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, fhis study is conceTned with the identification and

dating of Quaternary pyroclastic roclis erupted fron tbe

central Irlorth Island, New Zea'La,nd. The following aspects

a.ro specificallY considered.

1) Aesessrent of the potential of using dominaut

ferroma.gnesian assenrbla.ge in conjrraction with eLeoental

a.blxldances in tita.norua.gnetite as a mea.ns of ra.pid identifi-
ca.tion of PYroclastlc rock'q'

2) Adaption of the fission-tra'ek technique

seall amounts of gla,ss shards (. eOO milligra'ms)

tinre ra^llge of upper Pliocene to tbe l-oyrer ra$ge

d.a.ting ( c. 30 r 0OO Yrs ) .

3) Applieation of fi.ssion-track da.ting to esta'blieh art

absolute chronology for ignimbrite eruptions in ttre central
North Island, and. to correlate asbes in deep-sea cores

previously dated using paleo'agnetic nethods (liinkovicb

1968)r with these igninbrites.

for dating
over the

or 14c

1
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NO.A',IENC.LA-TURg

Pyro clastie Nomencl-ature

Noroerclature in the pSrroclastic rocks has beeome con-
fused during the 1.ast d.ecadle largely bBeause of tbe d.j.fferent
ains of the studies undertaken. Healy e.t al (1964)r Vuceticb
aud Pullar (fgOg) and others bave been concerned ivith napping
sueh rocks over a wide area and hence require terms which
clescribe the units througbout their d.istribution. Ewart
(f908), Cole (fgZOa) and Kohn (fg7O), however, bave described
petrographi.c and. chemical aspects of ptr'roclastic rocks.
These authors require terros suitable for description at a

particular 1ocaIity.

Iu tbis tbesis it is necessary to use terns which can be

used wheu studying pyrocla,stic rocks fron stratigrapbict
petrographic aocl chemieal aspects. The following definitions
of terns are thus outlined a^nd a brief d.iscussion of the use

of more probl-ematical terris is given.
Pvrggla.st.ig - ?/entworth and Willians (1932) definecl [pyro-

clasticn a.s tran adjective applied to rocks procluced by

explosive or aerj.al ejection of material fron a volcanic
vent.rr As such, the terrn is ilterpreted as inclucling deposits
forned. froo explosive nair-fall" eruptions and fron nu6es

ardentes. The definition in the A.G.I. Gloisary (fg6O) of
ndetri,tal volcanic oateria.lstr is nisl-ead.ing as it inplies
nechanical breakdovnr of volcanic rocks after deposition.
Tgehggr - A tern coinecl by fhorarinsson (L954) for rral1- tbe
elastie volca.nic saterial wbicb during a.n eruption is trans-
ported fron tbe crater tbrough tbe airl corresponding to the
tern lava to signify all the nolten materia,l flowi.ng from the
crater. rr It is a particularly usefuf tern for general
d'escri.ptionsof@pyroclasticdeposits,astbe
tero inplies no particula.r grain si'ze. fhe nain problen is
wbetber the term should be restricted to aj.rfall pyroclastic
deposits or used fors both airfa.ll and pyrocl-a.stic flow clepo-

sits (tue products of nu6es ardentes). In view of
llhorarinssonrs recent paper referring to tephra-flows
(tnorarinsson 1969), it is considered that pyroclasti-c flow
cleposits ca.n be called rrteptrraf if uncousolidated. Yihere a$



airfall origin cp,n clearly be established the deposit can be
called ntepb,ra-fa,Ilrf , wfiere pyroclastic flow. origin is
evident rttephra-flourn .

Tephra ray be subdividecl according to gra.in size into
asb, lapiIlir or blocke (Wentwortb and l'lil.J-ians 1932). Tbe
Eize, J.inits of tbese r.rnits were later nodified by Fisfrer
(fg6f) to conforn with sed.inentological terns (see fable 1,
below).
luff. Aeelongrplsl. - Consolidated, pyroclastic nocks in which
individual fragnents retain tbej-r original forrn (i.e., ha.ve

not been welded). Divisions basecl on size are given be1ow.

Size, (in nn) UnconsoLidated- Consolidated,

>64

64_2
2 - 0.063

< o. 063

Blocksr/Bonbs
Lapill-i
Goarse' Asb

Fine Asb

Br.e c e, ia/ Aggl olae :r ate
Lapilli Tuff,
Ooa,rse Tuff
Fine luff

Iable 1 - Subclivision of pyroclastic rocks accord.ing to grai.n
size (Wentwortb alcl WilJ.iane 1932, moclified- hy,

Fisher 1961).

Pu.mice - A natural glass froth in whish tbe voJ-une of aj-:r
space approacbes, equal.s or excoede the volume of glass
(Heinricb L956r p.41). hmice would. therefore generally
float in watero
IFninbritg - fhe terro 'ligpiobriten wls fj-rst used by Marshall
(fglZ) to ctescribe.,tbe. extensive. nnhyolitict' sheets of tbe
North IsLaad, which be considerecl to have fornecl by a type of
"nu6e ard.enter eruption. In a later paper (Marshal.l 1935) Ue

give.s a definition of the tern asl $Igneous rocks of aeicl or
itrterned.iate cooposition which bave been forned. fros rnaterial
tbat has been ejected fron orifi.ces in the forn of a oultitucle
of highly incanclescent particles which were maiuly of niaute
size.rr Since 1935, the tern has been used. j.n various ways.
Sone authors. (e.g., Cotton 1944) usecl i.t as synonyruous witb
wel,cled. tuff, wbile otbers (e..g., Beavou g3.4r 1951) incl-ud-e

.-|
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both welded. tuff and. non-werd.ed. tuff or siuar. fbis contro-
versy over the degree of welding necessa.ry for_ a roek to be
called rti.gnJ.obritem is wiclespread, a.nd. d.epends on whether the
key fea"tures of an igninbrite are the ttnu6e ard.ente eruptiontt
origin or the preserce of 'highly i.neandescent pa.rti-cles'.
rt j.s desira.bre to separate d,escriptive ancl genetic terns,
and, in view of l{arshallf s (1935) aefinition, it i.s consiilered.
that the non-genetic featr:re is the ooet inportant arrd tha.t
sone d.egree of welding ehould be present in an igninbrite.
The tern iEpin,b.r_ite is therefore a rock unit nane (including
welded portions) witb genetic eignificarce (dooinantly pyro-
claetic flow in origin).

Deposits giving greatest problems of nooeacrature 83s
tbose forned by smaller nutees a{.dentes. llhe resultant
d.eposits a,re frequently uot welded. and as such shourd uot be
cal].ed. igniobrites. In New Zeala.nd such non-weld.ed deposits
are call-ed. rrpu"nice breceiarr (a d.escriptive tero). Tbis ters
iupries botb arrgularity, co?.use' grai.n eize. and consoriclation
(taUte L). Yet sone unconsolidated. depoeits (e.g. Oruanui
Bneccia) grade into finer grained d.eposits (donine^rrtLy ash
size) a.way fron tbeir aeurce. A better general tern for
describing tbe couplete unit woulcl be Itephra-flow[.

rn order to avoid coufusion, rvhere a unit bas previously
been fornally named., that rlaoe wi]-L be retaineel iu this theeis
ever if it d.oes not conforro to tlie above usage of nonencLature,

?e tr.o€g:apSig_gn d_Chepi ca]. Nonensl ature
The variety of ood.ar abd cheoical parameters assigneel

to cale-alkalir:e volcanic rocks (e.g., ttilliarns et a1 I954t
p, 12, Ewart aod Stipp 1968, Iay1or et a]- 1969, Chayes L97At
wilkinson 19?L and rrvine and Baragar r9?r) refrects a rack
of agreenent anong workers on .definite nosenclature.

In this study the classification within tbe unweatbered.
and,esite-d.acite-rbyolite sequence is mad.e on tbe baeis of
SiO2. Andesi.tes coutain 53-63/" SiOZ and. generally d,o not
contain nodal quartz. Dacite contains 63-TO# S5.OZ and
rbyolite 70-77{. SiO2 with NarO+KrO=6.6-8.2/" and, AarO/XrO
ratio >L. Ewart a.nd Stipp (fg6g) classified daci.tes as
contai.ning 64-68f SiO2 with a soa.]-]- distinct gap between

iI



d'acite a.nd. rhyoLite. althou8h rhyoda.ci.te .may be considerod.
a.n appropriate tern for rocks with 6\-7a'l si02 it ha.s not
been cousidered, here because tbere is ao consistency iu the
use of the tern in the ritera.ture (rrvine and Baragar 19?r).
Dacite is therefore extended, fron Ewa.rt and stippf s upper
]ioit fron 68fr ro 7o"/o sior. The lo'er risrit of 63/" si02 fon
dacite is accord,ing to f*f,for e_t_a,] (fgOg) ar:d Dr.mcan (19?h).
Duncan (rgza)ha.s also show"n that a mi.neralogieal criterior
wlrich closely corresponds to the 63i, si..oz andesite-cla.cite
dividing line ig the presence, (dacite) or absence (and.esite)
of nodal quartz.

rt should bs empha.sised tha,t all chemical boundaries
are g:radational. Du.nceu (rg7oa.)for exaople, ba.s shounc that
analyses within one volcano (ut. Edgeerunbe) may span the
ande site-dacite bounda.ry.

o
H'



SUnrUmV Of tiln CnorO.sY==-'#- 
vor,cANrc. I;orE

Details of the struetrFe, distribution of Quaternary vol-

cani-c roclrs and voleanic &echanisms controlling eruptions in

the Taupo volca.nic z,one (l'is r) calc-alkaJ'j'ne province have

been given by Healy (rgoz, 1964)r llealy ,ei-al (1964)' Grindley

(196o), Thonpson (rgo+)'and $odriniak acld' studt (1959)'

Accounts of various aspects of the petrology and petrocbemistry

are given by steiner (r9l8), Clark (t96Oarb), Ena'rt (1963r

Lg65ar1966rll957a'tr968t1969'19?ra)'Ewartandstipp(1968)r
Ewarteta+(r968a)lErtarta^trdTaylor(1959)'Erva.rtet.a]-(19?1),
and. CoIe (t9?0arbr c r 19?3 ) .

fheTaupoVolcanicZoneextend.snortheastfor2S0kt0from
thevolcanoegofNa,tionalPa.rkiuttrecentreoftheNorth
Island to'r'Jbite Isla.nd i.n the Bay of Plenty' reaching a maxi-

rnum width of 40 km' Bhyolitic volcanisn (fteistocene-Recent)

isdominant,forming}a,vasancld'omes,vo]uminousweldetlignin-
brites (a.nd unwelded tf pumice breceiastr ) ancl' as blanketing air-

faIL tephra deposits. Healy OgAZ) estinates the order of

;;:;a;-irl "t 
rhyotitic rnaterial' and'esitic laves (totatlins

1
about83km-ofoutcrop),ha,vetbeirmainoccurrenceatthg
extreneendsoftheTaupoVo}ca,nic7'one.Basa}ticoutcrops
amou.nt to no rnore tiran 42 km3 and bbeir vents a'ppea'r to be

loca.ted lvhere the I{I{ji trending regiona,r faults cro$e ca'ldera

structures (oole Lg72)' ilith two exceptions the basaltic out-

cTopsoccurasiso}e'tedflolvsa.ndscoria.conesdistrii:uteiI!,-l-: aaca.l'l

;;;;_;""o ao" are',. frre two exceptions '.re 
the lria.tahi Ba,saltic

Tephra (Pullar a,nd. Nairn Lg72) wtrich confr:roably underlies

rhyolitic d.eposits 
t4c 

d.a..ted at c. 441000 yrs B.?- a'nd' th*

scoriaceous Tararvora ash a;rrl lapitli erupted violently from

I'/lt. Taranvera (previously rtryolitic) in IBBS' Dacitic lavas

occuT as isolated domes distributed througbotrt the region' '

Ttrerhyo}iticvolcanismappearstohavebeenlargely
concentrated in four cen.bres, oceupyirrg tbe central 135 km of

the Taupo volcanic zone (Hea.ly Lg62, Lg64 and' Thornpson L954)'

thecentres,eachapparent}ycontro}ledbyringstructures'
are from south to norbh (l'ig r), t,he Lake Tau-po volcanic

centro,- Irtaroa Volczuric Centt-e, Rotorua Vo}eairic Centre ixrd'
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Okataina volcanic centre. Eaclr eentre is ua.rked by concen-
trations of rhyoritic domes and is fla::kec by extensive.
igaiubrite plateaux. fhe generalised. volcanic succession
from each centre (with overlap L.etrseen centnes) i.s believed.
to be (a.fter Enart and stipp l95B): 1) extengive *erded
ignimbrite deposits (possibly from fractures narlcing tbe
periphery of the ceatnes); z) an older pbase of viseous
rhyolite lava domesl 3) localised glowing avala,i:che (nu6e
arclente ) eruptions giving rise ts unwelded. puuiee deposits
(t'prunice breeeias"); 4) a younger resurgent pbase of
rhyolite d.omeo a.ud fror.;srfrequentry erupted. wj.thin the
central portions of the volcaaic centresl j) violent tephra*
fall eruptions, resulting in deposits which branket sucb of
tbe ce'trar and, southern North rsrand.. The raost extensive,
of these deposits were eruptecl fron tb.e r,alie Taupo volcaaic
Centre and. to a lesser extent fron the Okataina Voleanic centre.

, A study of the pyroclastic rocks prorluced. d.uring pha.see
1, J ancl 5 wbicb b,ave been spread. over a.n a.rea of at lea.stI
45t000 k^6-r conprises the bulk of work reported in th.is thesis.

Detailed mapping of ra.te Qu.a.ternary tephras (pha.se 5)
aided by '*c dating has provld.ed a tise scale for eruptions
over ttr.e last 44r.ooo yrs B.p. (Hca.ry, vucetich and. !\r11a.r
1964, vueetieh and. pu1la.r 1969 , Lg73) ana a nunber of papers
(e.g., lYellman 1962, pul1ar Lglg, 1g65.r 196?, rg7o, vucetich
and &rLlar 1963, Cowie L964, Vucetieh 1968, Rhea 196gr En&
Nairn ]-972) nave ind-icated tbe importance of deveroping
netbods- for rapid identification of these tephra.s as an aid
for dating geologieal, a.rchaeologieal and pa,leopedological
events.' studies on the L4c d.ater). deposits af,e tbus more
advanced than on the underlying consol-idated volcaqi.csr which
have in the past only had ages inferred fror the relationship
of sotre of tbe volcani.cs to sediments d.aterl. in the marginal
areas by fossils, by paleomagnetie stud.ies on deep sea core
sanples and ignimbrites on land., and. a few K-a dates on lavag.

Beca,use of the d.ifferent levers of rsror,lledge a,bout tire
>44r00c yrs d,P. pyroclastics ancl the younger tepbre.s
(<4+1000 yrs B.P.), wblch are underlain by a widespread ;oara.-
confornity (Vucetich and }u1la.r 1969), studies on th*se
d'epoei-ts are treated. separately in this thesi.s.

I
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lillTHODS OF TEPHRA IDENTIFICaII0N

rNTRo.pucTJON

Tbe developroent of volcanic trashrr studies in New Zealand
ca,n be traced through three broad periods (Jeune 19?0).

During tbe Late ].g'bh century the extensive purnice depo-
sits surround.ing Lra.ke Ta.upo received considere.ble conment
(Cra.i',,ford18?5, Smith 1B?0 and. Cussen 1BB7). Thosras (fBBZ)

recognised a eovering of younger andesitie ash fro.l illts.
Tongariro and Ruapehu overlyi.ng the punice from Ta;upo and in
bis IBBB report oo the eruption of Mt. Tarawera in IB86'
Thonas provided. a valuatrle deseription of the eruption and.

the deposits resulting from it.

Tephra deposi'bs received onJ.y cursory attention during
the following yea.rs until soil survoys initiatecl. a,s part of
the research effort into bush sickness demonstrated a rela.-
tionsirip between incidence of the disease ar:d. soil derived.
from tepbra. (eston L926). Extended soil surveys followed
(crarrge L929, 193L, L937, Taylor 19301 1933, Grange an:d

faylor f931 , L932) during the eoul"se of which nany iniportaat
soil forrai.ng tephra,s were raued, described and uapped. Cn

the ba,sis of srineral stuilies, contributions yrere recognised
from four recently a,ctive volcanic centresl Taupor Rotoruat
fonga.riro National }a.rk and llit. Egmont.

In the la,st 20 years, witb aany neriv cuttings befug
exposed during the course of roa,d constructj.on, attention has

ehifted to nore deeply buried tephras not forming part of the
present soil. Deta.i.J-ed stratigraphie stud.ies (Baumgart J-954t

Ba,urogart and liealy 1956, Healy, Vucetich a.nd Pultar L964,
Vucetich and Pul"lar 1963,- L969, f973, iYard. L967 and Na'i.rn

Lg72) supplemented. by L4c a,ge determinations have providecl
tbe basis of a reliable regional stratigraphy wbich now forms
a framevrork into lvhicb more specialised stud.ies rnay be fitted.
Table 2 surnmarises the stratigraphic succession, chronofogy
and composition of tephras erupted froo the Taupo Volcanic
Zone over the past c. 44rO00 Srre B.P.

A.

x_ t)



TabLe 2. - Stratigraphy and chronology of <c. parO00 5n'8.P.
tephras erupted. fr:om Tar4ro t/olcanlc Zoite.

't'd'i['I T0 REFI$IFNSE TO I'fAUg A]ID Aq ( see over page )

1. tronias (tggg).
z. c*ange (l9zg).
j. Vucetich and R-r11ar (lg6+).
4. iTellman (lg6Z) and lTellman (pers. convo. ),
5. hrr:can (tl7ou).
5. reahy (lg7t).
7. freen U%31.
8. cole (tg7oa).

9. Bannrgart and. Ilealy (1956).

10. Healy (tg&),
11. Healy (tg65).
12. Barangart (195h).

lJ. Rrllar and. Heine (lg7t),
1t+. Vucetich anil R-rllar (llll).
15. c,narrgu (1917).

16.
17.

18.

19"

20,
21.

22.

23.
?+.

25.
26.

27.

28.

29.

30.

31.

32.

33.

14.

Taylor (tg5l).
Gibbs (t96S1.

Iicfraw and. Tllritton (t 971).
Grant-1b.yJ"or anrL Rafter (tl6Z1.
(seg Aruen&ix III).
tbpping (pers, corrirnr ).
Grange (tglt ).
I,Icyd. (tg7z),
Vucetich and ltr-lLar Ugel),
Vucetlch and. R:I1err ('tg69).
Bemy (tgzg).
coyrie (t g6t+).

Nairn 1971).

b\",art and. Heal-y (t955a).

Nalrn and Kohn (in press -
Heal-y and l,,\vart (tg65),
Ihompson (t963),
Na.jrn (lg7z).
Rrllar and Nairn (1972).

riee

*ieferenc€s are given in Part J"

sectlon 3, Fart 1 ).
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Bbe reLiable identification of a particula.r tephra at a
stratigraphic section requi.res tbat the bed be recognisa.bry
different eitber vi.sua1ly (e,g. black Taraviera scoria,
xabaroa Ash 'sugary'r white d.ue to b.igh proportion of qua.rtz
or Rotona Ash with darkened paleosol), nrineralogicarly or
chenically fron others and that aDy differences be establ-ished
by adegua.te investiga.tion of arl tephra.s involved. ard if
possible of the corresponclirg erupted materials at tbe sou:rce
volcanoes (e.g. Rua,rrahi.a Done at I{t. faravrrera, extrud.ed
during the saoe eruptive epi-sod.e as Kaharoa Ash, cole 19?0a).

-
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FltiiR0lliA0 I'TE$ f A ll i;iI lV.t]li ALOGY

Aloost all the acid vol-canic roeks. of ttre 'Iaupo Volcanic
7.'ane are porptryritic and conte.in phenocrysts of p1a,giocla.se,
hypersthene, t j.tarcone.gnetite and. il.menite (a11 norrually
present), quartz (frequent), calcic-hornblende a-nd biotite
(less commor:), sa.r:icliire, augite a.nd cunningtonite (Uottr re.re)"
Th.e predorni.ne^nt coneti.tuent of al-l the teptrra.s studied is gleres,
wbich nay be in ttre forn of hublrle wa,Il fre,gmenta, curvecl,
fla,t or Y-shapetl (usually rarrging in refractive andex frorn
1.496-1 .502) or as puu:ieeous luarps (rzurging in refractlve
ind"ex if fresh fron 1.500-I .5A5 or upto 1.508 if moderately
weathered). Phenocrysts and. J.ithic fra,grnente do not often
exceecl more than 35/, af the volune of the tephra. deposits
studieiL.

It is weLl isaown tha.t variations 1n a.bundarrce and. size
of the constituente of a, parti.euiar teFhra occur from plaee to
pla.ce (especiatly dolvnvrind frora source ), however there is
rarely any pri&a;ry eonstituent totally lacking iu 4 gampla.

tbus a qualitative approach heis beea attempted in using the
Loqqlqgnt_ ferromagnesi.an assenbla,ge present as an aid iu tepbra
identifica.tion "

Five femonagnesian assentrla.ges a.re recognisecl in the
acid.ic voleanic roeks of the Taupo Volcauic Z,one (Ewa.rt 1971a),
na,mely; (A) hypersthene; (b) hypersthene + augite; (c)
hyperstlrene + calcic -hornblend"e I (d) $fFersthene + cumning-
tonite; (e) Uiotite + ca.lcic-hornblende + bypersthene. It
b.a$ been $bo!n3 by Ewa.rt (fgeZa) tlra.t tbese assemblages a're

significa;rtly conel-ated with both the total phenocryst eontent
and the nodal plagioclase/quartz ratios of tbe roeks in vrhleh
tbey occur. Groups (a) and (U) are typically lovr qua.rtz or
quartz free, witb 1ow crystal contents, Gtroup (e) typieally
has relatively high erystal contents a.nd. J.ow pJ.a.gloc1aae/
qua.rtz ratios. Groups (c) and. (d) tend. to be in'i;ermed.iate in
erystal content but tkre d.ata for plagj.ocLase/qua.rtz ratios is
strongly binoda.l (due 'bo a nur,sller of qua.rtz free rhyolites in
these groups). AccorCing to rila.rt $g|fa.) tenperature is the
dosina,nt faetor eontrolling the ferromagr:esi.an assenblages.
Howeverl the bimodal d-istributior: of the plagiocle,se/quafi;z



ratios of groups (c) anrl (d) i,ndicate an important ad.clitj-onal
factor controlling amphibrole crystall-j-sationr FTesumably ltater
pressure eacl perha,ps composition of crystallising l-iquid.

Optical and chenical properties of oinerals have been

described by Evra.rt (fggl t L961a, L966, 1967b, f968, 1969,
19?1a), Ewa,rt and Taylor (rg0g) and cole (r97ou). Petro-
graphic (Ewa.rt 1968) a;nd chenical (Evrart J969) evidence indi-
ca.te tha,t niost phenocrysts crystallised in the &agmas in
whieh they are found, ed therefore are not xenocryste.

nuring the separation (by neans of a Frantz Isodynamic
Sepa,rator) of ferromagnesian minerals (2-q pbi in size ) fron
tephra.s studied j.t has been found- tFra.t there is a gra,da.tion

betvreen groups (a) and (b), a.nd. (.) ancl (d)r thus in fable 3t
the number of ferronagnesian a,ssenblages has been reduced to
tbroe, The ferrona,gneoiaro a,ssemblages assigned to tephra.s are
terrned dppipgg!, because small amounts of other ferroma.gnesiar:
ninerals may be presentl €.g., $iangaone la.pilli sembers (a)t
(bf) and (ur) belonging to the hypersthene + augite asseub-
lage na.y contain < 2/o"caLcic-hornblende. ResuLts presentetl in
Tablo 3 are based on the exarnlnatior: of at least two, comnonly
six, and upto 15 tephra samples from any one forma,tion (sampled

both vertically at one locality and. al.so over a vrirle area).

In tbe tephras studied., hypersthene is commonly the
d.orninant ferrona.gnesian nrineral present, making it of little
use in ldentification studies. The most useful ferromagnesian
ninerals are biotite (where it comprises )L5/; of ferromagnesian
phenocrysts present) and the presence of abundant alrphibolet
as iu the case of Rotoebu Ash (a,bundant cuumingtonite with
minor aolounts of calcic-trornblende) aadr t'lhakatane and

Rotona Ashes (ahrrndant celcic-hornblende with lesser amounts

of cummingtonite). Cunmingtonite (with Yn C = I?o and 2Vo4

= Bo-B5o) nas only been observed in abund.arce (upto 9o"/,) in
in Rotoehu Ash, in moderate (upto 35/i amounts in tthakata^pe

and }iotoma Asbes ard. in roinor (<f;6) a&ounts in Ka,h.aroat

i/aj.ohau, Rerelvhakaaitu Tephras, Te Rere Ash and l','iangaone

Lapilli $embers (c), (A) and. (e). The presence of cumning-

* in this section amou:rts refer to percentage of ferronagne-
sian assenbfage.
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Il(tilPi,\wr PltE$ocRYsiIc tEnRcuacltEsl/iil

rssnsr.Ac{
TEPilRA

lntr*riitrEr{B 3 .ructrs

r

i raruaonc lapfUl' naOer (ba)r

l.rn(orF
l_-rt'(.)'

iofuefr h.rrloo
Teupo Asdcr lomatlon '

lfap&it
l,Ir.k&lpo

lrshlhta
Hlns1al'a (traces hornblondtc)

Cpe|>.

Itronu1
Itaragltt
hpaaetu
Bere&alcaaltu - phenocryst-poor ptuloo

gfPBSlI{E{E (wual.ly donlmnt unlesg otlrerwlgc
lniltcateit) + GAl4IGilotlEi,Il{Di + fiJr,ffINGlSlIIE

Rotokavau (traces auglto)
fharganatr
Wha.katatrctr

lfianaku (rara btotitc)
not6a*r
Italcbau

Rotorua (nqJr contaln eomtdsrable a.rnounB of
blotlto + augite in qrper parto)

Ite Rero (tr"ces tfotfte + augLte)
Gruanul (lraces atrgitc + raro blotlte)
t{algaoue lafrll.fi neeaber (c)r+r

lt
" (d;tt'

' (c)**

*RotoitL hecotra (notoehu Ash)*rrr

BI0tII5 + C$lfO-E@.1tBIfrNDE + EYFRSIr{I,$D

f,oharoa

Rrketarata
Rergnhaka,a.itu - phenosJat-rl.ch pwlco
q(ar€ka

Eart\trabo Flat Ercccla (Rifle lange .lab)

' taces of ca1clc-Lornblende and rara bior,lts. Fal-eosols nay contein aburdarrt calqlehorntlen{6.
tt &phlbolc (donlrently calclc-hornllentlc) ueunlly orcb greater lban h54rcrstheno.

' ttt B'acer lqLtc arrl rgre cu.mln€tonlte and blot1t€.

".*r &rghllolc al:roet cntlroLt crtr!!1egtoni,tc,

Ta!]e J, - Don:lnant ferrornagnesian assemblage of <s. 441000 Jm B,P.
aciclie tephras erupted fron centraL v<rlcanic region,
North Island, New Zea3.and..

N.B. Aokautere A.sh and. trYelrovFcrey Tephratt contain same

dordnant ferroiuagnesian a.ssembrage as orrranui Tephra.



tonite in tephras erupted from the Taupo volcanie 7,one is
'bherefore indica.tive of a source from the Oka.ta.ina volcanic
Centre.

. Tbe Vihakataue a.nd. Rotoma Asbes usually contain anphibole
ln greater abunda$ce tban hyperstheno, but in samples ta.tcen
from tb.e upper parts, hypersthene approaches or exceed.s tbe
anphibole content. This finding is aualogous to the occur-
rence of tbe most e*bunda,nt augi-te in certain pumice meobers
of the Taupo Subgroup ( = tephras erupted from lake Ta.upo

Voleanie Centre over tbe paet c. 9r8OO yrs B"P. ) whicb mark
the end of eruptive sequencea (Bwa.rt 1963). Tbese cha:ngee in
relative amounts of ferroma.gnesian phenocrysts are interpreted.
a,s showing tbat the last materiaL ejected, lvas derived fron
deeper sea,ted magma, with higtrer temperature and lower volatile
content than the earlier ejected. nagma.

Vertical changes in ferroma,gnesian assemblage with:.n
blocirs and J-api]li at any one loca.lity are not co$mon. Ihe
upper part of Botoehu Asb may contain small anrounts of biotite
(s,ee irlairn and. Kohn, p. i4), and tbe upper pa.rts of Rotorua
Ash nay contai.n upto 2026 biotite and rQy', augite. Exaroination
of the ferroma.gnesia.ra mineralogy of the upper pe.rts (within
the paleosol) of l,iangaoue ],apilli members (a.), (nr) and (nZ)
shorv that they oay contaln upto 5QiL c.alcic-hornblende. Since
coarser material (puoice blocirs and lapilti) sarnpled from the
nid.dle and basal parts of these iriangaone rrnits conta.j-n mainly
lSrpersthene + augite with O-5,/" cal-ci.cubornblende, it is pro-
bable that the paleosoJ.s, which represent intervals of lveatber-
ing between d.eposition of tephras, are contaminated (perhaps
by ? tepbric loess), Ferco$a.gnesian mineralogy of 11, near
source, samples of Ka.haroa Tepb.ra (cote 19?0a) sbow that ttri-s
tepbra often contains upto 25f" o1,Jrvine ancl augite in the upper
and middle pa.rts of sectj.ons, this contaminatlon j-s attributed
to basaltic xenollths within the pumice and, tbe overlying
basaltic Tare.wera scoria arrd a.sh. Where tephras are contami-
nated by enclosing tephra,s of differing composition ttre use
of ferromagnesiao assenblages for id.entification maybe severe-
Iy linited. Ihis problen rnay still- be overco$e; for exa.mp1e,

tbe presence of abund,ant biotite in thin rhyolite tephras
(ind.ica.ting a source other than lake Taupo Volcanic Centrel
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Taupo Subgroup tephra.s contain no biotite or hornblende )

encl-osed try anclesitic tephras (eonta.ining no biotite) in
tongariro National Park, used in conjunction with sieving of
rhyolites (separa,tes la,rger nea.r source aredesitic phenocrysts

fronr finor grained rhyolitic phenocrysts) and general strati-
gra;cb,ic position allows correlati.ons to be made (ggg Appenclix

fII, p.23d. lliany femonca,gnesian phenocrysts carry glass

mantles and these serve to distinguish tbem from the often
present d.etrita.I ma.terial, rvhicb j.n coastal seetions for
exa,nple although being of volcanic origin are cornmonly smooth

and rounded (tfre glass having been ttworn off"). Glaesy

selva,ges are not present in higbly altered. a.stres, (e.g. olde:e

and.esitic ashes of Tara.naki c.) ?Or000 yrs B.P.) and in these
cases the ferromagneslan minerals themselves rnaybe corrocled

to varying degrees, (see Append.ix If. p.256). Tttis d'egree of
weathering of pb.enocrysts, bowever, has not been observed in
the a.cidic tephras und.er study. Furtber exaruples of contami-
nation problems are described und.er the section on titano-
oagnetite chemis'bry and its uses for tephra id'entification

,(p, 
,,s).

