngplaln.
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The tephrochronology and tephrostratj.graphy of these depoelts

hae been discugeed separately.

FAREIIT MATER,IAIJS

Recent eruptione from 1.1t. Egmont have epread andeel,tLc

tephra over a 50 krn radlus of Egnont eurmrLt eo that, most of
the tephraa on the Pouaka!. rLngplaln aurfases (a) €rre nor

mantled wlttr a layer of Holoaene tephra. The most wldespread

of these tephras have been named Oakura and Okato tephras
(Neall L972) and correspond approxLnateJ.y to ttre ',Egmont

showerr of Grange and Taylor (1933). The okato Tephra reatg

upon an ash d,ated (NZ 912, at 161100 t 220 yr B.p.) and ttre

Oakura Tephra reste upon a burLed forest dated (NZII44) at
6t970 t 76 yt B,P. At New Plynouttrr the Oakura and Okato

tephrae total less ttran 30 qn thlck and ttre consLderably older
New Plymouttr Aeheg occur at 2-3 n depttr. The latter naterj.al
Ls consldered older than 501000 yr B.P. and eontalna halloysLte
horLzons (Gradwell and Bj.rrell 195{l Bl.rrall, Fleldee and

wll1lanson 1955) whlch arternate wLttr dornLnantly allophanlc

layers (Dr K.s. Blrrell, pers.com,). Detal,l.ed J.nveetLgatLong

shff their reLatLonahlp to each tephra unLt; the upper part
(paleosol) contains botlr allophane and halloysLte, ttrE lower

part (parent tephra) contaLns only allophane. Above the Ner

Plymouttr Ashes, LntermLttent weak eoLl development wlth no

halloyelte suggests smalL tl,me lnterval-e betffeen eruptlvee whlch

were LnsufficLent for allophane-halloyalte transformation to
oceur. It Ls suggested ttrat halloyalte forms as a result of
prolonged weatherlng wlttr lttt1s amorurts of aeh deposJ.tcd,
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rather than as a function of dLfferencea ln lnLttal parent

material. conposltion or increasing age.

fhe bulk of the soLls on tlre youngcr Eg:rnont rLngplaLn

Eurfaces (b) are developcd on tlrree formatLons of wlderpread

lahar deposits and wltlrin ttreLr respectl,ve tephra eovera

(<251000 yeare old) where preeent. The oldest deposlt oocura

to tlre west of Egnont sununLt and extends from Okato ln ttre

north to Rahotu Ln ttre eouth. It ie about 251000 yeare old

and is mantled ogly by ttre Oakura and Okato tephras. The

nlddle d,eposit Ls trllobate and extends north-wegt to okato,

west to Rahotu and south to Awatuna. It le mantled by the

Oakura Tephra and ls dated between 12 and 161000 years ago.

The youngest depoelt derived. fronr an anrphitheatre between BobE

Bluff and Fanthanrs Peakr on the south-wegt sid,e of Mt. Egnont,

le apread eouth-tf,estwarde to the coaet at Opunake. ThEre Ls

no tephra on this lahar depost t and Ln the coastal cllf fc
bottt oakura and okato tephras arc exposed beneattr it, Lndl.catlng

an age considerably less ttran 71000 yeare B.P. Between ttre

above 3 lahar deposLts on the coaetal lowlands and Egnont

sulrrit, there Ie a zone of debrLs flow depoetta which do not
extend far beyond ttre present Egrrcnt NatLonal Park borrndary.

At least 6 of ttreee deposits are nantled by ttre oalcura Tephra

and have been dated beLween 7 and 121000 yaars 8.p., and at
Least a further 5 have no tephra cover, bel.ng deposlted during
the last 500 years.

"'
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SOIL TYPITS DE\TELOPED ON A}IDESITIC TEPERAS

New Plnnouth black and brown loalrs (3 t 3A) Flg, 50 arc

reetrLcted to tlre Pouakal ringplaLn gurfaces (a) and frequently

comprJ,ee a young al.lophanlc toproil of Egrnont dcrlved tephrar

wLth a subsoLl of older allophanic or halloysitic tephralr.

Halloyelte occurs at, higher levels In tlre proflle where the

Oakura and Okato tophras are reLatlvely thln s.gt. Ln ttre

coastal region between Okato and New Pllmouttr. New Pllmouth

bLack and orqrn loams grade Lnto Patua sandy loan (5) wlth

increaeing elevatlon and increasing rainfallr and near the

300 n contour ttre Oakura ancl Okato Tephras ttricken to greater

than 2 m thl,ck contal.nl.ng numerous puniceouc laplllt whlolr

inpart a sandy texture.

Warea black and brown loanra (2 and 2A) occur below the

120 m contour upon all trrree lahar deposits but moetly upon

the oldest latrar d.epoeit wLtb ite eorresponding Oakura and

Okato tephra cover. On the youngeat formatLon, norttr-east

of opurake these aolls occur on parent nateriale betxnreen about

31000 - 141000 yr B.P. The most lLkely factors Lnfluenclng

Ure mapplng of these soLls wsra clearly cllmate and conl.cal

hIIl topography rather ttran tho varlable ttrlckness of tephra

cover. More detailed surveya Ln the future may find lt
necaaaarlr to restrlct the trWarea eoLLsr to those developed

only upon the oldest lahar deposLt and its corresirondLng

Holocene tephra cover.

New Pltrmouttr bouldcrv loam (3n1 sollg occur upon identloal
geororphl.c eurfaces as warea solls, but at a hJ.gher altitude,
from I20 to 420 m altltude. The great sLmLlarJ.ty between

2



22:t

sotl MAP OFu TARANAKI"

scALE oFMrLE" 7-. 1,'li'

- u /'A
Hew pLvuour_x --d

I
I

t

t

25n

\
\

\
isobath # t

Soil rnap of Taranaki compiled by H. S. Gibbs.

/ ,f<

I l"--- -.
("1
\ I'tr;I -__[fr\-i (l ii

;:!l--1-";;-
:t'.' X
' i '--i

i"^

':,,r":::ii" t 
- 

.
,-:,

-__*_.i

r\
\ \-r

FIGUITB 50



22ilx
LEGIIT{D FOR FIGURS 50

YETLOW-BROI|N 1{lAIr{S

Egmont black loam
Egrnont brown loam
Eguont hill soils
hlarea black loarr
Warea brown loan
New Pllmouth black loam
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theae eoils and warea loarns Ln cllmatl.c reg!.me, parent

materiaLe, soll morphologpr and age leade me to reeommend ttrat
New Pltnputlr boulderfr loarn be changed to Farea boulder.y loan.

Rahotu Loan (r3) solls occur aluost entl.rely upon t.he

nlddle lahar dcpoelt wittr lte accompanylng oakura tephra eover,
between Rahotu and opunake. The gentle surface topography
of the distal portion of ttrls rahar depoalt has regulted ln
poor dralnage and the development of a promlnent Lron pan of,

Rahotu solls.
Grenn roarn (12) ls of slmllar age to Rahotu loan but Le

developed on debr{s flow depos!.ts above t}re 100 m eontour.
In the Awatuna dLstrlct lt ls also formed upon a thln rnargLnal

ash-rieh llttrology of ttre youngeet lahar depoalt. The loam

parent materlal consLsts of stonea earrl.ed by the lahar
admlxed wlttr oakura Tephra and overries the nLddle latrar
deposl't. It differc from Hangatahua sol,ls ln that ttre parent
materlar Le older and consLets of oakura Tephra resting on

andesl.tl.c debrls about 7,000 years old. The soLl is poorly
d.rained and often aupporta srramlr vegetatLon. The Awatrrna

loann (u) Is of srml.rar age and clearry indrcatee a clLmatic
basLa for separating eguLvalente of Glann eoLle above the 200 u
contour.

A compJ.ex of Newall uouraerv sandg. (z) and patua gandv

Ioam (6) napped along the western boundary of Egnnont NatLonal
Park, occur respectlvely on (a) debrLs flow aurfaceg of 71000

y6.rrs B.P. age wLth ttrerr oakura Tephra cover and (b) tha
oakura and okato tephra urantled older surfaces whLch protrude
between ttlem.
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rn the rnglewood dLstrlct, trro tephras (rngrcwood. Tcphra

and Korlto Tephra) about 31000 years old, mantle thc topaoil.
They have bEen dated aeqording to ttre degree of prud.ee

weatherLng ln relatlon to knorn dated pnnlcee. The dlstrlbution
of these tephras shows strong coLncldence wLdr that of the
Inqlewood coarse eandv loan (5) ln ttre north-eaetern tcctor,
and ls llkely to have strongJ.y lnfluenced eoil development.

Hangatahua serlee soire extend ovcr {0 knz betwsen okato
and warea (sea Appendlx c) and are consLd,ered. to have beon

deposited by a large flood whlch follmed ttre Nenall eruptlonr
(Druse 1966) on Mt. Egmont. Debris flowg probably trLggered
by hearry ral.ns transported large guantitiag of gravel and

sand down stony Rlver to flood onto the surroundJ.ng lorlands,
eon8equent to the eruptlons. okato means Ln MaorL rprace of
the great tidal tdave' and slnee Lt Le 90 rn above sea level and

5 km from the coaet, the name probably refere to thLs flood.
Hanqatahua sand, qrravell_y sand and nrottled sand (g t 9A) ara
solls deveroped upon these andeeltLc aravels and, ganda, wh!.ch

becauge ttrey contaln charcoar from the Newall eruptl.ona, are
dated at less than ,150 years B.p. Norfolk eandv loqln (15)

soLls I'n tlre vicinity of ttre waiwakalho Rlver are of eimLlar
agre.

SOIL ryPBg DEI/EIOPED ON TEPHRIC IJOESS

In southern Taran*f (l f 1A)

ocsur on the Egmont rlngrplaLn surfaces to ttre west of llanrala,
but to the eaet ttrey occur on the upllfted marlne bench tefl[od
the RapanuL FonnatLon (Fleming I9S3). The parent naterlal of



22$

the Egmont soils in ttre I'tanaia dlgtrlct ia prlnetpally
I{orocene vorcanic ash (oakura and okato tephrae) reatLng upon

andesLtl-c conglomerates and sandstoneg. souttr-castwards of
trlanaLa the parent materlal of, these soils changesr the
Holocene tephrae thin rapidly and appear to reet upon a voleanio
derl.ved (or tephric) loesg. prelLmJ.nary !.nvestlgatlons of, ttra
loess eand grain minerarogy between pLhama and Nukunanr

indicate ttrat besld,es ttre large proportion of andesltlc
material present, ttrere Lc a gradual increase Ln "forelgnr
grains, such aa guartz, aLkall feldspar and metamorphlc gralns,
south-east away from Taranaki (G. Wattr pers.com.), Attendant
soLl profile studles indicate ttre loesg and overtytng ash are
rearliLy separable on ttre baeis of colourr colgletcncy and

structure.

DIECttSSION

The apparent absence of loese in weatern Taranakt rnay

be explained I'n part by ttre reLatlvely young volcanic surfaceg
in ttre reglon. Howeverr €v€I1 in ttre older eoils on the pouaka!.

ringrplain there Ls an abeence of loees. ThLs rs attrlbuted
to an abaence of a source area where loess could be dErLved.
rn southern Taranakl ttre maJor probable source was tha
present day continental sheLf whieh has been expoaed durlng
stadial periods to tlre souttr and west. Becauee there Lg a
very narrow contlnentaL shelf zone around the western Taranakl
coastllne such a Eource nay not have exl.sted during these
periods.

L
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The age reratlonshlps betrreen the western Tarandcl
soil types are aruunarised tn Fig, 51. of the tjrree prlncJ.pal
intrazonal soll typee Ln ttre reg!.on, New Plymouttr loarne predatc
Egmont roame whlch predate warea loamc (Flg. 52). The subeolle
upon whLch all of them reet vary from older tephras ln ttrc
north-west (New plymouth) r to laharic brescias rn ttre walt
(warea) to tephrlc loess ln tho south-eaat (Egrmont).

RecorunendatLons from ttre present work Lnclude the
follow!.ng:

1. is conrLdered undesl.rable

nonenclature because the eoLl ls eore closery allLed to
the warea loams and was initlally referred to as Warea

etony. loam (Grange and Taylor 1933). gggea bouldery loam

Ls consLdered preferable.
2, The strl,kingry sirnirar llttrology and age of Ure Rahotur

Glonn and Awatuna loams suggeets ttrat all are rnonogenetlc

and ttrere ls Born€ JuetlflcatLon for geelng if amalgamatlon
of these terms {s needed.

3. The parent materiars of Hangatahua soile and

eandy loan a.re more eLrnLLar in ltthology and

appears previously recognleed,

Tbe desLgnatLon of refereno€ or tlpe rocaU.tleg for arl
the Taranaki soll t1ryes, amd rcre partlcularly thc NEw

tlorfolk

rg€r than

4.

Plvrnouth and rlarea loame Ls consl.dered most deslrable.
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INF[{A-R$D, X-RAY DIFFRACTION & DIFFERENTIAL

THERMAL AbIAI.:ISIS OF SOIL PARENT MATERTALS

In a stu<Iy of allophanes separated froir the Patua, Stratford
and Egmont proflles, FLeldes and. Furkert (1966) etudiad DTA

and IR patterns from coarse and fLne clay separates and copared

Urem to solls developed on Central Norttr Island eruptl.vcs. In

thle report the soil" sequence Egnontf Stratford, Patua of
lncreasLng age and maturity wae 'nLgrepresented. Frm detalled
tephroetratigraphy tt has been shorn that Patua soilg are

slightly younger than Stratford solls which are rnuch younger

than Egnont eol.ls. If tJrls factor is taken into account wl-ttr

thelr presented d.atar the trends Ln the observationg are nade

eubstantially clearer and meanl.ngful.

The coaree clays from ttre 3 Baranalcl and 3 Central Norttr

Ieland soLLs ehow IR absorptlon at 800 cm-I, whLch becomes

lncreasingly etronger ln the younger aanqrles (Flg. 1, FLcLdor

and Furkert 1966, p.6J.1) l.€. absorptlon ln ttre Patua saqlle

does not represent a clrclJ.c endpoint to patterns pregented,

but rather a poeitlon Ln the weatherLng seguence between tbe

Taupo and Tlrau profiles. Slnilarly avcragre values of, peak

helghts from tha man X-ray powder diffractLon maxlma of
crlgtobalite and feldspar show dlatLnctLvaly higher valueg

in the younger samples. The anounts of organic matter on fR
patterne of fLne clay separatea (bElow 0.2U) can algo be

correlated wlth the relatlve age of ttre selected aamplee.

CIay fractions of all ttre prlncLpal Taranaki tephrae

were analyeed by X-ray dl.ffractlon (XnO) and dtfferential
thermal analyels (ofa1 technlques. The large clay contont
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Ln ttre samples made lt poselble to separate off ttre clay by

additl,on of sodium hexa-metaphosphate and ultrasonLc treatment

accorryanied by actLve stLrring.
XRD tracec shotr allophane ls the only clay congtLtuent

In all the aarnplee above the Ney Plymouth Ashes. HalloysLte

first appeara ln the upper part. of ttre uppermost tephra bed

of the New Pllmouth Ashec but Le not preeent Ln ttre lower part
of the bed.

DTA traces urere prepared using A1r0, ae standatd wlttr a
temperature lncreaee of 12oc per mlnute (Ftg. 53).

comparlson of HZOZ and non-EZOZ treated aarplee showcd a

decreage Ln siae of the Exothcmlc peat< between SSO-ZSOoC

wLth treatmEnt.

A11 the DTA tracea except ttrat for ttre New Pllmouth Ath

show a low temperature allophane endottrermLc peak oecurrlng

between 1950 and ZtSoc, whLsh repreeente tha renoval of
abeorbed water. Thla value Le slLghtly hlgher ttran for nany

New ZeaLand allophanes but le probably due to ttre slLghtly
htghar rate of ternperature Lncrease. Ths allophane hlgh

temperature axottrerrnlc peak attributed to murlLte or ga[ma-

alumlna formation (Inaley and Enell 1935), ranges nostly
between 8600 and 920oC. Srnall andothernlc peake betnreen 2850

and 305oc, and occaslonally at 3750, {1So and betwsen 4200

and lTOoC are attrlbuted to organlc-alumlna conplexes and

iron oxldes (Fleldes 1957), and van der Marel (19661 lnaludea

Jtlren as a common therrnal reaction of arrophane up to 550oc.

In additLon to ttrLe, eamples not trsated wlttr flZAZ shoy a

etrong exotharmlc peak (Ftg. 53) whlch deersagee in ternperature

value wLttr lncrease !.n age, from near TSOo to 560oc, and Ln tlre

l
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traces clay

Taranaki tephras. Traces are arranged in stratigraphic order,

youngest at the top. onLy the uppermost sarnple was treated with

H^o^. sample localities refer to sections and a best locality in
LA

NealL (lg7z). Traces rA (Hzo, treated) and lB (non-Hro, treated)

samples of Okato Tephra from Section 1; trace 2 - Koru lapilli

from section 6; trace 3 -Weld ash from section 6i trace 4 - W'eld

ash frorn section l; trace 5 - W'eld tuff from its best I'ocality;

trace 6 - unnarned ash from section 6; trace ? -unnamed ash frorn

best locality of Weld tuff;

(upper part) from section

trace 8 - upperrnost New Plyrnouth Ash

t.
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ol-degt two samples ttre eharp peak ls loet. Thig la attrlbutod
to organic matter. In addltl.on, ttre peak Le present in the

HZOZ treated sample, anrd ls due to organlc matter retaj,ned

by the clay despLte treatment, beLng burnt off (Fleldeg 1955,

p.342).

The DTA trace of ttre upper part of ttre uppermoEt New

Plymouttt Ash and to a much leseer axtent the unnamed aah above,

ehor ttre preeence of halloyglte wl.th an endothermLc pcatc

betrpeen 5000 and 528oc, due to the lose of a Etructural
hydroxyl. The temperature value of ttre peak le often
subetanttarry lowered lf halloyaLte ie preeent Ln only grnall

guantltles and ttrle elqrlal,na traee 8, whlch is conslgtent

with New Zealand and overseas data (Fleldes 1957; van der

Marel 1966). The additional hlgh teroperature exothermLc

peak between 9300 and 950oC is also attrlbuted to halloye!.tc.
However, lt ts apparent ttrat allophane continueg to domlnate

over halloysLte Ln abudallce.
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CBAPTER 8

AN IT\TVESTIGATION OF MOSSI.IELD AhID SHRUB EEOSYSTEMS

oN !{ottNT EGMONT, TAnA}IAKI, IIEW ZE,AIAI{D.

INTRODUCTION

A large proportion of ttre publLghed lnformatLon on organLo

matter productlon, turnover and nutrl,ent cYcllng Ln tcncatrl.al
ecoeyateme lg concerned wlttr tree ecocyltcue, but prLor to 1966

few attemSrts had been made to agsega slnllar featurea of rhrrrb

ecosystems (EgunJobt f967). In New Zealand, detallcd etudisc

have been carried out Lnto prlnrary productLon and nutrlent
cycling of hard beeoh (Nottrofaqua trrurcata (Col.) Ckn.) tn
weatern Hutt Valley (Dttller 1963arbrc) t of Plnur radLata foreats

Ln the Central North Island (W111 1959, 1964, 1955) and of, gorac

and paeture €cosystsms Ln eaetsrn Hutt Vallcy (Egunjobl. 1967,

1969arb). Ll,ttle work Ln New Zealand has been conosrncd wlth
aubalplne ecrub and herbfield production and nutrl.ent c1relLng,

probably due to lesser economic lmportance. Orrerseae gtudLea

Lnto prLmary productivt ty of grrbalplne and alpl,ne ecoeyst€ns

Include ttroee Lnto alpLne m{crosnvlronrnentg at Mt. Warh!.ngton,

New Hanpshlre' U.S.A. (Blleg 1965)r hcattr and graer baldr aad

otlrer shrub eotmwrltLeg ln Callfornla (Whlttaker 196I I L962, 1963,

1956) and of pralrleg and savannah land Ln lrllnnesota (Onlngton,

et.al. 1963).

The followLng pap€r rcports a etudy of prJ.nary produotl.on

and nutrl.ent cyellng wlttrln moaEflcld and shrub ecoeyetens at
1170m (319000 ft) altltude on Mt. rgmont, Taranakl, New Eealand.

The etudy site was chos€n becauee the ground surface (and aoll)
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Is known to have orLglnated as a dcbrLg flow 80 years ago

(aee Chapter 5, trllaero DebrLg Flolr!tr) r allonlng calculatLonr

to be made on rateB of organlc rnatter accumulation and soll

development. The mossfteld ecosysten Ls prLnclpally conPolod

of a greyt gh whlte noss (Ithacmltrlrrm laauqlnoauF vllr prulnonrn)

up to 15 crn thLck, whf1et tlre shsrb ecotystem contaLng tlrc

nodulated non-legnrralnoua mountaLn tutu (CoriarLa phnosar W.R.B.

Ollver) leattrenrood (Scnecio elaeacnrLf,olLus Eook.f,.) and tuaeock

grass (Chlonochloa r-trbra Zotov unnaned varr) all lcrs than 2m

htgh. The relatlonship between recsnt eoLls developad ln Urcsc

ecosystens after 80 yearu Le then coryared to aoilg davelopcd on

older debris flon depos!.tr prererved at lowcr clevatton, to ehor

ttre evolutlonary development of a yellor-brotrr loam soLl.

TERUINOI,OGT

A oomprehenelve revLer of prl.natl productlvLty and nutrlont

cycling Ln terregtrlal ecosyetems wtth partLcular ref,arence to

New ?ealand Lg preeented by EgunJobl (1969). Duc to tlre lack

of gsncrally accepted terrnl.nology tn ttrLs field, deflnltlons

of concepte and terms aE used ln ttrla paper are tlrocs of EgunJobl

(L969) and Atklnaon, gg4!. (1968). In partlcular, bl'maar 1r

uced ae ttre total welght of organJ,c rnatter (above and bslow ground

level) bottr llvlng and deadr P€f unlt area, uld nct Drlmarv

productl.vl.ty Le ueed aa ttrc rate of organl,a uratter fLxad Ln an

ecosyetem per unl,t area over a unlt perlod of Llms.

STUDY SITE

On ttre north-western elopee of Mt. Egrmontl 2r{78n (8r260ft)

altltudc, a succeaalon of at leaet It debrle fLg|r daporlts har
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ortgJ.nated from Egmont eruanl-t area durl.ng the Eolocene. . The

latest flow d,epoait ig widegpread and axtende from 1 r2000ry to

200n altLtude aome l0 kn frqn aource. It covera 2.5 lo2 to a

deptlt of at least 3 n, and trees were deetroyed beyond the

termlnal margln of ttre f lw depoel.t for a further 5 kn2. TreG-

rlng datlng of regeneratlng kanatri (lfeinrnarurla rasatrcaa Ll.nn.f .

forest) knocked ov€r but not kllled at ttre termlnal margln

lndicate that the flos orLginated ln the 1880rg (Druac 1970).

Early photographs of ttre depoglt taken about L900 A.D. by thc

sulrveyor If.M. Skeet, suggeet a recent age for tha flw and

conflrn a date of origln between about 1880-1890 A.D. Skcotte

photographs ehow no fallen logs or other debrLs expoeed on thc

upper surface and preclude prevLous organLc matter acsunulatl.onc

on the flow depoelt. llhur all the organlc matter nogr pr€aent

on ttre debrLs flow deposLt haa accurnulated elnee about 1885 A.D.

A study eite wag chosen to examLne in detall a moslfteld
ecoeysten at ttre 11200 m contour and the tnfluence of CorLarLa

aa a key seral etage Ln ttre eatabll.strnent of full shnrbland

oover at tttie altltude. Unpublished detalled gtudLec on glacial
outwash gravele at Franz r.Ioeeph, I{eatland by Stevsne and on

Canterbury river terraeag by Sllvester, lndLcate that Corlarl.a

epeeiea play a vLtal role Ln the rapJ.d bulldup of eoil nltrogen

whlch leads to Lncreaged vegetatlve grorttr.

Nutrl.ent cycltng wlthl.n the motgfleld ecosyeten and a shrub

ecoeystem was Lnvestlgated over an 18 nonttr pariod betrrcen

December 1968 and May 1970, on ttre 80 year dabrLe florr depoeit,

at a elte whlch met a nrrmber of erl.tleal condl,tlons;

(a) dominantly Corlarl.s and RtraeomLtrlum ecoaysteru rrere

essentlal
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(b) a shrub cofimunlty should contaLn a al.nglc CorLarLa atrncLes

e.g. C. plumoea. At lwer altltudec on ttre dapogl.t, trro

other species C. arborea Llndray and C. ptcrldoidcg

W.R.B. Ollver .rre couuon and hybrldleatlon also occura

between ttrem (A.P. Druce, perE.cofit.l.

(e) a locallty was regul,rcd for thc Lnetallatlon of valuablc

equLpuent away from trackE and tlrc poeelbl.llty of vandallsm,

but easLly located durlng unfavorrrable weathcr condltlonr.
The sLte Eventually chosen wa! narksd by a large 6 n htgh

boulder whlch enablcd ready location l.n mlaty condLtl.onr.

(d) A site suffLclently accessLble for tanplae to bc collccttd
wlthLn a one day vlslt from tlrc ncarcgt road.

The fLnal site waa chocen near Llttle PyranrLd, Et 1r170m

(31900 ft) altl,tude, grid referance N118,/615638 (1965) I Bc€ Fl.ge.

1s 38. Ihe sLte ls reached by cllnblng ttre Punl,ho Track to tlre
660 n contour and then travelll.ng eaebards along ttre oround-

ttre-mountaLn tracko toward.e Pyr+rnLd Etrcanr. :Ihc elte le 2,8 km

WNW of Mt. Egrmont suual,t, and 7 }xo fromr ttre Egrmont NatLonrl prrk

bound,ary anrd naareet road accesa. Th€ average angle of rlope

ls 14o and tlre aspcct north-westerly.

HISTORICAL GEOI.OGY

A large nunbcr of tnatural dLaactcrl" have severely

modlfLed ttre vegetation pattcrn Ln tlre etudy area durlng ttre
Iast 500 yeara. ilbout 1500 A.D. the Newa[ Aeh and Ncwall

Lapllll, products of ttrc nu6e ardsnte enrptlona from Mt. Bgmont,

earbonlged moet of ttre forcet on ttra norttr-wcetarn E$nont llopcl.
FLres also spread 3 km northwards acrols the wratern flantsg of
the PoualcaJ. Range (Onrce 1970). Following thero oruptLona tlre
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western rlm of, Egrrnont crater coll,apaed on f,lva occaglong

producLng debrl,s flowe whl.oh depoeLted graveJ. unlts averaging

2.5 m thick. All were sl.milar in eLze to the lateet and begt

Pr€Berved deposlt' which Ls cmPoced entlrely of freeh andeal,tc

bouldersr cobblee and pebbles wl,ttr coarae sand. rn all gtream

elq)osureg of this depoelt there ls weak gradlng of coarler
boulders to ttre base, although near ttrc etudy arct, a boulder

trai.n Is preeerved at ground surf,ace along ttre axLs of, ttre depoeLt.

The lateral boundarles of ttre depoalt appcar v€qr eharp on Skectrr
photograph. However, at ttre dletal nargLn of the depoalt,
Large quantltlee of wator reduced treee to ground leve1 wlttrout
deposJ.tlng a substantJ,al quanttty of debrle.

Another photograph taken by Skect tn tB99 A.D., of the

northern Egmont slopea, showc a g{milar bouldery fan of debrLa

whlch aPpears to grade to Mlnarapa Stream. From the photographlo

evldence of trro fanE of debrls to ttre norttr and north-wact of
Egmont slrluolt depoelted about ttrLc tisre, togretlrer wlttr apparent

water damago to trees at tlra distal rnargtn of one flan deporlt,
lt is conel.dered llkely ttrat exceptlonalty haarry raLn atome were

the trlggering mechaniams for the flows.

CLIMATE

The cllmate of TaranatcL Provinae ie strongly controlled by

tbe orographic effect of Mt. Egrmont whl,ch togettrer wlth a uarLtLne
Lnfluence produces regrular rainfall. dLrtrl.buted evenly ttrroughout
the year, Lntersperaed wlth eubstantl,al perLoda of brLght sunrb!.no.

$canrlan (L951) quotes data that the nean rangs betucsn hot and

cold extremes ie smalLer Ln New Pllzmouttr ttran anlmhere Ln New

Zealand. Although trro pGrruanent cllmats atatl,ons are gltuated
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on ttre eastern slopeB of llt. Egrmontr Do cllmatio recorda on ttre

wegt eLde of Egnnont were avallable at the beglnnLng of thl.g

etudy. SLnca tlre etudy started, a ralngauge har bcen lnetalled
by Hydrology DlvisLon, MLnLetr:f of Works, ln tlre llangahune Strcan

catchment, grld reference N118r/628600. Ralnfall data rccorded

at ttre etudy slte, Mangahume etatl.on, Dawson Falls and Stratford
Mountain Houge for ttre perlod Decerubcr 1958 to May 1970, are

presented ln Table 8. The data havc been averaged to provldc

egtlmated annuaL ralnfall, by thc formula I x L2/n- R, where T

lE ttre total raLnfall for 18 monthe, n Lc the nrrruber of nonthe

readLngc and R Is the annual raLnfall. In addltlon Scanlan

(196I) mentlone that P. Marshall Ln "Gcography of New Zealandn

recorded an annual ralnfall of 7r290m Ln 1910 at an elevation
of 9{2m on the northern Egrmont slopaa. llhsga flgrrrraa lndlcate
that ttre western sactor of Mt. Egrnont Lr drl,er than tlrc cagtern

sector and the eouth-wsst sector appears drl.est. Thc hlgh ral.n-

fall effect to tlre north-east of Egrnont at low altltudea lg also
prevalent at 1.200 m altltude.

Durlng the study perLod ltght lntegratora nsro opcrated at
the study sl.te to record solar radlatlon. Detalls of thesa

recordg wlttt comparative data from Ohakea, Auckland and lfelllngton
are preaented under 'Light Utlllgatlon". llhe relatl.onehlp

betrreen nonthly raLnfall and rnonthly lsoratLon 1g ghorrn Ln

AppendLx Dl. Of ttre 10 months wl.th lowest maagured eolar

radiatJ.on, aeven recorded ttre highegt monthly ralnfallg,
MaxLmum and, mlnlmum teurperature readlngs have been regularly

recorded at Stratford Mountain Houee sl.nce 1955. The tentrrerature

readings lndlcate the mean annual nlnj.num tanperature La {.soc,
mean annual naxLnum terqlerature ls 12.5oC and mean temperature
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TABLE 8 -

Decenber 1968

January 1969

I'ebruary 1959

llarch 1959

Aprll 1969

May 1969

ilune 1969

iluly 1969

Augruet 1969

September 1969

October 1969

November 1969

December 1969

ilanuary 1970

I'ebruary L970

Dlarch 1970

April 1970

!{ay 1970

TOTAI.

Averaged annual
from 18 months

(a)

463.6

{38.2

289.6

2{1.3

520.?

571.1

30{.8

304 .8

990.6+

330. 2

209.6

419.1

209.6

146.1

495.3

596.9

594,2

7,116.1

rat nfall
readinge 5 1714

t 17 rnonths total.
l,ltnletry of Worke ,
assegaed on Auroa

Monthly ral.nf,all (tn rm) recorded at
(a) Study Elte near Ltttle Pyramld Nlf8,/615638(1965)

(b) Mangahume Streanr N118,/628600

(c) Dawson Falls N119/683595 (1957) , and

(d) Stratford !{ountain House N119,/701615

(b)

572.0

230. I
126 .5

t85. I
515.1

{62.9

186.7

117.3

557.0

306.6

226.8

332 .0

226.3

127.0

175.2

162. I
6t11.1

5 1919.7'

4,2O0

(c)

437.9

659. I
{00.9

607.0

579.9

535 .5

494.3

246.6

141.2

564 .0

250.7

226.3

460.2

201.9

189.0

571.5

359.9

708.2

7r590.8

5 ,06I

(dl

477.5

631.7

476.8

71.4

517.6

665.0

172.7

253.5

522,0

625.3

2{1.8

192.5

494 ,6

232,9

L77.0

6{6. I
356 ,0

679.2

7 ,766.9

5r178

Data from Hydrology Sectlon,
WanganuL. Monthly fJ.gurec

Road automatLc ralngauge,



243

Le 8.5oC. The etudy gite Le 340 m hlgher than t*rls etatLon

and on ths west elde of trtt. Egmoont (FLg.X). lhe lack of bush

cover at the etudy aLte compared to forerted Stratford Moturtaln

Ilouge would Lndtcate a more e:qroaed sltuatlon i.n whlch allghtly
lower temperature meane could be oqlaoted.

The atudy slte Lg 11200 m belon tlhrr permanent anowllns but

on ttpo occael,ons durLng ttrc 18 nonths obgervatl.one, Encrr raa

encountered t}rere. In June 1969r arr eetlnated 660 m of lnow

fel1, and llghter falls were evident dorrn to 1,800 m altl.tude.
The enow had, formed drlftg and all but ttre Senecio and Cagglnla

ehrubg \rere burled. On ttre iluly 1969 vlglt, rnuch of ttre tnos

had dlaappeared but numcroua remnant patchee wer6 preaervcd on

slopes wlth a southerly aspect. Durl,ng ttre months Jurc to
August, severe froste were cou@on at the study al,te.

Hourly wind epeed and wLnd dLrectLon readlngs are racordcd

during dayllght hourg at New Plynouttr Alrport. From ovor 151000

readlngs from Febnrary 1952 to January 1969r a number of ganeral-

LsatLons can be made concernlng seasonaL wl,nd directions.
During ttre autunn and wLnter monthc south-carterly wLnds predom-

Lnate and are ttre only rlndc to attal.n apeeds grcater than 37

knote. Souttr-west to north-weet wlndc are next moat frcqucnt.

In sprlng and sutnmer monthg south-eaat and wcrt wlnds doLnatc.
The lntonslty of thunderstorma around Mt. Egrnont waa noted

by Kldson and Thomson (1931). Early readlnga at Rlvoradalc,

near fnglewoodr tndLcatcd ttre naxLmun Lntenal.ty of ttrundcratolma

occurs ln the evenl.ng, wlth a gecondarlz rnaxl,murn Ln the early
mornLng, the frequency remal.nLng htgh tlrroughout tlrc nLght.

The cauee of such ttrunderstormg was attrLbuted to the presenoe

and the height of Mt. Egrmont nearby.
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VEGETATION

The vegetation pattsrn on Mt. Egnont hag besn dercrlbed

as a perfect altltudl.nal zonatl.on (l[aron 1951), but more detaLled

botanical studLes by Dnce (1970) lndlcate ttrat ttre zoDatlon Ls

not continuous around Mt. Egrmont. ClLmatl,c effecte, crupt:lone

and debris flows have strongly Lnflusnced tJre vegetatJ.on ptttarn
especially on ttre wegtern slopes and mora partLeularly at thc

study glte. For example, the ctudy slte vegetatlon congistg

of a mixed subalplne shrubland and herbfleld (Flg. 38, eLtuated

at an altltude whLoh elsewhere on Eguont coneiets of denge

SenecLo shrubland.

fn Skeette earJ.y photographe (c.1900 A.D.) of the noat

recent debrl.s flow deposLt, near the PyrrnLde, the upper surfacc

Lg sparsely covered wltlr short vegetatLon, and has tlre appcarancc

of an almost bare scroo wlttr boulders up to 2 n acrose resting
on it. Obgervationg Ln ttre 1930re of the anmalous EosE pett€rn

ln this area led to the area beLng named (Mosg Slopeer (D,H.