Rorewhakaaitu Teptrra cooprises a pbenocryst-poor puni-ce'

(byperstSene assemblage) and a phenocryst-rictr punice (niotite
+ lrornblend.e + hypersthene), the volumes of whj-ch are e.pprox-

imately equal (Cote l9?0ar c). 'Ihe phenocryst-rich pu^utice

contains B-fO "bi*res the a.mount of ferrooa.gnesian phenocrysts

forrr:d in the phenocryst-poor pumice, thus the ferronagnesia.n
assemblage ase,igned to butk saoples is biotite + hornblende

+ hyperstlrene. This asserablage has been noted. in bulk
RerevrhalEaai.tu Tephra samples taken neaT souTce (Cote 1970a)
and at l-oca.lities ,6 I<n (Palmer Rd, 1194/542499)* and 145 kn

from source (Ltangetepopo valIey, N1}2/OB9B23). The pheno-

cryst-poor tephra is thought to be prirnary, but it is
rncertain hovr much of tbe phenocryst-rich teplrra is primary

and how much vras d.erived. fron tbe existing phenocryst-rich
d.orne ttirougb which it probably eruptecl (Cole 197Od).

+ A1I grid references
thousa"nd-yard grid
(naus I).

in this thesis
of 'bhe 1:631360

are based. on
topographic

the nationaL
map seri"eg
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Chemical conposition is one of the most widely used mea^ns
of id.entifying tephra. As with ferromagnesian sineraLs a
ntuber of faetors must be kept in ni.ncl in selection of samples
and interpretation of d.a.ta.

Bulk [.ihemistrv

Chorsical ara'Iyses of bulk sanples are generally of little
help for correl-a.tion purposes beeau-ser a.s prevlously sta,ted.,
the kind and' e,nount of primary minerals and cletrital contami-
nants vary within a given deposit (uoth vertically s.ud.
la,terally). For example, Lerbekrno and Caglpbell (fg6g)
studying a canadian i;eprrra deposit ehowed. tba.t increa,se in
\eO 

and SiOU and, d.ecrea,se in i{a,rQ, OaO, IvigO a.nd. elro, r,rith
distance from source is a. reflection of the increa.se in glass
relative to crys'ba.l cooponents. This belng d.ue to the lesser
densi.ty of the glass coupled lviilr its capacity to occur in
the fullest ra,nge of pa.rticle sizes. Element ratios a.re of
littre use beca,use of tbe non-linear way J.n which most e1e-
sents va.ry clorrnrvlind from source. Hovlever, Ca/Sr ra.tios were
found to remain consta,nt desilite the change in proportion of
Ca-bearing mir:erals dovrnwind,.

A number of ehemlea.l analyses of puraice }a.pj.rli a.nd.
bloeles, or ash size samples rnere ca,rrj-ed out for most of the
inportant vridesl:read. New zea.le.nd tepbras. The analyses were
camied out not so much for correla.tion purposes as to detect
najor ehemical differences in coarse near source, rela.tively
unwea.thereiL deposl-ts. The a.narysc+s a,l-s,o enabled. a study of
wea'thering of tephra deposits to see if with sioilar size
grade, site and. environrnente.l concJitions the d.egree of
v,reatbering of tepbra wltbin pa.leosols could be qua:itified. i.n
terns of tine.

Accord.ing to lipman (tgil) silica_varia.tion d.ia.graos for
bulk punrices e-nd coexisting gla.sses generally show near Linea.r
trends, a.lttrough gla.sses show lower 'rio2 ancl tota.l iron tha.n
bul-lc pu.nrices of similer sio, contentr probably reflecting the
nu$erou-s phenocrysts of titanoma,gnetite. The rapid chemical

-
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analysis of freob pumice trlocks ancl lapilli is th.erefore a
quick rvay of sholving .ma,jor chemical dlfferences tba.t na.y exist
between tephras and indica.tes to rvhat extent future rvork on

lndivid-ua.l conetituents of tephra. (e.g. gla,ss) nay be profit-
able.

Bulk cbercica.l analyses of sone of the tephras being
studied have been reported by Berry 1928 (cha3-azoidites fros
Orua'nui Tephra.), Grange L929 (?iuama.leu Ash and. Taupo Fuurice,
plus nu$erous weo.tlrerecl tephras in present day soiLs or
ririthin 50 cn of the surfa.ce), Grange 1931 (present day soil
forning and olcler tephras - mostly all wea.thered), Grange

L937 (Ieravvera scoria and Eartbquake l'}a.t Breccia. puoice),
Ewart 1953 (gla,ss from seleeted faupo Subgroup Tephra.s),
Gole 1956 (Ta,ra.v.iera Basalt, Kaharoa, !,Iaiohau and. Rerevrha,kaaitu
Ashes) and. Ewart 1969 (Puketara.ta Dome, eruptod during tbe
saoe eruptive episod.e as Puketara.ta Asb - }Ioyd L972).

ResHlts of buJ.k chernical ana,lyses of fresh and wea.thered

tepbra.en a.nalyeed by X-ray fluorescence (X.R.tr'.) or atonj.c
absorption spectroptrotometry (A.A. ) or both (see Appeudix I
for analytiea.l procedures) a,re given in Ta,ble 4. Y/ith the
exeeption of some values of Kr0, CaO and total- Lronr for
sirnJ.l,er samplbs elementa.L va.lues deternined. by X.B.F. and A.A,
are generally in broacl a,greemeat.

nnalyses shsvr tha.t rele.tively fresb pumice samples of
Kaharoa. (rrB+r, 1]842 ) , !-/hakatane (11850, 11851), iliama.ku

(11854), Rotooa. (1185I, tlB56), wa,iohau (rr80o, 11861) and

Rerevrha,lca.aitu (ffBZO, 11871, 1187?) Asbes, all erupted frorn
the Oka,teina Volcanic Centre, conta,in sioila,r amounts of major
elenents (Tj.02 was not analyeed by A.A., but va,lues given by
CoIe 1966 raage between 0.11-0.26"/o, averaging 0.2L';[) " These

tephras are less ttba.sie" then Rotorua Ash (f-].864) which coB-
tains less SiO2 arid KnO and. oore total iron, HgO, CaO and

lio2r rsj.thr slightly higher llino. Ta.upo Sutrgroup tephras
(Granrge L929, analysis T 3968/z a.nd gla,seee from selectod.
phenocryst poor Taupo puni.cesrtiwart L963) are also &ore trbasier',

and can be distinguished. froo Rotorua Asb by their higher
tota.L iron ancl li,n0 contents, a$d. lavrer lligO a.nc1 slightly lower
Ti02 contents. Puketariata Done (pl9ff5, Ewa,rt 1969)
cosltalnn hi.gher $iOZ a.rld. Ivlg0 tha.n Taupo Subg:'oup betls and more

.) t)



Table l+' - }.iajor elenent analyses of sone fresh and. rveathered.
( c. l+Lr@O Jr B.P. aci,i.ic tephras err4>terl frcm the
Tarpo vorcani-c zone, Anal-yses viere carried out by
atomic absorption spectrophotometry (uruless otherviise
indicated). oetairs of arl sarrpre rocarities are
given in Appenrlix ff.

List of P-arkerts. Incli-cj)s (p.I.s\" [see p. t291,

11841 = 67.2,

11860 = 64.9,

1186+ = 66.7,

11881 = JB.Z2

116Btl = \2.1 1

11887 = 6lr.Ot

11890 = 69,1t

11893 = 66.4t

11896 = 51.4r
113gg - 56,0,
11902 = &.2,
11905 = JJ.Be

11908 = 48.5,
11911 = {0.5.

I18ir.2 = 71t
11862 = 56.8,

Y28362 = /0.8p
11882 = 46,Qt

11885 = 54.1,

11888 = 65,1 r

1189t = 6O.3t

1189r+ = 56.3t
11897 = 58.9r
11900 = \B.l j
1190J = 45,3t
'11906 = 61.7t

fi9A9 = 56.5,

1tB5t = 67,2,

11863 = 45,5
ny15 = 73.7 r
11885 = 52,9t
11885 = 61.9.

11889 - 66,0,

11892 = 66,2t

11895 = 6O,2t

1189E = J6,12
119A1 = 61.2t

119OU = 63.2t

11907 = j2.22

1191O = W.O,

average of 25 rhyol_ite lavas and domes
r' fr Taupo hlni-ce d.q>osits

" rr 17 rhyolitic ignimbrj.tes
n9177 Dacite (ttt. ttaungaongaonga)
'n\t(* lTaiteariki lgn:i.rdbr.ite (gb.ss )
l,ft. fhuhara .Daeite

P3U+27 llangaone rapilli rno.mber (br)

'e:l

= 7O.9.

= 71,3,

= 69,5.

= 7l+.3,

= 72.4.

= 59,7,

= 72.5.
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SiO2 and KrO and slightly J.ess Ti02 tban Rotorua Ash.

Rotorua Ash has siuilar contents of SiO, and tolbaL iron,
but higher NarO and MgO, and slightly less CaO than Oruanui
Asb (ff8Ze ) which is 1n turn CIore "basicrt than Siangaone

tapilli Fornati.on members (e) (nBB9), (d) (11089, 11887) and

(c) (ilggO, 11892, 11893) rvhich are sirnilar i.n chemical
composition to tbe younger Okataina Volcanic Centre tephras
(excluding Rotorua Ash). The older Ma.:aga^one Lapilli Formation
members (or) (n8g9), (br) (ugoe) and (a) (rr9o:, 11906) are
da.citic j.n composition. Rotoehu Ash (ngOg) is slightly nore

'rbasicil tha.n Rotorua Ash whicb ls approxinately siloilar in
cornposition to Eartbqua.ke FIat Breccia pumice (Grange L937t
Analysis No, 3 PL74B5).

lhe najor element compositions of punice blocks ancl

Iapilli therefore ind,ica.te tbat even tLrough stost are rhyolitic
i.n composition, they show d.ifferences w[ich are likoly to be

reflected, iu tbe chemistry of ind,ividua] eonstituents.

Chepis

If one constituent is cosmon to all tephrasr asrd. ca.u

be easily concentrated, then its chenistry carr be compared

between samples of the same tephra. and between d.ifferent
tephras. G1a,ss, plagioclase, hypersthoner ilCIenite a;rd

tita.nona,gnetite are coslnton to a.11 tepbra.s being studietl and

are therefore the potentia.lly most useful constituents for
tephra identification studies.

GIa,ss

Glass chemj-stry a.$ a distinguislring criterion is prefer-
red by most North American workers. However, ttre litera,ture
is not always clear a.s to I'rhettrer analyses reported. are for
pumice or glaos only, or both with va.rying amorr:rtg of pheno-

cryst j.nclusi.ons. In this respect the technique of Smith and

r{estgai;e (1969) aeserves special comment since their da,ta vrere

obtained by use of an electron probe. The merit of this
approach ie the d.egree of control, vibich a.11ows, pheuoerystet
microlites a3d, bubbles to be avoiiled during ana.lysis. An
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appa,rent Linltation of major element analysis horvever Ls

the influence of yrea.thering, pa.rtieuta.rly in older saop-1-es'

Cbemical analyses of glasses, rainly for ninor a'nd' trace

elements, fron cerrtral I'lorth Island a.ciclic tephra's have been

reported by ilwa.rt e!-aJ(fge8a,)(faupo Pmice, rfaimihia lapil1i,
IjUlcetara.ta DOne, plus aumeroUs dones froctl Okata'ina' Volcanic

Centre rvhich are considered to be co-magma'tic with ne'ny

tephra.s err,tpted from that centrel i.e. Kaharoa, rfhakata$et

ftla.ara.ku, Rotoma,, 'tTaiohau, Rererrybakaaitu a.nd' the three yoru)ger

llangaone 1,apilli rnembers)r e.nd l\lcCraw a::d' iyhitton (fgff )

(,itrangaoa,ta, Ash, Ta,qpo Pumice a.nd Rotorua, Ash). Previotrsly
published n:a,jor eleaent glass a$alyses from six of the tephra's

being stucl1ed, togettrer with pa.rtla.l gla.ss analyses of tbree

further tephras are presented in Table 5.

LIcCraw 833d \lhitton (fgZf ) shov"ed tha,t tbe cbemistry of
'rYba,nga.nra.ta Ash was sinilar to that of &Ia.yor Isla.nd volcanic

rocks a,nd different fron Taupo Lapilli and' Rotorua Ash and

a:rdesitic tephra eruptod frop fongariro and' Ilgmont volc&IlOes'

. Ervart g!_-4 (fgOgt) trave a.lso shovrn that the average l"layor

Island. pantellerite is marleedly different in composition

th.e:r tbe average ta.upo Volcanie Zone rhyoliie, The absolute

va,Lues of sillilar rocks and tephra's analysed by Frvart 93--t1.
(1968a,rb) and nicc3.a.lv and !?iritbon (fgff ) generally differ, but

the trentls indicated try tbe compositions are com"oarable.

tibanga,mata Ash ( a.rid L{ayor Islarcl pante}lerite ) wben cot!-

pa.red. with all Iaupo Volcanic Lona a.c;id.ic roeks is rnarkedly

enriched. in nln, G8, Iiio, Zt, Si, li, Cs, Be, Rbt tota'1 Rara

Barth lilements a$d. higtrly cha.rged ca.tj-onsr and' depleted 5-n Bat

sr, Mgr ca, lic, v ard cr, ancr is therefore cheroically dist-
inctive. [a,upo Pr:.mice and. iria,istihia la'pj-lli when conparecl vsitb

Oka,taina Volcar,nic Cen'bre gla.sses ccntein ma'rkec)1y higber Ti,
bin, Sc, 'lr, ilig, Sr aind tote.l iron, eligtrbly higher Ca' a'nc1 Ne',

a.nd. lorner Bic, Ba, K a.nd. Si. Gla.se fron Fulcetara'ta Dome

(Laroa VoLcanj.c Centre ) conta.ins sloilar K, Bb, Ca end. total
iron to glass from Okataina Volcanic Centre eruptives but

differs iu eontai.nj.ng lovrer sc, zr, I'ig, sr, Na a.nd Alr and' Ba

va.lqes internedia.te 'oetween tbose of gla,sses from Taupo ancl

Okataina Vol,canic Centres. \t/ithin Oka.taina Volca,nic Centre t

curnruingtonite-bearing rhyolites (fe$3AO and P2?580, the latter
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aLso contairx$ cal-cic-bornblend.e )
J.es.qer extent Ca, Fe and V than
rhyolites.

conta.ins less l{g a.lacl to a
c al.c i c -h orn blende -be aring

using a. sesi-quantita.tive optica"r emission spectrogra.phic
rnetb.od' the auth.or eompared glass chemistry from oruanui Asb,
Taupo Pumice a.nd Ka.ha.roa Ash. Taupo hrmice and, Kaharoa Asb,
showed relative d.ifferences previously described. Oruanui
Ash glass shorved. rovrer Mn, Ti, tsa, I{€, sr, ca aad. Zr va.rues
wLren cornpa,red. vrith re.upo purni.ee, and higher ldg a.nd. ca, sligbtly
higber Ti and. zr, and lovrer Ba rvhen coopa,recl with Kaba.roa grass.

Glass chenistry therefore shovrs d.ifferences betr.reen
Tihangama.ta Ash and acidic taupo volcanic zone teph,rars, and.
d'ifferences between Ta.upo liubgroup tephras, most okataina
volcani"c centre eruptives, oruanui Ash and. puketarata eruptives.
Although rTorlc on glass chemistry of Ta.upo vorcanic zone tephras
na{ be consid.ered. mininal, resurts to da.te show differences
generally simj.lar to trends previously determined. for whole
rock cbemistry. limited data therefore sh.ow tb.e potential
usefulness of glass chenistry in l{.2. for tepbra. identification.

Beca,use of, compositiona,l variations in individual pheno_
crysts due to comprex oscirlatory zoning whiclr significently
affect refra.ctive iud.icesrea+1d problens of rapidly olrtaining a
relatively pure sample (.,.ti.rart and Taylor 1969, Ewa,rt 1969) tplagioclase is consi.dered. u.nsuitahLe for rapid tephra id.entifi-
cationn Despite these problems, plagioclase compositions sbow
a. correla.tion with coexisti$g residua.l glass aatl the type of
ferronagnesian asEceublage (Ewa.rt ]969)" Burk pra.giocla.se cofil-positious (itwart and Ta,ylor 1969) show th,a.t hypersthene_trea,ring
Ta.upo sut"'group tephras contai.n higber r,ig, ca a.r:d totar iron,
a,nd. less lrla and, ija. contei:ts tba"n pla.giocrages. from calcie_
lrorr:blen'le + hypersthene-bearing okabaina volcanic Gentre erup-
tives. Eiotite-bearj-ng Fuketarata Dome contains oore Na, K, Ba
and' Rbr a.nd less ca, sr a.nd. total iron contents thaa plagio_
els'ses from either Taupo or olcataina volcanie centresr a&d less
lirg tha'n Taupo volca:ric centre plagiocla,ses. 'rTithin the olsataina
volca.nic 0entre. rocks, cunmi.ngtonite-bearing rhyolite (peg3oo

l

-
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srd 127580) contains higber Na, K a.nd Bar and less Ca, Srr Mg

and total iron tha.n calcic-hornblend.e rhyolites.

$rus.el.I'erts.

Analyses of hypersthenes frorn Mangaone la'pil1i menber

( ?b), Taupo Subgroup tephras and Oka.taina Voleani.c Centre

eruptives have l:een published by Ewa.rt (fge?ur 197Ia) and

ilwa.rt and. Taylor (1909). tJithin Taupo Subgroup tephras Fu3o,

ti. a.r:ei *ig decrea.se, and Fu2* and. illn increa.se from oldest to
youngest aesbers (:twart 196?br 19?1a). Manga.one neober ( fu)
has hlgber Can ilig and A1, a-nil lower t[ir values tha:r either
Ta.upo Voleanie Centre or Oka,'baina Volea,nie Centre rhyoliti.c
eruptives. taupo Subgroup tephras trave biSher CBr Sc a.nd. Nit
a':ra ff! Irln values than rhyolitic eruptives from Okataina
Volcanic Centre.

Tho refraetive index d*in for byperstbenes of Taupo

$ubgrcup tephras (gwart J-967b) ig higber tlra.u tbose from rhyo-
lites of Taralrera Voleanic Complex in Okataina Volcanj,c Certre
(Cote 19?0b). No exsolution structures ha,ve treen noted opti-
cally in the bypersthenes and zoning a,ppears to be.unconlnon
(Ewart 1967b). SCIa}I exsolution structures of clinopyroxene
have, however, been observed (by electron pro6e) in hypers-
thene grains from lVainihia La.pilli (nig Z ). More work to
&ssess tbe amount arod na,ture of ttre exsolutlon structures alrd.

cheroistry of their host crystals will bave to be ca.rried out
before the petrologica.l significance of these grains ca.:c be

i.nterpreted.

AuFitg

A najor elenent analysis of augite froo liangaone $ember
(?b) is given by Ewart (fgtfa). An augite asalysis fron Taupo

Subgroup nenber f9 (Ewart 1967b) is regarded a.s bei.:rg andesitlc
conta.mination (sqe p,1,5) and this conclueion is borne out by

its sinilar chemistry to zu:desitic a.ugites (Erva.rt 197Ia).
Augite from tbe ila.citic &Ianga.one srember ( ?b ) contains signif i-
cantly higher aroounts of Ilur tba.n is found in a.nd.ositic augi,tes.
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A.arplri,bol.e

Calcic-hornblende analyses a.re given by Ervart and Taylor
(fg6g) and llwart (rg?fa.). Analyses show tha.t Puketa.rata Dorne

contains more total iron, Cr, Ni, Co, La-, .tsa a.nd Kr and J.ess

Llg, Sc, Ti, Sr and generaliy less Ca tha$ calcic hornblendes
from Olca,taina Volcanic Centre eruptives,

Iliajor eJ.ernent analyses of cuuni.ngtonite have been reported
by Erva,rt g!_e! (r97r).

Ttre optie sign of curnnlngtonite appeare to be variable.
In the tephras studiecl it is always -ve and this finding is in
a,greement r-uith the findiugs of Cole (fg]OU) for cunmingtonite
in rhyolites of tFre Tara.lvera Volcanic Conplex, Cummingtonites
described by Kuno (fg:8, 1950) from dacite eruptives of llakone

Vol-cano, Japan and Nasnith g!_g! (fg6t) fron St. Helens Y asb

in l{orth Arner j.ca Frave a +ve optica,l sigu.

Biotite

Iwo major eLement analyses reported by ilwart (f97fa)
sbow tba.t Puketarata Dome biotite contai.ns oore Ca'and total
iron, and Jess Si, A1, Na and. ii.ig than biotite fron an Okataina.
Voleanic Centre lava.

Iron-llita.nium Oxide s

Bulk, titansoa.gnetite analyses of sene llaupo Subgroup
rnembers have been reported by Ewart (f967U). The Kara,piti
lapillr (nem. 25 ) typieally shows lower &in a,nd. ftig abwd.ances

tha^n younger membersr aild titanonagnetite frorn member 19 has

higtrer lirg a,nd. total iron n a,nd. lower Ti and lrin than any otber
Taupo Subgroup roernber (SgC. p. zzt ).

Electron mieroprobe analyses of coexisting titanoma,gnetites
and. ilmenites fron Rotoiti .tsreccia tr'ormation, Rotona. Asb and.

rb,yolite d.omes vitlriu Oka,taina Volcanlc Certrerand four Taupo

Subgroup tepbras bave been reported by .dwa,rt et. fl I9?f .
Titanomagnetj.te of tephras erupted froo Okataina Volcanic



centre have slightry higher total iron and slightly lower fi
contents than d.ornes, with v contents varying between sa.mpres.
By contrast, all iroenites e;re similar in conposj.tion. fbe
general sinilarity of tephra and f cl.omer lron-titaniuu oxid.e,
chenistry fron 0kataiua Volca.nic Centre eruptives a,gain shows
tbe general similar cb,euistry of oa.rry oa,gnas erupted, froo tbis
centre. Cuumingtonite-bearing rbyolites iu Okataina VoLcaaic
centre (r30+rr, P3040? - Rotoiti Breccia Forinati,on and p28360
- rhyolite d'one ) strow genera,lly sinilar titanomagne'tite co&-
positions to ca,lcic-hornblende rhyorites although pz836o con-
tains lower II{g. ritanonagnetites of Taupo subgroup wlren coo-
pared' witb Okataina Voleanic Centre eruptives coutain higher
fi and. Arr and. lower v and. total iron; and irsenites higher
[i aod lower Mn.
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IDENTIFICATION OF NEW ZEALAND TEPHRA-
LAYERS BY EMISSION SPECTROGRAPHIC
ANALYSIS OF THEIR TITANOMAGNETITES

B. P. KOHN

Kohn, B.P. 1970: Identification of New Zealand tephra-Iayers by emission spec-

trographic analysis of their titanomagnetites. Lithos 3,361-368.

Tephra-layers are used for correlating Late Quaternary deposits in the North
Island of New Zealand. A quick chemical method of tephra identification that

can be used as a check for field correlations is described.

Titanomagnetite, being found in all the tephra-deposits studied, being resi-

stant to weathering, and being easily extracted, was spectrographically analysed.

Seventy-one samples of titanomagnetite from flfteen widespread tephra-layers
ranging in age from 8H1,000 years B.P. were analysed for Ti, Mg, Mn, Ca, V,
Cr, Co, Ni, Zr and Cu using an optical emission spectrographic technique' It
was found that the ratios of Ti/v, v/Mn and co/Mn used in combination, served

to identify each of the tephra-layers.

B.P.Kohn, Geology DePartment, Victoria (Jniztersity of Wellington, New Zealand.

The value of tephra (volcanic ash) layers as stratigraphic markers in solving

problems in Quaternary geology, paleopedology and archaeology is widely

recognised (Thorarinsson 1944, 1949, Wellm^t 1962, Healy et al' 1964,

Powers & Wilcox 1964, Frprell 1965, Wilcox 1965, Ruxton 1966, Pullar

1967, Momose et al. 1968, Ninkovich 1968, Pullar & Warren 1968, Vuce-

tich 1968, Vucetich & Pullar 1969). The advantages and disadvantages of

various field and laboratory techniques for correlation have been recently

reviewed by Wilcox (1965) and Smith & Westgate (1969).

In the field, stratigraphic positioq thickness, and general appearance

enable tephra-layers to be identified in some sections' but in most sections

there are one more tephra-layers that cannot be identified with certainty.

Laboratory studies have included; (1) The determination of the ranges

and modal values of the refractive index of volcanic glass (Ewart 7963,

Wilcox 1965 and Steen & Fryxell 1965). (2) The phenocryst assemblage

and properties of the individual phenocrysts (Ewart 1963, 1966, Powers &

Wilcox 1964, Wilcox 1965, Nasmith et al. L967, Westgate & Dreimanis

1967, Cole 1969). (3) The major and trace element composition of ash,

pumice or volcanic glass (Ewart 1963, Czamanske & Pofter 1965, Wilcox

1965, Theisen et al. 1968, Smith & Westgate 1969). (4) The thermomagnetic

properries of the ferromagnetic minerals (Ewart 1967, Momose et al. 1968).

(5) The radiocarbon dating of organic matter associated with a tephra-la5rer.

Although determination of the refractive index of volcanic glass is a quick



362 B. P, KOIIN

Table 1 . The stratigraphic succession and ages of the frfteen Late Quaternary tephras studied.
AII the tephras are from the North Island of New Zealand

Stratigraphicallg
Radiocarbon age inferred ages Rcference to age

(years belbre 1960) (not radiocarbon dated)

Tarawera
Kaharoa
I.oisels pumice
Taupo lapilli
Wairnihia
Rotokawau
Whakatane
Mamaku
Rotoma
Waiohau
Rotorua
Rerewhalaaitu
Oruanui
Mangaoni
Rotoehu

930 + 70

1,829 + 17
3,440 + 50

5,180 + 80

11,250 + 250

1+,700 + 200
20,500 + 430
26,300 + 700

Historic eruption in 1886

1,260

8,000
9,000

13,000

Vucetich & Pullar (1964)
Wellman (1962)
Healy (1964)
Healy (1964)

Pullar (pers. comm.1970)
Puliar (pers. comm.1969)
Pullar (pers. cornm. 1969)
Cole (1969)
Pullar (1967)
Vucetich & Pullar (1969)
Vucetich & Pullar (1969)
Vucetich & Pullar (1969)
Vucetich & Pullar (1969)41,000 (at 67olo probability)

and easy method, it has not been found to be very useful in New Zealarrd.,

because of the small range in refractive indices of glasses in most of the
major tephra-deposits (Wellman 1962, Ewart 1963, Ninkovich 1968). The
phenocryst assemblage of some New Zealand Quaternary tephra-deposits
is distinctive near their sources (Ewart 1966, Cole 1969), but is less distinctive
away from source (Wellman 1962). The major and trace element chemistry of
most widespread New Zealand Quaternary tephra-layers is very similar
(Ewart 1963, 1966, Healy et al. 196+, Ewart et al. 1968). The use of the
radiocarbon method for dating tephra-layers and the problems arising from
this technique have been discussed by Healy, Vucetich & Pullar (196+,
pp. 7-8) and Damon (1968).

In the present study, fifteen widespread Quaternary tephra-deposits in
the North Island of New Zealand have been identified by the rapid chemical
analysis of their titanomagnetite. Titanomagnetite was chosen as a suitable
mineral because: (a) It is common in all the volcanic rocks of the central
North Island of New Zealand (Ewart 1966). (b) It has been shown to be
stable during weathering by Aomine & Wada (1962) and Ruxton (1968).
(c) Its range in chemical composition and thermomagnetic properties is
considerable as shown by Ewart (1967), Momose, Kobayashi, Minagawa &
Machida (1968) and Duncan & Taylor (1968). (d) It is easily extracted by
magnet in a reasonably pure form.

The stratigraphic succession and known ages of the tephra-deposits
studied are given in Table 1. All tephra-deposits studied were sampled over
a large area.
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Experimental procedure

Most samples were ground directly in an agate mortar; a few were broken

down in a jaw crusher and then ground in a Tungsten Carbide Alloy grin-
ding vessel on a'Tema' mill. Titanomagnetite was extracted by hand magnet,

with the sample and the magnet immersed in acetone. Titanonagnetite
concentrates were purified by repeated magnetic separations under acetone'

the final concentrates being at least 98 o/o pure. The titanomagnetites were

then mixed with four times their weight of a carbon-palladium mixture, the

palladium acting as a spectrographic internal standard. The elements Ti,
Mg, Mn, Ca, V, Cr, Co, Ni, Zr and Cu were determined on a Hilger-
Littrow spectrograph. Johnson-Matthey 'Specpure' oxides of the elements

listed above were mixed in a base of 'Specpure' FerO, (9 parts) and TiO,
(1 part). A set of standards was obtained by successive dilution with the
base. Spectrographic operating conditions are shown in Table 2. The lines

Ti 3029, Mg 2781, Mn 2939, Ca 3158, V 3102, Cr 2677, Co 3453, Ni 3050,

Zr 3273 , C,r 327 4 and Pd 3027 were read. The analytical precision, expressed

as relative deviation, was -F 8o/o.