Rawgonr perg.com.). Since thts date a lror€ complete vegctatLvc

cover hae establlahed. Tree-ri,ng oounts of ganeclo ahnrbg

indLcate t}rey orlglnated about L9{0-19{5 A.D. Growttr on tlre

, flotr depoalt has been more rapld at lowcr altltudeg than ttre
"le! study gLter 80 that here{n the vegetatLon succession ref,erg

only to ttre study area at 1170 m altLtude.
The mossfteld ecosystem Lr donLnated by a uroEs suahlon of

Rhacml.trlun lanuginoeum v!r. pruLnogum, about 15 m ttrlck, wLttr

a varLety of srnall vaecular plants lmnersed wlttrln the nogt,

However Ln certain sites, gGnerally wlth a nortlrerly aapcct, tlre
succegglon has developed a stage furtlrer. Often tlris Ls due to
lees severe cll.matis condLtLons. HerG rhrrrb ccosystcur^c ere
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developed congl,etlnE of cl,rqular patohcg of rpuntain tutu
plunoga) , frequently aoounpanl,ed by leattreryood (SencgLo

elaeagmLfollus unnamed var. ) r kormlko (rlebe etrlcta Vllr

(CorLnrla

ecrmontlana L.B. I'toore)r tussock (Chlonoclrloa nrbra unnamed vlr.)r
and Lnaka (Dracophyllum ftllfollun Hook.f.). The latter four

speciee show enhanced gronth aunparcd to ecattsred counterparts

not aseociated wlttr CorLarla phunoga. lhe emaller elrcular etcrr
are dondnated by CoriarLa in tlra centre but larger arGas tend

to be dqninated by SenecLo, ChLonochloa and Dracophvllugr. Ag

pointcounted from vertical aerl,al photographs, thc proportLonal

area of ol.rcular CorLarLa patchee to aurroundl,ng herbfLcld ls
about 3r5 at the study slto, but at, hlgher altLtudes Lt le only

about 1c20 and at lower altLtudee lc nearly Il1,
CorLarLa arborea La known to conta!.n root nodulea whlch

actl.vely flx nitrogen (Bond 1958, Ilarrls and Morrieon 1958) and

Druce (ln MorrLeon and HarrLs, 1959) recognl.sed fteld evldcnce ln
ttre tusaock graeeland on lvtt. Egrmont that C.p1umosa and C.ptcrldoldog

prod,uced a vl.gorous response ln growth of Chlonoshloa rubra (1959).

Burke (1953) establlshed ttrat all reaognlsed epeciee of Coriarl,a

pooaeaa nodulated root eyeteme. Sanples of C.plunoga fron lilt.
Egmont contaln nodules sfuiLlar to that ln C, sarmentoga Forst.
f . flgured by Burke (1963, Fig.2). Thls Lndicates ttrat C.plqnoja

ig llke1y to be an actLve nltrogen flxer. From fleld evidenoe

at the etudy aite it ls apparent that once the CoElarla has

increasod soLl nutrienta to a partJ.cular ttrreehold value lt ls
replaced by Seneclo and other vascular plante of the nsxt geral

stage. , plumosa i.g hereafter referred to in the text as

Coriarl.a.
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SOIL

The sol.l ls less than 90 years old and c-oncLete of looee

andeslte boulderg of,ten angular, wLttr cobbles, pcbblec and

abundant eoarse sand. fhe parent matcrl.al ig 100t andecl.tc.

There l,e no dl,stlnctl.ve soll proflle bcneath ttra vegctatLon

cover and horLzon dlfferentl,ation can only be Lntcrpreted lrm
weak colour differencee and chemleal analyeee. The eoLl lc
referred to as an oldscllnl-vollc aol.l of the N.Z. ganetJ.c

clasel,fl.eati.on of Taylor and Fohlen (1962) by Tonkln (19701.

Beneattr the shrub ecoeyaten La a 5 cm layer of coaruc eand;

here termed A horlzon, passLng lnto coatrso boulderg (C horlzoD).

Beneath the mosgfteld ls a mat of clorrly decompocing brown nosa

ll,tter whlch provt d.es a rooting rnadl.um for hLgher plants. It
ls here referred to ae an O horlzonr Lt varLac ln thl.cknese

from 0 to l0 cm and hac been conElderedl to evGrage 5 o thlck
f,or quantlty calqulatLong. It rests directly on mineral sol.1

of slmLlar nutrlent ctatus to the shrub systen.
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UETHODS OF STUDY

INSTRUI.IEMIATION - tyelmetsr equlpment arrd collcctlon of water

sampleg

raro 2&2 lyel.meter plota, ons prlncipally Cor{arLa tJre

other maLnly Doaa, were eteked out and a treneh was excavated

around tlren, to at leaet 30 cn dcpth. ThLck colourleer plaetlc

sheetLng wae ttren lald Ln an uprLght poritJ.on around ttre uppcr

and trlo lateral nf,aces" of ttre plots. The trenohes were ttren

refllled almort to ground level, but eufftcLently depraseed to
allow surface watar from upelope to flsn arorurd sl.ther alde of

ttre plot. On thc downhlll slde of each plot, a fabrLcatcd

staLnlass steel tray was harunered Lnto the eoll at a dcpth of

about 20 cn ln a gub-horLzontal poeLtLon. The tray nae fabrlc-
ated from an AfSI type 301/28 ftntsh 1l gauge (aurtcnlt!.cl stain-
Iese steel eheet. The ttay neaaurLng I n acroto had a 2 sm

htgh flange to each eLde wLttr a f/anrtcated trough on tlrc down-

slope gide. One end of ttre trough wae eealed, the othar lsd to
a clamped polyttrene fl.lter funnel Eontal.nLng nylon clofh to

eieve leaves and other extraneoua nattor. After tbe Lnltlal 2

sununer monthe operatlon, llttle naterLal had collected, Ln the

boultLngr except for ineects. The polytJene fiurncl waa connseted

underground (to prevent freezlng of ttre condutt) by a polythenc

hoge to a tl5 lttre bulk plaetlc contal.ner. ourlng thq winter

months, ttre contaLner craa lngulated by coverlng Lt wl,th large

amounts of moas. Only the upper l-5 mr of watcr ln the oontainor

ttren froze. Eaoh month, eanplec frm the bulk contaLncr werG

collected and the remalnlng volume ncasured and rcmovcd for thc

followLng nonths obEarnatlons, To prevcnt direct rainfall
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accessLon onto the staLnlegg etsel tray and alco to protect

lt from broneing anlmale, a one metre hlgh woodcn eupport frarne

lras lnetalled. It was sovered by two layere of slear polythene

sheetlng ffumly anchored by no. 8 gauge fencing wl.re to pegs

and large bouldere. After about I nonthg, ttrc polythene had to
be replaced.

- Ralnfall
Trco raLngaugee wero installed, oDC a 'froat-proof" flbre-

glaee open-ended t1pe, the other wa8 a type epecLally derLgned

to collect raLnwater wlthout contrnLnatLon, rathcr than as a

dlrect neaaure. Howeverl the ifroet-proofr type, loaned by

Hyd,rology Dlvlslon, I'tlnLetry of Workg, wls unable to wLtlrrtand

tfie Egrnont condltions. The tapeclally deetgned ralngaugc" was

thug used for bottr water analysla collect!.on and raLnfall
measurement, although for accurate to€aSuremont Lt has somG

disadvantagea. It was prapared from a 15 crn dLarneter carbon

black polyttrene tube, to prevent penetratlon of sunl!.ght and

thus prevent mLcro-organl,sms growLng ln t*re water betwecn

collectlon datea. The contalner was anahored, flrnly to a steel
pole cemanted ln ttre debrLg flo deposit. A ctalnl'egr ctqel
collactor (eee eppendlx D2) waa fabrLeated for tbe raLngauge to
the followLng specJ.flcationc:

(a) ttre coLlector contaLned. a slevc-plate JoLnod to a 13mn dlamter
tube whlch led to ttre contaLner. Thl.e nLnLrnlsec evaporatlon

and prenente leaves and lnsecte entsrtng ttre contaLner

(b) a prevalent problem wittr nany ral.ngauges daeLgmsd for raln-
water analyals ls the acseegLon of materl.als frqo birdlr
perched on ttre perl.rneter. VarLoug mettrodr hane bcen
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enployed to prevent tlrLs, including metal platea whlch

rattle Ln ttre wLnd on a rLng of much larger dlamctcr arourd

the collector. ThLs mettrod wag not practLcal l.n the

severe ngmont clLnatLc condLtlons, Lnrtead etalnlegg cteel
mountLng (entmologtcal) plna wero ccncnted wlttr araldlta
to the outsLd,e 7.5 m htgh rfuo of ttre collector. OecaaLonal

bent pLne tagtLfled to thelr effectiveneas and uere rcplaced

when rendered LneffectLve.

(c) the collector waB conetructed eo tlrat lt sltd on top of ttrc

outalde dlaneter of ttre contaLner, 'l[he lngLde dl.amater of
the collector wag thq aanc aE ttre Lnslde dLameter of tlrc
contaLner. Ttrla cnabled elrnple converaLon of tlrc contaLncr

water depttt to mn ralnfall. Aftcr each vLelt ttre colleotor
was held ln poeltlon by a Jubllee cllp and wlrc attaotunent

to a aupport pole.

One dLgadvantage of the collector was tlrat ln halI-
storma, halletonoa tended to borurce out of ttre shallfit
dl.gh but ttrLs lg not tlkely to have Lnfluenaed tlra total
fall eigniflcantly, The maxLmun oapaclty of ttre oontal.ncr

was 990mn of raLnfall, whlch waa crcGedad only whcn lt was

not poaslble to collect ttre Auguat 1969 eamtrrle. Tha

conbLned flgure of Auguat-septcnber 1969 does not however

dlffer grreatly from ralnfall recorded at the ltangahurnc

etatlon ovctr ttrls pcrl.od.

BIOI.TASS A}ID PRODUCTIVITY DETERMTNATIONS

Numeroue methode have been propoaed for ttre accurate

aasesanrent of biomaEe but none has baen any more succegeful ttran

the d,l.rect hanreetLng method (aa sumarl.eed by EgunJobl 19691.
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four blomass determlnatlons vrere carrled out at the study tlte
ln December 1968, Januarl and February 1970 and Febnrary 1971.

Each earnple war collectsd from a one Eqluars matre guadrat, AII
plant materlala above ground, both llving and dead, wetre srrt wltlr

eecateurg and aeparated Lnto RhacomitrLurn, Corl.arla, @g!g,
Chionochloa, Cagelnla and notherun. Thc 'otherg{ coneLstcd

princlpalJ.y of enowbertlz (Gaulttrerla depregea (tlook.f.) vtrr
novae-zelandlae), evErlastlng daisy (Hcll,chrfirgun prostrattn Hook.f,.

unnamsd var. ) and forstora blgwtlff var. deJrglfolla !{ild.
Minor conponente in 'ottrera" congigted of Anlaotoma aromatLca

Hook.f., Wahlenberqla py{fmaea, Col. & I"ycopodium fagtLglatum R.Br.

r,ivlng and dead components were separated whsre poaslble and

cornpriaed rnainJ.y dead mcraa and lj.tter. Litter bLonase wrt greatcgt

in the February 1970 aample and conprLeed leattrenood leavsg,

trvlge and exfollated bark.

A11 eampres srere harveeted lnto plaetlo baga, transported
back to lfelllngton and weLghed fuunedl.ately, except for larger
volumes of vegetatlon whlch !rer6 eubsaqrled. at ttre rtudy aits.
Samples ytere drled at llOoC for 21 hourg and ttren reweighed and

eealed ln plastlc bags. Llttle d"lff,loulty was encountersd

separatlng roote because rnoet were growlng to the moaa Llttcr
and few penetrated the mLnaral soll beneattr. On tryo oocagLons

(FebruarY 1970 and February 1971), Chlonoohloa and CasgLnLa roots
wers congldered to be of negllgtbla bl,ouaee and were Lncorporatcd

lnto "othetrEn roots. In four of ttre calorlfLo dataml,natl,ons

of plant materiar, louer valueg wittr Lncreaged ash eontcnts

indl"eate Eorne mLneral eoll contamLnatlon.

one problem cncorrntered was tlre definltton of ground level,
becauge the moss lltter eupports nost roota of the hlgher vaecular
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Plante. Ground level was ttrus dsfLned for ttrLs sttrdy ar thc
boundary betwaen the ll.ving greyLsh whltc mosg and the mat of
decorEroelng brmn noss, tlre lattcr belng ooneldered a llttcr
horLzon of ttre eol1 profLle.
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}IETHODS OF CHEI.TTCAL A}IALYSIS

PI,AIIT !{ATERIALS

All materLal for chemloal analysle wae grorrnd to 2mt by a

C & N ilunl.or Laboratory !,t111. Se11eclo eten and root aanqller

lrere reduoed to 1-2 cm chip cl.ze beforc nllltng. Samplea of
plant matarLals from ttre prinolpal cornponente of the flret three

perioda (Decernber 1968, ilanuary 1970, February 1970) were

prepared tn dupllcate. SanpLos eere run ln trLpllaatc and

averaged, Lf valueg dJ.ffered by greater than l5t. An 0.1 gran

eample was rolled Ln ash-free filter paper and bound tlghtLy by

platJ.nun wLre. The wlre was auapended fron a hook ln the top

of a 2 litre oxygcn flask. The sample wag tlren ignLtcd and pt.unged

lnto the orygan fllled flask untll combuetlon naB completc. The

sire wae then ehaken off the hook and any resldue rsmaLnlng on

the wl,re waa dLesolved wlth a 0.05N solutlon of nltrla acLd Ln

the baee of the flaek. A fcw very small partLelee l"n eoms urola

sarqrles whlch dld not dLagolva werc conal.dered to be gllLca

beads produced fron plant opal. The frues wj,thLn the flaek aettle
wlthl.n 30 mlnuteg and are rapldly absorbcd by the nl.tric acLd.

SoLutlons were nade up to 250 rnl wlt*r delonlsed water and

lanthanum golutLon to malce ttre lanttranuu concentratlon about

21000 t*g/L Ln the final cample. VarlatLons Ln tlre weight of

saryrle and dllutLon of nltrlo acj.d wcre carrLcd out, but the

above procedure proved rnogt eatLsfactory.

Nd, Kr Mg and Ca d,aternl.natLons nsro nad,s on an AAI atonl,c

absorptlon spectrophotometer. Phosphorue dctcrmlnatl.ons werG

agseseed using the nLtrovanodornolybdtc yellow method (Uetson 1956)

Nitrogen detenrLnationa were mad,e usLng ttre KJeldahl mlcro mettrod

and Parnae-!{agnar apparatue (Metaon 1956) uclng 0.1 grm eanplea.
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SOIIJ A}IALYSES

CatLon exchange capacJ.tiee (cgc) and total cxchangaable

baeeg (TEB) were detemLned by the nodlfled NaCl netlod (ltcteon

and Blake&ore 195{). Total organLc carbon and, nltrogcn wcrG

analysed by nethods of Metson (1956). Separate t{a, K, l{g and Ca

analyees wer€ detetmLned from bage saturatLon lcaohatEs uaLng

atomLc absorytlon methods. Nitrogen and phoaphonrs netJrods

\tare Ldentical to thoee used for plant analysl,e, eroept ttrat ttre
soll aamples weLghed 0.5 gran.

VTATER AI{ALYSES

Na, K, Mg and Ca of, raLnwater and lyetmetrLc water samplee

were determLned uslng a PerkLn-Elmer atondc abaorptlon unlt.
Phosphorus waa anaryaed by ttre roolybdonurn blue ncthod where

aacorbLc acLd Le used aE a reducLng agent (rogg and wlltDson

1958). sulphate analyBea wer€ detcrtlned by bolllng dorrn tho

eample eolutlon and taktng ttre sulphate up wlttr exeoar BaCl, the

exceae Bacl then beLng taken up by EDTA, Thle nethod le uscd

by the !{orld, Healttr Organlsatl.on, but mor€ recent work on t}rle
mettrod suggeste tt ls unrellable, and llttle slgntfi.canoe oan

now be attached to the eulphate values ln ttrlg paper. Ar@onlacal

nltrogan and chloride were deterrnl,ned by gtandard ncthodg of tlre

Anerican Prrbllc Health Aasociatlon and Ancrlcan Vfater Worke

Assocl.atlon (1955), AlbunLnold nitrogen and ttre permanganatc

mEttrod for amount of o:(ygGn absorbed ln I houru at zOoc, wctr€

determLned by metlrode outlined by Eaylor (1958).
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RESULTS

BIOMASS AIiID PRODUCTIVITY

Dry welght bLonags determinatl,ong for four Ln2 sfuopfe

quad,rats togettrer with an avaroge value aro pr€scntad ln Tabh 9

and Fig. 5{. The net prl,mary productlons fron the four aanpled

quadrate are eonsldered reagonably conslstent and a good esttmtto

of ttre bLomasg at the etudy gLtc. A verfr congLdgrable Lncrcaec

ln labour would, havE been requlrcd to obtaln larger bLonaec

eamples from the slte.
The hlgheet production war observed Ln thc nsLmpleatn of the

cotutunitiee, due to ttre dmLnanse of mose . The average production

flgure of 861300 i 91426 kg/har 1g conal.dcred a rellablc eetLrnatc

of, productLon on the 80 year old surfaco. Water contalned ln
the living b!.omasa was 1?6 x fO3 kgrlha or 57f of tlre ealplcd

wetght. Thte comprlred 57t llving matcrj-al. The dead natcrLal
wae maLnly noss. Thie water content Le an avcragc valuc cxpectcd

for tem;nrate foresta, of betncen 100-200 x tO3 fgAa (Ovlngton

L962, , but congtderably larger ttran tlrat obtalned frqr AuetralLan

brigalow of 33 x lO3fg,zha (Moore, et.al.L967).
lilean annual prLmary productLvlty was eetLmated by avcragl.ng

the net productLon over ttre age of ttre ecocystGm (80 yearg) and

the average value obtaLned le 11080 kg/h'a/yr. Thc rcllablllty
of tttis flgrure Le aubJect to a number of varlatlons polntcd out

by previoug workers (e.gi. EgunJobl 1969b). Thege varLatl,ong

lnclude roepiratory loseeg and lnttLal erqr ecsumulatl.on or

organlc matter, suoceeded by greatcst productlon at a elLmax

followed by a decllne. Elsetf,here on Mt, Egrnont, at glnllar
altLtudes adJacent to ttrE etudy sLto and not Lnfluenced by

recent dcbrl,e fLowe, ttrc vcgetatLon le princLpally dentc se4cq;!o

r lgolnoter One etandard devl,atlon at the 651 confLdence lencl.
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ehrubland. FulI utl.ll.gatlon at ttre etudy s!.te hae theraforc not

been reached and ttre comrunlty repreeents an lntcrmedlate geral

stage. The slow acsrrmulatlon of organlc matter Le attrlbuted to
the clLmatic condl.tl.ons and poor soLl materl.als.

The rnosg has exlsted at the aLte for a mrch longer pcrlod

than the other speeLes. Thug lt should be talcen lnto account

that lf tha annual lltter fall of ttre above ground parta of

CoalarJ.a are lneluded ln the nean annual productlvtty, a outrrcnt

annual productlvlty of about 11150 kg/ha/yr ls eetlmated.

Sensslo productivLty, derl.ved on the basLe of 27 yeare r9€r Ln

sample 3 (February 1970), hae been 11613 kg/}ra/yr and rcpregcnts

the Lncomlng of f,agter organLe matter produetlon.

Thle trype of productlvlty detennlnatlon has baen used

extensLvely elsewhere and does a1low BomG emparlron to be mrdc

wlttr other herbaceoue and foreet standE. The value le mush

lorrer than productl.vlty values obtalncd from lowcr altLtudes

elsewhere Ln New Zealand, and repreeents about one tenttr ttrat

obtaLned from a sl.x year old goree (Ulex gglglry L. ) etand ln
the eaatern Hutt Valley (EgunJobl 19671.

The productLvlty ie not eubetantl,ally lower than u€an

annual productLvlty ol 21500 hg/ha/yr estlmated for hard becoh

(N. truncata) ln the wegtern Hutt Valley (Mlller 1953e). Howov.r

J-t does colnperre well nl.th annual shoot productl.vlty on !lt.
WashLngton, New HarupshLrel U.S.A. whlch rangoB from 670 kgZbr/yi
ln cushi.on plant cmnunltLes and 11760 kg/ll^a/yr Ln eedge mcadors

to 21830 kg77ta/yr ln heath shrubg (Bll.ge, 1965).

Table 10 shows the relatlve proportLons of the b!.mage

componente. In sanple 1 (Deaember 1968) nearly 80i of the total
d,ry wet ght was dead Rtracm.LErl,qm. fn tJrc other sanples the
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aPPearanc€ of, n€w specLee to ttre ecosyrtcn hae led to Lncreared

llvlng welght above ground. It should be noted that becaugc

aaeessment of ground level was taken from tJre top of the dead

moas layer, tlrere ia a htgh percentage of below "ground levcl'
biomass in samplc lr because of ttre predornlnance of dead moor.

lbecolmJ.trLrrn totalE nearly 638 of ttre bLonass and Ls ttrc domlnant

component except ln sanple 3 where Senecio domlnateg. SenecLo,

Chionochloa and Casgtnla total about one quarter of ttre total
blomass eampled. rottrersi plue Corlarla total llt.

A prlnary productlvlty of about 11000-1r?00 Rg/ha/yr Le ttrus

established for the study site, and ae condl.tLong favour ttre
establishment of hLgher vascular planta, there Ls a oonleguent

Lncrease ln productlvl.ty, whLch Ls probably doubled wlttr the

presence of Senecio.

CHEMICAL ELEI'iENTS IN IIIE ECOSYSTEITT

In ttrls study trvo ecosyatene are resogi'niged

(a) a mosgfLeld ecosyetem doml,nated by RhacomitrLum, and

(b) a shrubland (CoriarLa, SenecLo, CassinLar Chlonochloa)

ecosystem.

rn the mossfLeLd ecosyetern tlre moaa ll,tter nas regarded aa part

of the vegetation syetem for elenental calculatLons alttrough

Lt Ls defLned aa "below ground gurface'. Because many eand

particles b€com€ trapped by the moss, total. exchangeable baaer

determlned for ttre nose lltter rrere l.ncluded Ln elemental

guantlty calculations of nelemente ln the RtraconLtrLum so11',

(L,e. total element valuea of Rhacorrdtrlum materLal wore alao

Lncluded wlthln tlre plant eystem eetirnatee).
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Chemj.cal elemcnts ln tlre eeoryetem Lnclude thoae contalncd

Ln ttre plant materLals togather wlttr thoac ln ttre soll. Eosover

besauce the total elements Ln the soll do not repreeent thosc

whl,ch are avallable for organLsms, only the axehangeable elsmentc

w€re detercmined.

Addltlong of elementa lnto the ccoryat€m lnelude tJrogc

belng weathered from the parent matertals and thoee beLng added

from the atmosphere; loseee of elements occur prlnclpally by

leaehlng of waters through lltter and soll horL:ons. Once

the net gaLnc and loaees of elements to the ecoeyetem are

quantlfLed over a gl.ven perlod, and tlre eleurent contant eapital
of ttre plant corqronente and soll Lg knsrn, ratea of nutrient
eycllng ln the ecosystem ean be ectLmatcd. For ttrLs general

goheme see Flg. 55.

EX(CHAI{GEABLE ELEMENTS IN THE SOTL

The rubalplne npuntaLn goLl hae lw levals of axohangcable

eatLons. Chenleal analyses of ttre upper and lowar portLonc of
the A horLzon on an ovon dry weight bast s (falte 11a) shory a

marked d,ecreage Ln the already low CEC and TEB valuec belor Sern

d,epth. No roots penetrate beyond 10 crn depth and noct fom an

lntriaate mat ln the RhaoomLtrium lLtter, go that valuae belw
5 cm depth are unlikely to bc Lmportant. The A horLzon devclopcd

beneath ttre ehnrbland ecosystern showg thc phyeLcal charaster of
an A1 horl.zon beeause of lts dark etalned, alLghtly weathcred

appearance compared to the mogafteld eoll. Exehangeablc catLon

concentratLone under shrubland shorr rltghtly lower valueg than

under Rhaeonl.trl.um, bceauae rarge amounta of low bulk dentlty
moss are needed for CEe and TEB detsrmtnatLong i.e. lt ls
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based on a welght measure. rn both ecoaystem eolls, elencnt

concentratlona are ln the order ca>Mg>K>Na. Levclr for phos-

phorus ln.ngl are low wLthln the ehrubland eoll but are

neglLglble for both rlving and dead RhacomLtrLum. Thc hlgh

organLc ct and total N valuec ln ttra nocsfLcld eoLl compared

wlttr ttre shrubland eoll are due to ttre alow1y decorryosLng noee

lLtter. CEC and TEB valuee of ttre RhacourLtrlum llttcr are of
elmllar ord,er to varuee obtalnad frm sphagmrn moga In tlre

otanomqoo Peat from southland (N.2. soll Bureau 1968r p.r09).
Levele of exchangcable catl,ons ln ttro roi,l to a depth of

5 sm on a volrns baels, ar6 preaented ln Table lrb. rn calcur-
ating ttrege valueg an average densl.ty of 0.65 g/cc vag assunad

for the shrubland A and c and mossfleld c horiuonE, and 0.0{ g/ee

for the dead noaa 0 layer. These valuer wers obtaLncd by

comparLeon wl.th st-mllar eoll naterlals reported frour elsGvhare

Ln New Searand by N.z. solt Bureau (x968). For the stony sol.l,
a correction wag made for t*re 321 stoneg slcved frwr the eamples.

The vol'umes of exchangeable cations Ln both soile glrow a einllar
ordering as ttreir concentratLona, but the volume of exchangeable

catlons ln tlre noesfl.eld soil are negllglble cmparcd to the
ehrubrand soLl. No p was detected Ln ttre mogsflerd soil. The

quantlties of N Ln the Rhacomitrium lltter are cmall and probably

becmre avalrable only by slow decoqlosLtl.on, compared to the
much larger amounte readl,ly avaLlable under ttrc shrubs. Becauao

of the large dl,ffarences ln tt valucs ln ttre A horirons, quantltles
in the C horlzong were aleo calculated. Tablo llc shcmc tlrat
to a depth of 10 cm, there wae 5 tLmee ag much nltrogen in ttre

shrubland goLl corpared to aoil under the mosefleld. The hlgh
N valueg ln the ehnrbland soLl have probably contrLbutcd to ttrc
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Lower C values L.e. Low C/tl ratLo, comparcd to the moseflald

sol.l wlth a C/N ratLo of 280.

CHE!,TICAL ELEMENIS IN THE PLAI\IT SYSTEM

Mean percentage composLtlong of plant c@ponentg were

deternined from 28 analyces ln duplleatr on plant materLal

coLlected from the first three sanple perLoda. The valnes as

percentages by weight xfere corrscted by a moLgture faotor to
give valueg for oven drl,ed uraterials (Table 12).

Element concentrationr are hlgher ln materl.al abova grourd

than below ground. The hlghest Na valuea (0.35t1 $rerc ln CassLnl,at

both above and belos ground levcl. The valuee are 10 tl.nes

greater than concentratLone in ttre Rhaconltr_tugr and doublc ths

Nat Ln Nottrofagrue truncgta leaves (l{tller 1963a) . Eglg loavca

contaln the htghcst K concentratlon (1*r, a feature oonsLatent

with prevLoue observatLons ttrat leaves contaLn t*re hlghcgt Kl

of lnoet plant compon€nt8 e.g. N. truncata leavss are 0.51K

(Mlller I963s), anrd Acacla harpophylla F. Muell leavea and tnlge

a,re 0.7t (Moora, et.al. 1967). The other ihLghi K valuse of
about 0.51 oecur Ln Caeainiq, gg4q1{q and "othergn apeclea all
above ground. However all ttrege valuec atre lor,r ln ooq>arison

wlttr herbaceoug crops growlng adJacent to ttre 4. harpophylla

analyeed abover such as gra6a, lussrnE and weeds whLch contaLned

2-{tK (Uoora, etral. 1967), The Mg valuee (l.l-1.4t) Ln ttre

Coriarla leavee and stema, and Sencclo leavea ar€ about double

the valuee of ottrer plant matarlals analyscd on the Egrnont

andeeite ln thls etudy and are almost l0 tlnes as hlgh ag N.lnrnsata

leaves on grelzwacke (I'tlller 1953c). On ttre ottrer hand SenecLo

stens and Chl.onochloa above ground have low ltg valuca. Ca Ls
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high in ttre lltter samples, probably due to ttre loee of rnore

nobile elements €.g. Na whLctr Is vety low, ttelatlne Ca increagc

wlttt tire la a corunon feature ln little eamplca, probably ralated

to Ca-fornrtng cotpoundg ln cell ra1le. Increagc ln Sl acooryanLee

Ca i.ncreaBe, a6 Na and K decrease wl,th tine . XlhLs fcature lc
beet erq)reaBed by the Ca/K ratio whldr in ttre above lltter 1g

5.7,ln Corlarla stems and leavea Ls 1.5 and ln SenecLo leaver

0.8. of the plant materLalE analyeed, the higheat Ca coneentrat-

Lon l.s in ttre Corlarla whereag the loneet Ca, Nc and K figuree

ossur Ln RhaconLtrlum and Chl.onoshloa.

The Coriarla lcanee and gtemg contaln nore nltrogen ttran

the gorlarla roots and contaln hlghar lensla ttran goraa, an

aetive nltrogen flldng legurn (ngunJobi 1967). It apElears ttrat
eubctantLal amounts of nitrogen made avallabLe by ttre Corl,arla

nodules are rapldly tranglocated to the Corlsrla stens and leaveg

eventually to be returned to the goLl (ana thue to otJrer specLes)

in ttrs annual auturnr leaf fall. llhe ottrer N valueg are corparablc

with apeciea sueh as i_rl. trunclrta. Ttle Coliart-a alao showg ttre

irlgheet P concentration and onry ttre above ground "othere " arrd

seneclo leanes contaLn deterrd.nable amorurts of p. rtrl.g ls
probably an expreesion of ttre mlnutc amounte of P avaLlable Ln

the soil,

QUAIiTISIES OF ELEMENTS

Ttre relatlve abundance of ttre elensnta lla, K, Dtg, ca, N e p

in ttre plant nraterlals of the four sampllngo le preaented Ln

Appendlces D3 and D4 and ttrese have been averaged (Table 13)

and erqrreesed ln bar hiatogram fom (f1g.55.). The tableo lroria

coryiJ.ed from analyeed sanrplea (oven dry wetght) togettrer rlth
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asaumed valuea for rnoet of ttre February 1971 eamples, for whlctr

the average values from slnllar plant materlals were applLed.

Becauge of ttre mLnor lnportance of Ctrl,onoctrloa and CascLnla

roots, the above ground N & P valueg were applied to them, and

thus N e P abundances in the roota are likely to be nanLnal

values.

Although RhaconttElqq, cornprlses ttre largeat percentage of
t}te biomass ttra Senecio contalns nearly 50t of ttre Na and K.

Bhtco4l_t4f4!, Seneel-o and "ottrere " apecLes contal.n near equal

proportione of l4g and Ca. The large leaf bl.omaes for Senecio

accotrnts for the hlgh anountg of Na and K. Most of ttre Mg and

Ca ls contalned in Seneclo, allve and dead Rhaconl.trlun and

"others " roots, although the htgh valuee ln ttre roote may be due

to sorre soLl conttmlnatlon. There is a marked order of elemEntal

abundancea in ttre lltter frour Ca>FIg>K>Na, wh.l,ch confims tlre
rapld nineralleatlon of K and Na, wlth apparent concsntratLon

of Ca whictr Ls slon to cYcle. The hS.ghest N values per heotare

are Ln dead nhacqnflg!4, although much of thLe ls probably ln a

form unavaiLable for uee by othar organJ.ems. It 1g notlocable
that guantitlee of N in CorLarLa per hectare, are low, compared

to other epecies, but ttrese vElueg do not take Lnto accorurt,

the rate at whlch N l,a beJ.ng cycled. p occurs Ln d,etectable

quantJ.ties i.n Coriaria and gensclg whereas it wae not detected

in Rhacomitrium, CasglnLa and Chioncohloa (Iable 6). Johngton

(1959) has shown ttre abilltlr of cLtrLc, oxall,c, tartarLc and

malic acidg to extract phosptrate and i.t le pore!.ble ttrat
slmiLar aclds are released by goglg5lE whlch enable it to cxtract
P f,rom ttre andeglte.
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In couparison with other vegretatlon syatems ttre total
quantlties of elerents in the conbLned rcsrfl.eldl and ghrubland

systems aro rurprJ.slngly htgh congLder!.ng ttre low productlvLty

and, youttrfulness of the ecosysterns (Table 1{}. llhe plant

cornponents of the ecosystems contain subatanttally hlgher amormts

of lila and Mg ttran ttte tl-. _trunSata stand exasrlned by MJ,lLer (1953)

and the natural UIex ecr.qpagus L. ecoeystem (unfortiHsed)

studied by Egr$Jo'bt (f967). Total. K Ls low and appeara lLnLtlng.

Moet of lt appears unt from raLnwater. Tlre !,tg content Le einllar
to a brigalow (ls:acia trarpopfrylla) of about fJrree tlree tJre

biomass (Moore, et.al. L967) whl.lst Ca values approactr ttrore

obtalned frour U. europaer$r- (EgunJobt 1967) ancl 9!ngg radlata

cqnnurnLtLes (WilI 1956). Quantitleg of total nltrogen are ln
exceas of tJrose in .P__: Le,glata, probably due to tlre abeence of
nitrogen flxJ.ng plants Ln ttre latter conwlrnl.ty. On ttre other

hand P is aturpst negll.glblc ln the mossfleLd and Is low Ln tha

shrubland systems. The rpst abundant elerents are ttrue N, C&

and I{9.

TCI'IAL AVAILABUE EtEI.{ElilTS IN THE ECOSYSTES,IS

Total avallable elenents Ln the nnosefleld and ehrubland

ecosyetems (tota1 plant and exclrangeable soll) are presented

in Table 15, calculated. to a depttr of 5 crlr The plant quantitLee

have been averaged from tlre four earnglle periode, but quantltlsE

of elernent-s avallable in the solL are ttroee obtained from

beneath ttre separate mogsfield and ghrubland vegetatl,on eylteml.

Percentagee of nutrients in ttre plant and aoil sygtems are algo

Lncluded.

Little or no exchangeable Na, K, Mg and Ca te preeent

wlthln ttre soll of the mosefl,eld eeoryrtern and only sllghtly
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larger parcentages under tha shrubland. For nltrogen the

ilJ nronortJ.on{ (Ln soLls and plants) variea greatlyl there ie only

18t of ttre total N of the rpssfteld ecorystem in the soll but

57t of the N ln the shrubland ecosystem Le ln the aoil. lfhu8

because the total N ln ttre shrrrbland ecoeystem Ls coneiderably

hLgher than the mossfteld there are stgniflcant quantltlec of

the elenent Ln varLous forms avaLlabLa Ln the eoll beneath tlre

shrubs for utl,lleatlon by othar specles. AvaLlable soLl phoephor-

ttra was detectod only Ln ttre sol"l beneattr thc ahnrbg and

Lndicates that g-Qr:!g5!a plunoea ls probably capable of extractlng

and malclng P avaLlable in addltLon to N, because tt ls the

flrst saral apecLee of the shrubtrand eeoaystem.

QUAIiTTITTES OF ETEIiIENTS TN RATNWATER (TUPUI OF EI.EMENTS INTO

TIIE ECOSVSTEI'I) .

PubHshed raLnwater analyses Ln Nes Zealarrd con€ from srtq)le

Eltes at Lincoln (Gray 1888, 1910), ttre southern part of tlre

North Island (Blakemore 1953, ld.ller f961) and ln the Rotorua

dLetrl,ct (wtLl 1959). lfhe relatLne quantJ.ties of elennnts

measured in Uress rainwaters ehow etrong correlatl.on wlth dLstanos

from the coast, Aecord,lngly htgh valuas of elerents Ln rain-
water might be expected for e anq:Ies collected from Flt. Egrnont

bscause the collection eite ie only 24 km from the Tagrnanr Sea

and is at 1L70m (3,900 ft) altl,tude.
The chantcal compoELtLon of monthly raJ.nwater samples

collected from the aLte la presented ln Table 16. No aanple was

obtalned for Augugt 1969 and ttrus ttre Septenber value ls for
a two rnonttr period. Of the total analyced elennnts added Ln ths

rainwater per annum, Na and Cl total 83.1t, K 5t, C! 4.8t,
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Mg 3,8t, S 1.5t, P 0.1,71 and N 0.09t.

lfhe s1x htgh Na sarErle perLods corroEpond to thc hlgh Cl

perlods, fl,ve of tho elx hlgh Mg perlode and two of the tlrree

high K perloda; all being recorded between the montlre of Aprll

and october. lltre lowest K valueg (lecs ttran 30 mgrlmz) were

between Novenber and, Pebruary. Highect Mg vrlueg wer6 reeordod

ln the months of Aprll and May, whilet, the low values wetre bgtwccn

November and l{arctr. Phosphorus rd.ur m€.rsurable only l"n Februarl

and March 1969, when ralnfall was mLnlmal. Sitollar geasonal

variations J,n phosphorug occursnce have been noted Ln Rotorua

rainwater samples and hlglr P has been nelated to perloda whcn

the atmoaphere ls "dlrty and dusty after a clry epelln (Dr. G.