Element and internal standard lines were read with a Hilger non-recording
microphotometer, the galvanometer deflections being transformed to X-
values, where X : + (optical density f Seidel density). Working curves

were prepared from the standards, using the iechnique described by Ten-
nant & Fellows (1967) in which plots of (t/f)(X internal std.)/(Xelement)
against log concentration are prepared for each element. Here y is the plate

gamma as calculated from predetermined relative intensities of a set of eight
iron lines in a pure spark spectrum.

Because of the complexity of the spectra, a fine grained high contrast

plate was desirable for maximum plate resolution. Ilford thin film half tone

plates proved good but have the disadvantage of varying plate gamma over

the wavelength range used, thus possibly invalidating the calibration method.

Hence several standards of suitable concentration were normally exposed

on each plate to check for working curve 'drift'. Furthermore, two previously
analysed titanomagnetites from andesitic and dacitic lavas from the central

Table 2. Spectrographic apparatus and operating conditions

Spectrograph: I{ilger-Littrow quartz and glass (E 478).
Electrodes: Anode - National Carbon Co. AGKSP graphite

4.4 mm o.d. x 3.2 mm i.d. x 5 mm deeP.

Cathode - National Carbon Co. SPK carbon sharpened to a 60o cone'
Wavelength range: 2480-3600 A (quartz optics).
Slit widrh: 10 microns.
Analltical gap: 4 mm (shielded electrodes).
Exposure time: 10 sec. at 5 amps, then arced to completion at 15 amps.
Photographic emulsion: Ilford Thin Film Half Tone.
Microphotometer: Hilger non-recording (H 451).
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Tahle 3. Average compositions of titanomagnetite from somc Late Quaternary tephras in the North Island of
New Zealand (values are in parts per million unless otherwise indicated)

TEthra IMe% Mno/u CaYo Zr Cr

72

Ni Cu

74

Co

28

Ti%

493343271
18 31 2s 41
4 103 175 101

13s 17 2t 24
140 2s 33 38
270 84 72 45
45 33 31 26
115 48 33 40
47 40 22 41
65 35 27 23

140 51 44 42

148 36 34 28
50 37 27 38

274 7l 80 4r

l0 15 13 37
60 58 37 36

660
780
30+

866
+8+

5.66 0.362
4.52 0.562
7.36 0.723

*
x

Tarawera scoria aad ash
Kaharoa ash

northern lobe
south-eastern lobe

Loisels pumice
Taupo Lapilli
Waimihia Formation
Rotokawau ash
Whakatane ash
Mamaku ash
Rotoma ash
Waiohau ash
Rotorua ash
Rerewhakaaitu ash

phenocryst-rich
phenocryst-poor

Oruanui Formation
Mangaoni Lapilli

(beds C and E)
Rotoehu ash

6.08 1.090

5.86 0.483
7.13 0.462
6.28 1.300

13.10 1.070
14.30 0.751
7.97 0.s50
6.13 0.576
5.34 0.590
5.78 0.591
5.97 0.629
s.75 0.950

5.38 0.789
4.56 0.640

0.557 0.908

0.686 0.533
0.626 0.361
0.468 0.828
0.615 0.498
0.s58 0.4s9
0.570 0.275
4.597 0.280
0.537 0.312
0.656 0.197
0.537 0.149
0.s83 0.338

0.602 0.381
0.s20 0.415
0.464 0.275

0.641 0.200
0.620 0.291

287 1247

69+ 1372
913 933
36 978
67 638

328 720
304 2061

1003 1190
841 132s
688 1s04
813 r7t0
447 2400

1852
1 355
2666

859
2t9+

North Island of New Zealand (analyses published by Duncan & Taylor 1968)
and two titanomagnetite standards used by these workers were reanalysed
and except for slight drift of Co, Ni and Cu were found to plot on the working
curves obtained from successive dilutions of the standard mix.

The artificial standards prepared are close in composition to the unknowns,
and hence the absolute values given in Table 3 are generally considered to
be accurate. However, in order to overcome any possible 'matrix effects'
which may still affect the absolute values, the data used for comparison and
identification of the tephra-layers studied are recorded as ratios of X-values
(see results below).

Results

After studying X-values and absolute values of all elements analysed, a

number of methods were tried to distinguish different tephra-layers. It was
found that the ratios of X-values for TilV, VlMn and Co/Mn were the most
useful. Results are shown graphically in Figs. I and,2.

Rerewhakaaitu tephra comprises a phenocryst-rich and a phenocryst-poor
pumice (Cole 1969) which are plotted separately (10A and 10B) and occupy
separate fields in Figs. i and 2.

The distribution and isopachs of the tephra-layers studied have been
described by Baumgart (1954), I{ealy, Vucetich & Pullar (1964) and Vucetich
& Pullar (1969). The isopach map of the Kaharoa Ash (Flealy et al. 1964)

X T;'A teco?da1 <t Tior'L
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Fig. 1.. Diagram of X' values of titanomagnetites from fifteen numbered New Zealand tephras

shorving Co/Mn ratios plotted against V/Ma ratios. X' is the antilog of an X ratio. Each

tephra is represented by a dot sholving its mean value, by a shaded area that includes 68/o
(1 s.d.) of its plotted points, and by an outer line that includes 90%(1'645 s-d.) of its
plotted points. Only two samples were taken for tephras 4, 6, 8, and 9, and for these the
shaded area gives the mean deviation and not the 68% value (1 s.d.).

1A : Kaharoa northern lobe, 18 : Kaharoa south-eastern lobe, 2 : Taupo lapilli' 3 -
Waimihia, 4 : Rotokawau, 5 : Whakatane, 6 : Mamaku, 7 : Rotoma, 8 : Waiohau,
9 : Rotorua, l0A ': Rerewhakaaitu phenocryst-rich, 108 : Rerewhakaaituphenocryst-
poor, 11 : Oruanui, 12 : Mangaoni, 13 : Rotoehu.

shows a northern and a south-eastern lobe. Figs. I and 2 show that the

titanomagnetite composition of the two lobes is different.
Except for a slight overlap between the northern lobe of the Kaharoa ash

and the Whakatane ash at the 90 o/o confidence level in Fig. 2, all tephra-
layers are distinguished when Figs. 1 a\d 2 erc considered together. It should

also be noted that the other elements analysed provide an additional check

(see Table 3). Zr however is of limited value as it varies quite markedly in
some tephra-deposits and becomes depleted in all samples from paleosols

and swamps.
The Tarawera tephra comprising black basaltic scoria and ash and the

Loisels Pumice which is distinctively banded were not analysed in detail,

as they can both be readily distinguished in the field.
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Fig. 2. Diagram of X' values of titanomagnetites from fi:fteen numbered New Zealand
tephras showing Co/Mn ratios plotted against Ti/V ratios. Description of the diagram and
tephra numbers are identical to those given for Fig. 1.

Conclusion

It has been shown that fifteen important Late Qaternary tephra-layers from
the North Island of New Zealand, can be distinguished by their titano-
magnetite composition. The technique is reasonably rapid and titanomagne-
tite from seven samples can be separated, purified and analysed in triplicate
in three days. As titanomagnetite is not readily weathered the method can
probably be extended to older and more weathered tephra-deposits. A
further probable application is in correlating all the products of a single
eruptive episode - tephra, lava, ignimbrite etc.
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Important papers c)-ealing with tephra, identifj.ca-bj.o, r.;lriclr
bave been publisbed or come to the airthor.ts notice si.nce Kril.rn(rgzo), are:

tepb,rochronclogtr' revieivs (Kobayashi 1969arb) r therno-
oagnetic properties of ferronagnetic arinsrals in pu_mice.
(Kobayashi and. I;ioroose 1969, Momose and Kobayaehi L972) tapplicartions of i-:rstrumental neutron ac.bi-va.tion a.niilyei.s
(Harn'a.rd and youngberg IgG9, Haxlard. ancl Borchard.t 1971,
Borelra,rd.t a.::d. Harviard. r9?r, Borcrrardt gi- i& rgrl., Borchardt
et-gr 1972, Ra.ndle et" qI 19?1), petrographic and. ctrencieal
ap.olieations (Izett anrl ','.flLeox 196B , Izet.b J;969, liileox g!.3]
1970, Izett eJ_ql lgZO, Izett g.i_gA 1970, Izett et gI ].}T.,,?
Binns l-9'l2arb), mlcroprobe analyses cf gle.ss ar:d iron-tita;riu.a
oxides (smitir qt-ar rg5g, 'ryestga.te et*a] 1g?0, r,erLelcmo arrd
snith L972, tTostgate rg72) *na fissiou-.bra.ck datir:g of gJ.a,ss
shards (I{acDoi,rge.ll 1970n Boellstorff lr}TZ) "
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fij.nce the avere.ged, ana,Iyses of 7J. titanomaguetite
analyses were presented by Kohn (1970), a further 300 analyses
on a totat of 36 tephra.s have been earried out. fbese
additional analyses have shonm tha.t the matrix of titano-
nagnetitee being studied does not va.ry markedlyr and tbat
eruulsion gamaa values ca$ Yary between different batches of
photographic plates. As plates were calibratecl individually
for ga.mma and s.s standards were exposed on each plate to
check for rvorklng curve drift, wtren comparing titanornagnetite
conpositions, abserlute values are noYr preferred to Xt va,lues.

All titanoma,gnetite a.nalyses B.re given in Appendix II
and. e,veraged. results (ff s.d.) for e,11 tephre.s are given iu
fable 6.

llost tephra.s can be distinguished. wh.en differenees in
ferrona.gnesian assenbl&der titanomagnetite ehenistry and. to a

lesser extent frestr punice chemistry are used togetlrer (l'ig
3). |Ihe use of dorninant ferromagnesian asseoblages allovts
fiore definite ldentificati.on of sose tephra.s r whicb Y'Iere not
always c1ea.r1y distinguisha.ble when using only tita,nomagnetite
X] values (fofrn 1970).

Tbe uost useful eleoents in titanoma€netite for identi-
fi.catj-on are Ti, V and Cr anii less iuportaotly Zr, Cor antl

Ni. Of these eleroents, V ancl Cr a.re the &ost useful because

tboy occur in a,ppreciable amouuts and cover a wide ralge Of

concentra.tions, V'ranging fron 400-41000 ppn a^ucl Cr 10-450

PPe.
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-ffitr

Intro dIt-c-t,ofY S,t a.t emer$

Iu order to test the sui'bebility of metbods for tepbra
identification outlined. in Fig 3r a number of stuclies or case

histories tra.ve been carried out.

Some of the studj-es have been cagied out jointly. fn
all cases, the lyriterrs part in these studiee ha.s been prinia,r-

ily concerned. witb the secti.ons on teplrra identifica.tion
and, the interpretation of these data.

Studies ca,rried. out jointly are outlined belolr', and an

iudlcation ie given of the shar€ of the work ca.rried out by

each of tbe authors:

rt) Aif-F?..II T3u-pg &u.g,igg,-5F..4g,gpg. e,'?.Lqe$-s.ee-]t*Jl"!-ed r'.€tltilg

ap d- !g.r,sSlF, .4gigg-,-lg$$.-g.ggF.t N-grt4Js1,and '-lFgJ e a 1-4iJ 4 .

Itr.e labora.tory study describecl in ttris section was uncier-

taken entirely by Kobn and forre part of a' aaxu$cript vihich

will be combined witb detailed field studies by lJessrs. if.A.
PrrLl-ar and J.E. Cox, N.Z. Soil Bureau.

Qontinental Slope off Hawkj:.s. gq[.

Gollection a1xd description of core$ vras corpleted by

Dr K,B. lewis, N.Z. Oceanographlc Institute. Asb igfuntifi-
cations and. conelusions drawn fron tben by Kobn. The section
forrss part of manuscript subnitted to
More detailed descriptions of sed.j.rnents a.rod foraminifera eatl

be found in lewis (f9?r).

3 ) f hp.. FtratigEaphie, s j.egif ic,?rpe-.gf a Dgi-ql-tglg
I

2)

This section forms part of a $anllseript
with detailed field and ped.ologica.l stud.ies
Vucetieh, Vietoria UniversitY.

to be conbined
by Lir C.G.

Asheg. Turbiclites a.nd. Rates of Se-dEnn-e-ry[a.tio4

f hp.. Ftra tigEap h i e, s j.egi f i c,?rp e-. I f a Dgi-ql-tglg
Pleistocene Ash Bed., Nea.r Ambeq@



4)

Nairn was responsible for most field studies anil collection
of about 5o{" of saroples for laboratory work; Koha analysed
titaronagnetites, and. the results independ.entry confirned.
previous conclusions sade by Nairn (rg7r). sites described.,
trave alJ. been exa-mined. by Kohn.

' fwo co-a,uthored. roa.nuscripts dealing rnith tepbrochronology
are presented i.n append.ices rrr and rv. fbese studies forn
parts of ?h..D. studies undertaken by Messrs, fopplng and
Neall (victoria university) respectively. Kofrnro part in
tbese studies was to assist in corl-ection of samples, apply
id.entification techniques and write at least 5ol of eaeh
maJruscript.

,) Appendi.x fII -
a.rifo_Area, I.{orth fsland, Nerry Zea.land.

For this work lopping collected samples for f4c d.ating,
napped. andesitic tephra.s ancl. coll-ected. nost sanples frou the
Tongariro Area for Laboratory work; Kohn collected. some
samples and aualysed all titaronagnetites. Feruo&a,gnesian
nineralogical d.eterninations and flnaL id.entifieations were
ma,d'e jointly. Ar append,ix of reference sections oea.sured by
Toppingr includ.ect in the finar manuseript subnitted to N.z.J.
Geol. Geophssg ,is not given here.

--- 

--

6) Appendix IV - fdenti@g!_o_f fe.te Aua.ternary te

Neall established the stratigraphic column with 14c d.a.tes
(Neall 1972), studied tbe ni-nerarory a:rd collected. T5{" of
sanples. Titano&agnetj.te alralyses a.nd some tephra collections
wsre sade by Kohnl interpretation of data and conerusions
were d.erj.ved joi.ntly.

Relation of thg-Eer!hq!4a!te_J'14t Breccia to the Rotoiti
Erg.S.eig4 Cen'bral North Is_1and, New Zee.Ia::d.

,1':)
-I F-



fntrodBetion

rn bis coasta] reconnaissance of the North rsl-and of
Nerv Zealand,, f{erlman (lgaz) established tbe following tepbra
arrd. sea-rafted pumice stratigra.phy from the northern and
eas'bern part of the j.sland,.

Kaharoa (air-fa1l) 930 + 70 yr B.p.
loisels Sumi.ce (= dark greJrr
very gray and lrlack in this stud.y) c. J.ZF.O yr B.?.
fight coloured .Loieels Sumice
(grey loisers ?*ulce in this stud.y)c. r2i,a yr B.p.
Obui Ash (air-fell) c. f45O yr ii.p.
Taupo Sunsice (sea-rafted^) c. Ig00 yr B.p.
Taupo punice (air-t.all) Ig40 I 50 Jrr B.p.

i leigh pumice (sea-rafted) c. 19iO yr B.p,

Ttre air-fall tephra stratigraphy, hovrever, is not in
accord wlth tha,t obta.ined. by vucetich aad. puLlar (rgo4).
Ohui asb which lvas noted, by iferloa,,, particularly a..\
Ouewhero Bay, Northland; north end of 0poutere Beach,
corouand,el (type locality) and at lyainui Ril., Ohiyra Harbour,
Bay of Plenty was not recorded. by vucetich and pulrar (r9e+),
A probable teruestrial linit of Ohui Ash is ehoym by f{eI1nan
(p. 34) to stretch from 0newhero Bay in the north to near
Taupo ancl iyairoa in the south (see Fig 4 for all ].oca].ities
described j-n this study).

The purposes of this study are to cletermine vrhether 0bui
Ash is a valid tephra fornation and to 1s_sle.mir:s the age of
tbe sea-rafted loisers pumice in the light of 14c d.ates
detersined si.nce ilel].mar:rs (tgOZ) paper.

Air-Fa.ll Tenhra

Air-fa11 tephra stratigrapby in coastal and inraad
sections from rrake pouka,wa to i'/aihi Beacb. is werl d.ocumented
(Green and. Pullar 1960, 'rTellman J:962, Vucetich and. pullar L964t
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Pullar L967, ?uIlar and Penhale 19701 and Fullar and Selby
1971). Individual tephra b.ave now been confirmed hy mineral-
ogical exaroination (Iable 7).

North of frla.ibi Beach, Kalra.roa Ash. and [aupo Sunice have
now been identified. Kaharoa Ash was correlated. at a nruober
of coastal sections, and in near-coastal swaiDps (Tab1e 7, FiS
4). Id.entifications tvero rnad.e on the presence of a,bunda.irt

biotite in the ferromagnesian a,ssemblage. Confirsatj-on of
these identifications by other niethod.s carle fron u I4C date of,

850 g 50 yr B.P. from peat enclosing a biotite-bea.ring ash at
Otakarangi Swarnp, Whangarei (J.8. Cox pers.coom.) and a
titanonagnetite eornposition, sisilar to the Kaharoa average
(taUte 6) fron a bioti*e-bearing asb. at Te Arai Point,

, iliangawhai, Northland (faOte 7). I{o other biotite-bearing,
ashes exanined. from sections lorth of i{alhi Beach contained
enough titanona,gnetite for chemical analysis. Taupo Pumice

,was ideutified mineralogically from a swamp at Ngatea (fe.Ute

7) and possibly at Onewhero Beach.

For correLation purposes i'l|elJ-manrre section 22 at i'{aj-nui
Rd wa.s the most inporta.nt on the coasta.l strip bordering Bay

of Plenty. At this sectj.on $lellmants sea-rafted pumice a.nd

tephra stratigraphy is abbrevlated a.s foJ-lows:'
Loisels Pumice (darlc grey) ( sea-ra.fted)
Loisels Pumice (erey) (sea,-rafted)
?0bui Ash (air-fall)
?Taupo hrnice (sea-rafted)

fhis section on a low bank bordering Ohiwa Harbour has
now been d.estroyed, probably by high sea Levels generated by
the ChiJ-ean earthquakes in 1960 (iri.A. hrllar pers. con&.).

ltjel-Ima.n (p. 52) a.lso discussed, stratigrapby at nearby
sections on the southern side of tlre spit a,t Port Ohope on the
northern sid.e of Ohiwa Harbolu. He mentioned. Taupo lapilli
overlying stumps on the floor of the harbour. Tbe saoe site
was later exanined. by i/.A. PuLlar (pers. cosm.) wLro noted
sea-ra.ftecl loisels Punice (dartc grey) a.nd sea-rafted loisels
Purnice (white and grey) overlying air-fa.ll lapilli thought to
be faupo l,apilli by 'r{.A. Pu}}a.r. However, upto 5O'/" of the

4l;
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feromagnesian assembla,ge of this air-fa.Ir la.pirri contains
calcic-hornbl-end.e and, biotiie. this assepbla.ge suggests
eorrelation with Ka.tra.roa, Ash a.nd, not Taupo 3uoi.ce. All pusice
la,pilli examined. for ferror:ra.gnesia.n nineralogy in this study
y{ere sieved,, and. then plaeed in an ultrasonic vibra,tor to
reciove any loose adhering and. grain contaoinants.

fn his eections 2Q and. 2L a.t Opa.pe and. tValotahi estuary
reepectively, rYellnan has tentatively correla,ted, ain air-fal1
tephra with Kaharoa Ash. This correla,tion is probably sub-
sta.ntia.ted by tbe a.bund,ance of biotite in tephra ta.ken fron
peat swamps nea.r Opape and ii'.a,j.otahi. At nearby seetlon 22
(tVainui Rrl) horvever, iVeJ-}nan introcLuced. 0bui irsh, presun:a,bIy
beca.use it und.erlies Loisels Pusice, but this tephra is now
eonsidered, to be Kaha.roa Astr. As this section he,s been
d.estroyed there is no way of cheeking the Ohui *sh/Kabaroa.
correle,tion.

' At the type locality for 0bui Ash - the north end of
Opoutere Beach - grey and dark grey loisels }uroice overlies ail
a,ir-fall la.pilli (=Chui Ash). Sanples of Ohui rish frorn the
type loca.lity a.t Opoutere Beacb. rryere colleeted independently
by H.!d. ilellruan &Frd ttre virriter. A sample of air-fatl lapi]-li
from a rearby swa.rnp (a,t Save,gers Faro, Fig 4) vras also
exaoined.. The ferroma.gnesiar: assemblage of these tephras
conta.in hypersthene plus sxna.Il a.mounts of augi'be. Titeno-
na,gnetite analyses of tbe same samples (faUte 8) shovr that
they are similar to tbe avere.ge Taupo Punice titanona.gnetite
(fa.Ute 6). To check for possible contasination of the ]-a,pilli,
ferrona.guesiao assembla.ge a.nd titanona.gnetite ana,lyses vrere
detersined froo two saoples of sa"nd associated. r'rith la.piI]-i
a,t Opoutere Bea.ch. Tbe ferrona.gnesian assenbla.ge contains
upto 4O7L of rounded. and srnoothed grains of ca{ic-hornb}ende
(not seen in air-fa.ll lapiIli) and. the tita$oma.gnetite
ana.lyses (ta.Ute B), conta,in higher amounts of }ig, V, Cr, Co

and Ni thau the titanona.gr:etite of a,ir-fa,Il 1a.pi]-Ii. fhese
data ind.icate that samples of lapi11i examiued yrere not con-
taminated by sand gra.ins after cleaning trea.troent a.:cd this
suggests that the finding of h.ornblencle in Ohui Ash at
Opoutere Beaeh by ChalLls (ap;,endix in i.Yellman 1962r p. 92)
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was probably due to contanination by sa.nd. No Kaharoa Ash,
wa,s .qe€n at Opoutere Beach.

At onevrhero Beaeh, Northland, a biotite-rich, fine, rightyellovr ash (= Kaharoa. Ash) found in a peat swaop just behlnd
tbe beaeh (ra.ule 7), und.oubtedly correra,tes with ryellma'rs
Ohui Asb (section 37t p" 60) at an a,d.ja.cent site.

Refra.ctive indices of gra.ss fron ohui Asb (i..ler1rna.'r p. 97)range from 1"501-1.503. These values are typica.l of rh.yolitic
glass fror tel;hra,s erupted. from the centra,l Iyorth r,qla,nd, and,
support an origin for r'Ohui Ash* fros Taupo volcanic zone.

The air-fa11 Ohui Ash of iyelhaan (tgeZ) at lyainui Rd and
, oaervhero tseach is thus probably Kabaroa Ash, and tha,t at
Opoutere Beach is rrnequivocally Ta.upo pulnice.

, &oi-se1jr,4,+{nige.

The validity of Obui Ash a,s a. sepa.ra.te teph'a, is dlrectly
related to the a.ssr:nption the.t it is older than rprinary'
tolsels Pumice deposits. Da.ta presented. horvever, shows that
ohui Asb at d'ifferent localities oaybe eitber Kaharira Ash or
Taupo Fu-ni.ce. This finding, together with 14c d,a,tes wb.ich
ha.ve cone to her:d. stuce Hellsanf s (WAZ) paper, have proopted.
a criticar re-exasination of the age of l,oisele Rr-'rice.

iYellnan oakes a distinction between priuary sea-ra.fted.
r,oisers Pumice which cane on to the shoro sud.d.enly and i-n
abwrd'aace at the time of tbe eruption and reworked. pu.uice that
was d.eposited, Ie,ter.

Prima.rl loisel,s &g$Lgg. According to iTollnar (tgEZr F. 79)typical rroieele p'sice ie dark grey when wet and medium grey
when d.ry. tlrimaryr loisels punice cleposits contain dark grey
pttoice, often banded (aark and ligbt grey - r.iellma.:rrs derkgrey punice ) and a non-ba-nd.ed light grey puoiee. Tbis pale
coloured' puruice vras considered by lYell.roe"n to he.ve been erupted
frorn the saoe source a.nd. sinultaneously with the ba^nded. va.riety.
Based' on ninerarogy and texture of p'oices dredged frorn uea.r
the su'mmits of f,ive searnounts in the vieinity of i/hite rslend.,

5t-J



Bay of Plenty, Dnnean (rg?ou) suggested. tha.t this group of
sea.mounts $ay have been the source of the .Loisels pumice.

The feryonagnesian asserublage of both types of r,oisels
Funice contains hypersthene +augite. Iitanoma,gnetite analyses
of the banded. pumice are gi-ven i.u Appendix rr while those for
the ligbt-grey variety in Ta.ble g. Tbe wid.e rBnge of sooe
elenents in the banded loisels (especially v a:rd. cr) is
proba,bly due to the varying contributior:s of da.cite (tiehter)
andandesite (darker) within samples analysed. Tbe titano_
nagnetite analyses of the light-grey punice shovy generally
higber values for cr asd. lorver values for l,[g, y, co and i,li
than in the banded roisers pumice. Tbe light-grey r,oisels
Pumice sbows alnost identica.l composition to Taupo pu-mice

'(Table 6 a.nd. Apperdix rr). This pr.r-mi.ce is th.erefore con-
sidered. to be sea-ra.fted Taupo pumice.

lYelLoan (B. 79) noted. prirnary sea-rafted loisels Rrrnice
b't opu,p" e.ud. i'faiotahl .ristuary (sections zo, 21) arr of which
were overlain by tenta,tively identified Kaharoa Ash. The
sectlonn at tbese sites have since been destroyed by na,tural
processes so that the presence of Kaharoa Ash ca:rnot be con_
firmed'. The only other place v,rhere priuary I,oisels punice was
found by llelLoa' in centrar Bay of lrenty was a\ port ohope
rvhere underlying air-falr lapil]i appear to be Ka.baroa. Ash
ratb'er than Taupo p'.oice. roisels pueice would thus a.ppear to
be older than Kaharoa Aeh at opape and t{aiotahi, and. younger
at Port Obope

During the course of archa,eologlca,l excavations at Orongo
Sayr near Gisborne (nig 4; (puttar and, Green 1960), a thin
lvhite discontinuous asb, was noted try 'ry.A. .pullar (pers, couu. )'to overlie prima.ry Loisels pu.unice. llb.is ash appea.red to be
similar to biotite-rich ash seen at orrnond,, on the Gisborne
Pla.ins (taote 7). A re-exanlnation of the orongo Bay sectiou
by lT.A. Pu1lar (pers. conm,) in 1973 however, ind,icates that
Ka,haroa Ash is uot present.

se.cond.a.rv ,L.oisels Luglcg. seeond.ary Loisels punice ie often
associated with other typas of pumice. Snal} quantities of a
J.ight-grey weakly-band,ed, puoice (11934, fable S) aud a b]ack

i).t



pu'Eice r are s,ssoclated with loieeLs Purnice a,t Hot yjater Beach(rig 4). Punice (11934) contains a hypersthene + augite
fe*oma'gnesian assenbra,g€ r and d.iffers in tita.noma.gnetite
couposition fron r,oisels pumice and. Taupo voreanie zone
tepbras (taule 6). Hence, these punices are consld.ered by the
author to have been erupted. from a source outside Taupo
volcanic zone. They were probably carried. to the ea.st coa,st
North rsland. j.n a si^nila.r way to the souur sand.rvich rsra":rd.
p,niee, lvhich wa.s recently d.epositecl on New Zea,land bea.ches
(coo^mbs and. La.nd.is, 1966).

rt is probable that tbe presence of other types of
pumice associated v"ith loisels pu.uice (da.rlc grey and light
grey va-rieties) are lnd.ica.tive of seconilary r.,oisels lu"miee
deposits

4gg' At Hot l'/ater Beach, oast coast of Coromandel Peninsula.,
leahy (rgzr) reports 14c du.tu" of 4zr g 40 yr .d.p. (rqz 1169)
and. 484 a 79 yr E.?. (gz 11?o) for chareoa,l above r,oi-eels
Prmice, and. at liiiahinapu'.Bay, uoroslandel Feninsula; Gorson(in Green 1963) reports-a date of 640 g 50 yr B,p. (i,lz 3r4)for charcoal ber-ovr roisels ?r.r.nice. at Mata.i Ba,y, &rerita,
Northla.nd, cba.rcoal benea.th r,oisels pumiee is da.ted at 799 740 (igz 396) (u/eu_man pers. co&n.). at coot<s Cove t 40 tcm $II of
Gist'orno (type locality for Holocege ) cha,rcoal above Loisele
P''oice is d"ated' at 51g 3 4t yr i,,p, (uz 631) aud. totesa 10gs
und'er loisel-s punice at the base of the section at 925 y 46(nz 651) (14c da.tes fron !.{er].nalc, pers. co$o.).

loisers Punice at Hot t?ater Bea.ch, although oc<,urring in
abunda.nce, coexists witb other types of puuiee a.nd. oecurs in
an archaeorogical 0ccupa.tion 1ayer, it is th.erefore probable
that this purnice is reworired or was put there try nan. roisers
Pumice at &lahinapua. and. Liatai gay is also second.ary (izelrnan
L962)- liovreverr &t cooks cove, loisels pr:mice is consid.ered,
to be prinaryr 4s is .t,oiseIs -Pumice at onelhero Beaehr, Iiorth-
raud (o;el]oan Lg6z) vrhere it probably overlies Kaharoa Aeh
(= Ohui Ash).
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egigb-pj.,r!:tqe

At Koaiti Beach, Pataua, Northland a light brown pu-nice

with large vosicles (11936, Table B) rrnderlying dark grey
Loisels lrrrsice is correlated with tbe leigh Pumice (rVellnan

L962). tbis punice cotrtains a bypersthene + augite ferro-
tnagnesian assemblage and. d.iffers in titanonagneti'te composi-

tion fros other sea-rafted punices or Taupo Volcanic Zone

tepbras (taUte 8). Leigh Pumice nay have beeu erupteil frout
tbe seamounts around. nrhite Island (Duncan 19?0b) '

Concl-tlP j.ons.

1) Air-fa}l Ohui Ash of i'Jellruan is probably Kaharoa Ash at
Wainui Road. and. Onewlrero Beaeh, and is definitely Taupo

h.rnniee at Opoutere Bea,ch (Otrui Ash type section).
2) Grey loisels Suroice is eea-ra,fteil laupo hrnice.
3) Available data still does not resolve the relationship
betlveen priroary loisels Pu-uice a.nd. Kaha.roa Ash. Sections
i.ndica.ting an age older. than Ka.haroa Ash for tbe first in-
coming of loisels Pumice have now been.clestroyed by natural
pTocesses. There is, holvever, oucb evidence to support the
age of prinary loisels Puroice as being post-Kabaroa Asbr but
this supposition will only become certain when moro 14C dates
for the first irconing of Loisels Pumice ar.e avai-}able.
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2. AsF.Es_._.r_tiRnID,IgJiiJUp_BSEs_op_ sEprTirEli.rAr.TJiI!JJ{_ .rHry_ c!:lltrlgjr,g,lL
, stoPp. p,FF, g+!.dKrs BAI

Ipgrog.u.cgige

over the last c. 44ro00 yrs B.?. several rhyoritic tephra.s
have thiclcly bLanketed the topogra.phy of l{awkes Bay land.
District (fis 5). Two of tlre most conepicuous are the \,ia1mihia
lapilIi, 0.3 s thick at Na.pi-er (vucetich a-r:d. pullar ag64) ano
the oruanui Tephra. whi-ch is about 1 n thick a,t Napier
(Vuqetich and hrllar 1969). Both vrere eruptod_ fron the lake
Ta.upo voleanj"c centre, Taupo vorcanic zone (nis r) anc were
blotlnr eastwards to lia.wkes jJay. lhe tephras were also ca.rried.
furtber eastwards and are now identified ir: piston eores taken
fron the sea.-bed to tbe east of the Hawkes Bay coast.

fr general, detrital sed.iments on the seabed off He*rrkes
Bay becoae finer off*sbore (K.8. rrevris pers. comrn.) but tbe
presence of coarse sand.y layers, in so&e of the piston core$
ind.icate a'lterna,tive rnethods of offshore deposition during the
late Quaternary.

Co}l.e ct ion, p_f, Qg.re.s-

Eighteen piston and seven gra.vity cores were corlected.
froru the eonti.nenta.I slope (faUte 9i Fig 5) at depths rangiug
froro 11150 to 21469 n, by Dr K.B, r,ewis (oceanographie rnsti-
tute) auring N.z. oceanogra,phic rnstitute cruises tursa,ga.in r
end rr. fhe cores vrere subsequently described. by (r,ev,ris 19?r)
and sampres of ash fron theru were given to tlre a,uthor for
identification.

Tbe piston coree, tbe
length, vyere collected in
and the gravity cores were
plasti.c llners. AJ.l cores
when dry.

longest of whicb was 2.8 n in
5O no internal dia.meter steel pipes
collected in sinilar pipes vritb
were extruded when wet and exarqined,

Description of Cores

llhe. cores consist nostry of pale grey mud wlth eon*qpieuous
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fiorizons of white ash a.nd dark rnuddy sa'd. (r,:.gs 6rT). I,iarry of
tbe horizons 8re bedded layers but oth.ers atre represented only
by sed'ioent in burrorvs. In nrany cores a sinple cycre of layer-e
is repeated with various uodificati.ons. fhe cycle consj-sts of
five types of layer (r'ig 8 D), from the bottorn upwards,
1. dark sandy oud; z. dark grey nud wi.th large burrowsl
3. dark grey rud. witb enall buruowsi 4. pale grey mud;
5' volcanic a,sh. One or roore of the types $ay be absent because
buffowing is rare at some places a,nd. voreanic a,sh.es occur in
only a fevv cycles. rn the northern part of the study area,
sand.y layers s,re rare. rn the southern part they are conmor:ly
only ln d.epressions that are dolnslope fron the steep channels
on the upper continenta.l slope off tbe ?orangahau River.

sandy ra,yers ha.ve sharp upper a.nd. rower bound.ari.es a.nd.
rarxge in thlckness from ] mm lamina to a. jo mm thiek bed. ,

sed'inentologic*r fea.tures within sa.ndy layers are sbonn in
Fig 8 3rc. Iilost sandy layers conta,ln ro-5ort sand. grains, corrF
prislng subangular detiital quartz and, fel-dspa.r, and a few
hea.vy ninerals and. foraminifera. So.me sand.y layers cor:tain a
foraninifera'I fauna tha,t includes a significant proporti.on of
ssall sha.llorv rvater forarni.nifera (K.8. lewis pers. conn.').
Tho nud' fra.ction in the sandy rayers is predoninantly coa,rse
silt. r

Dark grey nud above eacb sandy layer genera.lly conta.i,ns
<2"/" sand. and 6.j-75-/" silt. Da.rk grey nud. grades upwa.rds into

pale grey r0ud. Tbe pale grey fthernipela.gic[ nud forms the bulk
of each core and shows no evidence of bedding and only faint
indications of burrowi.ng. Analyses of this sedirnent shorv that
it contaius more clay than the d.ark grey nud., <z/" sar,d. a.nd.
only 55-6j'i silt.

There are no more than two clean, wbite, ash borlzons in
any corer but there a.re additiona,r right-grey, mudd"y, asb
horizons in so&e cores. Mauy cores a,rso include puroice frag-
ments i'n a band about halfrvay between the top ash a,,d. the sea-
bed'' About half of the elea.n, rvhite ash horizons are recoguised.
or:ly in the infillings of burrorvs. The rest are d.i.screte
layersr na.rtx of vrhicb. are paraller bedded. All except one of
the d,iscrete layers are between O,oa o and0.05 n thick. The

ir(



P$E',,6t - Dtagr€,$m;tio seotlons of goree f?on the nettrerrn

part of the stu{y qrea sboffing Tararo Rmice (U)t
Slaiolhia aeU ('unn), fuuanuL adr (h)' trfiangaone

treptlli Forrnation periber (c) ($tne) and Rotoehu

Ash (Re). Blac& i.s airfa-Il asltl b,roken line is
nuddy aoh, n&5-te is dtetrital u$rd. ard, serd.,

| = ita,nk sardy lryerr 2 = dask grey salxl *ltb.
e*ther no bulrlrqls on lnrge burromg,l 5 = dark grey

neil v,l.th gall bur-?plrg gradttlg W to ls = pal'e

gre5r nudL. pr = puntee in until; a = aoh.

Soal,es shonr depth in eore in netree argi, rates of
dopoeition of g.edj,nent overl.pC"ng lTefinlh:la aeh

{bora depth to Tfai.nihia aeh.

ES&"-et - Dlsgren4metLe eeetl.ons of cores fbotn southern part
of' otudy area uhere turbidites (t ,Zri) are c@rl.
Notatlo'ns qre Eln'tlar to tbose- for Flg- 6.
Perce-ntagee to Ief,t of eadr, sectisn .rre percenta€es

Of sed,l,uient coarEer than 0rO64 mi.

E laclicatw t*rsse anal.grsed. sai'ptes wittr sign5fisant

trpotrnrtlong of shq,tlorr rp.ter forrami.uifera in the

sc,nd f;raetLorr.
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exception is O.:i4 q thick (in core 6, g€ }.ie I e) and. consists
of a ba,sal layer about 0.01 n thick of moderately coarset
wbite a,sh and nauy overlying bands tbat grade upwards fron
coarse ash to fine asb. Some of the overlying bands a.r.e dis-
eoloured by detrital materj-al. The coarse ashes consist
nostly of fine sand-sized., clea,r glass sharcls a.nd a few

euhedra,l heavy mineral grains. Fine ashes consist almost ex-
clusi-vely of silt-sized shard.s.

gorrelFti,o{r aE}-J.<lenti,fica.tion of t.he-,Ash Beds

The ashes can be correlated affrong cores in the study area

and with da,ted tephra borlzons on land..

Coryelation is relatively sinple where tephra stra'ti-
graphy in each core is the sarDe. The two you:cgest horizous,
a band. of pumice-rj.ch nud, a,nd. aa a.sh below it ca.n be traced
over much of the stud.y area (figs 617), both remaini.ng at
sirnilar relative d,istances below the sea-bed. At some of tlre

cleeper stations there is no pumice a.:cd the a.sh is tbin or
abserrt, making correlatirrn doubtful.

Tbre t{ainihia ash (c. 31400 yrs }.P") is tbe youngest ash

that forms a clea.rly recognisable la.yer on the adjacent main-

land (Vucetich ard Putla,r 1964) and is likely to comespond

to the youngest, well defined, Iayer offshorer tha.t is the one

below the pumice-rieh nu.d. tlris cogeLe.tion was tested by

exa.minlng tbe ferronagnesiem asserablage and chernical content

of tbe titanonragnetite frora tbo a.sh using the nethod. described

on p. 35. Fifteen samples of the ?,-qhr nine frorn cgres (Core

Nos 21516r719rl4rIBr20 a.nd 25) t tvro fron Holocene bea,ch depo-

sits at lYainaranra ancl Ka.ira.ke.u on the adja,cent la$d and' four
from known lTa.irnihia Ilapilli depositsr were exa'nined. The

ferrona,g;nesian a,ssembla.ge of all the sarples consists of
hypersthene + traces of a.ugite. This assembla.ge is identical
to that found. in tVa,imihia la.pilli in the Ta,upo area (ewart

1963). Sufficient titanona.gnetite for chemiea.l analysis via.s

extra.cted fron six of the core sa.nples e'nd aLl samples on

shore. Results are presented in Ta.ble 10. The results show

that ttte tita.r:oma,gnetites fron the c-oTe sa.nples have rela.-



9l&_9. - Phr:tographs shovring eegments of eoresr A : core
6, at, depth. in core of O, B2 - 1.20 m, shov{.ng
beclcli.ng, incl.uding graded-bed.d.ing, ln thick layer
of traimihla ash; B : Core 17, at depl*r in core
of 0,56 - 0,c0 m, shoving paralleI and current
bed4lng in sarrd,;r layer. G : Core 2e, at, clepth in
eore of 1.09 - 1.ZJ m, shovj,ng paralleI and
contorted. beciding in sand.y lagrer; beloryr ear:d.y
layer is pale grey mud, above sancly layer is dark
nud. with sma1l (and large) bumovs. D : fi;rte ZZ,
at d.epth jn core of 1, 1t - 1.41 mr shovj.rrg icleal

. cycLe of se&imentation; frocr ba.ee, 1 = sancly la,yer,
2 = dark grey mudl with large burro;,rs , 3 = clark grey
mucl with srnalL burrows, L = pale grey rnud., a = esh;
there is a sindlar cycle, rrithout 2, above the ash.
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tively high titaniunr, chromium and. zLrconiuu vaLues and r-ow

vana.d.iu.m and cobalt values and. a.re therefore simllar to those
from positively identified ilainihia. Lapilli onla.nd (ta,U].e 10)
and different J.'rom those fron other vridespread asbes (ta,irte 6

p.38). The zirconiuo va.lrre which are genera.lly >100 trlpnr
identlfy the tephra as tia,imibia. ra.ther tban Ta.upo Pu.uice,
which is sinilar both chernica.lly ancl minera.logically but gene-
ral1y conta,j.ns <l-00 ppm zirconiu"ru (fables 6 and l-0).

Tita.nonagnetite from the upperroost ash in core 25 containn
anomalously low titaniu.u a.nd. higb nickel but lt is otherwi.se
similar to tiaimihia la.pilli. The band of punice fragments that
lies a.bout halfway between iiaiurihla ash and. the seabed ca,n be

rea,sonably supposed to be e.bout half the a,ge of the .Via.inritria,

ash, i.€., a,bout 11700 yrs B.P. It is therefore coruela"bed
with the c. Ir800 yrs B,P. Taupo ?umice Forrua.tion (Healy L964.).
A sample of pumice fron core 9 d.id not yield enough titano-
magnetite for eheoical analysie, but the presence of hypers-
thene as the only ferroma.gnesian ninera.l is consistent v;ith
its identification as Ta,upo Pumice.

In eight of the longest cores fron the lower continental
slope there are layers of muddy ash, nuddy pumice and. clean
white ash beneath the rVa,irolh.ia ash. .{r. maximum of three such
layers occur in core 15. The first a.sh stra.tigraphically
below the \valnihia a.sh j.s a clean white asb in cores 4iL9r2l,
24 and.2J and, is a mixture of nud and. ash ln cores 9110 amd L5"
In eix of the eight cores this ash is between 5 and 7 times
deeper below the sea-bed than the rtiaimihia ash, and. assurning
eonstant ra.tes of sedinentation t fia.y be supposed to be between
5 and 7 times older; that is betrveen 171000 and 2{1000 yrs
BiP. It is, therefore, correlated rnith the c. 201500 yrs .tl.P.
Oruanui Ash which forn$:bhe second. oldest distinct tephra. Iayer
in southern Havrkes l3ay land District (Vucetich aod Pullar 1969).
Sarnples of this asb fron cores 2L a.nd 24 were exa.nined. Botb
samples have a feruonagnesiar assenblage of hypersthene +

calcic-hornblend.e, which is typical of Orua.nui Ash on la.nd.
('la.Ule 3). In two of the eight cores the aslr ie only about
three tistes 'deeper tha.n the iiaioihia ash, but is still con-
sidered. to represent Oruanui Ash. It is prolrable tha,t rates
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of sedinenta.tion have not been constant a,t these two sites.
None of the e.sh layers benea,th the rYa,iruihia a.sh contain suffi-
cient titanoure,gnetite for chenical ana.lysis,

Tb.ere is srr a,sh-rich layer und.eriying Orueoui. Ash in
cores 9 and 15. It is estina.tedr from its rela.tive clepth to
the d.epth of the rla,inihia ash, to be a,bout 28r0oo to 30r00O
yrs B.P. a,nd. is correlated with the co J0r000 yr o1d lVia,::gaone

lapilli Forma.tion, member (c) (futtar and. Heire 1971) r"rhieh

foros a relatively thick layer on the adjaeent Land. The asb

in core 15 contains a ferronagnesian a.ssemblage of hyperstbene
+ eaLcj.c-hornbLend.e, wbicb is cha.raeteristic of the three
youngest members of the ftlangaone lapilli ]'ornationr oenbers
(e), (d) and. (e)" lienbers (a) and (e) are younger thao the
estinated a.ge of the ash, nerober (a) Ueing 261300 3 ?00 yrs
B,P, (N.2.. 86?r Vucetich and 3u11ar L969) and menber (e)
younger.

An older a,sb occurs in cores 5 and. l-5. It is esti-ma.ted

from itg depth relative to the depth of lYaimihia astr to be

about 381000 to 461000 trrcs old a.nd is correlated wi.th the
Rotoehu Ash oember of the Rotoiti Breccia Forrnation (Na.irn

Ig72). fhe Rotoehu ba,s bu"o I4c d.ated. at 44r2}a ! 4rJ00 yrs
B.P. (6W" probability) and >43t?OO yrs B.?. $f'/" probability)
(N.Z , 877, Pu1lar and Heine 197r) and forms a thick ar:ct

distinctive tephra, layer in Ha,wkes .Bay (Vuceticb and Pulla.r
1969). Tbe feruoma.gnesia.n assemblage of the ash in eore 5t
urhich does not contain ash of the Oruanui and. ftlangaone Forma-

tions, is predomina"utly cunmingtonite v'iith oinor amounts of
hyperstheue + calcie-hornblende. Tbe presence of cumning-
tonite a.s the domj-nant anphibole ls eharacteristic of Rotoehu
Ash (taute 3).

Rates of Sed.inenta,tion

0n the contilonta,l shelf off Hawkes Bayr Holocene rates
of deposition have been estirnated fron the depth of burial of
d"ated. seismic reflectors (lewis in press). 0n the contlnenta.l
slope Holocene refleetors are absent but tbe top of the
Waimihia asb, which is present in all_ cores, foros a convenient
horizon from rrrhicb rates of sedi.roentation nay be calcula,ted.



The thj-ckness of seilinent overlying lrlainihia ash range.s
from 1,21 n in the Ma.dd.en Depression to zero on sorue subma.rine

highs. Thus late HoLocene rates of sedinentation range froq
0.36 n/1OOO yrs to zerg.

Sed.inent above the llainibia ash i.s generally pale grey
nud, but 1n four cores (nos. 6rI6rL7 and 25) from four differ-
ent d.epressions it incluiles dark sandy layers. In core 16

fron the Madden Depression tbere a,re nine sandy layers a.bove

the ash, so tba.t on aJr average, one sandy layer is deposited
there about every 400 years. In core }J fron the Poranga.hau

Depression, vuhich i.s downslope frorn the Mad.den Depressiont
there a,re only tlvo sa^ndy layers above the t1ainibia e,sh. In
core 25t frorn the Hikurangi Trenclr, there are tlro darkr coa.rse

silty layers above the ash tba.t is tentatively id,entified. as

being l?aimihia ash. If the asb, in core 25 is Y{aimihia ash

then the rate of, deposition is about 0.15 mrltOOO yrs wtrich is
high for a core so d,eep and so far frou laud.; the rate in
ad.ja.cent core 24 belng only O.O2 n/tO0a Jfrs.

In core 16 the nine d.ark sand.y layers and their over-
lying d.ark silts constitute $ore than half of the tota.I
volume of sediment. PaIe grey nud is depositecl. most rapidly
in the Paoanui Depression at a rate of 0.23 n/L000 yrs2 the
Paoanui Depressi.on being on tba.t pe.rt of ttre continental
slope closest to the large rivers of Earvkes Bay.

Ivlo$e of, ,DeJtogiti.on of .AFh and .S.edinpnS

The Waioihia ash blankets the topography on la:rd and.

beneath the sea. Unlike all other types of sedinent except
arlfuoal skeletors, it is d.eposited. on subma.rine highs ald in
submari.ne d.epressions. It is considered. to have fallen on

the sea and. sett,Led. tbrough the water column to its present
restj.ng plaee. At places where the ash formed a layer more

than about 0.02 m thick, it apparently destroyed. tbe Ioca.l
infarxta because tbe ash is preserved. as an undisturbed. rvirite
la.yer. At plaees where the aeb was tbinr anioals mixed it
with nud so that vrhj-te ash is preserved only ir burrovrs.
The only evldence of redeposit j.on of - the a.sb is j.n the
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Paoanui Depressioo where it is overtbi.ck e,nd. contains nu-&erou,s
slightly ouddy gradeit beds (fig B *).

The mod'e of d.eposition of seclirnents ha,s been described.
by lervis (r9zr). 0f pa.rtieur.ar interest a.re the rayers of
sand'y seclinentr some of which are current bedd.ed., ind.ica.ting
tbat swift flor,ring cuments have crossed. the floors of the
d'epressions iu the southern part of tbe study area. Tbe
currents b,ave a.ffected. d,epressions in a zone a.t right angres
to the trend of the continental slope and therefore are
unlikely to be deep ocea.n currents" They ha.ve deposi-ted. coarsie
detrital -qed'imer:t includirig tests of shallolv water fora.minifera,
ir3 fla.t-floored depressi.ons and a.ppea.r to be correla,ted. vrittr
channels that are incised into the outer continenta.l shelf and
upper continental slope. The la.yers of sand.y sed.iment a.re
thus considered. to have been deposited, by turbrid.ity currents.

since d.eposition of the rtaimihia ash 3r40o yrs a.gor nine
turbidity cuments have sprea.d. over tbe lua.dd.en Depression and
two bave reached, the porangahau Depressioa and probabry tbe
Hikuraagi frenctr. rt is likery that the turbidity cuments
were triggered. by earthquakes; at least three oajor eartb-
quakes tha't resultecl in maseive crustal moveuents, have occllr-
recl in southern Nortb rsland. d,uring the last 31400 yrs (ileucien
1969). ?rior to the d.eposition of the ti,iairuihia aeh nany
tt'rbidity currents descend,ed. to the Akito Depression and. to the
chaonelled, Hikurangi french.

G,on,clusions

1' faupo Pumiee anil ashes of the itainibia, oruanui, I{angaone
lapilli and Rotoiti Breccia Formations c€Lrl be traced. &ore than
100 k!0 seaward off the Hawkes Bay coast,
2. rn d.epressions on the continentar slope t.be
has been buried. by pale 'hemipelagio. grey mud, at
frorn 0.02 to 0.23 n/fOOO yrs.
3' In d'epressions doivnslope from the cha^:rneIs off the poranga-
bau River \Tainihia ash lras been buried partly by grey ,rhe.ui_
pela'gicrr nud and partly by clerk turbirlite la.yers. Nine tr:rbi-
dite layers overl-ie the ash in the },ladd.en Depressj.on where the
total rate of d.eposition is 0.36 m/1000 yrs s$d trvo turbidite
layers overlie the ash in the deeper porangabau Depression and
Hikurangi french.

ilainilria a.sh

rates ra.nging
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3, TilE srRAr IqP!48II.r0.-E rGIlrI CANCE OF A DATllD-r,A E P],EISTOCET.IE

AljliBED, I{-l/fi-@ D. I{8.'{ Zi}AtANlr

IqFrsrduction

a 4-8 cn tbick white rhyolitic ash layer located. I ki0

north of the nouth of the r/aipara River, !at. 43o82ts; L,ong.

l7?447..9t8 (near Anberley, South Is1and, New Zealandl Figs 9,

10) was describsd. and named. tirornoana asb. by Carr (f970).
fhe asb layer does not extend. for more than 100 n continuously.
Garr (f9ZO) considered that the aeh was preserved by eolluviu"n
(loess) at this locality ancl was not preserved a.nywhere else

on the coastal plain because tbere was little or no sedisent
accusulating a.t otber sites. fhe colluviu-m eontalning the
asb vsas inferred by Carr (fgZO) to be Otr'rrian - early Otiran
in age (gSS. TabLe 11). The age range of the ash was tbere-
fore eonsid.ered to ,be probably older tba4 44rO0O yr B.P. (ttre
age of the oldeet $ore widesprea,d late Pleistocene rhyolitic
tephra described by Vucetictr antl Pullar 1969) and you'nger

than 27Ot000 yr .8.P. (tfre age of the youngest rhyoliti-c asb

preserved in deep-sea cores taken east of New Zealaod.t

described. by Ninkovicb 1968).

A saurple of the Tironoana ash was received, for identifi-
cation from IiIr. G. Wa*en1 N.Z. Geological Surveyr Cbrist-
churcb, because the general age relationship indicated tha't it
say correlate with central Nortb Island rhyolite tephras.
Subsequently the author accospanied by Messrs. C.G. Vucetj'cb'

and, R. Howorth visited the Amberley site, examined tbe

strati.graphic context of tbe Tironoana ash and' collected
fi.rrther agh samples.

At the saropling site tbe fine-grained unbeddecl asht

4-8 cm tbick, was for.uad to contrast in colour witb olive-
brown, naseive, fine saody sed.iment of sinilar particle sLze

to tkre ash. The lower contact is sbarp and the upper contact
is grad,ational over 1-3 ctr (fig 11). Beeause the sealj-oents

eontaining the ash stand. in nassiT e columnar form (l'ig fe)
and have the pa.rticle-size cbaracter of unilated loess d'eposits

identified elsewhere within the Amberley arear tbey are con-

sid.ered to be loess. Subsequent fieldwork has fail-ed to reveal
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Fis" 11. -& G^uanui Ash enclcsed by Loess 2 in C,rl-Iy I
(sfrSh5t+oJJ - 196t+) at revict,fare. sre ash

is lr-8 cr:r thicl: anr.l. has a sharp lo'wer con'r;tct
and a d.iffuse upper contact. iren-kn-ife is
10 cin 1ong.

**m13, - Ioess 2 enr:losing Ltuanui Ash (,lr) in G-r3.1-y 2

at S:viottlale, Pnotogp'r.ph t"alcen, looki-r€
soui:h.'',.,'ards acrosg PegeBus Bay, sliovls Post-

. glacial ri"lrine cliff (trpper rniidl-e) anat Pcrst-

glacial tr".:rnsgressed silrface (r:pper left)"



Tironoana asb elsewhere within the study area (nig 10)r
d.espite tbe presence of thick deposits of und,a.ted Sreylacke-
$ource loess (Birrell and. ?acka.rd 1953, Raesid.e 1969 and

N.Z. Soil ilureau Bulletin 27t 1968). The dating of Tiromoana

ash at Anberley would allow correla.ti-on of the enclosing
loess deposlts over a wide area. Therefore stutlies on the

ash ineluded, application of several correla.tion teclrniques
amd detailed, exa.nina,tion of the depositiona.l sequence.

Ase ancl ldentifica.tion of the Ash

Ihe ash comprises about 90/o glass shards, 9'/" terrigenous
oaterial (including quartz) and approxina.tely U6 pl.a.5iocle.ee

and heavy ni.nerals. The gla.ss sbards have a refractive
index of 1.499 and generally range in size fron 0.05-0"15 Dm

witb a na.xisum of O.ZJ mm, Tbe rhyolitic nature of the gla'ss

is confirn:ed by its chemistry (laUle 12).

Ttre recent development of tlre fission-track netbod
(l'teischer arrd ?riee L964a) offers the geologist a norv

inexpensive tool for dating nirrerals and glasses. This C.ating

nethod. was therefore used to try and deteroine the age of
gJ-a,ss shard.s fros the Tirorooana a.sh.

F.t€sLgp ,TlackJ+Eine: the techni.que used for fission-track
age cletermin"ations is described on p. l6h.

The fission-track age deterurined fron gla.ss shards of
lj.rorooana aeh required approxirnately 6O nan-bours. Ihe
longer tha.n usual tinre taken for the age deter$j.na,tiou wa.s

requireil beca.use of the reLa.ti.ve youthfuluess of tbe ash a$d

lovi concentratiog of urani.um in tbe glass. Altbougn. 2.92 c$

of gla,ss surface wa.s scanned for spontaneous fission trackst
a.ccuracy and precision would have been iuproved if a larger
area of gIa,ss had been exaoined. But it was necessary to
na.ke sooe concessi.on to tbe accuracy requj.red in order to
spare tho extra tioe end trouble irvolved

The age of gla,ss shards in the Tiromoana ash is 241000

i Br90O yr iJ.P. (faUle 13). This fa1ls within tbe age 1'&rnge

of late Pleistocene tephras erupted fron ttre Taupo Volca.nie

t.,,i( ,'r
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zone (rig 1) descri-bed by vuceticb and pu11a,r (196g). Three
of these tephra.s were widespreacl enough and farr luto the
genera'l age rarge to possibly correLate wittr Tiromoana s,sb.
These are oruanui Ash, L{anga.one l,a,pilli Fororation oeober. (c)
and. Rotoehu Ash of the Rotoiti Breccia Forna.tion. Radio_
carbon ages for tbese tephra.s are given ia Ta.ble z. oruanui
Asb has been ideatified. near iyerlj.ngton (Fis 9) by vucetich
and' hrllar (rg0g) and. this ash wa,s provisionally correla.ted
vrith Aoka.utere Asb (cowie 1964 and Rbea 196g) which is vrid"e-
spreacl iu tlre southern North rsland,. lrhe nost southerly
loca,lities that &Iangaone r,a.pilli Porr:ation member (c) and
Rotoehu Ash have been fouud a,t, a,rs at Napier (nig 91 and in
off-sbore cores some 190 ko SE of Napier (ffg p. 55 ).

/ The ferroma.gnesian assembla,ge of the Tiromoaroa aslr wa,s
exasi-ned' with pa.rticu-lar note being taken of pher:ocrysts vuith
atta.ched gla.ss (titefy to be nor_contasina.nts). The

,a,ssembrage contains hypersthene + ca.l_cic-hornblende + tra.ces
of augite vrhich is similar to tha.t of oruar:ui Asb e.nd.
Hanga,or:e la.pirli Forn:ati.on member (c) (laule 3), but different
frorn tnat of Rotoehu Ash rvhich comprises mainly cunrmiugtgr:ita
t^ii'tb' Lesser aCIounts of hypersthene anri rninor calcic-b,ornbl-ende
(taure 3 ).

The 14c age Ta$ge of oruanui Asb is sinira.r to the
fission-tra.clc d.a,te for a.sh at fegiotdale, and togetber rlitb
the wid.espread extent and ferrona.gnesia$ a.ssenblage of tbe
forner, it is probabJ-e that tbe two ashes are comelatives.

rt has previously been sholyrx (rorrn LgTor and Table 6)
that most wi-despread, rtryolitie teptr.ras erupted, froro faupo
volcanic zone over the last 441000 yr B.p. c'n be identified
by the d,istinctive composition of their titanonagnetites,
Thusr having shown the age linits of firornoara ash, a stud.y
of its tita.r:orna.gnetite was und,ertaken to try a.nd, confirn
correlation with Oruanui Asb.

Ti-bgnoma.s.netitg Ang.lvsis: rn1tia.1ly, a burk sampre of
titanorca.gnetite from Tiromoana a.sh was analysod by optical
emission spectroscopy (raile L4t I{o. l). iJhen conpared. rvi.th
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titanornagnetite analysed from the three rhyolitic tephras whj-ch

are possible correlatives (tau1e I4t Nos. 3-5), the analysis
of titanoroagnetite from Tirouoar:a ash shows higb.er Crr Co aud

Ni, thus indicating a more basi.c conposition. Quartz is
present in some rhyolitic ashes in the central Nortlr Island.
But ttre relatively high amount of quartz (a,nd terri.genous
material) is considered, to be high for a tephra soffie ,65 km

from source. Thug, there may trave been some post-deposi.tional
conta.mination of the asb (probably froor enclosing }oess). The

basic na'bure of titanona.gnetite froCI the enclosing loess
(laUte 14r No. 2) furtlier indicates con'basi"natlon of the
Iiromoana a,sh, thus invalidating a.ny correla.tions made by bullc
tita,noma.gnetite analysis.