Flsh, pero.gotrt.). Tha moet neutral watera wore alao regordgd

at ttrls tine of year, and tlre flve samplee nearest pH 7.0 waro

durl.ng tlre monttre January to !{ay. Xonl.c ratloa on a dtlorlde
bael,s of Na, K, l{g & Ca wetre deterrulned for t}re four low ralnfall
monttrs, ttre four peak nonths and 18 averaged monttre, but ttrere

was not such a clear trend evLdent as at Tal,ta (lltl.ller 196U.

ftre observations of ttre catlon concentratLons conform to

$Iileonrs (1959 , 1950) and ld.ller's (1961) contentlon ttrat

proportionately nore elarmnts are derLved fron surface seawater

durlng ttre wlnter monttrg when wlnds whip nLtrogenoue rlch surfaca

spray hlgh lnto tlre atmosphere. Eqre\rar no nltrate and very

llttle nLtrite, anunonLacal and albumlnold nltrogen wae detected

by the nethode enployed,, to accurately plot N agalnet K aa

WLlson (1960) did.

Values of orygen absorbed in four hours at 2?oC are

accepted as a meaaure of the anount of organlc rnatter Ln a vatsr

sample. Organrl.c matter content was hLgheet durJ.ng ttre nonths
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of February and Marctr 1969 and.ranuary, Mareh and, May 1920,

poaslbly indlcatlng corsLderable terreEtrial dust In tlre arnurer-

autumn samplcs. lfhG detcctable arpunta of aulphrrr and aeveral

forms of nltrogen durLng these rronthE alao cuggests aorc eletucntJ

lncludLng considerable amunts of t{ may accnmulate durlng ttre
d.rier monttrE at Egrrrnnt. Dust cloudg orlEJ.natl,ng fronr deop

gorges nearbyr aB have been obeerved durLng dry strmner rmnths,

may have l.ntroduced fine terrLgenoua duct durlng soue earrple

perl.ods. TonkLn (1970) reports that a eonstant feature of
subalpLne goils on Egnont Le a layer of wLnd blown aanrd, trapped

Ln the nocs mat ttrat conere the soll gurface.

The elerrental colrpoaitlon of ralnwater coLlected over an

18 month perlod (Decenber 68 - ltay 70! has been converted to
kglha/yt (Table 17) . Ttre htgher p and K valuee at Egmont,

compared to Tal-ta and Rotorua, probably raault fron freguent

aerial topdreerlng of superphosphate and potash on ttre suround-
J.ng farnnlands. Ths N and S values are conaJ.dorably lower ttran

raLnwatEr sarnplee at raita (tCller 196r) and may be erqrlaLned

as

(f) a real d,ifference because TaLta la nearer the coast , Lf
mogt of the N ls frorn a marine aource r or

(21 ttre trrre values were below the dotectlon umite of the

methode employed.

Alternative (2't La more llkely to apply alttrough Na and Cl valusg

are hLgher than Taita sanples and, thue N & s could be urpected

to be hlgher. Total valuee have also been Lneluded for thege

latter elenrentg over the 18 rnonttr perlod.

Na and Cl valtnc are hlgher tlran at Tal.ta (Hiller 196l)

lndicatl.ng ttre helght to nhLctr larga amowrta of salts can be



277

t\t
FI
Ill

r'l
a

F

frl
a

FI
FI

ro
a

ro

rt
lo
(\r

cr
I

(rl
va

G|
ao

FI

G'
a

l0
r{

rqt

rl,(,

$

,;
6

E
6
A

5
r+1

I
g
FI
c
F

F{

sI
I

GT
a

CT

il
to

6l
|x

).
at

o
I

o|

te
F{
H

gt6
aa

fa rnI

uto{rD
at

ct ct
I

Arlc
n|rq

aaoct

rort
r{

(0

g|

a

F{
U

ot
a

(rI

llt
IU

{.
utJ'
crl

fr
,rl
dtt
q
fr
E

I
B
FI

I
Hlt{
rtt
o
tn
dtlo
k

tf
o
+r
nt

E.rl
ctr
6.rl
o
*r
c

H
F{
FI

c{
0
o
o

:f{
*J

d
Fg
FI
6
!t

E
I

5l

nl

O
t

ut

|a
a

Gl
(ntr

ut
tt
F

14:

d2
/

t-

i

sl
al
Irl
Fl

O,
F
arl{

F{
Fl
d{{t!+
ET

e
ul
gr
F{

srlrr{
OFf
fld
8s

Ff
rg
6r
Fl

I

t{
rs
tJF{.dr{g3

F
,Etruootd
biE3.r{if
I!,

B,
r{
F{
d
u
s

_ 1i



2'79

carrLed to, but they are not as hlgh as the 235 kql\a/yr recordcd

on the eoast near Welltngton (Blakemore 1953).

"Excess potaselurn ion conoentratLong" (Wtlson 1959) were

caLculated for tie montlrly samples (see Appendix D5) , and err;rreeccd

relatl,ve to Na. OnIy Ln the monthg of Hay and .7uly 1969 and

I January 1970 dld the coneentratlons approaeh thoae of sea water.

Ihe hlgh ratios of tJre last four sarErles nere probably assoqLated l

wlth an inereased K lnput during a perlod of high nonthly raLn-

falls.
lhe higher annual conputed inputg of Na, CI, K and Ca ln

rainfall at the study site compared to Talta probably reflect
both

(1) a stronger narLtlnp lnflutlnoe in Tararrakl, and

(2'l hJ.gher and evenly dletrl,buted rai.nfall throughout the

year.

QUAIITITIES OF ELEI4ENTS IN RT'NOFF T{ATBRS

Icachlng of elernents frorn the soLl Ls strongly dependent

upon ralnfall, Lntereeption at ground lerre1 and lateral eurfacc

ancl gubsurface flor^l depending on the angle of slope. Where

the hydrolog:y Ls not fully l:nown Lnstrunente for water quatity
and quantlty etud,l,es can prove diffl,eult to Lnetall. !{anry

workers on nutrient cYcling have resorted to data on sarnpllng

of stream waters (Miller 1963b) , but changes ln nutrl,ent values

occur ln n:noff water between the soll profile and the open etrcam

channel. $rro lysJ.rueters vtere lnstallod wrder Rhacont-trlu4 and

9orf arlg syetems and are descrLbed trnder 'Mettrods of Stud1r".

water anaryses of samples coLlocted from the lysl.meters and

analysed between December 1968 and l,tay 1970 at monthly lntenrak
are preaented in Tablee 18 and 19.
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Water collectad from the Corlqrlq lysirmter wls frequcntly

dlscoloured appearlng rattrer Ilke weak tear corq'rared to llttle
or no dLscolourLng of the Snfggnftrfun water. l{hsn analysed

the Corl,aria water showcd a hl.gher elernental conqroeltlon than

the RhacourLtrdgn watEr (l.c, hlgher eLermnt loes) shlctr appEars

ageociated with ttre dlEcolouratlon. A good !06aaure of ttre amxrt
of dleeolved organlce Ln the waterr whLctr are ltkely to canrre

ttre dLscolouratlon, waa the value of oxygen abgorbed Ln { hours

at 27oC. This valuE wag coneletently muctr largar Ln thc @riarl,a

lyslneter water ttran Ln tlre Rhasonttgluq water except on one

ocoaelon, llhe valuer ind:lcatLng organLc rnatter content, peak

(Table f9) in ttre Rhacornitrlu4 lyefueter durlng March 1970 (wlth

a valu€ of 1.8) and in ttre C_orlarl,a lyslneter durLng Septamber

1969, Februanlz and !4arch 1970 (up to a value of 2l). llttrcc

samplee from aach lysLrneter wcrs tubmltted to Dr. K.R, Tatc, 6oL1

Bureau, DSIR, TaLtae for polyphenol analyela. l[he valuce quoted

aa "PEP" (Tables 18 and 19) are tle total polyphenollc oo4rounds

ln ttre water deternlned by uslng ttre FoIIn and Cl.ocalteu (1927)

reagent for colour dernrlopnent. Phloroglucinol wac used to

conetruct a calibratlon curye, and meaaurelnnts were nado on a

Bed<rnan DU epectrophotonetsr. Saqlles from tlra CorlarLa watsr

showed PEP values four tines greater than thoge obtalned from

ttre Rhacomltrl.rrm wator. 1[}rls conflrrns that ttre greater abaortrltLon

of oxygen by the gorl-arl.a water Lg llkaly to be dtre to the

preaenoa of polyphenolg. The htgh valuss Ln the auttnn and

wLnter monttre probably represont ttre releaae of a large proportlon

of organies from ttre cortaEla lcarrcs whlctt generally fall
between February anrd May.
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The hlghest Na valuss ln both aets of runoff watera and

the hlghest K, Mg and ca congentratlonE in the co5tgrta water

coinclde wLth calcurated greater d.lschargeE durlng perioda of
heavy rainfall. The higheet K, Mg and ca varuee in the

Rhaeomltrlum water do not oorrieapond to the hlgher caleulated
dlaclrarges although hearry ral,nfall was recorded Ln cactr of
thege hlgh value monttre.

Because of the rarge anrount of nrnoff water, the bulk
cqrtaLners freguently orrurflqrcd and only srnm€r f1w could be

accurately ncasured when the contaLnerg rf,ere not coryletely
fllled. In order to calculate the volune of water lort from eactr

Iyelrneter and thus ttre amount of Leaclrlng lt was nscesaary to trce

an indirect mathod to calculate water flw. Becauee Cl Ls qrly
weakly abeorbed by eoll, rocdc and plant naterLals and eLnce

there is llttle cl ln andeeLte, j.t le agernrd that ttre bulk of
the Cl added ln rainfall ig loet from the ecoayetem Ln runoff.
Thus I'f the arnorrnts of chlorlde are knonzr entcrlng ttre ecoryetem

wlth unLt tinn, lt Ls poesLble to cpeculate on ttre amount of
elenents leavLng the ecosystem by assrrmLng elnllar total clrlorLde
Loee , 1,.e.

RaLnwater volume (ccl x drlorlde eoncsntratLon - Vohmra

of water dlscharged x drlorlda consontratLon ln water
dl scharged.

lltre water dlscharg€s lieted Ln Tablee 19 and 19 have been

aalculated from thle equatlon. It should be noted ttrat on rare
oceasl.ong ttre caleulated water dleotrarge Ls greater ttran ttrs
rainfall volr.Irne, but this haa not been correctod becauee of ttre

tLme lag between addltlon and dlgctrarge of etrlorLde cocentratlone

to and from ttre eg.oeyetem.



28ll

onse the water digcharga is knorn, totals of elemnts logt
in rnnoff water can be calculated and expressed ln kglta/yx
(Table 20). Quantltles of elementg from the Rhacomltrlg4 lysl.rncter
ghow values approactrlng ttrose obtaLned by tlLller (19G1),

eatLnating valuee from ilohannegsonte data, exeept for p i g.

Hwavarr the amounte of elenpntr loat from $re CorLarb lyaimter
werc atgniflcantly graater than tlre RhacoraLtrlrrm lyalmeter.
Ttrsre waa npre ttran double the amounts of N, P e g and 30t nore

NE' K' Mg e Ca lost from the Corlarla scosystom ttran frm the

Rhacomltrlum ecosystem. rtrlr le best expreased in ths grrm total
of the saltr whl.ch wcra lost frqn ttre RhacgmLtrtgra lysl,nreter per

annrm (28{) snd in tlre Corlarl.a lyelnnter 35rl kglha/yr.
In order to deterrnLne If rLner waten ln tbe rr6a showed

hlgher or lower amountg of nutrlents ttran ttre QgrlarLa waters,

eamtrllee wer6 collected on { occaglone from ttre following loeallt-
iee r

(a) near the 500m (2 1000 ft) sontour Ln Maero Stream, Grl.d

Rsferencc : NllS/58{657

(b) near the 270 m (900 ft) oontour in Stony FLlner, NIl8r/518687

and

(c) n6ar the 60 n (200 ft) contour, alongalde lllghway {5 brldge

o\rer Stony RLver, NlO8/453752.

The concentrations of eleusnts Ln the Maero Stream ratere
(falle 2t) ar6 lower than ln ttre nrnoff water from thc @rl,arla
ecosystem. Hqrever when the ttlaero StrEam Jolne Stony lulnsr thsre

la an apparent four fold Lncrease Ln ttre Mg values alttrough

ottrer elenent values remal.n of a aLnLlar order. lfhGse l{g valuce

xrere coneietently higher on thc four occasLons aaqllcd and the

most ltkely aouroe for ttrl,s anomalow ocsurrenoe LB cLttrar:
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(1) derivation from a rcducing envlronrnent in Ahulcawalrawa

Swamtrl ln the headryatere of Stony Rlvsr t at
(2) rapld release of Mg from the rrcre weathered PoualcaL

andeeltcg (conpared to the Egrmont andegit€s), cxposed along

ttre north bank of Stony Rlver.

DISCUSSION

The elerental content of the Corlar-La plant conponents lr
clearly not aubetantlal but moet elernanta ln Cod.grla oo4ronents

ar6 likely to have a much hl,gher rate of return to the go11 tlran

ottrsr plante, RelatLvely hiEh N and atgmlflcant but lory B valueg

l.n the ghrubland soLl arrpport ttrie vLew. llhe hlgh nutrLent status

of the Corl.arLa conq>onents together wlth high N, Mg and ronp P

Ln the soLl nay alao axplaLn ttre Lncreased observed growth of

Senecio and Chlonochloa where Corlaria le preaent. llhe rcleare

of these nutrlente follqrl.ng an autumr laaf fall le a llkely
explanatlon f,or ttre hlgher elensnt valuee obtained from the

Corlaria lysl.reter, The t"tg and K valuea pealced in the lyeLnter
water after ttrle fall, betwecn February and iluly. In addLtlon,

durLng tlre late srutrnor monttrr nuncroua qglfarla planto aro

stripped of theLr leavea by lnrect actlvlty. The htgh content of

nutrl.ente Ln ttre CorLarLa leanreg may be an attractlve and

luportant food source for arttrropode, and a hlgh protrrcrtion of

the Corlarl,a nutrj,ents may be rsturned to tlre sol.I lndlrectly
ln their d,ead bodl,es, faecal pcllets and f,rase.

It appears mors than coLncidental that quantLtles of K are

lorrer and Mg are hl,gher thanr Ln other e@systems and that K

levele are Iw and Mg levale are hlgh i.n tha Cori.arl.a stemr and

Leavee. Yet, ttre Corl.aria forms only a rmalL amount of tha
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blouage. It ls suggested ttrat ttre CorleEl-a ney be controllLng

the bulk of elenental weattrerlng and organLc qzcllng of elementa

guch aa Mg whtdt ttren bccore rapldly available to other epecJ.es

for utllLeatLon. CoriarLa lyafunetris water ehorred donble tJre

amounts of K, W and Ca hrer6 logt tlran w€re belng added ln
ralnwater. Where Corlg:ta and ite asgoclat€d organics are abrent,

elenents are more alorly releaged by weatherJ.ng and, nay fhtt
growttr of other plant-s.

fn comparison wLth other rock tlpes

andeeitag contain low KrO and hlgh MgO.

by organlc acld lnteractlone lg llkely to produc€ an ecoayatcn

low ln K and htgh ln Mg, conpared to the rhyolite and, grepraclte

solle of ttre Central Norttr IEIand. OnIy basaltr and other

andesLtes show aj.nd.lar elenpntal abundan@s. The abundance of
naJor elesenta Ln the rpsBfleld-ehrubland ecoeystems Le thergforc

coneiderEd to be largely governed by the andasLtLc rocl( coqroslt-
lon and the rate at whLctr ttre aonponenti can be weathered.

There LE no appreciable dlfferencs Ln the terture of soll parcnt

materlal Ln the nossfleld and ghrubland ecosyeteme euggeatLng

that the higher CEC values under ttre shruba are due to htnlc
coupowrds released from lLtter. CEC values of carbor<yl and

phenollc hyrdoxyl radLcals are consr.derably greater tlran lnorganlo

clay ralnerals and vary up to 300-700 rct (Cor|oer 1950). ConcLder-

ably greater polyphenol valuea ln water dral.nLng from the Cori.agia

lyelmeter have been rnsagurEd, and Lt Ls llkely tlrat tlrey are

Lnvolned with a large number of the axdrangeable reaetlons ln
the ghrubland eoil.

(Tab1e 221 the Mt. Egmont

Release of thege elenantg



388

e
o
u
>r,{
d
f!.(tA

r{
lfl .
f\to zll'l
Ot

d
otrr o

a(l F{oH ,Oroo It('\> HF{a
Yh

tAtltoo cr ooo |^ ('vE ol X
OF{Y6EOrfi!*rrt h o

'{f, O {,od d bn
O t{a C
'U n OF .l{g d lJ rvl r.{
fil D^Ul(h F{

dr0-F{ ofrFlrD B
C F{s Oo oorro ul EE{rNorC Ob..l 'r.{6 H
Fl .{A lt^tH

o -l+{ (, Fr ! ovf4 |u
{J.q O orFt
E H,n 6 {6Fl O{E>t{ Er+{t+{ t d O O ({
O O OF{ } trrOo ntc
E: tr tno k rt o
O OU O fit t{xdT{El4E{OO
+J+, 

' 
v6

d'{+JH r I
0l 6 C 9'l Obt
O O t dFl .'l O
OAO trtF{ t k
86r=d?'(l t, r rdf O

O OFI {J
O Ofr{, r'l
tnUrd'{{J+, O
t! O O dlFtF{ Ot{l{OO66q.o oEo o o E

EREEsgs

fvl
F

ao
Or

Fi
or
('r

oi
ol
6r

F
".
Ol
ch

F
Nl

a

olel
F{

I

I

I

orlqll
a

chi
6rl

I

I

o'l
1l
oi('tl

avt tvlNc) O o Gt rft + |o ct No ct o (\| <) C) (' o o o fil.Fl -l O O Ur q, 6 (\lr{ o| tr N n|O(ndhE.TUz XE{AEEE()

EIoQ
Nl{.q{!4oornroN

O F{ (h F Fl O F ftt Ul r{ Cl Ot N F{rfJ . r tl . r . . . a a . a t ?
nd.r{ f\ Fl tn {J N F{ F{ fll N O O O F{ O otrO F F{do
F{ tt6tr
H|!