' In order to loolc for contamina,nts, horrogeneous titano-
na.gnetite grains (Uotn discrete and enclosed. by gla,ss and

orthopyroxene) were extracted frou Tiroaroana. e,sh, alld. Oruar:ui
Ash (fronr three localities) and ana.lysed by electron rnicroprobe
(Uy nlr 3.R, Kyle, Victoria University). ResuLts are presented.

in Table L4 (Nos, 6 and ?), The rulcroprobe ana.lysos show that
tbe tita.uomagnetite conrposition of the average (f f s.d.) of
10 ana.lyses of Oruanui. Ash (naUte 15 ) is alnost id.entical to
tbe average (f I s.d.) of 1l analyses of tita.nolDagnetite from
Tironoaua ash. These aaalyses dlffer from titaloma.gnetites
froro punices of Rotoiti Breccie. Forroa.tion a.nd. l'{anga.o$e Lapilli
tr'orrrra.tion menber (c) (analysed by botb electron microprobe and

optical emission spectroscopy - Table 14; Nos. 4t 5t B and 9)
which have d,istinctly lovrer Ti r V .and Cr aud. higher ltln con-
tents. Tita.nooa.gnetites taken from tephra and analysed hty

optical enisslon spectroscopy oay be 6onpa,red with tbose anal-
ysed by electron microprobe for nost elencents (taOte 14 ). But
a va.lid conpari.son of Si, AI and ldg from bulk sa.mples is not
possible because of d.ifficulties in removlng lopurities sucb
as gla.ss and orthopyroxene o

In order to test honogeneity of gralns aad range of
elenenta.l levels, electron microprobe sca$s covering 50-200
microns across gre.ins for Ti, DIg ancl Cr vrere carrieci out on 64

grains of Oruanui astr titaromagnetite and 70 graine of
Tironoana, ash titaaoma.gnetite .



g!I9J-L, - Analy.ges of tltanon'agnetites from tlrcrnoana ash,

Loess enclosing the ash, Grtianr-l .rlsh, I:,iangaone

Iapilli Forre.tj.on, rnember (c), anci Rotoiti bleccia
Forrrration. Iocal-ity number.s refer to nurnbers in
Fig' 9'
*I{ur-rrbers prefixerl by rpn belong to ttre petrological
collec'bion of the New Zealarid. Geological Survey,

llumbers vri'th no prefix belong to the petrologi-cal
collection of the Geology Departraent, Victor5.a

University (see Appendix II for d.etails of saq>le
loca.Iities).
So41l-e l{os. 1-5 r:r€re analf,sed. by optical enission
spec tcoscopy usirlg proc edrr e arrcl qllerating co:rditi.ons
deseribed. by Kohn (t970). 

;

Sarqrle i{os. 6.7 and. 10-11 vrere analysed. by Li:e. P.R. Kyle
on the eLectron microprobe ana.lyser of the C.eology

Departrnent, Otago University; using proced'trres arrd.

conditiots descritrcd. b;' Kusfiiro and. ]laka.rnrra, (t970)
vrith the e:<cepti.on of opecirnen beam current rshich

was 0.O2 A,

Saryrle llo. B is a prcvious,ly put,lished. arralysis
(Enu.rt gb_g! ig71),
Samp1e 1{o. 9 was atral3'sed. by }r. C.P. i'','ood vith the
eLectr-on nicrcprc'be analyser of lJie I'I.2. Geological
Strvey usirrg proce'lure and. con.Iitior,s clescribed. by
Carmicliaet (1967).

-i not cleterruined.

l,,t I 't{{



86il
ssg
+ rA!onNt\
sR8

dBE
$dr*

qqlQEs68. edoiriddddA I 
d

E$n5$8Rd. Idoi/iJ"'ddoi' f

EBqSSEdFg So'dc.iddd;dd *

d9H$8RR*S idf rddsddd *
dBs
fiR8

l\ \o rn
+* 6l lO

5'd d

,dSs
* Ad

g

g

E
E!o

g

B

gF
Aao

t
:

3t*B'

dlAAG S " .i
Fln^ql 6

Flf=+ B'{glsF fl
Eil'.qS{.fltlravdo^.{vvdoNUr a E'8'{ ;;

tiis*E;
.€j;3{$E*'

-grE{iF$$g{

+;f{iiit$ii
f,ligii F$ntr
gSEg$g'$eFgt
;.iiA,Jd.d*s*df, I

\n "s"+$SgE&s

3 ?B
d | *d

f.Ffin
(A.\lFCt

s$s s

$sudsR

>88*&6

{.3*fl8

t
E
a{'rd{,dFll
;
;,
E

haqg
hdtri

d'6-
,.4$$

sFEp $s8dddd ddd+ltr+a*t t*t+!+t IEEgR sRSdgrd ddd

sFtg qBB'
ddo'd dold
*0.+l +l +t ! +t ti +t I
dxh* thSdd;d sidd

HE d g d *

g$F$.s,

fi st3'

d r:d

CsSS
ci'isid

g

H+
HI
BB^

gg^

d

E?

$*q,h$sar 3,3*

E

fl*

?8



Approxina,tely Bif" of al]- the titenomagnetites scenned are
ehenically sioilar. avere.ged. atalyses of theee grains (raute
14t No. 6 - avera.ge of l0 a,nalyses and No. T - average of 13
analysee) shovu relatively large stand.ard devia.tions for
titasiurn iron and vanadium. llhis ti.tanonagnetito is consldered,
to be typical of 0ruanui Ash.

Approxinately 5"i of the grains scanned wetre exsolved.
The renai.ning 107/" compriserl grains which were oore basic in
composition than ttre typical gra.ins. ana,Iyses of tb.ese basic
gra.ine in oruanui Ash and firomoana ash are given ia rabl_e 14
(Nos. 9 and' 10). Ibese horoogeneous, basic grai.ns are eonsidered,
to be xenocrysts, whieh were ineorpore.ted. in ilre oruaoui Ash
d.uring its eruption. scaas of a smal] nunber of xenoerystic
tita"nomagnetite gra,ins from Ti.roooana Ash show higber Ti, Dtg

and. cr. since grains of this eornposition do aot oceur in
Oruanui Ash they a.re consiclered to be local eontaoinants, and
their presence expla.ins the high cr, co asd, Ni varues in the
bullc analysis (faUte L4t No. 1).

ou the ba.sis of the rhyoliti.c nature of tbe glassl the
fission-tra'ck clate of the g1ass, ferroma.gne.ciar a.sseobla.ge and
electron-nicroprobe analyses of titanomagnetites, riromoana
asb at reviotdare is alrnost certainly the cr 2orooo yr B.p.
Orua,nui, Ash.
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fhe following stra.tigra,phic column ig cLeseribed. fron the
sampling site for Tiromoana ash in Gul1y 1 (fig 10).

STRATIGRASHIC COJJUIdI{ - GUI.,TY 1 TEVIOTDA].,E

(n) 0.15 u d.ark brown silt loam, friable, noderately deve-
loped granular ancl crurb structure I j,ndistj.net
lower boundary,

(81) 0.10 m brovrn (rO m ,/3) silt Ioa.n1 friabre a.nd. firrn,
wea,kly d.eveloped. granular and crun! structure,
fow fj.ne strong brorvn nottles; distinct lower
bounda.ry,

(82) 0.20 rn brorvn (ro yn 5h) fine, sandy clay loam; vari-
coloured witb fine to coarse distinct ?.5 yR n/q
and 4/6 mottles, very firm, strongly developed.
blocky structure, distin.ct lower bouncl.ary,

(c1) 0"25 n otive brouno sandy t-oan (2.5 ta f/q), (pgglg),
firm, ma.ssive merging to l.ess massive fine send.y

loam, indisti.ract Lorrer boundary,
(CZ1 4.?O n olive brourn fj-ne sanity toara (lreg_:.)1 nassive,

weakly cl.eveloped. fra,gmenta.l blocky structure,
white CaC0, flscks tbroughout and increasing with
depth, inilistinct regular bounda.ry',

0.07 n white ash, massi.ve, non-bandecl, with uBper half
very lightly stained olive brownl lower contact
is sha.rp but with a.mplitude of 0.5 cm

@.
1.50 n olive brown fine sandy 1oa-m (!1]EE!. :), distinct

boundary,
O.25 m greyvracke gravelo, subround.ed, nod.erately

weathered, distinet borrnda.ry,

4,52 n

0.15 e
0.05 n

olive bronrr, fiue saudy J.oam (!1QE[!_il, for gravel
lenses 10-50 co thick,
olive yellow sand.s,

olive brovrn fine saady Loau, flecked d-a.rk brownt
rsassive (weakly d.eveloped, paleosol), distinct
lower boundary,

1.0 o olive brolvn sandy loamt
unottl-ing, pale, distinct

ll0

(&ffi.E-L) ' faint brown

Iower bounda.ry,
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1.0 tn

2.O ttr

3.0 t!

2.O E

2.O

olive brovor silty c1ay, blocky structure, wea,k

paleosol character, distinet bound,ary,
greywa.clre gravels, subrounded, weakly-noclerately
wea,thered.,

olive silty clays, blocky, vieakly band.ed., strong
paleosol character, diffuse lower boundary,
oultj.ple bed.ded. silty c1ays, olive with ma$y

proni.nent 0.20 cm thick lignite band.s, sha.rp
lower contact,
at least, pebble sands, weakly indura.ted,
slightly cemented (Oturiam marine sands),
major unconformity CIarks oa.rine bencbing on

Iiliocene sbelly linestones.

' The section described. a.t the saopling site for Tironoa,na
ash in gully I is illustra,ted. in Fig 13 b. Tbe sequence of
beds in longitudinal section Fig 13 arvaries fron the gulJ.y I
pectiou oainly in the lensing of basal finely banded silty
clays t'si-th lignite bands, a.nd the presence of gravel strirgers
in the upper part of the section. The gravel stringers
thicken to the I{Yf (Fie 13 b) and. this clea.rly shows the form
of these colluviun fans. The Bource of the gravels.is ttre
appreciably thlck outwasb gravels (Wainean) cliffed dr.ring tbe
proswned Ilast Interglacial bigh sea level; the sou:rcc of ttre
fine silty and silty clay sedinents is partly co)'J.uvial. and.

parbl-y prioariry 3ifu53e. material (loess)" [he source of the
upp€r fine grained sed,iment, previously established to be

Ioessr is to the westward and to wiudward. Sreservatiou of
tbe a.sh at Teviotdale is attributed to speeial site conditioas
to leewa.rd of the iYa.inean terrace (J-acking lsess cover) frorn
which the ash was red.istributecl anil csncentrated, and rapidly
covered by Ioess.

Discussion

Tbe 201000 trE B.?. Oruanui Ash providee a najor tlse
plane in proving the depositiona] sequence in the eany gtrlty
sections exposed" at Teviotdale. Tbe ash provid.es the rqeans

to apportion tine to d.eposition and soil developroent within
tbe sequence. The ba.se of the post-r'Jaimea.n depositional



sequence at Teviotdale relates to pebbles ancL sands exposed
following the Oturian transgression at c..801000 ;"r B.p.
Accordingly ab the section (Su].fy f) the 5 m tbictcness of
eed.isents above the ash is assigned. to e 201000 yr period and
the lL m thichress berow the asb is assigrred. to & c. 601000
yr peri"od..

The preservation of Oruanui Ash within loess Z d.eclares
a late Otiran looss period. for whiclr about two-thirds of the
loess thiekness is below the ash ancl one th.ircl above. Th.e
rerative thlckness of the tv.ro loess bed.s each of siloilar
norphology is not thougbt to ioply correspond,ing periocls of
accumuLation. The ouset of tbe loess phase is linkecl ivith
the Kurnara Slacial Ad.va^rrce Z.l (231000 yr B.p.) and the close

'of the loess period. with the le.ter Kunera GLacia.l Adva.nce 3
(t4rOOO yr B.P.) (Suggate a,ad Moar, 1965), It is also linkecl
witb the 0hakea loess of lriana.wa.tu e. 251000 to r2ro00;rr B,p.
,(D. Mj"lner pers. coua.); the r.rate otiran accelerated erosion
c' 24rooo to 22r5oo ytr B.p. of the Ta.upo vorcanic zone (vuce-
tich 1973)r e.nd subsequent deposition of *tephric-loessft
with higlr gla.ss content, betvreen the 14c dated. oruanui Ash
(c. 201000 yr B'P.) and Rerewbaka,a,itu Ash (c, L4rloe yr B.p. )
(Vucetich and pul-lar 1969).

Non-calcareous - I,oess 1, with a weakly developed paleosol,
i.s tbought to be order than 351000 yr B.p. a,nd is thus a
probable correla.tive of fini Loess (tr'lening 1972) i it is also
probably related. to tbe 3Tr00O 5rc B.p. stadial of Broclie (Lg57).
Tbe siguifica4ce of a 15 cm thieb lense of well sorted (?beacf.)
sand at the upper conta.ct of the paleosol is not known.

rn tbe lower part of the sectionl tbe presence of peats,
togetber witb the strong paleoped.ogenic chara,cter of tbe eilts
and clays, a.nd tbe absence of gravel stringers, icplies a
period of slow accuuula.tior: during an i.ntersta.dial,

The ash at Teviotd.ale is the only knon'n occu:rrence to d.ate
of Oruanui Ash in Soutb fsIand. As the Oruanui Ash identifies
late Otiran loess at Teviotd.ale, simil-a.r loess d.eposits vsith-
out asb-layersr in the study area can novr be dated.. A further
inportant role of Oruenui Ash, at Teviotciale is in strengthening
coFel-a.tions of la.te Otirarr- deposits between ttre North Island.
and Canterbury.

ft :J
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I?]]],AUON OF T]IE EARTI{QUT\I(E FLAT BRTCCIA

TO THll ROTOITI .IjRECCIA,

CEI{TRAL N0RTH ISIJAND' Nu-r/ ZEi{LAI'ID.

f .A. Na.ir# and B.P. Kohn

Geology Depa.rtnent, Victoria. University of 'r/ellington

ABSTRACT

Tephra correla.tions clemonstra.te tha.t .the rhyolitic
pyrocla.stj-c flow a.nd airfa.ll- deposits of the Ea.rthquake
Flat Bneccia Forn:a.tion were erupted j-rnmedia.tely

following the eruption of the Rotoiti Breccia. Formation
a,t ra.diocarbon d.a.te 41r?00 ! 31500 yrs B.P. (itZttZ6).
The two eruptive centres vrere 26 km apa,rt. A wide-
sprea.d airfa,LL tephra accompanying the eruption of the
Earthqua.ke Fl-a.t Breccia has previously been rega.rded
as pa,rt of the Rotoehu Ash cornponent of the Rotoiti
Brr-e ccia, Irorma.tion.

Al-1" the field correla.tlons a.re confirmed arnd

others a,re directly esta,blished by the distinctive
chenica,l content of titanomagnetites in the pyrocla.stj-c
deposits stuclied.

INTRODUCfION

lthe Ea.rtbquake Flat tsreccia Forma.tion (Hea.l.y

g!--sl, 1964) is a thick' unwelded, biotite-rich,
covering 110 k-mzrhyolitic ash and pumice ilepositt

s*amou.:eding Earthqua.ke Fla.t (f ig
consi-sts of many pyrocl-a,stic flow

1). The forma,tion
units with inter-

x?resent address:

BIJ

bl.Z. Geological Surveyr P.O. Box
499, Rotorua.
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bed.ded-, a.nd. mar:tling aj-rfall pyroclastic units, erupted.
from a.5 hm l-ine of explosion cratersr of wbich Earth-
qua.ke Fl-a.t is the J-argest.

Ages proposed for the Ea.rthqua,ke Fla.t Breccia, are:
Grindley (1959) less than 501000 years, and Thompson
(f908a.) a.bout 20r000 years.

The Earthqua,ke Fla,t Breecia. deposits have been
consid.era,bly faulted. a,nd have also undergone consid.er-
able erosion. The cla,te of depositior: is thus inrporta.r:t
j-n deternining ra.tes of faul-ting and erosionr LS vyeLl
a.s the position of the forma.tion in the stratigra,phic
Bequence of the Centra,l Vol_ca.nic Region.

STtuiTIGRTIPHY

fhe l-a,te Pleistocene tephras (a.irfa.ll pyrocla.stics)
of the centra.l North fslar:d have been described and
napped by Vucetich and ?uLl.ar (f969). Radioca.rbon a.ges

have been obtained for many of these tephrasl and
these now provide va,lua,ble time planes for the dating
of other deposits.

The l\ia.nga.one I,a,,oi}1i Forna.tion and the Rotoehu
Ash of the Rotoiti tsreccia, Formation (Vucetich and.

Pullar, 1969) are rrrid.esprea.d. tephra. deposits, found,
critical for dating the Earthquake Fla,t Brecela Forma-
tion. The Manga,one Trapilli Formation conprises five
members (a) to (e) in ord.er of eruption (Vucetich ar:d
Pul-la,r , L969). Paleosols d.eveloped. at the contacts
betvreen mernbers indica,te tiroe in'bervals betrveen the
eruptions. Rotoehu Ash, underlying the &ia,ngaone
Lapilli Forma.tion, is the vrld.espread tephra associ-a.ted.
wi'Lh the Rotolti tsreccia. pyrocla.stie flow eruptions
(Vucetieh and Pulla.r, 1969), It consists of alrfa.ll-

B?



pyrocl-a,stic units which und.erli-e, a,re interkred.ded lvith,
and nantle the Rotoitl Brecei.a. florv d.eposits (Nairn,
L972), The Rotoiti Breccia Forrnatlon (irotoiti Breccia
and l?otoehu ./\sh) is consld.ered to ha.ve been eruptecl
from Ha.roha.ro Ilhyolite Complex (Fig f ) some 26 ke
nortl'r-east of Earthqua.ke FIa,t.

Vucetich a.ird Pull-a.r (1969r p. 813) r"rere una.i:le to
fully establistr the rela.ti-onship of the la.te PLeisto-
cene tephra. col-umn to the Ea,rthqua.ke FLa.t Breccia.,
but the i'ia:rga,one La.pilli (rnember unspecified.) $las

found overlying tbe breccia witb apparent uncor:fornable
contact.

In recent exanina.tion of preserved origina,l sur-
faces of the Ba,rthqualce FLat Breccia. fa.ns, severa.l
sections v'rere found where lilzurga.one l,a.pilli member (")
conformably overLies morlerately d.eveloped. pa,leosol-s

on the mantling tephra, unit of the Ea.rthqua.lce Fla.t
Breccia. Arl exa.,itple of such a section a.t Trrrnunui

Roa.d- is shovm in Fig 2" Rotoehu ,ish rivas not found
these eonformably ma.r:tling sequencesr a,lthough it
present at higher eLeva,tions on Ka.kapiko rhyolite'
dome (WA/l+q953), a,nd at lvia,leme Roa,d. (t{85/598781)

nea.r Ohakuri (s.e,e Fig 1). At l{aunj- Stream i/aimangu
(NB5r/86985?)r a ra,re exirosure of the ba,se of the
ilarthqua.lce I'la,t Breccia. shows it to overli.e a 7 n
thick pisolitic breccj-a without a. weathering or
erosiona.l brea,k a.t the conta.ct. The pisolitic breccia
is encl-osed within sbolver-bedded. pyrocla.stic units
simila.r to, and here correla.ted vrithr tlre ba,sa.l and

nantling tephra units of the Rotoiti Breccia Forn:ation

- units whj-ch largely comprise the Rotoehu Ash.

Furthermore, in the Rotorua area,, cummingionite ha.s

been found only in deposits erupted from Oicataina
Vol-canlc Centre and- is the distinciive rainera.l of tlre
Rotoiti tsreccj-e. (Dvra.rt, 196Br F. 528). Curnreingtonite
wa.s identified by X-ray diffraction a,na.lysls of heavy

1n

is
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Earthqua,lce

Flat
Bre.ccia

nineral sepa,ra,tes fron the pisolitic breccia. The
l-a,ck of an erosior:al- or lveathering brea.lt betvgeen tbe
Earthquake tr'La,t Breccia. ar:d. the rrnderlyingq pisolitic
breccj.a. (notoiti- Ilreccia), i-ndica.tes that no signifi-
carrt time interval separated the Ea,rthqualte Fl-a.t a.::ci

Rotolti erupti.ons.

A similar rela.tionsirip betlveen Rotoelru ash and
the Ea,rthqua.lce Ffa.t Brecci-a, has been recenily exposecl
in a. more a.ceessible section 4 km south of the Hemo

Gorge on the Ta,upo-Rotorua. Ilighrvay (Nl0/121959, Fig 3).
The sectlon 1s d.escribed. asl-

Rotorua 3 m brown a.sh (Holocene ).
Sub-group

eroded top.
3 m ash and la.pil-li flovr unit,

onta.ining abunda.nt biotite .

0. 3 m shovrer-bedd.ed coarse ash

- airfa,J.l- teptrra, unit.
0. 3 rn grey fine ash.

sharp, unweathered contact.
0.15 m shower-bedded. grey medi-um a.sh,

3 n poorly stra.tifi.ed, pisol.itic
yellovr fine ash.

0. 3 m shower-bedd.ed. coarse ash and

lapi11i.
O,25 a sholver-tred,d,ed. grey a,sh.
0.15 n finely bedd.ed ash.

5O nm bronrn eoa,rse ash.
30 rnm creas fine ash
70 mm grey medium ash.

sharp contact.
Breccia carbonaceous pa.leosoL on
associated urith I n exposed. ash and block floi'r unit.
Kakapiko
rhyoJ-ite d.oue llase of seetion

Rotoe hu

Ash
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Fig. 4. - l,{angaorre lapilli med>er.(a) [t'tn (a)] corrforrna.bly
ovFjrlJring paleosol (p"1) developecl on rnantling
tephra urrit of Eart}qr-iake f'Lat Breccia. Forrnation,
lLn'runu:l Rae.a (NB5/722887),

- f,arthquake Fl.at Bre-'ci.a (ea) overl-yrng Rotoehu
ish (Re) without ti.rirc break. Tlaupo-Rotorua
Ili.ghway, I lun sout]: of tienro Gorge (tq6/7Z7gfg).



CHI?ONOLOGY

The l\fa,ngaone la,pil]i Forma,ti-on member (c) has been

radiocarbon d,a,ted a.t 30r100 I f , J00 years B.P. (I\Z868,

T.L. Grant-Tayl-or pers. goam. , FuLlar and Heine, 197f ) .
?a,l-eosols developed on undet'lying members (a) and'(b)
indica,te tha.t member (a.) is sonielvtra,t olcler than this
da.te. The Rotoiti Breccia Form::,t.ion has been da;ted at
)4Lr0O0 yea.rs B.P. (67'/" probai:ility, Ii't643t Thompson,

1968b) and at 44r2OO ! 41100 years .B'!. (67iL prot":ability'
I,IZB71tr Gra.nt-Taylor a,nd Rafter, 1971). No tine brea.ks

a.rc present within the Rotoiti Ereccia. tr'orrna.tion (I,la.irn,

L972) and the radioca,rbon a,ges a.lso de.te tbe r'iidespread
Rotoehu Ash.

A vrood sample ta.l<en from the pa.Ieosol benei,'.th the
ba.sa,l- tephra of the pisolitic breccia a.t }ia.urni Stree,n
gave a ra.dioca,rbon a,ge of 411700 I 31500 years B.P.
(tqzf f Z0 T.fr. Gra.nt-Taylor, pers. comln. ). The silrila-
rity of tbis a.ge to those alreac1y obta.ined forthe
Rotoiti Breccia. is further evidence for its correla-
tion rvj.th the pisolitic breccia.. i{s no erosiona,l or
wea.thering brea.k occurs a,t the upper conta,ct of th.e

pisolitic breccia,, the ra.diocarbon a.ge also d-a.tes the
overlying Earthqua.ke Fl-a,t Breccia. deposits.

!'{IDESPREAD iiIRFAIL COI,']POI{!'I'{T

Shovrer-bed.d.ed. tephra. units, whieh are lnterca.l-a.tecL

within anrl rnantle the ICa.rthquake Fla.t Breccj-a flow
deposits, ha.ve a lvides,orea.d distribution beyond tlre
limits of the fl-o'rv breccia. and provirle an indepei:dent
chec.lt of the stra.tigraphic reLr.tionship betureen the
:la.rthqua.ke Fla.t Ereccia, a.:ocl lictoi-ti Breceie' forri:a'i;ions.

Shovrcr-bedd,ed Rotoehu Ash a.t Lialerne iloa.d. (tt95/'t98781) |

91



21 lcm south-west of -tia.rthqua.ke Flat, is overla.i-n by
0.9 m of pinkish-grey a.sh (pig +) contalnj.ng abund.ant
biotite - the distinctive minera.l- of thc Earthclua,i':e

Flat Br.eccia Forma.tion. The conta,ct be-bvreen the tl'ro
deposits is sha.rp, without erosiona.l er rveatheri-r:5
brea,]<. The hiotite-rich u,oper a.sh is here corr':La'bed
rvi'bh tepkrra, units of the Ea,rthqua.ke F1a.t Breccia.
Formation, although pre.liously rega.rded. e,s part of tbe
Rotoehu il.sh ('iucetich a.rrd Iulla.r, L969r p. 79L, - Fig +)
lhis corre]-a.tion is su-pported b;' ,={-ray diffraction
enalysis of hea.vy minet'a.l separates fron th.e biotiie-
rlch ash, v.rhj-ch has arl identical- eornposition to
sanples fron the Ea,rthclua.ke Flat Ereccia. flo"v deposits,
and cliffers frorn Rotcehu a.sh in the a,bsence cf
cunmirrgtonlte. Biotlte-rlch teplrra. overlies shor.r'er-

bedded Rotoehu ssh in f'urtl:er sections a.t Eutcher
Roa.d (ttBr/V'tL669) nei:r hiihi (ses Fig 1)r and at
Hurupa.ra, (l\86/121658). Aga.in no ri/'eathering or erosional
brea.k is a,ppa.rent bet'v:een the oecis a,t these sections.
Tbe na,me rfRifle Range a.slrrr is informa,lly u-sed for
th.e biotite-rj-ch tephra, a narne ta.lien fron the. norih-
ernrnost cra,ter in ttre la.rthc.lual;e Flat Breccia. source
area., where 'i;hick mentling a.irfa.l-I pyrocli,stics a.re

exposed..

IDEI{TIFTCAUCI{ CF PjrROCLASTIC DJ}-'CSITS

BY CItUl,iICAl ANAIYSI$ 0F TITANOLIaG;ilitITliS

The llse of chemice.l anal-ysis of tita.nona.gnetites
as a. ra.pid method of identifica.tion of Le.te u-ua.ternary
tephra.s from the Tauo*o Volca.:ric Zone, and thus as a
checli for fieLd comela.tiorrs, ha.s been clescribed by

Kohn (f9?O). Titanonragnetites viere sepe,re.ted from
sanples te.ken fros menber (a) of ti:e l,le.nga.one l,a,pilli
I'orna,tion, a.nd from pyt'oclastic airfa.Il pnCL flot'i unris
rnritl:in the Ea,rthqua.ke tr'lat Freccia. and ]totciti E:'eccia

sl tl



{i& 4. - Tephra sequence at }rtral.er:re Road (1i85/59E781).

l,{angar.rne (a) [tin (a)] overlies a g':r.1-eosol

(pd) developed. on bictite-rj.ch 'rRifle Raqge

ashr' (nr). lJairuner head. rt:sts at corrte.ct of
"Ri-f1e Rar6e ash'r nncl Rotoehu A$h (Re),

overlying brcv,rm ash bed;: (Ur).

$13



deposits. ;lamples vrere extracted by hand. magnet and.
concentra.tes lryere purifled. by repeatecl magnetic sepa-
rations under acetone. The tite.norna,gneiite sa"nples
rver-e ttren analysed by nrea,ns of an optica.l enission
spectrogra.ph, using the methocis d.escri-beci by 1iohn
(1970). The location of sample si-tes, a.nd. results of
a.nalyses a.re given in Ta,ble l.

The results show tha.t the conposition of titano-
ma,gnetite does not vary grea.tly elther vertically or
l-a,tera.lly viitlrin a.ny one forna,tion, and tha,t the
shorver-bec1ded. a.irfa.l]- and unstratified royrocla,stic
flov'r units rvithin a,ny one forn:a.tion have simila.n
tita,nomagnetite cornpositions clespite the different
rneeha.nisms of d"eposltion. Analysis of tita,nona,gnetite
from the a,irfa,ll unit rna,ntling the Rotoiti Breccia. at
Pa.enga.roa. demonstra.tes a, simil-n,r composition to that
of ttre u-:rclerlying Rotoiti Brecci.a. deposits. This
namtling a.irfalI unit contains small_ a,mounts of bio-
tite (Nairn, 1972), a. minera.l not prevlously describec.
froro the Rotoiti Breccia. Forrne.tion (cf xrva.rt, 196g).
Despite the change i.n minera.logy withi.n thi.s fornration,
the titanorna.gnetite composition rerna.ins unchai:ged.

Differences in the compositlon of tbe titar:ona.Ene-
tites of the three forn:a,tions studied. is shor.rn in
Ta.ble 1. The Lla.ngaone (a) titbnomagnetite has higher
vana.clj.urrr, chromium, coba.Lt a.nd. nickeL contents. a.nc a.

l"ovrer &a:rEanese content tha.n titanomagnetite from
the otLrer two fornra^tion$. The -Ea.rthqua.ke FLa.t Brecci.a
ti-ta,noma,gnetite ciffers from that of the Rotoiti
Ereccia in having a. higher chromiurn conient (usua,11y
greater by a. fa.ctor exceed.ing trvo), a.nd a, lower
rna.Lnesium and nranga.nese content. calcium and zirconium
a're quite variable vrithin the titanone.gnetite of a:rry
one forn:a,tion, this being r].ue to minute apa.tite and
zircon crysta.ls l';hich could not be removed in i;he
purificatio:r proce ss.
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Further sanples F/ere taken from the pisoliti-c
breccia. r'',h.ich unclerl-ies tbe Ea.rthquake Flat Breccj.a
a.t Hauai $trea.m, ancl froro deposits of the proposed.
[Rifle ]ia.nge asht, a,t },ialeme Roa.d, Butcher Roa.d, and
I,iurupa,ra.. Tita.noma.Enetite a.na.lyses (tante 1) support
the identifi-ea.tj-on of 'tpisoli.tic breccia'r a.s Rotoiti
Breccia,, a.nd also the correla,tion of the Rifle Range
ash deposits vuith the ila.rthqua.ke Fla.t Breccia.. A
further cher,rica.l identifiea.tion of Rifr"e R.ange a,sh
rras une)ii:ectedly ma.de in a sa.mple fror: the top of
Rotoehu Ash a.t *a,ihua Bea,ch (wffl,/6B9B6B - L4 kn
sou.th-ti'est of iia,iroa,, Ha.wkes Bay).

Ti-tar:omagnetite ana.lysi*s a.lso i-nva.riabry confirnec
the f,ield identifica,tion of lr,Ja.nga,one La.pi11i meuber (a).

DTSTRIBUTIO}{ OF RTFIE RAI'IGJ ASH

The vridesprea,d na.ture of Rifle Ra,nge a.sh is
demonstra.ted- by its Fresence a.t Butcher Roa.d, }ia.1eme
Roa.d, It.luru.pa,ra., and iiai"hua., a.1l localities where the
field. irlentifica.tions ha,ve been ccnfirmed by titano-
ma,gnetite analysis. Rifle Ra.nge a.str is 0.6 m tbiclc
a,t }ija,leme Boad end a,t lea,st 0.68 n thick a.t iiiuruppra,
these sections being sited. 2l kn -=outb.-vrest and. 3i k!3
south-ea.st of Ea,rthqua,lce Fl_at 3s-s,c€ctively; and is
estima.ted. a,t 0.1 nr thiclc a.t ,raihua Beach r2o kn south-
ea.st from source. These secti.ons ind.ica.te tha.t the
biotite-rich Rifl-e Range a.sh ha.s a. widesprea.C, if
previously ulsuspected, distribution. The absence of,
Rifle Ra.nge a.sh in sections a.t Roydon Downs and
ii'a,enga.roa,, 48 km to north of lla.rthquake Fla,t, and from
Ila,irini (nea,r Ta.uranga., see irig t a,nd Ta,ble 1) 60 l<m

north-rvest of source indico.tes a, strongly dj-rectiona,l
fa,ll-out pe.ttern to the south-ea.st. This pattern is
common to many other teiihra.s erupted fron the Taupo
Volce:ric Zone.

fttT



SUII!-UARY

The stra,tigraphic and chemica,l eviCenee dernon-
stra.tes tha.t the $a.rthqua.lce Fl-a.t erupti-ons inmedia.tely
folloived- thorse of the iiotoiti -dreccia., a:t c. 42rOOO
yea.x's -8.F. ra.cliocarlron a,Se . r/id.esprea.cl biotite-rich
tephra. sholvers (niffe Range esh) a.cc;ompa-nied tlte
Ea.rthclua.ke 1i'1.a,t erup'bions, a.nd these ha.ve previously
bee.n rega.rded. a,s pa.rt of the Rotoehu listt. The fall-
out pa,ttern of the Rifle ita,nge a.sh a.ppea.rs to be

strongly d.irectiona,l to tkre south-ea.st.

ACI(],I 0 iY],.SDG LiCII'ilT S

!'iel-d stud.ies of the Ea.rthque.he lla,t Br:eccia,
ancl teirhra, strr.',tigra,phy \./ere ca.rried out by lla.irn
whil-e enployecl by r'/a.ter a:rd. Soll- Divis'ioi:r Ltinistry
of lVorks, Rotorua. The stud.ies form pa,rt of an Ii!.Sc.
project und.erta.lcen a.t Victoria. Univer:sitJ, iVellington.
Tita.noma.gneti'r;e ana,lyses I'rere_ car.ried out by Kotrn a.s

pa,rt of a. Ph.D. stud.y, a,lso a,t Victoria University.
Tbe authors l'lish to tha.nk lr.essrs. 'j'/.A. pullarr asrd_

C.G. Vucetich for initia.l instruction in teph:ea
stra,tigra,phy and helpful discussions in 'bhe field,
and }rofessors H.i'/. il/eI-l-nan a,rrd. J. B.na.dley, Dr J.
CoJ-e a,ncl liir J. Hea.1y for constructive criticis& of,
ea,rlier d.rafts of this martuseript..
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5 . rrllscgr!$N3g*us. s,rglr$.s-

Vg,n.a$i.um. 9.op!en3.s. .o,f ,Tigs$-ogrgngFite. Srogr.l{,ahaE-o.a, g.epgl,a._ g,Ird

Irigp sa on_e, .tgp!I,l i

Titano.ea,gnetites analysed fro.o sanples taken vertically
through three sections (r'is r+) of cultiple shorver bedded
Ka.haroa Ash on IrIt Tarawera (ttos,* 10-14), a,t Northern Borurdary
Rd, (ivos. Lj-zL) ana l1a.bahina Rr](uos. 25, 26) sb,ovr a genera.l
uplva.rd. increa.se of v contente. The isopach map of l(abaroa
Asb shows a northern and. a south-eastern lobe (vucetich and
hrllar 1964) and it was rargely on the basis of v content that
Kohn (fgZO) shovred tha'b the tita.noea,gnetite conposition of tbe

,lobes wa,s d.ifferent. Beyond Murupara (r'ig r) oD tbe axis of
the south-eastern 1obe, Katra.roa Aslr loees its ou]-tiple shower-
bedded naturo and v eontent of titanonagnetites (uos. zz, 23,
24r 27t 36) is inva.riably siuilar to those titanoreagnetites
'sampled fron: ba,eal tephra at near source sections sanpled.
vertieally. Titanosagnetite sa^mpled. frog| basal Kaharoa Ash
at sites north of Mt ra.ra.wera (Nss , 29, 31) contaiu v abun-
dances sinilar to those of the uidd.le and upper parts of
Kaharoa Ash elsewhere. '

fbe a.bove da,ta indicate that tbe first eruptj.ons of
Kaharoa ash were erupted to the south-east. fhis find.ing ie
also supported by the 1ow v contents of ttre first erupted
Iava (cra.ter Dose - rable 16) during the Kabaroa erupti.on (cole
1970 d).

Mangaoue lapilli Formation menbers (c) and (e) show
sioilar genera,l trends. rrx tbickr p?€suna.bly nea.r source
d.epooits v contents of basal titanonagnetites (Nos . 267 t 27r,
274 and. 278t 286) sbovu a general upward. increa.se. Mangaoae
renber (c) titanosagnetites saepled at dis.bal localities to
the SE of the presured source (Vucetich and pullar f969) a]-so
eontain J"ower v (Nos, 288, 291). Thie d.a.ta ind.ieates tha.t,
a.s with tbe Kabaroa eruptionr the first eruptions of the
Ma.ngaoue (c) episode were the uost violeut and depoeited.
tephra over a nid.espread. area to the ee,st and. south-east of
source.

Itlos. in Part I refer to a.nalysis ltos. in Append.ix II.
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Taupo flgb-rfroup Membor 16

According t9.Hea.ly (1964), Taupo sub-group meober 16,
encrosed by the 14c dated ylaioitria iapui (c. 31400 rr B.P.)
aud' Taupo sub-group oeubers (Tsg. ) rz-rg (opepe Tephra,
cr Br85o yr B.P.), conta.ins five subdivisions rabelled a-e
with inerea'sing age. Healy considered that Tsg. L6a, containod.
a paleosol in the upper partr &s did Tsg. 16 e, a.nd. Tsg. 16 er
[his ind.ica.tes tha.t Tsg. ]6, in fact contains the products of
tbree d,ifferent eruptions (groupsd as 16 a, b, t6 c, d and 16 e).
Ewart (rge:) noted appreclably higher calcic-hornblende conten-bs
in Tsg. 16 (especially in the upper part) when compared. rvitb.
other Tsg. oembers, and on the ba.si.s of tbis ninera.rogy be
concluded tbat rag. 16 was not erupted. from the nortb-ea.stsrn
Irake faupo aree, (Ewart L964 ).

An exa.sination of the fsg, 16 tephras at rwa.tahi Gully
(rig t, Appendix rrr ) 22 ktr sE of Taupo (nr037735200) sbor.red.
the follorving sequeuce 3

lfJa,ioihia Forrna.t i. on
Tsg 16

a [ 5 eE d.a,rk grey brovsn asb., paleosol, with cha.rcoa.l
b [10 ca pale grey ash and fine 1apilri1 sha.rp rower

fra.gments
contact,

c I7 crn

d [15 cn
dark greyish brown ash, paleosol,
pale olive coarse ash,

brown ash, paleosol, with charcoal fragments,
pale yellow fine a,sh, {crea,E-cakesr.
Tephra

Sanples for nineralogical and. cheuj.cal analysis were col-
lected fros Tsg. 16 b, d and e at lwatahi.

fhe ferronagnesian assernblage of 16 b arect e contains
abU$dant ca.lcic-honablende in amounts )- hypersthene, and that
of 16 d conta.ins nearly all hypersthene with rare augite and,
carcic-hornblend.e. rhe a,bundance of ca.rcic-hornbrend,e in ]6 b
and' e suggest correlation with i;he lvhakatane and Rotoma Ashes
respectively, and tba.t of 16 d, with the lake Taupo volcanic
centre source Hinenaiaia Ash (see Tables z and 3). Titano_

(ry cne lz co

Opepe

tr 0;1



&agnetite analyses of tbe three tephras 16 b (I'lo. 120), 16 d.

(No. 130) and 16 e (No. l.54) confirm these comel-ations. A

fi.rther titanooa.gnetite analysis from an ash, 7 cm below the
base of the rYa,inibia Formatj.on at Collins Farm (NIOZ/022L42)
(Ho. 121) i.s also simila.r to iVha,ka.tane Aeh and contains the
sliglrtly higher than a.verage Cr contents a,lso found" for ttris
tephra at lwata"hi Gu11y.

At Iwatahi Gu}ly, the identification of Rotoma i\sb ra.ther
than i\lamaku Ash is supported by the high calcic-hornblencle
contei:ts (6Oit" of the ferroma.guesia.n a.ssemblage ) and a.lso by its
knovm relatively wid€s13f,e"d di.stribution (qeg isopachs Vuceticb
ancl Pul].ar L964 a.nd. Appenclix III ,:r. 2116).

Ra,diocarbon ages (fa.Ul-e 2) for the eruption of the three
tephras forroing Healy?s Tsg, 16, al.eo confirm the esba.blished
stratigrapby.

tng Ase-"s$ PKqtqrels-€g

Pu-lcetarata Dooe in liia.roa Volcanic Centre (l'ig f ) is the
source of a grey rhyolitic tephra named. Iukeiara,ta, Ash (f,loya
Lg72). lhe teptrra is be]lerred to have been deposiiecl sub-
aeria.lly by eruptlons whj-ch precedecl aad a.ceompa$ied the
grov.ith of the dome, and a.n isopa.ch nap shon'ing its distribu-
tion is given by lJ-oyd (L972). Pr.rketara,ta. Ash was a.ssigned B.a

approximate a.ge of c. IOr000 yr B.?. by Llcyd (1972), vrhile
Vueetieh and Pulla,r (1969, p, 795) showed. it to be ol-der than
Karapiti l,apiJ.li but younger than Rotorua, ;\sh.

At a section 6 kE Sii/ fron souree a,t Pa}ner Rd (Fig L, A7yo,A,x&

N94/542499)t 50 ca of Puliete.rata. Ash is enclosed. by two
rhyolitic tepbras each a.pproxinra.tely 20 en thick. Puketarata.
Ash is id.entified by its biotite + calcic-fiornblende * hypers-
thene ferrorna,gnesi:n assembla,ge (eacb nineral present in
approxima.tely egual amounts) and its titanomagnetite cheroistry
(Uos . 220 1221) , botb of rvhicb are simila.r to Puketa.rata Ash at
the type locality (wos.2221 223).

The ferroruagnosian assemblage of tbe overlyi,ng rliyolitic
tephra contair:s d,oniuantl"y trypersthene rvith lesser a.mounts of
calcic-bornblend.e, and traces of a.ugite and biotite, wtrile tbart
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of the underlying tephra is dornj-na,ted by biotite witb minot:

amounts of hypersthens and traces of calcic-hornblend.e.
litanonagnetite analyses of the tephra.s (above Iuketarata Asht

Nos. 21.6) 2L7t 218 - three different grad.e sizes and belovv -
No. 235) are given in Appendix II" The d.ata indicate that
Puketara.ta Ash at Palmer Rd is overla.in by Rotorua. Ash

(c. 12r50O yr B,?. ggg Appendix III, p.zst) and underlaln by

Rerewhaka.aitu Ash (c. 141700 yr B.P.).

At two sections in the ltongariro Region a rhyolitic ash

belovr Rotorua Ash a,nd a.bove the a.ndesitie Rotoaira' Lapilli
1,l

(t+C dated a.t 131800 g 3OO, NZ L559, Appendix III, Table 2) is
consiclered to be Puketa.ra,ta Ash (;\ppendix IIIr P.253). The
14C aa.tu of Rotoa.ira l,apilli lta,rrovrs, the a,ge rarge of the
erupti.on of Fulcetarata iish to >12r500 yr B.P. a"nd (1Je800 yr
B.P.

From its relative stratigrapbic position to the two

enclosing dated a-shes in the Tongariro Region, hrketarata Ash

is aseigned an age of c. 13r5O0 yr B.P.s a.nd this age da.tes

tbe la.st knovrn rhyolitic activity fron }iaroa Volcanic Centre.

Waitahanui Breceia

-#

Grange (193?) proposed the na$e Waita,ha$ui Series to
include a succession of "pumice breccias and tuffst' ea.st of
Irake Iaupor at t?aiotapu arid north of Ir. Rotoiti. Beck a^ncl

Bobertson (1915) applied. the na"me liiaita.henui Breccia to the
d.eposits ea.st of l. Taupo; fhonpson (L959 ) suggested. tilra.t tbe
nnrre {{a.itabarrui Breccia. should be restricted. to this usage ard
that other narnes should be proposed for the deposits at
\Taiotapu and. north of fr. Rotoitl. The deposits t'e.t 'lia,iotapurl

were subsequentty renamed. Earthqua.ke Flat Forroa.tion by Grindley
(f959). later Hea1y et qI (L964) proposed tbe naoe Rotoiti
Breccia to iuclude deposits in the vieinity and. north of l.
Rotolti, tbus 1-eaving the name Wai'ba.hanui Breccia restri.cteil
in the sen$e proposed by Thompson (f919)"

Itost flaitabanui Breccia in a.rea.s to tbe north, east a,nd

of lake Taupo is thought to corr'eLate wj.th Orualui
20r000 yr B.P. (Vucetictr and, Pullar L969 and Vucetich

south-ea.st
Breccia c.

1 01.\



pers. conr0.). General confirsation of this correlation coCIes
fros: (a) the napping of ilaitahanui Breccia wbich is shown to
be younger than Ta.uhara Dacite (x-n da.ted. a.t 3rr0o0 3. 0.001 yr
B.P. - stipp 1968) and old,er than tbe Tsg. tephras neatr Taupo
(oldest c, 91800 yr B.p.), (Gra.nge Lg37, Thompson L959t
Grindley 1960' 1961, Baurngart Lgi4 a,nd Healy 1964, 1965).
(b) titanornagnetite analyses fron a. tepbra. flow near Turengi
(p. zss) (tlos. 254, 265)t a chalazoid.ite-bearing tepbra under-
lying Taupo Sub-group tephras near Taupo (No. 246) and
*ir/aitahanui. Broccia* near ii;airatcei (rig r) (No. 266) sbow
sinilar clreuical cooposi.tion to tlta:rona.gnetites fron oruanrui
Formatj-on (Appenclix If ). Of further interest is the correLa_
tion of Oruanui. Forma.tion with a saople of tvaira.kei Breccia
(P30399r No. 266 a). The sinilar titanooagnetite conposition
of these deposits eupports the provisional correratiou of
Oruanui Forruation with lYairakei Breccj,a nade by Vucetich and.
Pullar (1969). Arl tephra.s saopled. for titanomagneti.te, arso
contain ferrornagnesian assenblages sioilar to Oruanui Forrnation.

Waitahalui Breccia i.n the vicinity of rYaitahaoui Valley,
east of l. Taupo, rud.erlies waioibia Fornation (Tsg. ]4,
Healy L954r p- 36) and, titanoma.gnetite analyses (nos. 96-98)
from tbese tephra-florv deposits indica.te that they are tliffer-
ent frorn those eorrelated with Oruanui Formation. fhe ria.ta
indicate that tbey yrere probabry erupted. during the same
eruptive episod'e as that wbich deposited the I'ia.inihia Forroa.tion.
fbis correla.tj-on is supported by the fino.ing, in the tephra-
flow d,eposits of a hyperstbene ferronagnesian assembla.ge a:cd
dlstinetive grey and. grey-and.-white ba.nd.eit pr.rmice, both
characteristie of 'riiairnihia r,apilli (Ewa.rt 1963).

Data therefore show that most of the l'faitahamui Breccia
as defined by Thompson (rglg) er,d napped by Grindrey (r9oo,
1961) is pe'rt of the wid.espread orupnui. arrd. ivaisibi.a Forsations.
rf future riapping, pa,rtieula,rly between i'la,itahanui valley and.
fura^ugi eustains the previous correla.ti.ons, tben the nane
i'iaita.hanui Breecia (a rbag-na-urer) will either rapse or have to
be red,efined..
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9rugui Form.a,tion. .Yellow GIey pelhra a,ng_$okag3.e_re Ash

. Tbe name oruanui Formation rvas first used by vucetich
and hrl]-ar (rg0g); tbey subdivided the forma.tion into two
menbers, oruanui Breccj-a and. Oruanui Ash. At the type roca.Iity
on the riaira.kei-Putaruru Highway (Ng4/r2352L) the followiug
abbrevj.a,ted. eequence was d.escribeii (Vucetich and. pullar f969):

3.38 n
1.82 m

2.1J u

Holocene tephra.

Bre cci,

' L.52 m

cbaLazoid.ites upto 1.3 cxo across.
r $harp bowrdary
0.76 s grey shower-bedded asb, massive,
0.43 n pale yellow shower-bed,ded ash
0.33 ro pale yellow sh.or,ver-bed.ded. lapilJ.i

sharp bound.ary
1.68 n ?&Ianga,oue lapilli Foroation

rn napping a section at rumr:nui Rd in the Ea,rthqua.ke Flat
area (N1077y905), Naira (1971) reeognised the foll0wing
abbrevia.teil sequence :

2.77 n Holocene tephra
erod.ed to ancl. sone loess
Okareka Ash
Te Rere Ash witb, some loess in upper
pink grey fine ash witb cbalazoidj-tes
white fine as.h

white fi:re to ued.iuo ash
white fine ash

part

J.oose roughly bedded yellow reworked, ash
contai.ning biotite, quartz ancl Iroess
feldspa.r - thickness variablo

lilokai Sand (rervorked Orua.nui Forma.ti
Orua"nui Forr:a.tion
pale bror'rrish grey nassive asb, and.
pumi.ce la.pilJ-i tuff, minor rhyolite
and.e*.ite lapi]-li.
pale olive fine a.sh (slippery silt)
weakly shor*er-bedded and studded wit

oD deposj-ts ) .

-"u J oruanui
I
t

_)

hl
{

| 
Oruanui

I

t

J

0.90 .m

0.65 n
0.J2 n
O. 025o

0.01 m

0. 025nn

Q.45 m

0ruanui
Forrnation
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0,25 n
0.15 r
0.05 m

1.73 m

olive grey fine ash
yellol a.nd. white med,iuro ash
yellow aad white fine ash
sharp contact
Iila.nga.one LapiJ.li Foroation

I "r.rrow-srey

j tepbra"

At other secti,ons between the Tunrrnui Fd area and the
oruanui type section to the soutb, the 'ryolrow grey tephratt is
separated by loess or by a weak pa.leosoL from the overlying
fine shower-bed.ded, base of the ehalazoid.ite bearing Orua:rui
ash.r and is und.erLain directly by tlre upper lvlangaone lapilli
menbers. fbis evidence strongly suggests that the ,yellolv-
grey tephrarr is correlated with the nassive grey ash and basal
ehovrer-bedded. yellow ash and, lapiLli of the Oruanui Forsation

t a.t tbe type locality.

Although not speciflcally described at the type sectiou,
a 9 cn thick finely sbower-bedd.ed ash is intercalated. between
the cha,la.zoidite-beari.ng a.sh and the und.erlying massive grey
a$h. fhe 9 cn bed wedges-out latera,lly and appears to b.ave

been deposited on an eroded surface, thus indicatil)g a tine
interval between the 'ryel1ow-grey teph.rarr ancl overlying shower-
bedded tephra. lhe finely shower-bedded tephra is a oistinc-
tive. deposit a.nd. forms the basal bed. of tbe Oruanui For.oation
over a wid.e area (e.g. Tununui Rd seetion), suggesting that
tbis bed. has been largely eroded at the type locaIi.ty.

fhe Oruanui Asb should thus be reil.efined to include only
the cbalazoidite ash a.nd its finely shower-bedded base at tbe
present type locality, and ttrat a new type locality, less
eroded.r be designa.ted. Tbe rrnderlying *yellow-grey tephra,
prevS-ousJ.y napped as part of oruanui Ash on the basis of inter-
vening tirner d.ifferent litlrology aad d.ifferent distribution,
yras eonsidered bi Nairu (fgff) to be a separate fornatiou.

the lowest shower-bedded. ash and lapil}i of oruanui Ash
at the type section was provisionally correlated by Vucetictr
and hrl].ar (1969) viith Aoka.utere Asb. in the ftiarawatu Distriet
(cowie, 1964). Tbis provisi-onal eorueration ioplies tha.t
Nai.rn?s "yellovr-grey tephrarr 1s also equivarent to ;roka.u'uere
Ash. The stratigraphic seguence of Aokautere Ash (and gruanui
Asb) consists of shower-bedd.ed tepbra eonforarahly overla.in by
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ebala.zaiclite-boaring astl. Stratigraphy therefore shols that
most if not all of the AoLautere Ash is probably equiva,rent to
oruanui Asb (i.e. above the 0.-16 ra grey ash), but that at the
type locality roost of tbe shower-bedded base b.as been erod.ed.

Oruanui Formation has also been comelated. with r/airakei
Breccia. (see p. /06); tbe latter being defined, from a drill-
b.ole in the iiairakei Geothermal Fi.eld by the first incoming of
charazoidi.tes (Grindl-ey L96fu,). The upper cha.lazoidite bed.s of
the i/a,irakei Breccia a.re probably associa.ted. with l-a.ter tephra-
fall bed.s t-rhich were d,eposited. toward.s the end of the Oruanui
eruption, but a.s tbe Oruanui Breccia is invariably eroded
these bed.s a.re not novr knovm to be preserved. a.bove surface.
It is proba,ble that these later eruptod a.ir-faIl- bed.s also con-
tributed to the upper part of the Aokautere Ash nearer source,
nuch in the saoe way as a,ir-fall bed,s underlying, intercalated
with a.nd. overlying Rotoiti Breccia all contri.buted to the
Rotoehu iish beyond. tbe extent of the tephra-flow d.eposits
(Nairn L972).

The stratigraphie relationship of Oruanui Fornation,
rryellot'r-grey tephrail and Aokautere Ash is shown in Fig 1!.

fhe ferroma,gnesian contents of 0ruanui Fornation, tryerLow

-grey tephra and. Aokautere Ash a,re sinila.r (talte Z).

fitanona.gnetite conpositions for Oruanui Breccia (Nos.
264-266), Orua,nuj. Ash (ltos. 244-Z|L, 253t Z|A), Aokautere Ash
(Nos. 256-263) and. 'tye1low-grey tophrarr (nos . Z4!-243r 252)
ana.lysed. by optiea,l emission spectroscopy are given in appendix
rr and ihose for the same formations ana.lysed. by electron
roi.croprobe in Table 15. r/itb the e:<ception of the upper .nassive
grey o,sh which is more ba.sic, a.nd the generally bj-gher cr va,lues
in che.lazoid.ite bed,s frcrn oruanui- Ash and Aokautere Ashr all
titanona.gnetite compositions are sinilar. The rnore ba.sic .coru-
position of titanona.gnetite fron the upper part of tlr.e grey
ash (No' 243) may be due to contasina,tiou of this becl during
the tirae interva,l" between the 'rye1J.ow-grey tephra' a,nd oruanui
Forna,tion eruptions.

The stratigraph.ic, minera.J.ogical atcl chemical evid.ence
indieato that the i\okautere .r\sb is a, d.istal correlati.ve of,
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oruarrui Ash, (i.e. tephra a.boye the grey };cil a.t tlre pr.esenb
oruanrri !'ornration type loca.lity)" rt'is r-,.lso proheble tlra.t
tephras ;r.ssocia,'bed. vrith 0rua.nui ilicccia er..uptions a.]so con.bri*
bute to i: kautere Ash, brr.t ttiese a,ppear to ha,ve bccn erod.ed..

,cptgsJptrog nss- Erunff.ve_Jgigoqs

I,u r'ras sriggested by l,ioi:n (rgzo) tua't a probable appliea,-
tion of using titanona.grs'bj.te chern:.stry tye,$ in corrclating all
the prod.ucts of a. sir:gle eruptivo. e.oisode n

Results for tita.nofiB..sjnetite a.nalyses t>f tephra-fa,l} and
tephra,-flow deposited. clrr.rir:rg the sa.ae erui:tivc episod.a a.re
given in Apper:dix rr. 'Jlephra,-ff.o-;is of I(s.ira.:"oa (l$o" i4),
'fJaiurihia (Nos. 96-98), O:u'u.amui (t'ics. 264-26s), Ea,rthquake r,.la.b
Breccia.-(tto. 32L) and Rotoiti B::-+r:cia (uoc, 338-343) eruptions
al-I contain coinparable tita,none.gn':i;ite conpositions to those
of thoir tephra-fa.ll correla.Livcs.

llable 16 shows tita;.rorne.gr:etite a::a,lyses fron l-8,".,i1s (aomes)
extrucled. duriu6 the sanc eru-pti.."'e eirisod.o a..s sone tephras"
lTi'bh ttre excepti.on cf Pulceta.ra'ba Doire (llo]'a l97z), all ravas
studied- were eru;o'Lecl fram l;lt. Tara.'iriera. (rris r), where la,va.s
and their tephra,-correle.tj.rres e,re lcnoriu (ccte 1g70d),

The data in Table 15 coltfi::flg prerriouo comcfa.'i;j.ons (Sgg
Table 6 for averagerl. tcplrra*fa.ll a.::e.lyecs)" Tha relEr.ti',rely
higher V va'l-ues eonfj.rn tiil,.t plar..i;ea,u Dorne al:d. ilarohnu Tepire.a
were erupted. dr.rri$g tho i/.r.ioha.rr ei.rr.ption {cote 1970d). of
particular interesi is th.e l.svrer U conteni cf Orater Done vrhich
YIas thc first l.ava eztruii..rd. during bbe Ka.b:.ioa erul:tj-on. This
f,xnding confiric,s tire ini;erpreia.tlon of prci;ious tr.a.ba fron
earliesi; Ka,ha.roa Teplira, ';;irich vrr.r.s ':lupted. r,i.,;r:rocli.ately a,fter
the extrusion of Crator .Dli:c o

Tlre evider:ce presel't;eil showc tha.t in tiie erupt:Lr:ns studiecl
all thc procru-cis (te.ohra a.nri. la.va.) of a vofcenic epis,od.e havo
conpa.rable tita:'-rona.guetitc comirc-.iii;ion deepite their cllfferj"ng1
rnechanisns of depositiono
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S_opr cp *^,o.f TeJr.4$r_CStJr t ary.tlat igg

Titanorna.gnetite ana.lyses of samples ta.ken fron the upper
parts of rhyolitic tepbras or fron within pa.Ieosols shovr that
tuany are contaminated by andesite. Of particula.r interest is
titanosagnetite ta,ken from Tsg. 19 (tfre top of Poronui 'Iephra
- Vucetich a.nd PuL]-ar f973) a.t four Loealities" The a,na.lyses
of the ti'banona.gnetites (Nos. 1.77-180), as vrell a.s titano-
nagnetlte 'bairen from the paleosol of r.rrd.erlying Karapiti-
la.pilli (No" 1-92) are andesitic in corupositi-on (sg9 Tabl"e 17
for a.ndesite titanonagnetite ana.lyses). Tbe presence of
aadesi.tic tephra. (iclentified. as Soutu l,apilli - Append.ix III)
explalns the auonalous (nore basic ) mj.neralogy a,nd chemical
conposition of &iaerals found. in 1sg. 19 by .fwa,rt (fg6.3, 1967b,
L9?1a). TIre arrdesitic cooposition of titanonagnetite from
Tsg. 26 (tlos. 193-195) also explai.ns the nore ba.sic nineralagy
(more augite) of tfiis d.eposit found by Ewart (1963).

Andesitic contaurina.tion of the paleosol of ifaioha.u Asb
(No. 2OT) j.n the Opotiki area (Fie f) and in the fiuer gra,rle

size of Rerel'rhaka.aitu Ash (No. 230) in the hit Iara,wera area.,
is indieated by the &ore basie couiposition of tbeiq tita:ro-
uagnetites. Titanonagnetite sa,mples fron the pal-eosols of
Xlanga,one Lapilli Formation meobers (c) (I{o. 2BJ)_ a,nd. (e)
(No. 269) show nore ba,sie values than those sampled froro lovyer
puuice blocks and lapilli. The Cr values of tbe titanone.gne-
tites talcen fros the pa,leosols a.re not high enough to euggest
andesitic contasination. IIoy,,ever, the values a.re si.uni]-ar to
tbe older raore-ba.sic lf.angaone lapilli meCIbere wbich coulcl have

been reworked a.nd. d.eposited. in the paleosols as tepbric J.oes$.

Ititaaomagnetite froro the pa.leosol of Rotoebu Ash (No. 29O)

at \iaipaoa. near Gisborne (Fig 1) has a co&position typical of
the inmedia,tely overlying Mangaone La.pil-t-i mepber (c). This
indicates llangaone mernber (c) lras conta.mi:rated the paleoso]
of Rotoehu Ash. The Lrlck of titanomagnetite cbaracteristic of
tbe older luanga.on€ members in the Rotoebu pe.leosol inplies
tha,t these tephra.s can be represented. in the Gisborne area onl'y
in sma.ll a.rsounts.