N N .1 lYl Fl F{ O fA ln Ot Or u1 tg
U1 an (D O Ct tt rn {'t A r{ Fl N G|

rataaaiaaalarl
Ort\(vtFtgFlNOF{OOeO
tI F{ F{

tg N O rn t\l F{ ccr tf O tt'| OO F tfl
vlF{rtNF{{(\trnodr{NA

.i.taa.r.a.aof
Flf-GlF\tF{NOOOOOO
rnFll-{

oooooooor0c)tnro
OrOrF{|'lN{tgOFdr{O.aa..r....rf4tl
lfl tO $l \O !n Oo Ol r{ O O O +, O
lfl F{

E+J+rcho
8B
.H
o.
F{ +JntE
d
t't tlloo
+,dc
EO.r{
$+t
dT{oo
HO6o.oE
oo

J1UO
fd ut

'd>r l.loo
11 >
En ct

4Eq4r
lU .r{!()..{ l{qo
d.c(, *,
FIO
Otrt>o

+J
rH
Qag,
orDggt
Ort

rlv Fl
tJ*l CI.o&
Orlg.+t
Evt
oo€

tr
J1 td
Uo
O*J^lr l.{ ca

6rD
O Bot
Ut lrl F{
6vhEooB>ho4rtt(9
I

(\|I
Gtl

I

r'l I
Fllf,ldl
E-r I

(AFNNF{Gt
NOI!r.0F(hor|JlF{oOFlN

aaa..a!.taaoal
(nA\g(rllImrONFlOOOOO

rO r{

N F Gt $l €O Or -f @ @ rn lf} O 3tt
NNOO\NI'INF{G|OO@(\|

aaaaa.ar...aal
c\!!(n(3(f04{m00000

FF{

of\0lnNFcn6rnr0FOOtFfaF{t96O d.raa...rrlrl
-IOFlfAfrtOOfnF{OO
rn F{

rl

taaaata
r{t\|ftl!trnrgF



289

ORGANIC TURNOVER AIID CHEUICAI" CTCLING rN THE ECOSYSTEMS|

IIINERAL CYCI,ING

llhe mean rate at whl.etr ttre prLncipal elelmnts are

twnoblliged ln ttre negctatl-on ia preeented Ln Tab1e 23A togcther
rlth comparable data from Ulex eurqpaeua and Hothofagus tnura_ata

stande. lfha Egruont figures rilBtre obtained by d,tvldtng the arrcraged

total eLerpnt cqrtent of the blomase (from the four aarqlle

guadrats) , by the age of ttre vrgretatlon (80 yearsl. lthe elermnt

valu€g for Coriaria above qrourd le'rcl lrere not Lnoluded Ln these

flgures because ttrey are not lmnobllleed but returnad to ttre

soll eactr autumn. Imnobi.llsatl,on and return of ttre CorLarla

leaves and stens ar6 e:lpressed aa percentageB of tJre total uptake.

Racratlon and dry ealt return to thc eotl $er6 not neasured Ln

thls study arrd arE doubtfuLly stgnlflcant because there !.s only

scattered growth of Senecio and, Casslnla Ehrube wlthl,n large

intenranLng areas of ChLonoctrloa and RtraconLtrlun whLctr would

pro\r6 dlf flcult to n€asur€.

lftre egtlmated annual uptake of elements l.s verf? los ln
comparlson to the Ulex eur.oPlre_ug 6eosy6tem exannLned ln New

ZeaLand (Egunjobt f968) . The fJ.gruree do not greatly dl,ffer
from ftgures obtalned from N. truncata and shorr greater Na, l{g

and N uptake. K, CB and P uptake ls lower than the I. trulcatl
ttrough I( and P ln sample quadrat 1, wlth CorLgrtq preeent, do

show hlgher values. These general trends indicate a \r€rT large

proportLon of materLale that becorne avaLlable to ttre negetatLon

are being d:lrectly lnnobllleed wlth llttle return i.n leaf or

twig fall (except for g$lal . Percentage lmoblllgatl.on Le

high for aII ths elenents exoept P, coryared to U- eunopaglE and

N. tnrnoqta flgrurea (rable 238) . Nearly 80t of the P Le returned
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in CorlarLa leavee and sterns. Rateg of fuurobillaatlon were

also calculated, for the CorLarj.a areaa onl,y and show tha Lryortant
effect the plant haE in recycllng rcst of the nutrLents Ln ttrc

site (fable 23C). IrrunobiLlsatton rateg of eaqrle I only, ghq

ttrat Na, Mg, Ca and N Lrunoblll.satj.ona are sLlellar to those of
U.- europaegs, but that K and P are gubgtantlally lower and

comparable to those of N, trrrncata. It should be noted howener

i 
*"t ttla retuvn of nutrlente to the sol.l ln eanple quadrat 1,

I wLll be about four tlnes as high cs ttre ovsrall rcssfteld-ehrub-
I

I land ecosyetems whictr are coneLdered a rrcre reprsscntatl,ve

I estlmate of nutrient return over the entl,re debri.g flow depoalt

at this altl.tude.

CIIEHICAL BAI,AI{CE SHEET

There was a gal.n of elermnte lnto the rpssfLeld and shrub-

land ecosysterus from ttre atnoephere and 18 anelyaes of rcntlrly
ralnwater samples are consldered gufficLent to cetimate thls
e upply. In add.ltlon ttrere la Lnput of nutrientg frm weatberl.ng

of the andesitLc gand ln ttre goll system. Die back of thc

CorLaria stena and lea\res wllI return nutrl,ents to the soLl and

Ls broadly equivalent to Litter fall reeorded In higher standg

of vegetation. Loggeg to ttre aolI eyetem wllI Lnclude ttroce

elements iupblltsed in the plant material and logs to dralnage

wLll be loss frorn the eoosystem as a whole. In calculating
amounts of elemente in nrnoff wator, it shouLd bc emphaglsed, that
quantJ.tles of runoff waterg irere not obsenred accurately and reerE

salculated fron ttre ctrloride concentratLons.

From ttre available data an atterpt has bcen made to produce

a ctremLsal balanoe sheet for tlre rnogsfLeld and shrubland
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eeosyate!!!1. Table 24 showE a siq>le chenlcal balancs wing the

Eame ralnfall and average imrobllleatlon data but acparate

BraeomiFtum and CorlarLa lyelmeter values. Net lossee from the

ehrubland ecoayetem ars subatantJ.ally hl,gher than from the

N. truneat_a valuss obtalned by ltl.ller (1963c) but nrt losr of p,

I K and r$ fron ttra moegfteld ecosystem ls glmllar to N. truncata

I and tlrere la Enen a elight galn of Na anrd S.

To conpare thc cycllng of nutrLente Ln the nossftcld and

shrubland eol,ls, separate balanoe she€te (Tab1e 251 wera prcpared

from the sample quadrats I (wtth Corl.arla) and 2 (wlttrout

Corl'arla) . It should be noted ttrat wl.thout tbe Corlarl,a grorth
ttrere 1g no neagurable rEturn of nutrLenta to tbq eoLl fron
pLant materl,ale and only rainrater lnput, dralnage loeees and

rates of tnmoblllgatlon can be calsulated, The lnfluence of
thc CorLarla ig marked and leads to greatly Lncreaaed lorrcr of
N8' Mgr Ca and P. The return Ln the lltter of subgtantLal amorurtg

of nLtrogeDr presunably ln a readLly aval.lable form, {g a net
addltj.on to the goll ayetem of 6 kg/ha/yr and Lg rapldly
lmrobillssd. It 1g notissable i:trat ttre net losc of K (Lilkglha/yrl

ls eLmllar for both moegflEld and shrubland ecoeyrtems, but Mg

Ioss frorn the ehrubland Le more ttran double ttrat from thc norc-

fteld. The araounts of elemsnts r€achlng the soLl beneattr ttre

CorLarLa from raLnfall and fron lltter rcturn are presented

dlagramrnatJ.cally ln Appendtx O5. Moet of the nitrogren Lt from

the Corl.arla whllst most Na, K, and Ca lc from ralnf,all. About

2L t.tms as ruuclr l4g but only k ttre amount of P Ls added Ln

rainsater aa from CorLarla lltter fall.
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TIGHT UTIIISATTON BY UOSSFIELD AND SHRUB ECOSYETEUS

AutotrophB are the prlmary coqtonentr Ln an ecoayeten,

lnvolved ln ttre fLxation and accrumrlatLon of energy that la
princlpally derlved from golar ensrgry. lfhe efllcLonsT of auto-

trophe Ln connrgrtlng solar energty lnto chsnleal energy by

photosynthetlc prosescer wlttrLn ttre ecocyatem le refcrred to as

the photosynthetls efficlency (pE). Generally pJ.ants are hlghly
lneffteient at utiliging avaJ.lable cnergy except under $rr-y lotr

llght lntensLtLea.

Varlouc nettrode have been uged to agsegs PE valuea but

unfortunately tlrere Ls a laclc of gtandardLgcd termlnologrlz,IBlt

Tf," nethod here uged follows EgrunJobl (1967, 1959). ttogt

eolarirterg n€asure total Lnaolatl.on, but only virLbte ltght
(400-700 nu) is uged In photooynttrasLs. lfhus varl.ous correetlon

factorr can be applled to allow for thLe effect (Bray 1951).

Wltttout detal.led obesrvatlone at ttre study rl.te, the vigl.ble
ll,ght fractlon referred to as photosynttrEtlcally active rad,Latlon

(PAR). le here aesuned as 501 of total Lnsolatlon. It la llkcly
tbat tttls fLgure J.s sllghtly overertimated ln whictr care tlre
calculated PE value w111 be mLnlmal.

lttre caleulatLon of anergy bel.ng ftxed withln an acotyatcm

may be detcrrnlned from net, grosa or eurrent prlnary productLon

flgurea. ID ttrl,e study ttre aalsulated ourrent produotlon flgures

were used becauce gross productlon ia dlfflcutt to detemLne

(1.e. reeplratlon loseeg have to be accorurted for) and net

production doeg not take Into accorurt loeeeg to ttre ayrtam from

ll,tter falt and recretlon.



296

Maasurerent of Solar RadiatLon

Solar radl.ation meaaur€uents wcrr6 recordcd at the etudy

slte from Decen&er 1958 to May 1970 ueing ltght lntegrators
dealgned by ttre Plant Phyelology Dtrrlslon, Palnerston North.

These lnatnrcnts coneLst of a ptrotovacuum eall rnounted beneath

a speclal d.lffusing unlt to obtaln good raaponse. Ttle epeetral

reaponse of the integrators has been adJuated eo ttrat prlnc

reeponse Is to tha vLcLble (photosynthetLcaUy aatlne) light.
A stand fl.xed by an adJtrstabla flange to a pole @rnnt6d

below ground lenel was uged to aupport the llght lntcgrator.
Wlren mounted on thc etand, ttrc lnstrumnt reeted on a horlsqrtal
gurface and no obJacta obecursd the horlton, although Mt. Egrcnt

waa 2.8 km dtrect,ly to the south-east. The equiprunt war fLxed

ln poeltlon by four No.8 fenclng wLres attaqhed to largc boulders,
'nJ 

a.lL
and proved affective supports ln the strongeet of wlndc.

Imnediatal.y prJ,or to the lnstallation of eaCh lngtnment, tlro

Lntegrator was callbrated. to ttre Eppl€y pyranometer at Plant

Phyelology Dlvlelon, Pafunsraton North. Eactr lnstrlrcnt wat

changed at trvo nonthly Lntenralr and imedlately rccallJrrated

wlth the Epp1ey pyranorEter agal.n. By adoptLng thLr procedure

calLbratl,on drl.ft can be drecked and rulnlmal errora are lnstrred
(Dr. ,J.P. Kerr, pers.con.). !{crthly and at tlms weekly readlnge

from Nover$er 1968 to l,lay 1970 were obtalned for the study glte,
The instnmente worked, well Ln tJre cold aondLtlona sxperLenced

on Egrnont and no problerruE were encountered wlth ttre slectro,nLc

gear. New batterleg vrcre lnserted prLor to eaclr lnetallatlon
because of thelr short lLfc, and in plaetic baga to keep water

out.

DetaLls of the recordl.ngu arc tabulated ln Table 26 together

wlth cmparative data from Ohalcea, Auchland and Kelburn . Tho
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avarage value waa 8.817.5 carcr/crnz per montlr or 106 rL76 cal;/qz
per annum. For coryarLaon, varuee for the l8 nonth pcrlod frm
all the record.l,ng etatlone ln Table 26 havs been conwrtcd to
annual valuea by a factor of 0.66. Deaplte tlre fact that ln
aore nonthe ttre elte receLned rubctantlally roro rolar radl,atlon

than Kelburn, lt racelvee about lr0oo cal/cm2 lesa par annuln.

Thus total ptrotoeyrlthetlcally actLrrc

year amountr to about 531000 eal'/crrt2

CalorifLc value of plant materLalc

Ttre calorlflc valus of celectcd plant naterLals correotcd

to a dry basie arc presented in Table 27. rThe bulk of the

deternLnatlong glve a rang€ of valueg (.1.3-{.8 Kcal,/gl rinLlar
to those obtalned from bladc beash (Noghotggrus golandrl vlr.
eolandtl (Hook.f .) Oerst.) lltterfall Ln thc tf,aLrarapa (Bagraall

Footnote

* Methodg used wore thoas apeciflad for coal analyrco Ln dcter-
nlntng lrcistute, tch and calorlf,.lc valuee. Agrecmnt betryecn

dupllcata sarqrles rat wlthln eSnclflcd lirults exoept Ln thc

cage of four calorlflc valueg and one ash oontent. 8a4l1es

L1/595,L4/596 and 14,/60I were analysed flrrc tlma ( and Ll/60O

four tLms) to obtaln the man calorlfle value prcscntcd.

SatryIe Ll/598 was analysed 10 tllps to obtain the rcanr asb

content. llhe lnconeLstent and htgtr ash content of tlrla ra4rlc
may contain a larger Grror than ttre other rnaterirXs, so the

hlgh dry arh free basLe calorlfLc valrre le aleo ltkcly to be

in error. Ottrcr tban thls, all natsrlals when corrlctcd f,or asb

contents fall wLthln tlre range 4.6 - 5.3 Kcal/g.

radi.atlon (PAR) lor thc
(or x lo5 xcal/'ha),
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1972). LivLng RtracomLtrlum was about 500 e,al'/g hlghcr than

Rhaconltrlun lltter. lfire higheet value ln ttre etudy waa 5'120

cal-/g for Caeslnl_a leaves and stEne whlctr conpareo wlth 5r3t[0

c,al./g obtalned from SpanLsh heath (Erlca lugltanl,ga RudolPhl) '
the htghect value detemlned by EgrunJdl (1958). ExprcreLon on

a dry asb-f,rae bagla elLrnlnateg the differenae due to soll
partleleg lf valuea are regul,red for organLc matter valuea only.

In Senscio and Corlarla there was llttle dLfforence Ln valuec

from the varlous corEronantr.

Total energy contegF_ ln the _ecogyatams

In order to assees the total snergtz content of ttte

ecooyaterns, eactr of the naJor plant corryonents aarqrled on dlffercnt
oceagiona were asel.gmed calorlflc valuos aocordtng to the rcpreesnt-

atlne sanples determlnad. Calorl,fl-c values of tlre naterlals Ln

each sarrgrle perlod averaged betrceen 41151 and 11437 caL/g shwLng

a rman of about {1300 caL/g. Total enerfly eontentg on the four

earqrllng dates arnounted to 3?91 323 i 367 and 323 x 106 Koal7'ha

(Appendtx D7) . Theee valrrce wcr6 then averaged ln ordcr to

obtaLn a flgure for ttre total energy wlthln ttre ecosyetem.

Ttre annual rate of anergy accrnulatlon was dotenrlned by

mult!,plyLng ttre current anrnual prlnary production (11160 kg.ha)

by ttre averaged calorLfLc valuc of ttre plant natarlalg ({.3 Kcal/g) .

Efflci.enslz of 1lght utilieap,l.on

The photoaynetl.cally actl.ne radiatl.on (PAR) at the rtudly

ette totals 531000 x 105 Kca[/\a/yr, whlclr ls not cubetantlally

dl,fferent fron the valrre of 551800 x 105 Xcal /\a/yr determtned

at f,aLta in 1965 (EguJobt 1967). lFho trEan annual rate of

enerlly accumulatlon calculated frqn averagl,ng tha four saqlle
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perLod values ls {3.5 x 105 KeaL/ha/yr and the energry in thc

current annuar dry natter production totara nearly 50 x 105

Kc,al'l\a/yt. Nearly 18 tlnes ttrls value was obtal,ncd for tha

natural gorse ecoayetem at ralta (Egunjobl 196z) . lltrug the

PE value
q

(enerqy of, net production pe_r annun x 100) - 50 x L0- x 100 - 0.091

anorgy Ln PAR psr annun 531000 x 105

The lov value lg clearly duc to tha low utltlsatlon of ttre

enargy avallable, elnce ttrat rolar cnargy whlctr could be

thaoretically utllLsed la of a sLnilar nagmJ.tude to ttrat at lfalta.
Thlg partLcularl.y lw valus ie provLelonally attrLbuted na!,nly

to tlre climatic oondltlong at thla altLtude whlctr Lead to lw
productJ.vlty. Howevor ttrs PE value ls a urlnlnal ftgure because

no account le taken of reapiratory logsss and the decmpoaed

moa8.

Because the Seneclo. conponants could be accuratoly drtcd

by tree-rLng datJ.ng at 27 yeara old lt le grceelble to nalra an

egtLmate of Seuocio photosyntlretio efficicncy ovar ttrle perlod.

In the February 1970 sarqrle, ttrc total cncrgy content of t*ra

ssneclo totals 72.i! x 105 Kcal,r'ha, whictr resulta ln a calculated

PE varue for sgneclo of 0.1{t. llhlg varue Lg rcre approprLate

to the latest grorlng pcrLod and nalcee allwance for tlre initlal
slow perlod of egtabU.shrent of a negetatlva oover follorlng
the detrnaltLon of ttre new flw depoelt.

lftre oalsulated PE valuc for ttro SenecLo oonponents can be

elq>ected to Lncreate as productlvfry rithln thc ecocyatern lnsreacar

coupled wlttr colonlcatlon of hLgher plarrts. |fhs nearest

ccntparable low PE value establLghed Ln Nes Zcaland Ls 0.11,

obtalned from wrfertl,lLsed nlxed pasturc l.n ttrc Hutt Va1lcy

(EgunJobt 1967).
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SOII, DEVEIOPUENT ON DEBRIS FIO!{ DEPO8I88

lbet constructlonal gurfaces below 600 n (2,000 ft, altLtuda

on Mt. Egurnnt conglet of rurconsolLdated gravels dcpoaitod by

succcgaLve debrls f,lows or floods. Graval,a dapocited over the

last 500 yeara ghon llttle proflle dLfferentlatlon and coneLet

atmply of a thtn lttter horlzon overlylng coarse eandy matcrlat..