The presence of contaninatiou in rhyolitic*tephra patreo-
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soLE, by loess and fron overlying tephra, and. especially by
andesitie tepbra (fron Tongariro Region gg! fron Mt ilgroont
area, c.f. Table L7 and. Table 2 - rlppendix IV) indicates that
ca.re nust be taken in attempting any yrea.tbering or paleo-
pedological stud.ies of tbese buried soils.
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Bbyolitic tephras froro Olca'baina,, Iyiaroa a11d Lalce Taupo
volcanic centres ha.ve been idenbified within the Tongariro
Region (rippendix III). The oistribu.bion of tbese tephras
through tioe and ttreir rela.tionship to major andesitic tephras
is ehorut in Table t, Append.ix III.

lephras erupted. frorn Oka.ta,ina ancl Isjaroa Vo1caaj,e Centres
appear to be unrelated to andeeitic volcaalso. But eruption
of the older Taupo subgroup toptrras eppears to be related. in
ti.se to and,esitic eruptions.

stra.ti.eranhic_Ev:*1gqg The most wid.espread. and. persi.stenttFre

and,esj.tic tephra bed.s, ?outu r,apilli and le Rato lapilri, each
cooprise several lapilli units erupted. over a very strort period.
of time (approximately 9J4O-9r?80 yr B.p. ) ma.inly from the
Tama r,akes regiou of rongariro (rig t, Appendix rrr). this
activity al$oet coiucides with deposj.tion of Karapiti lapilli,
Papanerrtu Tephra and. Soronui Tephra, anct extrusion of Kuhurua
Done

Tbe frequency ancl d,uration of andesitic tephra eruptions
d'ecreased. eharply about: 8,21a yr B.p. (r?.!?. fopping pers. co$ra.),
souie 600 yrs after eruption of opepe fephra. Thls d.ecli"ne in
andesitie vorcanisrn alrowed a thick pa.leosol (papakai fephra)
to d'evelop over a period of approxinatery Jr{00 yrs (Toppi-ng
]973). This is tlre only obvioue paleoaol in and.esitic tephra
sections north of ronga.riro above Oruanui Formation.

!'lhaka.tane ancl Rotoma Ashes eruptod, frsn Okataina Volcanic
Centre uncloubtedly reactred Iongariro but because they vrere thin
and deposited post-8r000 yr B.p. they v,rere incorporated, into
tbe developi"ng soil (Papakai Tephra) ancl are therefore no 1onger
pTeserved. as discrete layers.
cr 51000 yr B.P. from a soujrce
the tlvo Oka.taina-source tephras
alJ.owed it to be preserved, as a

Hine.naiaia Asb was erupted,
about 60 ka further south than
and. its groater thiclicrese
discre'le layer.

About 4rBo0 yr B.p. and.ositic
extensive e.ctivity from Ngauruhoe

volcanisn begen agai:r with
and Rerl Clater (Toppiug L9?3)
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a.nd eruption of tephra from these vents together with tbat
from Ruapehu (spe Fig 1, Append.ix rrr for.Loealities) has co$-
tinued. to the present d.a.y. Deposition of this and.esitic
tephra in the fongariro area has been interrupted by the
larger rhyolitic iYaisihia lapilLi and faupo Sumice, and srne.ller
l'/hakaipo Tephra and Mapa.ra tephra eruptives froro tbe la.ke'
Taupo Volcanic Centre.

Peri.odicity of tbe taupo fiubgroup tephras is shoywr in
Ta'hl"e 2. Ttre eruption of Hinenraiaia Ash fros r,ake Taupo
vorcaaic centre c. 61000 yr B.P. d,oes not support the sugges-
tj.on by Ewart (fg6+) trra.t a 51000 yr quiescent period. preceded,
eruption of tlre irraioihia Lapi].li.

, thG]gieel, Ev:i.rbqqe Tita.nomagnetlte and irnenite are genera,l-1y
the first minerals that co-precipitate froru the oagsas uncler
study (Ewart 1963), Elesent eoncentra.tior:s within the tite.no-
,rnagnetites probably tberefore reftects the availa.bi,lity of
elements which can be favourably incorpcrrated into tbe lattice
makiug them sensitj.ve reeord.ers of changes i.n oagro" ;;$31'#"
$i;€l*r

Tita"noma.gnetlte analysed froln alJ- forma.tions of the Taupo
Subgrou-p (Appendix II) shor'. trvo groupings r^rhich are consiclered-
to reflect differi.:rg compositione of na.gmas, the old.er gloup
conpri.sirg Kara,piti r,a.pil}i, Poronui fephra and. Opepe Teplra,
and tlre youngor group conprising Hineoaia,ia rlsb. and yorxrger
tephras. These two 'rroa.g.mastf a.re a.lso grouped on the basis of
vesicularity of punice, the cbemistry of their gla.sses, and
pressure conditions rrnder which tbey y,rere erupted (o1der
na.gma a,t 11000 xg/cnzr younger magrna at 2r0oo-3r000 x.s/ce,z)
(Ewa,rb 1963).

Ttta.noma.gnetites frorn a.nd.esitj.c tephre.s a.nd. associated,
La.vas erupted over approxfunatery the last 201000 yrs from
Tonga.riro and. Ruapehu have been analysed. (table L7) and these
also fa.l-I into two distinctive groups. $lots shorving the tlvo
groupings for rtryorites and and"esites a,re sborr,n in Fig 16
(va-r:aclium vts chromium) and Fig r? (nickel vrs coba.Lt). 'rhe
older andesitic grou,ci.ng is representect try tephra, a.nd. Lavas
older than okr-rpata Tephra c. 101000 yr .r3"i). (g. Ta.ble 1,
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Api:endi.x If I ).

Changes in conposition of tj.tanorua.gne'tites suggest tha.t
tephras erupted. fron Tongariro Volcanic Centre within the pa.st
c. 10r000 yr B.P. crystallized frorn a trless-ba,sictt andesltic
IDagIna. The first eruptions of this new &s.gma (o].dest ena.lysed
- Te Rato lapillir S fabre l_7) were tbe nost volurainous and
v''idespr'eacl (Topping 19?3) and. were very closely a.ssocia,ied. in
tiu)e with the eruption of the Kara.piti lapilli a.nd ?oronui
fephra (Appendix IIf ). fhe o].der rhyolitic erurptions eeas.ed
about 81850 yr B.P. approxirrately 600 yr before anclesitic
teSrhra accumulation dropped sha,rply. liome 2r000 yrs J.a.ter,
rhyolltic tepbra of different coopositlon was produced in the
Ta.upo a,rea v,'ith the eruption of Hinemanaia Ash,

ft ha.s been suggestecl by Evra.rt {J-g6q) tnat ar} initia.l-
build-up in va.porr preesure wa.s responsible for ea.ch eruptive
$equerce of the Tau.po Subgrou.p, a.lthouglr this vra.s not neces-
Aa.rily the triggering aecha^niE:sr" It is here suggested tha.t
the upwarC noveroent of andesite ma.gma. of new compositio:-r and
its initia.l relatively violent eruption c. LOr0O0 yr B.P. $ay
have provided. the trigger for eruption of the oJ-dest Taupo
Subgroup tephras. The periociicity of subsequent rhyolitic
eruptions is considered to be controlled by increa.se of ve,por.rr
pre$sure over corfining pre$sure or try the rise of aeid ma.gma

in response to regional suhsi.dence (Erva.rt 1964), with the
intera:ittent I'sual.1-sealerr and,esitic volcanism having no signi-
fieaat effect on the timing of eruptions.

I2:]



7. vrjrArlrER.q[i 0F, p]r.P.H.EA

Int_roduction

fbe principal changes occurring d,uring chemical weathering
of the acid.ic tephras being studied are decrease of silica an&
nobile cations and increase in bydroxyl water (vrater of hydra-
tion above tlOoC, denoted as loss on ignition 1.0.I. ln Table
4). Ia terns of increase ia degree of chesical alteration,
Ti, Fe and. Al inerea,se, Mg cloes not show a noticeable trend-
and. Ca, K anil Na d.ecfease. Solubility is one of the najor
factors affecting tbe accurnulation or rernoval of an elernent
during wea.thering. fonic potential (I"P., defined. as the
ionic charge of an element divided by its ionic rad.ius) con-
troLs the solubil-ity tbrough its effect Gn the conplex tbat
the element will forn in water. Cations vrith LP. < 3,0
(N4,, K and. ea) tend. to forrn soluble catlons in water, cations
witb I.P. between 3- 12 (Fe, A1 and |ti) tend to foro ingo]uble
hydroxides (Ke1ler L957). I{g has a"n I.P. of 3, a value
located on the boundary between soluble cations and. insoluble
hydroxid"es arxd tbis &ay account for j.ts variation,

Thus as tephra continues to weather i'b wiJ.l appea,r to
become CIore ttbasi.crr in conposition (e.g. a vertical profile
through Rotorua Ash fron fresh basal pumice blocks 11864
i[hrough a,n intermed.iate horizon 11865 to the paleosot 11856,
see Table 4). The relative cbanges in elemental composition
are in agreement viitb wea.thering trendo in tephras fron
United States (Henclricks and ';rlhittis 1968 and Bockheino et al
1969)r New Guinea (lluxton 1968a), Ha.waii (atkinson and,

Swind,ale 1971) and Japan (eornine ancl V/ada 1962) "

S,cpp,e and*-U9.t_t]E1,_pg -S'tuqf

Attempts to quantify nea,thering 1n terus of tioe ar€
cornplica'bed by differential wea,theri-ng of varying size grades
(e.g. in Table 4t tbree different slze grad.es of Rerewhakaaitu
Asb, 11868 finest-ash size, 11859 interned.iate ar:d Ll8?0
coarsest-lapilli a.nd. blocks), the possible Bresence of con-
tamj-nants (e.g. anf,ositic tephra within paleosolsr B.s in

12,1



older raupo subgroup tephra.s seg p. ils ) ancl variable environ-
roerrta.l conditions at d,ifferent sites.

Sumice bloctcs ancl lapilli (of siuilar density) were
sampled verticalry from a. thick $equence of six lda.ngaone
lapilli I'ornation nernbers at one 1oca1ity. The ldanga.one
Lapilli iuembers, enclosed by tbe f4c dated 0ruanui and
Rotoehu Ashes, have been analysed for najor elements in ordeu
to d'etermj-ne the rolative ti.me intervals betrveen eruptions.
Sanpling of tlre coarsest tephra. at one nea.r source site la.rgely
overcooes problems outlined. &bove.

Eianga.one la,pi}li rr:enbers were c[:,osen for this study
beca.trse: (r) raost have not yet been d.a.ted (trre only reliabre
time control being r 14c d.ate of 301100 r rrJ0o yrs B.p. on
cha'rcoaL from a tephra-flolnr vrithin nianga,on'e L,apilli nember
(c)); (ii) near source nembers largely comlrrise thi.ck punice
block anil lapi1li beds; (iii) pa.leosols corta.in punice fra.g-
nen'bs a.nc1 these are not a.lvra.ys conimon in pa,leosols of othor
tephras; (iv) acidic la.pilli and bloclcs of central Nortlr
Islancl tephras show greater asounts of wea.theriirg irvhen older
ttran c. 20r000 yrs B.p. (first a,ppea,ra.nce of hyd.ra.tecr tralloy-
site ).

Pe'brogra.phic evidenee, ba.sed
phenocrysts, shoyrs tha.'b gla,ss is
Mangaone Lrapilll nembers wtrich is

on amount of etching of
tbe main constituent of
v'reathering.

li t ra.t 
Lg-----------------l ap hy a.n d Li t h o l osy

--5%

3he loca.li.ty ehosen for thi.s study is a.t Bre.emar Rd.
(N6B/201265) Bay of plenty. The sectionr TBcently exposed. on
the left sirle of the roa.rl going nortb, ha,s a.f,i eas.terly a.spect
a'nd' j-s slted sligkrbly to the rvest of tbe point vrhere tbe lower
slopes of the uplancls ancl hills of the vrestern Bay of Flenty
rr:eet the fra.t lying }tangita.iiri Flains, The site occu:r's on a
gentle slope a,t c. 2j m a,bc,ve Ber^-]-evel-, is lvell dra.irred a.nd.
receives iretween L27A-L525 rnm rainfa.ll per a.nnu.nt.

The follovuing cooforrna.ble, aln:ost frat lying stratigraphic
$tl quence was mea,suysd. a.t Fraema.r Rd. (nig lB );
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IBE&bET

15 cln

25 cm

'ro2 cn

Hol-ocene Tephra Beds

191 c&

0ruanui Ash - 0r
3l cn pale grey a.sh

3 cn fine Iapi11i

Itiangaone L,apilli - I,In

- I{in (e )
pal-eosol, oli-ve brovrn ash v,'ith scattered weathered
punrice blocks + lapiIIi.
weathered pumice (ca,n be crusrhed l"v'ith fingers) with
olive browrr asb and lapiI1i.
ol1ve white lapilh and bLocks, amd lithie fragtrents
rvhicb nray comprise upto 4AiA, fe.int sembLa:rce of shower

beddir:g, punriee blocks upto 6 eru a.cross.

,142 cn

rnember

14 c$

17 cut

3f ctn

member

25 cm

94 c&

8cs
14 em

265 co

roember

(e)

(a)
wea,k paleosol r

sional lapil]i
yellow la.pi11i
a vrhole fines

- &in (a)
olive brovrnr nrainly grey a.sb with occa-
and, blocks.
wibh tbree shol'rer beddecl unitsr unit a$

upwarcis.

- Din (c)
pa,leosol, olive grey ash, reddy brovrn in partsr conta,ins
rvea.thered, pu-mice blocks .
white lapilli and. b3-ocks, loosely wedgedl sotne pinklsh
puurice la.rger blocks tovyards ba.se, Lith.ics compri.se

upto 3O/1, unit fines uPvtards.

].24 cu white lapil]i and. blocks, witfu coarse ash ar3d' fine
}apilli bends, so&e beds of litbric fra.gments, blocfts

upto 3 co a.cross.
white puniee blocks upto I cm a.cross.

grey ash witb occasional punice blocks and lapi1li.

(c)

(ur) _ xin (ur)

12"i



23 cm olive and strong brown paleosol ma.lnly ash, with rrottenf
pumice }apllli j-ncreasing downygs.rd.s.

86 cm yellow lapil.li and blocks, LOi/o pink, tightly packed.,

increasingly lveathered towards top of unitr genera.lly
fining upwarcls. '

olive yelJ-ow J.a.^oiJ.lj- ar:d coarse a.sh, loose.28

]37
co

clD

mersber (nr) - Lrl (br)

32 cm

10 cn

upto 23 crr bla.ctc paleosol (fOyn 3/2), coarse a,sh with solne

l.ithics and. bloclcs, not well develo.ced pa.leoso1.

L57 cn pi"nk la.pil}i ancl b].oclcs of pi-nk pumice throughout coo-
prises upto 2A'/", a.bund.o,rrt litbics upto 4A/", re$t of bed

ua.inly r.rtrite bloclis a.nd la,pil]i, shorver-bed.ded.r unlt
fines uprvardg"

IB0 cil

member (a) - liln (a)

brown grea$y pa.leosol, fine a.stt.

lvlritislr "ctrea.$ cakes[ in da.rker a.sh and fine 1a.pil1it
bed fines upwa.rds
pink a,sh and. f j.rre 1a,piI1i.
yellorv a,sh + fine le.pilli, lvith lrhitish cream cakes at
ba,-oe, some lithi.cs,

65 c$

Rotoetru Ash - Re

3f cro bro'rvn gr€asy paleosol pas,rirrg 4own gra.dua,lly lnto
. rvhitish asb (ffa cm r) 'fo road level.

Aceord.ing ta Vueeticb and. Ful1a.r (fg6g) only five liangaone

La.pllli nenbers occur, labellecl (a.) to (e) iri ord.er of deerea-
sin6 a.ge, At Bt'aeoa.r lld, tvlo teplrras occ:ur betiveen members

(a,) and (c) ancl these are here la.hrelleci (bl) older a.nd (bZ)

- younger, t'otlr are d.a,citic in composi"ticn (laUte 4)'

Qgantite,tive measures of tbe degree of chemj.ca.l wea.thering
of roclis ha,ve been revj.ewed. a.ncl discussecl by Ruxton (1968b)t

wLro $u6gested. that the mole ratio of silica to al-uttlirra. may be

the nrost usefrrl. the ra,tio, hovrever is subject to a, nurnber of

13

l0
cm

cnl

I 2,$



restrictions as to its use (Ruxton 1968b). To overcone these
restrictions Panker (fgZO) fra.s proposed. a weattrering inder
(h.ere terned. Pa,rkerts Index, P.f . ) for silicate roeks, .which
is not subject to restrictions a.nd. is, tberefore, oore vridely
applicable. It ta.kes into account the individual sobil"ities of
the most urobile major elements, based on bond strength con-
sid.erations. Altbough silica is mobile during weathering its
novement within a profile is often irregular and the tota.l
proportion lost maybe snaII. Silica is tb.erefore not used. in
d.erivi.ng Farkerts Inrlex.

The lndex is ilefined as (after Parker f9?O):

(ua)a (Ms)a
T-

(Na-o )o (!tg-o ),
(r)* (ca)*

T-T-

(r-o )o (ca-o )o

(r)" (,t""]".

o.7

x. 100

x 100

vrhere X* indicates tbe atomic proportion of element X, defined
as atonic percentage d.ivided. by atomic weight, and (X-O)O ie
the bond. strength of element X with oxygen. Uoing values for
bond. strength, tbe expression becones

(Na)a (Mg)a
++

0. 35 0.9 o.25

wea,tbered pumice) has been subtracted.
value (freshest punice ). The surn of
is tben tlivided into 24rOOO (I.e. the
f4C y"*"* between Oruanui and Rotoehu

P.I.s have been derived. for all analyses fron punices of
the Mangaone Lapilli Formation members (see Table 4).

Two nethod.s have been used for dating eruptions of
&leugaone l,apilli nenbers.

(f ) \flithin ea.ch nember the lowest P.I. value (rnost

froo the highest P.I,
al]- the resiclual 3.I.s
approxl,oa.te nrrmber of
reruptionsf ) a^nd a value

of decrea.se of P,f . units ,/1OOO yrs is derivecl. This value
is then tlivided into the resid.ual P.I. for any one uernber,
and approxinate number of yea.rs between eruptions d.eriveci.
Dates for eruption of Ula.ngaone L,apil]i nenbers calcr"llated by
this methcd are given below;
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Approx. d,ura.tion of wea,thering
between eruptions (xro3 f4c y"")

Approx. date of,

eruption (x103 14c y=.'*)

(") 'rlithin ea.ch mernber ttre ]-olvest P,f , value wa,s sub-
tracted fron the average P.I. value 70.6 for rhyolite and
d.a,cite, (average values for rhyolite and claei'be fresh rocks
- from Evrart (f900) average values, and, glass analyses in
Table 5) a^nd a va.l-ue for nrunber of years betlveen eruptions
ttren ca]-culated. a.s in (f ) aoove. Da.tee for eruption of
l{langaone LapilJ-i rnembbrs ealcuLa.ted. hy this netbod a.re givetr
below:

Or

Irur (e )
$in (a)
ilb (c)
Mn (bz )
Ii,in (bI )
tlln (a)
Re

Or

$n (e)
rln (d)
Irin (c )
trn (b, )
y'n (bl)
Ii'ln (a)
Be

5.4
0.1
4.4
4.5.
1.3
4.2
4.2

4.9
r.5
3.3
3.8
2.1
4.2
4.2

25.4
25.5.

29.9

34.4
35.7
39.9

24.9
26.4
29.7'

33.5
35.6
39.8

Approx. d-uratiou of v;ea.thering
betrireen eruptions (xLo3 I4c y"u)

Approx. da.te of
eruption (xro3 14c y"r)

Diseussion

In clerivi.ng approxirua.te d.ates for I'langa.one lapilli erup-
tions the follovring astiunptions bave been na.d.e.

(i) Tbat the tj.ne for 1-ra,leosol- d.evelcp;:lent on Rotoehu

lapilli mer:iber (a) was a.pproxirnately equal.Ash and lrta.ngaone

This assunpticn rva-$ na,de because only fine la.pilli and. ash

l ;10



size grade nateria.l occtrr at Braeroar
tbese size gra.d.es ind.icerte the $e.me

Rd. P.I.
degree of

va,lues on
paleosol devel-
the finer sizeopnent by roethoii (f ) ancl I'O0O yrs loirger for

gra,cie Rotoehu *\sh by nethorl (2).

(ii) That the ?,f, values for original tephra. did not
va.ry oarkeclly vrithin a nenber (pink punlce vras not sarnpled in
this s-bud-y as it was probably partially hyd.rothernally a.Itered.),
this is bgrrte out by the sma1l rarrge for nunerous rhyolites
arrd. dacites for v;hich avers.ge p.r. = 70.6 ! z (p.r, varues for
sone d.a,cite gla,sses a.nd. roeks ra.nged between 7L-73, inilicating
their slightly higher susceptlbirity to weathering). using,
slightry higher values for d.acite by oethod. (2) na.kes dates
on the upper five liangaone la.pilli members slightly younger,
with longer periods of weathering between eruptions of tha
olcler clacitic members.

(ii:.) tnat tbe effect of clina.tic changes in.bhe past haE
hacl no ma,rked. effect on weathering ind.ices as fieasured today.
For instance it is known ttrat a stad,ial contrenced in New
Zeal-a-r:d. c. 35r000 yrsr B,p, (Fleming ITTZ). fnis nray have caused.
derreased, vrea.thering rates, ma.king mea.surecl time interva.ls
betrnreen erup'bions of the olcler lfa.nga,one f,a.pilii rnembers 1onger;
conversely a.n inters,tadia.l betrveen c. 24TOAO-30r000 yrs i3,p.
(Broctie LgiT ) may have increased. the weathering rate, ob.king.
mea.sured interva,ls betv;een tbe younger rnentrers sborter end. ages
of ertlpbions older. Al-ternatively, it is possible that merober
(e ) is younger than indica.ted a.nd" tbat its a.pparent 

,longperiod. of weatkreri.ng ie d.ue to the rela,tively thin, fine
tephra layers, ciepositecl at intervals over the la.st 20r000
JEsr v'"hiclr give it Iittle protection fron continui,ng vreathering.

(iv) fha.t the uost vreathered. tephra, is the one rrritb the
lovvest P.r.; this is not a,lways rrrlthin the paleosol, although
it is usualJ-y in the upper half of a tepnrJi'f

(v) |[hat there is no concentrati.on of ca.tions witbin the
sequence and. that a.ny ca,tion input with rainfaLl d.oes not
affect analyses to any extent. These assumptions are borne
out by the ana.lyses of a,slr, lapilli and. bLocks (tat,le il which
show precli.ctable eLementa.l content,s accord.ing to size and, posi-
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tion in ttre sequence.

Despite the a.ssuoptions that ha,ve been made, the us€ of
P.I.s using nethod.s previously described provid.es a tine scale
for &iangaone la.piJ-li erurptions including ages for member (c)
which are vrithin the ra.nge of the 14C date for this eruption.
Furtherinore, nembers (d) and (nf) show the weakest paleosol
d.evelopment respectively, a,nd. this is refLeeted in the rela-
tively short tioes calcuLated for their exposure before being
buried by tbeir respective overlying tephras (senbers (e) a^nd, (Ue),

Because acid.ic volcanisr is paroxysmal ra.ther tha^n
[aecretionaryrr it is possible to analyse and d.etermine P.I.s
on fresh and wea,thered, lapilli alcd. blocks of every enrptive
episod.e. This provides d.istinct a,dvauta.ges ov.)r the rnethod of,

Rrrxton (fg08a), who in d,eternining rates of r',eatbering of nine
Papua ashes, a.gsumed a -eonstant clrenical conposition for init-
ial eruptives and no post-depositional contamina.tj.on,

P.I. is considered to be superi.or to other &easures of
weathering d.escribed, by Ruxton (1968arb), as it is a nore
rigorous estiuate of the theoretical" wea.tbering potential of
silicate rocks. Since precipitation prioarily deternines the
rate of vreathering of tephra. (Ruxton 1968a, Bockheio et, al
L969 and. Hay and Blair ]972 ) it is considered tha.t tbe inclex
is valid in a3.l situations where hyd.rolysis is the uain'cause
of sllicate wea,thering.
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c. CAUS$S OF VARIATTOI'I IN TITIii{OIiiAGIqiTITN COUI}.OSfTIOI{

-_r-.#-.-#ffi+-.+-

Introduction

The tern 'roxid.e mineraLsrt a.s used here refers to gBaque

ninerals of the FeO-Fe2Oj-TiOz systea (f;g 19). fi can enter
the nagnetite structure in con-qiclerable arnounts, there being
a continuolls rela.tionsbip betweeu $agne tite and the ulvospinel
mol.ecule (feZ TiO4). Tho trlrm t,itaaoma.gnetite is thus best
restricted. to opecinens where an u1vos.oi.nel phase can be

d,emonstrated.

Magnetite is an inverse opinel and its structure ca.n bo

v,rritten (after }eer, Ilovrie a,nd Zussns.n 1961-) asr
8n3* in four-fold coordination
8R2i + 8R3+ in eix-fold coorrlination1+, 2+ 1+.or as Fe' (FeT Fe' )OO

Burns and Fyfe (L964) have shorm tha.t by srrbtra.ction of
the crystal fiold sta.bilisa.tion energies (CfSn) gor tetra-
b.ed.ra.]. sites (in the ma.gma) fronr CF$E for octaheclro.l. sites
(in the crystal) a va.lue for tb+ ltsita preference energy" for
an octa,hed.ral eite rnay be obta.iued. for any tranei'bion el-ement.
The raa.gaitude of the octa.hed.ra.l lr,site pr*ferenco energytr d.e'ber-

mines tbe order iu nhich the elerirents can be incorpora,ted. into
mi-nera,ls vrhich crystallie.ed. frcr:r a 6agaa vrltb octeLliedra,l anrl

tetra.'oed,re,1 sites. Ionic ra,dius a,nd. cha.rge also affect ca.tion
distribution vri'bhin osld-e minera.ls.

0f the elenents
enissioa speciroscoBy

Crr V and. A1

Co, Ni, Ifu, Hg,

exa,ri.ned. in titano.qla.g;netites tby optica.l
a,nd, elactron microprobe )

substitute for Fe3+, and.

En a$d. Cu substitutc for 1oe2+.

Ca is present j-n j.nclusions of a.pa,tlte crysta.ls and to a

lesser extent in silicates ($trigbt ar:d, lovering 1965, Ewa,rt

1967b a:rcl Ceecas et e_.L 1970). In szunples. *rna.lysed by opti.cal
esiesion spec'broscopy, silicate inclusioas i.ncreass' [38r Si and

41 contents (p.76 ). Zr ie present only in inclrrsions of
zircon crysta.ls. The apparent inoi;lility of 7.r in tibar:oma.gne-

tito sa,mples from pea,i syrastps (e.g. Nos, 35-37r 94-c)6r }}Bf
119) is in aceord wittt finclings of G].agoleva (fgtO) v;b.o shor.red
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TiOz
(Rul il e. Anotose,Brookilel

Fei
(Ulvdspine

Fe,_rO

(Wiisri|e)

Fe.Oo
(Hemolltel

(Moghemite)

Fi& 't : - Phases ln the system FeO-.eerOyT::O2r slrorv{ng tJre

. maJor solid. solution Eerte$, r6gnetlte-u1vospine1.,

henm ti be-Llrnenl te and pseurtobrookite-Fe TLZO 5. llol,e

per cent. (after 8r:dcl.lngton and lEndsley 19&+).
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that zr fron sedi.nents and. z.ircon grains, acquired sone mobi-
lity in an acid environnent.

rn titano&agnetites, generally, with inerea,sing tempera-
ture a.nd, rnore basj"c &agna, composition, [ig, v, cr, 0o a,nc1 Ni
contents increaee and. llr d.ecreases (see Tables Z, L7t l9r 23
and. Append.ix IV, Table 2).

A_ 
.C op parSF op . Stf S*4 g{id" J{i cr.og:gFe .qnatLF t,qgl Me t}o.d.a

fj.tanonagnetites analysed of'ben include graias whicb con-
taiu variable asounts of heoatite-ilmenite la-melLae procluced,
by progressive oxidatj.on of the hornogeneous grains (vlr:.sht and.
loverins 1965 ). The sa.Ee writers ha,ve also shovrn that with
the coopositional changes a,ccornpa3ying oxid.ation, there is no
need. to invoke bulk conpositionar vari-ation wittrin a given
sanple' Because Tsg 19 eontai.ned. lowsr [i thar: any other Teg
titanoma.gnetito a.nalysed. Ewa.rt (rg6tu) suggested that during
crushing and. separation nrany of the oxiilised. rhosbohed.ra.l
phases (titanonematite) were treso'red. Tsg 19 bas novr been
sbonm to be audesitic (with lower ?i) and thus tbere is no neetl
to suggest that any crystar inhonogeneities wi'bhj.n titano-
$a.gnetj.tes trave been reoovetl dr.rring purifica.tion eniL concen-
tra.tion of samples.

Horveverr d.uring eJ-ectron nleroprobe analysis inhonogeneous
grains nust be avoided as sho$fir by relative enrichrment and
d.epletion of elenents within d.ifferent phases within gra.ins
(tyrient and. lsvering 1965). A large number of homogeneous
grains muet be examined. in order to a.ssess anourot of contarri-
nants (e.g. p.76 ) and d.etect aloy possible d.ifferenees in
cooposition between tltanorna.gnetite graius enclosed, vuithin
different erystals. Electron-nicroprobe analyses of titano-
nagnetite pbenoerysts from Oruanui tr'onsation encloseiL by glass
arrd 4yperstbeno are siuifar in composltion (ta.bles 15r 20). fha
sain advanta,ge of electron nicroprobe stud.ies is that i.nclusions
and other contaninants can be avoided.. llitanorna.gnetite con-
tents of Ni, co, cr, zr and cu, however, are often betow tb.e
detection limits of most nicmprobe analysers.

'Ibe use of bulk analyees and single grain a.nalysis of

135



titanonagnetites for tephra identificati.oa a.re thus conplo-
nentary.