Pre-500 ycar old depogLte hanrcver rarely contaLn topaoila

whldr haua not recelved addltl.one of tcphrae becauge of the

lnternl,ttsnt volcanLc acttvlQr at Mt. ngrnnnt. In an attempt to

establich a aoil ctrronogeguencc on the debrlg flow depoeLta lt
wa8 flrct necesaar1r to cetabU.sh ttre relatlve ag€a of varloue

flow depoeJ.ta and ttre assocLated tephra nantle of eaah de;roslt.

Most tephras enrpted from Mt. ngmont hava been influsnccd by

dqnlnant aoutherly and wect€rly wlnde Ln the regl,on, anrd tend

to be distrLbuted to the north and eagt. fhug becaule there lc
lesg tephra cov€r to ttre wegt of Egmont, lt ts the nost ltkcly
area to flnd a eoLl ctrronosequsnce on debrle f,low dcporLte.

Ihree roLl sLtes were ectabllshed whLctr ghm no vLrlblo

tephrar Ln theLr topsol,La. lltrey are approxl,mately 80, {00 and

about 41000 years old. Eoneverr Do oldcr surfacec werc fotmd

whl.ch do not oontaln promlnent tephrae in the topeoll and ttro

of these harn been incorporated Ln trhie etudy becauge thcy folm

an 1ryortant etcp in Ure evolutj.on of a Recent soLl lnto a gley

nEsent (wtth ttm) to a yellor-brwn loam (trtth add"ltlon of
andegLtlc tephra and further tLre) .

Datalla of the eol.l sanple sltes are aE followg. ProfLlcs

I and 2 are from the Pyranid etudlz slte and are Lncluded to shov

ttre effects of altLtude on lnltlal eoll derrelopnnnt of a aimllar

aged debrie flow.
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Fyranld etudy elter rt 1,170 m (3,900 ft)
altltuder vcAetation nhggead,trtuo lanuqlnorrn.
Pyrantd etudy glte r as abone brrt developed wrdar

CorLarLg plumogr

near wertern end of Punlho Road, grLd rafs

N118r/550670 t altl.trrde, {20m (1,{00 ft) I vcactatLon

kanatrl (I9$1g1lg!g r?colt|ila) forest; aoll typ€

Hangatahua nottled eand

rurar westsrn end of Saunders noad; grtd ref.
Nll8r/588507; \r€gotation karnahl (Wetrunannla

raceqpaa) forert; gol.l type, Eangatahua nottlcd
aand

on KLrL Road at 300m (11000 ft) contour; grld.
ref . Nl18/588507; vegetatLon kamahl (I{cLnnaruria

raoercsal foreat wlth ron rLnu (DacrTdLun

supleeeLnrrn tmb) and rata (l4atroelderos robugta

A. Cwml , soLl type c. f . Warea bouldary loan

n€ar northern end of Auroa Roadl grtd ref.
N1l8r/535523i alt. 435m (1,{50 ft} i vugetatton

Dacryd"l.rrm - Matrosidcros - tlel.nnannLa forEstl
aoil type, Awatuna loam.

near northern end of Mangawhero Rord,

NUSr/659524i altl.tude {50n (1,500 ft);
grtd ref.
vrgotatl,on

forert;DaorydLunr - htrorldergg - Wglnnannla

eotl type, Stratford gand.

Exoapt for profilas 1 and 2, alr ttre soLls ocour near ttrc
360n oontour and were sanpled from beneattr WclnmannLa raoarcaa

trees. AII soll ramplcs wera collected f,rom the wertern and

eouthern rlngrplaLn graded to !{t. Egnront and lg kn (U utlce)
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separatos tlre norUrsrnnpst and aouthernnort saqrles lndicating
fairly elnd.lar clLnatlc condLt{onc exLst at ttre aarple sLtee.

sou, !.toRPHoroclr

Parent materLals of profLles I to 5 consLet of Recant sande

wLth or wlthout bould,ers. ProfLle 5 Ls developed upon the rlchly
aIlotrfianLc Oakura Tephra whidr onerliea the Tfare a PormatLon, a

lahar depoelt. llllua ttre topsoll ig dated at <71000 years old.
ProfLle 7 conslste of bottr oalsura and Okato tephraa ovarlylng a

$tlclc eoquence of older ashes. Thle soil therefore haa a topeoil
dated at <71000 years restlng qpon a gubsoll of older asheg

extendlng baclc to at leagt 501000 years ago.

The soll profllea in ttre segrnnce are readily dtstlngrut ahed

(flg.57). llhe thln A horlzonc apparent Ln the youtlrful aandy

(or gravelly) aolls become progrresstrrcly thlclcer and darkcr wLth

tlm, but onee tephra le added to ttre topeoLl, the A horlzone

deorsaoe ln prmLnanc€ and thldcness. In proflle ?, ttre A la
tlrin wlth a mull-llke fornring lltter In contrast to tJre cticky,
blaclc nor-llke A horlzon ln proflle 5 where rna:dmrrm A horLson

denelopnnnt ocorrrs. |ttrls deneloprnent of the A horlzon Lg

attrLbutad to the poor dral.nage and high ralnfall whldr togettrer

wlttt ttre vegretatlon leadg to mor-forrnJ.ng condi,tLong. Mtsr taphra

la J,noorporated ln ttre topaoLl tlre draLnage le greatly rcdlfled
due to ttre frec d,raJ.nlng propcrtLse of t*re newly added naterlals.
llhere le then an attendant J.ncreaged rate of bredrdorrn of plant

resldues and no furttrer gleylng.

lilo dlrcernl,ble B horlzon lg preeont Ln profllec I to 5 and

an lncLplent B flrct appearo ln proflle 6. llh6 (B) horlzon Ls

no better dovelopcd ln prof!.Ie 7 alttrough lt ig ttricker, and Lr
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consLderad to ba a reeult of addltLonal tephra.

It 1g of lnteregt that the Ratrotu loam le a goll developed

on ElmlL.rr parent materlale to profile 5 (Awatuna loalrr) , but does

not oEcur above tha 150 m contour. Xn the Rahotu loam $rs Oalcura

Tephra Ls aonalder&ly thl.rurer due to greater d,l.ctance frm tlre

sourc€ - ttt. Egmont, anrd the reaultant profile repreeents a further
staga of denelopnent whldr cen occur tf llttle tcphra ia addod

to the topeoll (seg Fl.gure 59, . Itre rerult lg a heavlly lron
stalned goll wtth an iron pan often occutrrlng at ttre rqpper

contast of the l{area For:nratlon2 preaumably due to a longer pcrlod

wLthout aubstantJal ohangee Ln t*re drainagc regJ.rm.

SOIIJ CHEMIgTRY

$aqrlee for drsetcal analycls nere gelccted from tbe upper

3-I0 c.m of the A horlzon rurlese ottrenrlse gtated. CEC, TEB,

organLc carbon and tot,al nltrogen values are pliasentod for the

aa\t€n profllee (fable 28) togattrer wlth data fron tL" Al.l
horLzqne Ln ttre Stratford and Egrmont reference slteg (N.Z.SoLl

Bursau 1958). lfhe unusually hlgh CEC and lEB valuae ln the

upper layers of tbe Pyramld eolls are due to a thtn layer of
hlgh organlc mattsr reetlng upon an lnfertile eubeoLl. Exoept

for ttre yourtgest eoLl ttrene 1r falrly good correlatLon of

Lncreaelng GC, :rEB and base raturdatlon percentages with age

whlctr le probably a functlon of lnarease tn colloldal naterl-als.

lltre BSt drop to 16.6t ln proflle 6 J.r probably aaeocLated sitJt

maxLroum uptake of exchangeable basas Ln a hlghly organlc proflle.
Once tha tephra cover reaches a ttrmghold ttrlclcn€ss as ln proflle
7, the BSt lncreasee, probably largely due to the addltlon of

freeh mlneralg ln ttre ash of ttre topeoll, C,/t{ ratloa aro very
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htgh throughout ttre seqlpnce and onty ln proftte 7 do they

drop to a lenel indicatlve of rcre rapld brealcdoyn of plant

resLdues. S'nqrles aelectad from the lorrer A horLzon Ln profilea
5 and 6 ehow eonaLderably rEduced CliI ratloa.

@nqraratLve data has beon lnoluded frm the Stratford and

Egmont referene aLteg (N.2. Soll Bureau 19681 becauge thcy

ropnBaent advanaed atagea tn thls soll aequenqs (gee Fl,gure 59) .

They have a much longer hLetory of tephra acsurrulatLon anrd are

thus much rpre free-drainlng due to their low bulk denaLty and

htgh allophane oontent, although ttroy have derreloped at a Lower

altitude and rurder a dlfferent plant covrar. Asaud.ng that tlre
naLn part of ttre Egmont proflle ls at least 20,000 y€arr (or

older), ttre CEC, TEB, tC and tN valuee ean be plotted Ln the

sequence (flgure 58) . It ghorre ttrat carbon and nltrogcn attaJ,n

maxl.mum valueg Ln ttre Al.1 horlgqr of proflle 5, corrospondi.ng

to ttre maxluun A horl.zon denelopment In tie sequenoe.

DISCUSSION

Very amall amountr of cxchangeable catione are prcrent in
the 80 year o1d aoLlc, The colls are extrenuly acl.d and mantled

by very alowly decorupoelng plant materlals. At 100 y6ara, TBB

values almogt double although Uttl€ horlaon dl.fferentl,atlon ig

vlslble. In ttrc tlr000 year old goll, CEC and xEB valuec ara

conslderably hLgher, wlttr earbon approactrlng lte naximrm valus

Ln the sequen<ra and etrong A horlzon denelopmant. In the fLnal

Btageo of the sequon€, wLtlr addLtlon of new trphra rhoverg,

ttre proflles become LncreasLngly well draLned, organic bredsdown

and turnover Lncreagcr and the solls hanrg Lncreased exctrangcable

catlon levelg. A suggeetcd cvolutLon of Taranakl eoilc from a
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Recent soll derived from andesltlc gravele and srnda to a

yellow-brovrn loarn derived from andesLtlc tephra Ls preaented

J"n FJ.gnrre 59.
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coNcl,usIoNs

1. BLomaas

2.

productl.on at the four sample glteg at 1I?0n

altltude on tlre north-wegt flank of t{t. Egrrnont, ranged

betveen 77-951000 kg7'ha and arreraged 861000 kglba. Tha

average Ls coneidered a rclLable estlmat€ of ttrc herbfleld-
shrubland blomaee, deepJ,te ttre small Elze of the aanqrlce.

wrter contalncd Ln ttre llvlng bLomase totalled rz5 x lo3kg7tra.

ldsan aruual produotlvlty at ttrls altltude le 1,000 kg/ha/yx

sarsulatsd for the 80 yeare avallable for ertabliehnent.
From the known age of senecl,o trees from rlng-cormta tt
sae d.temined ttrat the more reoent productlvity ls up to
11600 kg/ha/yr. For dlagramatLc repregentatLon of
reeults gee FLgrure {.

Quantitieg of- exqhangeable oatLong apd total N Ln trhe

qoil Ehqr ttre Influencc of CorlarLa Ls consLderabls. Slhetre

dead Rhacomltrlrq La praeent lt sen/ea aa a uecful rootl.ng

madlum for htgher plants, but benaattr Ls a sandy subaoLl

wlth lory exctrangoabla aation values. $llth corlarLa preeent

a elear, although thln A horLzon Ls de\Eloped contaLntng

increased anpunts of erchangeable oatLons and nudr hlgher
valuca of N and P (although p Ls gtl.ll vsry 1or) . lotal
N to a depth of l0 cln totals 11950 kgfta Ln tlre rhrrrb

ecosyatsm but only 291 kglha Ln ttre lrcggfleld eeolyatcu.

Chgrdcal elenentg ln !,he plant gyetem ehff hl.gher

elerent coneentratLong Ln matarLal frour abone grormd ttran

beLow ground. Ihe htgheat oonosntratlong of elsmnts ocsur

ln CoELaria and Senaclo oomponenta aborrc ground lcvul.
Averaga quantttlec of elenpnts ln ttre coubLnad masfleld
and ghrubland totalled (tn kgrlha) 62 Na, 132 X, L74 W,

3.
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204 Ci, 5{6 N and 5 P. ltrls Lndicater there La lower K

and hlghar Mg ln the vegetatJ.on syaterils ttran Ls a\rgrage for
most ottrer New Zealand vegetatl.on eyatenr previonrly

Lnvestigated. Arttrough ttrere are only grnall quantltl,er of
ererentg in the corlarLa plants, tlre htgh element concen-

trat{on in thelr annual leaf fau Ls ralated to ttrc rapJ.d

rate of elengnt turnoner ln t$e viclnLty of, corlarla ltandc.
Elenentg lnltlally erctracted by CorLarla appaar to be

returned to the aoLl through ttre annual leaf-fall and becorm

rapldly aval.lable for utllisatLon by ottrcr epccies,

To=t_ale of, clementg Ln the eqoeyeteng ehon ttrat ttre
ghrub ecoaystem has altg,htly htgher quantltlas of Na, K,

Mg and Ca avallable than Ln the moeafleld ccoeystcur, but
containe greatar proportionr of N (3 tlnee) and p. (tyrtcs

ag nuctr) .

Aocerglon of elclpntg lnto the ecogyatern total 26{

kg/ha/yt and comprise 146 CI, 74 Na, 16 K, l0 !{g, 13 Ca

and 4 S (j.n kgftta/yxl. lfhese valucs tend.to ba trlgher

than prevlorrs eetimatEe of rainwater acgoaglons elrsrhora
in New Zealand. tlorener the concentratLon of elemnte Lc

not aig,niflcantly dlfferent and ttre LncrcaEaa an probably

due to the lncrea"ee In prccLpltatLon.

engual qluan!,ltlcg of elercntr loat to dral.nage Ln

moeaflald and ghnrb (ln brackets) ccoayoterna, tn kgrAa/yr,
total 0.78 (1.88) N; O.7 (2.17)Pr 73rl103)Nal 2tl(30)Ki

1{(23)l{g and 25(16)Ca. l{ater drainLng from t}re shrub

lyrinater contal.ned a nuch hlgher cont€nt of organLc acl,dg

than watar dralnLng f,rom the rpgcfield. l{any of the organl,c

acldr are polyphenolr which are conridercd effectLve at

5.

6.
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ahelatl,ng catl.ona and ara reeponsl.bla for hlghcr olcncnt

locseg. Ros-onnal.saance eanpllng of water ranqrlee ln ttre

vicLnLty of ttre atudy eLte ahory a ten fold Lnarsaee ln tlg

below the JunctLon wltlr Stony Rlver. No clcar evLdans ar

to ttre aouroe of llg Ls knwn but lt Ls suggcgted that lt
Ls due Ln part to the htgh t{g c'ontent of ttre andceltlc
parent matcrLalr conqtared to ttre lower Ug grcywacke arrd

punlae parent matsrlale of roLle in prevlouely ctudicd

ecoeyetetre.

RatEa ol lmuoblllgatLon of elercnts for thc conbLnad

nosefLeld and shrubland vegetatLon syetcnr are glt Na,

55t K, 691 Mg, ?7t Ca, 6{t N and 2lt P. Howerrqr lf t*re

aarqrle quadrat l, wlth CorLarLa preaent, le cxemlncd reparatcly

tJre hlgh return of nutrlente ls evLdent and ltmblftsatr.on
ratee drop to 3lt Na, lOt K, 20t Mg, 32t Ca, 33t N and 13t P.

8. An ertfuoate wae made of the annual ctrssLcal bnd<ret for
the shrub gnd nosgfLeld ecosygtems. Iosres Ln kglha/yr are:

7.

(a) for ghrub ecoeystcm

(bl for mogsfteld ecoaystem

(c) for llothofagug ttunsat.a

eoosyeten 2 0.3 5 10{30

NPNa
I l.g 30

7 0.3 0

K llg

16 15

106

Ca

36

15

lfhe mossfleld ecoayatem ghows valuss \rery cfudlar to tlre

Notbofagrug eeeyetem Lnvestl,gated by l,tlller (1953c) , excapt

for N and Ca. Hcntovar the ahrub ecoeyetem ghowg greatcr

elarmnt losees than fron Nothofagug or rpggfteld gcogytteru.

Chentcal budgetg for ttre goll gygtens ehor nst loceca

for both rpssfLeld and chrub systeruc are ginllar, areapt for
a 6 kglha/yr Lncreage Ln nLtrogcn ln the ahrubland ro{1.

9.
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The caloriflc vflue of plant materlale sampled from

ttre ecoeyotcrns are predominantly ln tJre range {.3 - {.8
Kcalsr/girn. Total photoeynttretlcally actlve radl.atJ.on per

annum at the atudy eLte arrpunts to about 531000 caLs/s2.
A photosynthetLe effl,clencf, was calculated, for ttre

ecoeyctem of 0.09t although lf the domLnantly SenecLo earyIe

guadrat was seleoted the ftgure would LncreagE to 0.1{1.
These flgiures ara subetantl,ally lower ttran rcst other values

obtalned from natural ecoeyetems, but lt tB to be e4nated
rnder ttre ee\rcre climatl.c faetors whlch lintt plant gronttr

at tlre atudy, s!te.
Inv,eetLgatLons of older debrle flow depoalte Lndl.catc

that organLc matter t and A horizon developrrent can be

expected to Lncrease rapidly provtdlng ttre gite ramalns

stable, to raactr a maxLmum tn about 51000 yearo. Poor

dralnage condl.tLons and consegu€nt Lron nottllng accompanies

thle pKtcesE. Asgrunlng depoel.tlon of nolcanLc a.Bh and

laptIlt wlll oceur aftar ttrls tlna the trend towarde gleylng

condLtLons and 1ron noblllaatLon wtll be halted and ttro

new low buLk densfty parent rnaterlal fu4rarta free drainl,ng

propertl,es to the soLl. Ttrie leade to the ovolutLon fron
a rscent or gley recent to a yel-low-brown loan.
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'\PPENDIX 
AI

IDENTTFICATION OF IATE QUATERNARY TEPHRAS

DATING TARANAKI LAHAR DEPOSITS.

B.P. KOmg and V.E. IiIEALL

ABSTRACT

MaJor and nlnor elemente wcre analyaed fron tLtanomagnet-

ltee extracted frorn 12 Taranalct tephras. The tephrae fall
into five groups characterised by apeclfic abundances of

chromlum, vanradLum, nl.ckel, cobalt and, manganese. ThE tl,tan-
omagnetite analyaes allor the poeLtive ldentiflcatl,on of two

wLd.eapread, but ttrLn tephras at dLstanceE >25 kn frm ttreir
source. Thc preservation and ldentLficatton of ttrese dated

tephraa between three exteneive lahar depoelts in wegtcrn

TaranakL allows age lLmitg to be placed on perloda of lahar

deposition. The oldest lahar Lr dated (N.2.942, at >161100 yr

B.P. The mlddle Lahar depotlt ls dated (N.2. 1143 and N,B. 9421

betrreen 121500 and 161100 yr B.P. The youngeet lahar Lg dated

(N.2.1144) at <6 r97A..yr B.P.
't\

Titanomagnetltei attgly""J troo, Tongarl,ro eruptLves ara

more baeic in compogition tlran ttrose from Tarankl, tephraa and

thls regional dlfference allows aourse areas to be detenolned

for so1l parent materLals Ln areas between ttre two volcanlc

centres.
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XNTRODUCTION

The recent noleanLe hLstory of Taranaki ls dontnatcd

by ttre actlvlty of Egrmont and Poualcal. volcanoeE (Fl.g.l).

Extensive rlngrplalns of detrl,tal volcanlalastLcg slope away

from each centre, Marker bedg frour a 30m tephra columr on

Pouakal rLnErplaLn, to the north of l,[t. Egmont, have been radlo-

earbon dated on ttreLr content of wood, peat and charcoal (Ncall

L9721. thLe allows correlatlon betryeen late Quaternary eections

over 11000 km2. To ttre soutlrr oD ttre younger Egrrnont rLngfplaLn,

much of ttre tephra has been destroycd by volcanj.o activLty or La

overlaln by later lahar depoeLte. lfhe posLtLve ldontLflcatl,on

of, dated tephra layers on Egiuront rLngplaLn ttrue enablea inter-
epersed rrolcanLc eventg to be aecurately dated.

IDENTIFICATTON OF TEPBRAS

General

Wlth lncreaging dJ.stance from source tephra marker bedg

tlrLn out and ctrange Ln lLttrology and appearance so that at

distances greater than 25 kn only tentatl,ve correlatlon oan

be made. Id,enttfLcatlon by laboratory rethods ia ttrerefore

cr!.tLcal Ln tracing Taranaki tephrar Lnto peripheral Ouaternary

Esguencesr to extend the range of prercnt time control.

InitLal invaatLgatione by tlre authorg attempted to ldentlfy

knonn Taranakl tophra layers by phyalcal and optlcal methode,

but wittr ltttle success. Most nethode for ldenttfylng tephrae

requlre dLetLnctLve propertLeg of volcanLe glasses or phcnocrytts.
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APPENDD( A, tr'IGURE l. Locelity map of Terearki, ehowlng ranplc
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Glags and plagloclaae waather rapldly to alloptrane under Taranalsl

cll,matLc condLtLong and are onJ.y freah ln tbe yorrngeat eruptLver.

Allophane Ls ttre donrlnant clay rnLneral In the younger tephrae t

and halloysl,te J.s restrLcted to ttre r4rpernost New Plymouth

BurLed 5o11 and burLed, soLle bencattr (table 1) r whsre lt
coexists wlth allophane. The preeenoe of halloygLte La thcreforc

of lfunited uae for tephra correlatLon. Although the age of

the allophane-halloyeLte trangltion in faranakL Lg not

accurately dated, extrapolated tephra accumulatLon rateg suggert

it tg betwsen ?0 1001000 yre B.P. Thl.g l,s ln narkcd contract

to tlre age of tfre maJor transltLon Ln tlra Rotorua-Bay of Plenty

regLon whLch Ls dated at 201000 yrs B.P. (Mr C.G. Vueetl,chr pGrt.

com. ) .

Ferromagneslan phenocryst aggemblages have been uged for

tephra correlatlon Ln ttre United Etater, but ttrlc t-echnLgue

sh*rs greateat potential wlth rhyolltlc and dacltic tephraa

and also where tephras are derLved from dlfferant source trea!
(WLlcox 1965). Srqplee of tlre prl.ncLpal Taranalsl tephraa wcro

examined for ferromagneslan phenoc4TSt abundanceg ' Abundant

auglte, titanomagnetite and rare hornblendE characterl,ge all
the tephra heaqy mineral assenblages. Illpersthene La abrent

from werd tuff and tlre upPermost New Plymouth Asheg' whGrc

present, hlporsttrene comonly formg dLgtLnctlve aeLcular or

equant cryetalc averaglng 0.02 mr aorosa ln contraet to auglte

whl.ch averages 0.25 nnr acros6. Seven aarnplos from the youngeat

eruptlves exarnined by Tonkin (1970), show slmllar nLneralogy

except for the abcence of hlpersttrene ln the gulroll Ash. A

di.agnoetlc feature of auglte cryetals wlthln ttre tephrae 1r

ttrat wlth increaslng age ttrey become Lncreaalngly etehcd.
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cohrru of Trreaatl tcphne

FORMATIONS NA.VED MEMBERS UNNAIvIED
ASHES

SYMBOLS AUTHOR AQE

TAHUNANCT FORMATION TAHURANGI /TSII Tr Drucc (19661 l7t5 AD

BURRELL FORMATION PUNtrIO IAPILLIZ
PUNIHO I.,,PILLI I
BURRELL IAPILLT

BUR&ELL ASH l'l
Drucc (19661

1655 AD

1655 AD

t655 AD

t655 AD

NEWALL 
'ORMATION

WA.TWERANUI ASH

WAIWERANUI I.APILT.I

NEll'AI,L LAPILLI

NEWALL ASI{ rl Drucc (1966)

Rcvltcd Agc

1500 -
1550 AD

Unnaned A.h
Bcdr

I.|GLEWOOD TEPI|RA n

KORTTO TEPHRA J

* ["^** 

TEPHRA Unomcd Arh ta ,l Grrngc rad
T.ylot
r9lt. l9l3

<0. c?o : ?6
Yrr. B.P.

Eeral lepilli Egl
bp.

*l-"t*t ^* \rycltmen (19621

F[:- Jnnarncd a sh
Jnaamed laoiUi
.tnrarrrcd esh

ZA
ea

EsZ Crrngc.nd
Trylor
tott. t9t1

Ahrehu lapilli Ar

SAI'NDEF"S ASII OS t6,100
! 2?o vtt.

CARRINCTON TEPHRAS Ct

KORU TEPIIRA

PUKETTT TEPIIRA

Koru aolr Xr

Koru lapilll T-
PK

WELD TEPHRA Wcld arb lrrd

Wcld rult

UDamGd Arh
Unnmcd

Lapilli

wt

NEW I'LYTdOUTH ASHES
AND BUzuED SOTI.3

NPA
NPBS
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In tephras above the New Plyrnouth Ashcg ttre augLtes shos only

weak etchl.ng on basal pinacoid facee (flg. 2A), but below ttrlg

horlzon rnoderate to aevere etchtng oecura on the basal plnaooid

(Ftg.2B) and the cryatal faceg of sorne pyroxenes ate cornpletcly

deetroyed by corroglon.

Bulk chenical analyees are conEidered rrngatiafactory f,or

sorreLation purpoaeB becauec of the rapld weattrerl.ng of glaoE

and varyLng anorurts of phenocqygts wi.thln ttre TaranakL tephra

deposite.

Idelr!]t.ltgatton by TttanonaEnetlte Ana

A method for tlre ldentlflcatlon of tephrae J.nvolvlng

recognitLon of chemLcal variatLona wj.ttrin tLtanomagnetLtet

analysed by optlcal emLssJ.on spectroscopyr has been deserl.bed

by Kohn (1970). The method le partLcularly suLtable for ure

Ln the Taranall. area where all tephras contain abundant

tLtanornagmetLte, a mLneral whLch has been shown by Aontne and

Wada (1962) and Ruxton (195S) to be relatl.vely etable durlng

weathert,ng. To assege the potentLal of ttre technJ.que for
ldentJ.fylng Taranalcl tephras rnoetly derived from a gtmLlar

source, 31 eamplea of tLtanornagnetlte from 15 loeall,tLeg

(Fig.l) wer6 separated.

Resultg of analyses from 12 Taranakt tephraa are preeented

ln Table 2. The tephras fall J.nto llve groups (a - e), baeed

on sirnilarlty of elemental abundancas,

a) Burrell Lapltlt, WaLweranul Aah, Newall Agh, Oakura

Tephra, Atruahu Laplllt mernber of okato Tephra, Sanrnders

Ash and Weld tuff.
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TIGURE t(B',

APPEI,IDD( A, EIGIIRE I - Sorulng dretro nlcrorcopr eUotofrrftr
of (rl vcrlly rtchrd rugltc crFtdr adc ctvlty G fld., parvlourly

occqtrd by nrgaltftt eryrtrl r 180.

(bl nodrrltrly to rcvrraly ctchrd tqttr clyrtrl r E0O.
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b) Okato Tephra (above Ahuahu Laptllt mernber) and Konr

Tephra.

c) Inglewood Tephra.

dl) Pukeltt Tephra.

e) New Plyarouttr Ashec.

Chronl.un ls ttre mogt variable element betwaen these groupl,

a findtng alnllar to tlrat of Duncan and Taylor (1968) for
titanomagmetltea frqn anderttic and dacitlc lavae fron Bay of
Plenty. Vanadium, cobalt and nlckEl valuee are generally

sl.mllar ln groupe (a), (b) and (el but are lees abundant ln
Inglevrcod Tephra and FukeLtl Tephra. Manganese abundancee Ln

tltanomagmetLtes frour Inglewood Tephra and Ptrkettt Tephra rre
markedly higher ttran ttroge in ottrer groups. Valueg obtalned

from ttre upper ash and basal laptlll of the Oakura Tephra at
Hurford Road (Table 2) show sLmllar composLtLon and tlrue

indLcate no dl-fferentLal weatherLng and euggeet depoeLtLon

d.urLng one volcanLc event.

There are no systematl,c dlffetronces ln tltanomagnetLte

eompositLon wl,th tLme from tephras above the New Plprouth Aehee.

lfhe narkedly htgh chromium and nlckel valuec ln the New Plyooutb

Aghee lndLcate that theee vrere probably erupted from a magma

of dLfferent compoeJ.tl,on from ttrat whlch gav€ rLse to ttre

younger Mt. Egrmont tephrae. The New Pllaouttr Ashea are

separated frorn ttre younger Egrmont tephras hy a wLdeepread

paraconformLty and are only preaerved on ttre older Poualral-

rlngplaln. Frm ttris evl.dence together wl.th ttre tLtanonagnetlte

analyses tt Ls euggested that ttrese tephrae were erupted from

the older PouakaL Volcanol tlre nragrma differlng allgtitly Ln

conpoal,tlon to that from Egrnont. Tltanonragmetite from tephrar
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and lavas ln tlra TongarLro-I*Iatlonal Park regLon also ghow

Lncreaslng chromlum and nickel valueg relative to younger

samtrllea lndleating a sLmllar ehange ln both regLons wlth tLme.

Oakura and Okato_Tephra Analyseg

Partleular attentLon wae given to ttre analysls of

tltanomagnetlte from the Oakura and Okato tephras whLch form

the rpgt wl.despread and lmportant Holocene tephras in Taranalcl

and are aleo preseryed betrreen a sequonce of three prlncipal
lalrar unlts to tlre west and south-weet of ltt. Egrcnt. Near

theLr Bouree, ttre strongly erosL\re latrar flows have destroyed

tlre wrderlying tephra record, and only mLnLmal age estlmatee of,

deposlts can be detetmined from overlying tephras. The oakura

and Okato tephrae are bcst preserxred between ttre formatLone at

the preaent coastllne where the lahars do not lncorporate

underlyLng materl-ale at thei.r base and apparently dld not
erode ttre earller degrcslts. PoeLtive ldentlfleatLon of the

tephra formatlone between the lahar unlts allows both maxLnum

and nlnimum ages to be obtained for perlods of lahar depoel.tJ.on.

Near its souree, the Okato Tephra (Eg 2) comprl,sea tno

laptlll unlts (Section 7, Ftg 3 and Table 1) both overlaln by

ash. The baeal laptllt unlt La wLdegpread and haa been formrlly
named Ahuahu Lapilli (ea) rnember (Neall L9721, but ttre uppar

lapt}ll unLt Ls turnamed and reetrleted to a fow eectLonr near

Pukeltl. The two lepllli beds are not separated by weatherLng

or erogLonal breaks and are therefore conaLclerecl to be part

of the same tephra formatJ.on. The upper llnrit of the fotmrtLon

ls defined by a palaeosol at ttre top of the aEh overlylng thc

unnamed upper lapllll unLt. Tl.tanromagnetlte was analyeed from
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the wj.despread upper ash and t}rs two Iapillt untts of Okato

Tephra (Table 2r. The upper lapilll hag hl,gher chronl,un valuss

ttran the bagal Ahuahu Laptlli (Aa) r (ueually groater by a

factor excoedLng two). The Ahuahu Laptllt (Aa) Ls sltnLlar to

tha basal laptllt of the young€r Oalcura Tephra (Eg 1 lap. ) and

ttrus tlre basal lapllll of the Okato and Oakura Tephrae are

chemlcally indlstingul.ehable.

At Warea, Taungatara Stream and Puketapu (Flg.l), to the

west and south-rdsat of Mt. Egnnont, ttre lapllli unLts (gg t lap,

unnamed laplIlt and Aal are absent and only ashee (corrclated

wlttr ttre Oakura and Okato tephras) could be saqrled for tLtano-

magnetite anal.ysis. lhe low chromLun values of titanomagmet!.te

(Group a) in t}re uppen$ont tephra at Warea and at Puketapu

(Table 2 and FJ.g. 3) oonfLnn the ldentification as Oakuta

Tephra. The hlgher cf&ftnfum values of titanomagnetl.te (Group

b) froro tephra ".opf.J beneath ttrs mLddte lahar unLt and above

the oldegt lahar unlt at trfarea and at Taungatara Stream (FLg.3l

confirrn correlation as Okato Tephra. At Puketapor the hlgher

chromLum values (Group b) eonfLrn the Okato Tephra underliee

the previously ldenti.fled Oakuta Tephra (see above) and overlLea

the oldeet lahar unit. At Tarurgatara Strearn, the posLtLve

tdentlflcatlon of the Okato Tephra beneath t*re nl.cldla lahar

unlt inrfLcates that !.t must be tlre Oakura Tephra whLch forms

Ure ashy base of the youngest lalrar unit. The hlgh ahronlusl

values of titanonragnetlte ln the okato Tephra at all these

localitj.es indLcatee ttrat ttre Lmer ash and laplIlt of t*re

Okato Tephra are restrlcted to near source.
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CONCLUSION

Age of Lahar Units

The Oakura and Okato Tephras can be correlated frqn New

Pllmouth to *t leaet ae far eouth as Puketapu Road. Titano-

magnetite analyeee from these tephraar proaef,ved betrreen the

wegtern Taranakl lahar unl.te at Warea, Nl08r/{10704, and at

Taungatara Strean, NL28/511355, conflrn ttrat bcyond 25 kn

radiue from Egrnont sumnLtl

a) thE okato Tephra overlLee the oldest lahar unlt and

underlLes ths mlddle lahar unit,
b) ttre oakura Tephra overlles ttre ni,ddle lahar unl,t and

underllee the youngeet latrar rurLt.

SLnce tlre age of the tephrae has now been establLshed Ln

ttre northern part of this area (Neall L9721 t the ttrrea lahar

units can norf, be dated.

The Okato Tephra Ls dated (NU11{3, Grl,d Ref; NI18,/5I2658

and NE9{2, Grid Ref: N108r/534701} betrveen 121550 t 150 hr B.P.

and 15rI00 t 220 yr 8.P., lndicatlng a nLnLmum age of about

15.000 yaarei for ttre age of ttre oldest lahar unlt.
The oakura Tephra ls dated (NZltll, Grld Ref: NUSr/526665)

at lege ttran 6 1970 t 220 yr B.P. lthls l.ndLeates an age for
the mlddle lahar unlt between 7 - 141000 yr B.P. The apparant

abeence of thLs Latrar unlt wlttrln a well preserved debrl,g flow

sequence near Mt. Egnont, dating back to 121550 yr B.P,

(N21143), suggests ttre rniddle latrar orlgJ.nated about 13 - l{r000
yr B,P.
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fhe youngest lahar unlt Le underlain by oakura Tephra,

Lndloating an age of leee than 61970 yr B,P, (N211{{) r yet

no widespread tephras mantle thls latrar unltr Eo that lt ls
llkely to be about 3 51000 yr old.

ComparLgon of, Taranaki. and TongarLro tLtanomagnetLtee

Titanmagnetlte oorqrocltlone of, tephra from Taranakl wcre

oompared wlttr tlrree wLdespread lapllll unltg and a lava enrptcd

from Tongariro Volcanic Centre (Table 2,, lFhe Tongarlro

eruptlves contaLn tltanomagnetl.te lower ln rnanganese and hLgher

ln vanadl.um, nl,ckel and chronium tlran ttre yorrnger Taranaki

eruptJ.vee . ChromLum l.s at least three timee but comnonly

eight times hlgher Ln tlre Tongarl.ro eruptLves, and is therefore

the mogt dLstinctive and ueeful element. Thug ln areas betwaen

Tongarlro National Park and Mt. Egrnont, wltere late PleLgtoccne

and Holocene tephrae from ttre trro aources nay lnterdLgltate,
the andesltl,c tephrae can be clearly dl,etlngulahed on ttre

baaLg of ttreir titanomagnetJ.te compoaLtion. Ready identtfl-
catl-on of these tephras may prove valuable ln future Quaterlrary

t€phrochronology and soLl geneeie stud,l.es.
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