D i sj.r ibut.i on- 9.f E] e,nng g,tE- B e lgs gp 3g=!-i-o51 d e s

In the rbyolites stualied., spinel (tita.uona.gnetite) or
rhonbohedral (ilnenite) phasee are usually enclosed in a

ferronagresian silicate, illustratiug that oxide phases were

first to crystallLz,e. Thus, variations in elernent content of
the oxide phases nay be due eitber to different initial con-
positions of nagma (i.e. availability of a particular element)

or to titanonagnetite and ilnenite competing for elements j-n

ind.ividual liquids. Carmichael (1957) has shovm that generally
tj.tanona,gnetite is relatively enricbed in Alr Cr, V, 7'n and Si
and deple'bed in lrig and. r.In relative to coexisting ilmenj.te. I'li
ar:d. Co a.re a,lso generally more abund.a.nt in tite'noma,gnetites
than coexisting ilnenites (Duscbesne L972). As the Fe-fi
oxid.es in acidic rocks fron llaupo Volcanj.c Tone show, these

trenfls (ewart g3--+ 197I), with two exceptions, it is probahle

that initia.l cornposition is more inportant in d'eternining
rela.tive elenental a.bnnda$ces. Tbe two exceptions are from
younger Tsg nembers (tlaioifria and Taupo Fcrma.tj"ons) where V

in iloenite is >/ tba,t for titanonagnetite. The proportions
of the two oxide nineraLs in these samples is not knovrnr but
in CIost ssmples stuitied Fe-Ti oxj.des cooprise (1/" of the total
rock with the amount of titsnouragnetite greatly exceeding the

ilmenite content 
t

StatisticaL stuities of crystal abund,ances (Ewart 1967a)

have sbown tbat pbenocrysts crystallized. without any signifi-
cant loss or gain by sucb processes as crystal settling. The

systenatic distributiou of elenents between coexi"sting nineralst
anil between minerals anil coexisting glass bave shown that
.ninerals crystallised. in tbe Ine.glnas in 'r'rhicb they are found

a,nd are not xenocryste (Ewa.rt and Taylor 1969). In ord'erbo
show that titano"magnetites a.re dooina.ntly pbenocrysts, aad'

that oinor amou.ots of xenocryst contami.nants d.o not appreciably
affect brelk e,nalysesr titanoma.gnetite !va.s extracted and a-nal-

ysed fron the same rocks studied by iJwart and Taylor. Results
a.re given in Table 18.
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Coopared to their coexisting hypersthenes the titano-
na,gneti.tes h.a,ve higher V, Cr, Co and i,ii and loli'er lig.and Mn

contents. Re1a.tlve eleruenta.l disirlbutions are also si.nilar
for coexi sting a.ugi.te except tha.t titanomagnetites contain
higber Mn. li'tanonagnetites are enriched in V, Cr, Go, Ni and.

irur and. dep1-eted. in ii,Tg relative to coexisting calcic-hornblende.
fhe distributior: of the elements between phases is predicted
by crystal-field theory. Tbe octahed,ral |tsiter preference
energiostr of V and. Cr exceed tbat of Fe3r and. sirnilarly the
divalent elernents Ni ai:d. Co exc€ed. that of Fez+, consequently
tbe proportion of tre,nsition elesents is greater in the earl.ier
crystallizing titanoma.gnetito. ruiozr ba.s no octabed.ral [si-te
preference enorgyn (Bu.rns and Fyfe J964) aud its greater
affinity for hypersthene naybe due to tbe large nu.nber of

2+ 2+Mg- and Fe-- sites available.

In Figs 2O and 21, V a,nd Cr a,bund.ances in titanooagnetites
a.re conp.+red with 'bhose of coexisting hyperstbetrer horublend.e
and. residual glass. A regular distribution of elenents is
strongly evident. Mg in tj-tano$a.gnetites correlate weJ.l with
Mg in coexisting resid.ual glasses (l'ig 22). Mn values for
titanorsa,gneti'bes plotted agai.nst i,{:r values for coexisting
biotites (Ewart L97La)ra,nd hypersthene and. hornblende (fie eZ)

again suggeet that tb.ere is a systeroatlc distribution of these
elenents betweea the various ptrases. Titanomagnetites anal-
ysed aro tbenefore consid-erecl to be domi-na.ntly phenocrysts.

The variations in V content of residua.l liquid (fie ZO)

i.s probably due to tbe very ra.pid. uptake of V by phenocrystic
tita.nome,gnetite, a.nd. as the latter occurs in snall nodal

euantitieer slight variabion in tite,no$agnetite between samples
results j"n relatively significant va,riatlons of V in the
groundnass (Ewar^b and. faylor 1959). Atthougb only three sanples
eyore analysed, d.*.ta in Fig 22 suggests tha.t l"ln uptalce in bio-
tite roa.ybe largely controlled by a-"nounts taken irto tbe ea.rlier
erys'ba.11ising titanonagne t i.te .

Tbe linited data preaented indica.te tha.t the generaL

correlation betr','een tbe titanornagnetite, ferrooagnesian nlnere,ls,
pla,gioclase and residrra.l" glass is la.rgely controlled by the
iuitial" na,grla composi tir)i3r a.ltbough subsequent crysiallizatiou
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of mi.nera.].s also influences the resid,ual glass colopositj"on.

39 t.r-o sg n e;Fi c-Jf, {.e c t s o.n Li t an ougqne t i$ e _varri ab!1 i ty

Variations in titanonagnetite composition caused. by
d.ifferences in petrogeneti.c histories of high A1 basaLts are
sh.own in fa.bles 18 and 19. Th.e apliyric Tara.wera Basalt coo-
talns only grounilraass titanomagnetite, the Tatua Basalt j.s
porphyritic. onga.roto Basa.lt is coarsery-porpiryritic and is
consid.ered to be a. cuoulate rock (cote lg73). rhe Matahl and.

Rotokawau Basalts contain snall devitrified rhyolitic xonoliths
'rvhicb. are difficul'b to sepa.ra.te. The titanoma.gnetite cornposi-
tiona a,gree wj-th whole rock trend.s (co:-e L973) a.rrd also show a
general Ti increase and more basic composition fron north to
south. Ongaroto tita.noma.gnetite contains high V, Co and Ni a.nd
relatively high cr conpared. to tbose of other basa,lts. The
high abund.ances a,re consi.slient with the entry of these elements,
ha.ving octa,hed.ra,1 "site preference energies', in the early
formed. titano,uagnetite of tbis cuourate rock. The titanonag-
netites of basa.lts genera.rly contain lower v, cT, co, Ni a.nd.

irig tban those from Tongariro a.ndesites (tanle lZ). This d.if-
ferenee probably ind,icates tha.t tbe ba.salt, though,t to origi-
nate from the macltle (cote 1973, was not d,erived. by a single
stage process. Differences in titanooagnetite cornposition and.
petrography of basa.lts indicate tha.t basalt &a,gma probabry
a.scended. faster to the surface in the northern faupo Volca.nic
Zone.

rn so.nie of the rhyolites studied., particula,rly frorn lavas,
oxidation roay affect anphibolos and. biotite, with extensive
resorption and. replacement by very fine-grained iron oxid.es.
Altlrough these a,ltet'a,tion prod.ucts a.re genera.lly removed. dgr-ing
separationr a sa.mple fron va.harrga Done, conta,ining prima,ry
tita,nosa.gnetite arrc{ a.bund.a.n'b fine-gra.ined iron oxid.e a.fter
bj.otife, vvas analysed (ra.ute 16 No. 3). rt was found to be
sintj-lar in composi.tion to other unoxidlsed. rhyo]ite (lante 16
I.los, 1, 2 and 4).

The vertical ehanges in V content, previously noted. in
Iia,ha.roa a.:rd. Diangaone tephra (p. lot ), a,re sinilar to trercLs
notcrl in a.sh-fLornrs by liprnan (r9?r). t{g and Al increa.se a,nc[
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Irtr d.ecreases were also noted, by lipman accompanying the v
increase r but these trencls were not found in the titanona.gne-
tites analysed., The upward. change in el-ernerrtal abrrnciances was
a.ttributerl by lipnan to lorrer tenpera.tures of crysta.llisation
and higher vrater content a.t the top of the $a,g$a chamber.

An analysis for titanomagnetite fron a. grarrodiorite
associated with tbe Kabaroa eruption and consi.dered to be co-
na,grnatic (Ewart and core L967) is given in Tabre 19, The con-
position of the tita.nonagnetite shorving na,rked.l-y bigher Irln and
Zr and lower fi, Illgr Co.ancl Ni contents than the average
Ka,haroa titanona,gnetite (gaure 5) provid,es an insight into tho
end products of crysta.llization of associated. rhyolites.

I.r_on - 3 i3_ap ign o#i$q_ Eg g i I i llgj }-op- 3.e S;n_e la.lugq g

Ewart et + (1971) have shown tha,t t3 co-existing titano-
nagnetlte and ilnenite pairs fron Taupo volcanic zone acid.ic
rocks give two groups of equiribration tenpera.tures, ?35o-?Booc
for amphibole-bearing rhyolites and B60o-B9OoC for you:rg non-
amphibole bearing punices, fhe data a.lso shlovred tha.t tbere is
no obvious eomelation vritbin the riryolites between bulk cbemi-
eal composition, nineralogy and Fe-Ti oxide equilibra,tion
tenperatures, but that a conelation did exisi; bet'seen the
presence or absence of quartz and sa.uidiue phenoerysts, the
equilibration temperatures a.nd. the resid.ual glass"

Tbe eerlier erupted Tsg members h,a.ve higher norma,tive
conrnd.um aad higher K contents coropared. to ttre later erupted.
pu.uiees. ftrese cheuical d.ifferences tvere considsred. by ihvart
e.t. 93 (fgZf ) to be d.ue to ea.rly meltingr of the llesozoic
eugeosynclinal ilbaseneRttr sedinent - Eiryart and Stipp (fl68;,
j,nvolving a relatively higher proportion of muscovite and. bio-
tlte pha,ses, wherea,s later $a.gmas con'binued to develop by higher
degrees of partial nelting (in response to incree.sing tempera-
ture ). this implies tba.t tire older magnas equilibratecl at
lower tenperatures than the younger faupo $agmas and this 1s
substantiated by the SeOo-B55oC oxid,e equilibration teopera.ture
for Kara.piti lapilli (Dr. C.P. i'/ood, N.Z. Oeologica,l Srrrvey,
pers. coooo) and 86Oo-B9ooc for your:ger Taupo ma.gma, (Ewart et. al
1971).
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Iu Okataina Volea$ic Centre, tbd c. 44rOO0 yr B.P.
Rotoiti Breccia Foroation, oxide equilibration teopera.ture
was 74OoC (ilwa.rt et. jrl L}TL) while those for the youugest
rfiyolite fros tbat centre - Ka,haroa Tephra vras 745oC (taUle
20). Oxid.e equilibra.tion tenpera,tures of rloses of varying
ages in this centre ra.nged. between ?35o-?BOoC (Ewa,rt e$ a].,

1971). Oruaaui tephra erupted froo a source in the vicinity
of northern Lake Ta;upo ha.d an oxlcle equilibration temperature
of T8oo-Boooc (raute 20).

Altbough the older Taupo nagna oxides equilibrated. a,t

slightly loe'rer tempere,tures tha.rc the younger Taupo ma.goasl they
botb represent inherently high terapera,ture nagmas. It there-
fore seerns probable tba.t higher tempera.ture magmas are trot
necesseriJ.y associated rvith yor.rnger eruptives but rather wi,th
the loea,lity of their source. fhe evidence suggests a trend,
of increasing oxid.o equilibra,tlon temperatures frou N-S within
the Taupo Volcanj-c Zone. fhis increase nay be coanectect witb
tbe proxinity of and.esites of tbe 'Iongariro region to the
soutb.

I'ii a,nd Co Contents of Tiianoma,snetites

-fffi-- 

| F. r . r!

Rhyolitie titanonagnetites generally i.ncrease ln Ti, V,
Cr, Co aled Ni, e.ncl decrease in Din contents (note younger Taupo
Sub-group tephras - Ta,ble 6 are excepti.ons lrere ) frour north to
south, indicating a, ba,sic trend.

the changes en I'Ii and Co values between voLcanic centnes
deserves special conment. Titanoma.gnetites analysed from
0kataina Volcanic Centre tephras generally contain Co ) Nj..
In teplrras erupterl fron sources to the south Ni generally
exceed.s Co content, Mapara aud Whe.kaipo Tephras in haviag
approximately equal anrolrnts of each, elersent a.re exceptions hsre.
Bbyolite lava,s erupted. fron Okataina Volcanic Ceutre (fables 16,
18 a,nd 19) and. eentres to the eouth genera].].y also sbow
sinila.r trends (ta,Ule 16 and l9).

The ahove finding is confirmed by tbe lack of I{i in bypens-
theaes fron Olca.taina, Volce,nic Oentre (Ewart and faylor 1969).
Thie being d.ue to octahedral [site preference energies't favour-
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+lbi,e ?Or - Eleotron niero-Xrrobo analyses of lror-titaniun
oxidcg,

Saryl.eo 1r2r4 and 5 were analSrse& hy the autbe
wtth the eleotron niorogrrobe of t*re N'2. Geologlaa1

Sirtrvey, usi&g procedluree tlescribed. by Carrni.cbaeJ.

(1g67). See ASpenclix I for operatirrg cl'etails.

&. 0.P. trfood analysedt sa.rryLe fr. 5 and Mr. P.R. KyI.e

ana.lysedL samtr le nos. 6 and 7 hgg fabl"e {lr f,or

ogrerati.ng eond.itione ) .
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ing incorporation of Ni rather tha.n co into early forrneil
oxid.esr thus using up nost of available Ni, but stilr lea.ving
co for lncorporation into the ma.rn y lrigz+ and F'e2+ sites 'avail-
able irl tbe hypersthenes. the da.ta, a.lss la,rgery explain tb.e
general lack of co and Ni in resid,ua.r grasses (Ewart et al
1968a). To the south the more tbasicr titanomagnetites sbow
higher Ni rela.tlve to co, with hypersthene from feupo pu.mice

and. hornbrend.o from ?uket:rata Dome showing relatively higb Ni
contentsr a.nd. Co contents approxinately tbe sa.tre as those fron
nortb.ern ferroma.gnesian minera,ls. fhe higher values of Ni
relati"re to co in Tonga.ri.ro arrd.esites (naute l7) again suggests
tbat they oay have 'tj.nfluenced" the conpositi.on of soutbern
rhyolite o€,goas.

Titanonagnetite cooposition of IrIt fauhara dacite (faOte
19)r shorvs Ni > Cot vrhilo those of }iaungaongaonga dacite (faUle
19) &Iangaone lapi].li Fsrmation d.a.cites (raute 6) eruptod fron
nore nortberly loca.Lities show Ni < Co.

RF s,r ong.l S egi$i c ap c e gF_r it an o,ma.er?pS i.!-eJ€lr} a.3 i.opF

The northern, Iower-temperature rbyolites contain titano-
nagnetite of generally simifar composition, rruii;h increa.ses in
V and Cr providing useful differences for tophra identification
pu:rpo$es" The rea.sons for the occurrenco of slightly nore
rrbaslc magma.s* wi'hhin 0ke.taina volca-ni.c centre na.y be ilue to
i.nhonogei:eities j-:r th.e crustal material being aeLted.. Alter-
nately, Cole (1973) Uas drawn attention to the structr.rral con-
trol of ba,saltic eruptive centres a.nd. suggestecl tbat they may

have been controlred. by major regiona.r faults, BsBecially where
they intersect ca.ldera structures. Rotorua Ash, Earthquake
Flat Breccia Foroati.on end Botoiti lSreccia Formation (all oore
basic in cooposition) a.re knornrrr to have been erupted fron
periplrera,l area.s of Oka,taina. Volcanic centre and. it is possible
that the proxiuity of any basalt nay ha.ve slightly a.ffected.
the conposition of the matma. rf tlris was the case then a.st

conelucled by Evrart anil Taylor (1959), any contarnina.tion or
hybridisa.tion processes v,rhich rnay ha.ve taken pl"ace were pre-
su.mably essentially conpleted. prior to the crystall,iza.bion of
tbe plreuocrysts.
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The southerly nore sbasicf oa,gma.s could have been d.erived
by eithor of the a,bove processes, but it is probable that tbey
harre beea trinfluenced" in cornposition by tbe Toaga,riro Region
and,esites. This ha,s also baen sugg€sted from petrograpbical
evid'ence from within Lake Taupo Volcanic Centre by Ervart (fgOe ).
Ewart e..! al (fg?f ) suggested. tbat the d.eveloprqent of ,'bigher
ternperature. Taupo Punj"ce nagna.s required, the inereasing
involvment of less hyd.rous phases (e.g. hornblend.e) ancl iteve-
loped. by higher clegrees of partial rnelting" If thie bypotbesis
is correct, tben the increasing involveCIent of aodesites j-B
petrogenesis of rhyolite magoas could. have provj.d.ed. the higher
ternperature a reqr,rire d,.

Finally, in attempting to explain mineralogical an&
chenica.l d.ifferences in rhyolitic tephra,s of Taupo volcanic
zone it rnay be appropriate to develop the thene used. by Tr.rrner
(rgzo) in bis presidential address to tbe Llineralogical
Society of Auerica, lI Novenbers 1969.

... trEvery geologieal event, like every event in hunarr
hi.story is unique. rf we concentrabe too heavily on discern-
sent of o.rder and. pattern, $a,y we perhaps overlook or under-
rate the unique qrtali.ty of e'ach igneous or metamorphic episod.e?
Possibly uniqueness nay have as great significance as confor-
mity to pattern rnhen we a.ttenpt to fit the phenonena of petro-
Iogr into tb.e broad. franework of geology.m ...

149



gilri$t sr po_Ngrli5roNq

1. laboratory studies show that titanomagnetite chenistry,
dosinant ferroma,gnesian oineralogy a,nd. to a lesser extent,
chenistry of r.Lnweatbered pu.oice, together serv€ to identify
most post 441000 yr B.P. acidic tephras erupted fron Taupo
Volca.uic Zone, New Zealand..

2. The occurrenee of Tie V a.r:d. Cr in appreciable anotmts aJcd

in a wid.e range of coucentrations a.re tbe nost useful elemente
in titanonagneti.te .for tephra identificatj.on.

3. The most useful ferroma,gnesian rnineralogical criteria for
tephra identification are the presence of abund.ant biotite and.

tbe doninance of a,rnphibole over hypersth€loo

4. Detailed work on glass chemistry is the next necessary
step for tephra identification studies on Taupo Volcanic Zone
acidic eruptives.

5. Fossil soils on tephra deposits may be contamiaated.l
espeeially by andesitic tephra, ancl care sust be takea irr
studying weathering or paleopedology of such paleosols.

6. The use of electron-microprobe and optica.I enission
spectroscopy for analysis of titaaoma,gnetite for tephra id.enti-
fication are complementary. Inclusions in gra,ins can be

avoided and contaninants can be individually d.eteeted, using
electron-aricroprobe analysis. Bul.k cbemieal ane.lysis of tita-
nooagnetite by optical emission epectroscopy, alJ-ows analysis
of trace elenents and, also J.argely orrerco&es problems of
erystal inhonogeneity due to oxidation.

T. In acidic ertrptives studied, all the products of a voL-
canic epi.sod.e (tephra au<tr la.va) generally bave conpa,rable
titanomagnetite cornpositions, d,espite differing eecha$is&s of
d.oposi.tion.

B. The upward. novenent of and.osite &agna in tongariro Region
c. 101000 yr B.?. may have provided the trigger for eruption
of the oldest Taupo Sub-group rhyolitlc tephras G. 91800 yr
B.P, After c. BrB50 yr B.P. and.esitic volcanisno had no signi-

1i\t,t



ficant effect on the tiniag of rlatrrolitic tephra erupti.ons.

9. rrinited data show that, tr'e-Ti oxid.e equilibration.tenper-
atures increasen and titanooagnetitee becose &oTe basic, in
acidic eruptives fron the southern Bart of llaupo Volcanic Zone.
Tbe trend,s probably ind.i.cate the increasing involvement of
andesites of Tongariro Region irr petrogenesis of the nore
soutberly rhyolitic rnagoa.s r
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A. STUIIX.S 0F. TITAN0I''Ijr'CNF,TJTE

irl.iJ.EF,'rt0GY 0.F .N,EV/ ZEaI+i{D I,GNIIIffiRI.SES

Introdu,ctign

Since Siar.shall (1932) first d.escribed igni-mbrites in N.Z.
nueh ha.s been vrritten about these eruptives ia published works

and wrpublisbed, Nevr Zealand Geological Survey reports .

During the last L5 yea.rs nuch additiona.l data has been

obtained from site investigation holes for geothermal ancl

hyd.roelectric power schemes and, rai1way tunnels'

Aspects of ignimbrite stratigraphy arrd petrology have

been published by irlartin (rggrr 1965)t Blanlc (1965), Ewa,rt and.

Healy (]-g65a, b, c, d), Ervart (1965b)r Grind.ley (t965a, b' c)
Bailey (f901), Healy (fgOg) and I'loyd (t972). A review of
central ltorth Island. pyroclastic-flow d.eposits has been con-
pited by Briggs (19?3). fhis sturly cl.erives an id.entification
schere for nost ignimbrites using femooagnesias mineralogy
a.nd. titanomagnetite chemistry, and uses the fission-track
ruethod. to determine the sequence of volcanic events in tbe
central Nortb Isle$d of N.Z.

fbe a,ge rela.tionships of ignimbrites studied are gi.ven in
Fig 21. ,

l{ineralogL

The nineralogy of most igninnbrites have been sJslmarised

by l,Iartin (r96t, 1955), Bla,nk (1955)r Evrart (L965a, b)r Ewart
anil. Healy (t965a, b, c' d), Ewart (1958), Healy (lg0g) and

Lloyd (tg|Z). l{ineralogy d.oes not vary ns,rkedly through nost
i5irrinbrites, a.lthough Ervart (f9g5a) and liartin (L965) have

noted aa uprvard. increase in crystal content in the lowest sheet

of rThaka$atru Igninbrite and. tbe in.conring of sanidlne a.t tbe
top of the same sheet. Healy (fg$g) descri.becl tbe incoming
of biotite in the upper pa.rt of the t'/aiteariki lgninbrite.

Most ignimbrites conta.in hypersthene as tbe doninant
ferrosa.gnesian minera,l, often with traces of hornblender bio-

15:i
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tite and augite. As with the younser tepbra,s it is the pre-
seneo of a.bund.ant biotite a.nil the d.orninance of hornblenrle over
hypersttrene that a,re the most useful ferrooagnesian mineral-
ogical criteria. for identification purposes. sanidine also
occurs in rnany biotite-bee.ring ignimbrites and the presence
of thj.s ninera.l, a.lthough not alwa.ys persistent through sheets
of the sane ignirnbrite (Erva.rt 1965a), oay aid in eorrelation.

Chenistry

References to chenical analyses of iguimbrites have been
sunslari.sed by Briggs (f973). I{ost unweathered ignimbrites are
rhyolitic. The only exceptions are the l'/aiteariki ancl.

Pa.pa.moa lgnimbrites which are dacitic. The conposition of tbe
King country rgninrbrites (Pa,lcaunauu Group - rig 2l) is not
well hrovrn and. major element aralyses of tbese lgninbrites
given in lable 21 show thes to be rhyolitic. punice Breccias
(sample nos. 11919, L].g24 anrl 11926) being relatively soft ancl
pumiceous, are srightly &ore bydra.ted. Tuffs, (sa,mple nosr
11918 a.nd 1192r) show this trend. even oore markedry. Tbe
lovrer 'rla.ipari Igniurbrite (No. lJ.922) and onga.titi lgninbrite
(No. 11923) shovr little bydration and are consid.ered to be
slightly nore ba.sic than other paka.umanu Group ignimbrites.

fhe use of bul.Ic ana.J-yses for igninbrite correla-bion ig
severely limited by; latera.l sorting d,ue to varia.bl-e rnineral
clensity; ad.dition of xenocrysts, nixing of pumice lunps, ash
and. pbenocrysts of varied. coopositions (],j.pman 1967, 'ffalker
L972) i and. post-deposition;,rl changes whj.clr particularly a.ffect
a'1lca.Li ar:d. halogen compositions (surnr"aerised by Scott 1966, L}TL
&tbt llpman L967 and trwart l9?1b).

Because glass ia ignimbribes is subject to post-d.eposj.-
tional chenical ctranges and is conmor:l-y devitrified it is uot
useful for identifica.tion stud.ieso

A l"imited, nusber of na.jor elernent analyses of ignirabrite
phenocr}'sts are given in Erva,rt (r965a, 1966 and l9?lb).
Tltanonr:.gne'bite ar:d ilnenite ana.ryses from r'/aitea.riki and,

iilauunui rgnimbrites are presented by Ilwa.rt et_q.I (r9?r).
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,Ti t a.p o mg,en e t i t_e_Cg) gis ! Tf

Ana3.yses of titanoma.gnetite fron all pyroclastic-flow
deposits stud.ied are presented. in Appendix V, with a.veraged
analysee given in Table 23. A flow-sbeet for identification
of igninbrites using titanoma.gnetite compositions in conjunc-
t.ion with doninant ferrona.gnesian assenblage is given in Fig
24.

Fron Appendix V and. Table 23 the foLlowing points are
evident:

1) The l{amaku Ignimbrite (erupted from Rotorua Ca}dera;
Healy L962), Pokopoko Breccia (nr:derlying Manaku Ignimbrite)
and Uatahina a.lrd. Kainga.roa Ignirobrites (both erupted fron
Okataina VoJ.ca,nie Centre; Ilea1y 1962r Healy et gl L964 r Ba.il,ey

L965) have similar titanomagnetite conposition. This tita.no-
oa.gnetj.te composition i.s generally sixoila.r to tha.t of nany
yoljmgsr rhyolite tephras (taUte 6) and lavas (Iables 16, 18)
erupted. fron Okataina Volcanic Centre ind.icating that the
.magrnatic cornposition in this area has cbanged. little, over tbe
pa,st c. 260 1000 yrs (f aUte 22).

2) Tbe titanooagnetite data are consistent witb tbe
eontention of lia.rtin (t96r p. 472) that Te vvha,itl Igninbrite
is probably a distal faci.es of Ra.ngitaiki fgnimbrite. They are
also consistent with the find.ings of Blank (fg6f p. 600) who

regard.ed. the &iaounui Igninbrites as clista1. equivalents of
1l'{baka-oaru Ignlnbrite .

The generally oinll-ar titanonagnetite eonposition of tbese
four igni,nbrites together vvitb the cloee relationshlp in tiue
betrveen their eruption (fig Z3 arril. tables 22, 23) suggests
tha,t they may all be co-&a.g$a.tic.

3) Titanoma.gnetite compositions are consistent vrith the
provj.sional" csrrelations; of &lamaku Igniubrite rvith 0rakonui
Igninhrite (Tirompson 1956); of Ongatiti lgnlmbrii;e witb lower
flaipari Igninbrite (gtant L965) (see also fable 2L, Nos. LL922
and 11923), and. ;/aiteariki Ignimbrite v,'ith Papaooa Igninbrite
(Hea,Iy 1963, Hea1y e! aJ- 1964).
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4) The tbrae igninbritoe forroing the Rangitoto fgnin-
brites of Blagk (fg0f) all contaln different titanomagnetite
compoeitions and should be regard.ecl. a.s sepa.rate formations.
The d.a.ta a.J-eo indicate tha.t the distincti.ve Ranginui Ignimbrite
has a different tiia.nonnagnetite composition fron tha,t of
Ngarona Lenticulite na,king tbe correlation betlveen tbese two
igninbrites, tentatively suggested by Blank (1965), un].ikely.
A saople of ignirbrj-te rosti.ng on greywacke on tbe western side
of the Otu-a.o-roa Plateau (l'lo, 512) ha.s different titano-
rna.gnetite conposition fros l{ga.roma LenticuLite with wbich it
wa,s previously correlated, (nfant L965).

5) Despite the na,jor elerent and nineralogical cha.nges

d.escribed witb.in the iYhakamaru Igninbrite by Ewart (1-90ra) anct

&ia.rtin (1965), tite"nornagnetites in thie igninbrite ancl in all
others except for the $iana.ku and Rocky HiJ.l fgrrimbrites (sg.e

below) do not shorv srry vertica,l variations (s.L-e- Append.ix V, for
Matatr:ina Igninbrite (sNos. 372-76), Ra^ngltaiki lgnimhrite (lgf-
95)r Te \Ibaiti lgnir:cbrite (+OZ-71, ffhaka^maru Igniobrite (+fg-
2:.-) and. r/aiteariki lgnimbrite (5f5-f9).

6) Tlvo titanorna.gnetite analyses fron the upper lrlanalru
Igninbrite (Nos. 356, 357) show narked. enriehment in }tr anct Ca

and. parkod depletion in ti, Hg, V, Cr a.nil. Ni compa,red. with
titanonagnetites in lower sheets. Tvrro titanonagnetites anal-
ysed from tfre lower sheet of Rocky llil]" Igninbrite (Nos. 474t
475) show ma,rked depletion of lrin, V, Cr and Ni conpared. witb
No. 473 from the sa$re sheet vrbicb shows sipilar titanoma.gnetite
composition to other Rocky HilI Ignimbrite samples.

Ifagne'bites clepleted 1n Ti, V, Cr and Ni are typieal of
those sampled. fron contact-oetasona.tic and hydrotbermaL depo-
si.ts (Borisenko glj& ]969), Ovchirurj.lcov (1963), ha.s proved
experi.uentally that large a,mounts of Ti, V, Cr and Ni can be
extracted froo grarrite by stea,m, and the depletion of element's
in na.gnetites fron ftle.maku and Rocky Hill Igniobrites is a,ttri-
buted. to a.lteration by intense vapour pha,se e.ctivity vrithin
parts of these igninbrites fol-lowing their d.eposition.

*,lill nos. in this pa-rt refer to titanomagneti.be a.nalysis nos.
i.n Append.ix V.
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Depletion of elements j-n tita.nonragnetites ha,s not been

noted in a.ny other lgrrimbrites d'espite the 'rpj-nk colours" of
Eany 5".1161-epecimens frorl wbiCh sarcples vreTe extracted..

?) Titanorna,gnetites frora older weathered tephra (fante

21 11918 and. ]192L - itppendix V Nos. 484 and 486)t a's wi'bh

tbose sarnpled from < 44r000 yr I3.P. vrea,bbereil tepbra (faUte 4

and. Append.ix II), clo not ehorr any significaat cbemical differ-
ences from titaroma.Snetites sa.npled from fresh rocks of the

sa.mo forroation.

Examination of titanooagnetites from iguinbrites by elec-
tron rnicroprobe sbows that na&y grains are oxidisetl a$d a
large number may bave to be exaeined before findlng any tbat
are urunixeil. The best pa,rt of ignimbrite ebeets to sarnple for
unoxidisecl grains of tita.raomagnetite is the basa,I weld.ed. vitro-
pb.yre layer, and this horizon al-so often contains fresb glass
suitable for fission-track dating.

fbe d.ifferences in titanoma,gnetite cornposition show sj.ni.-
lar regiona,l trends to tbose fromJounger tepbra,s (p. l{rs).

Ka.ingaroa, }tatahl:ra, I$.asaku a.nd r'/a.iotapu lgnirubritesr all knomt

to have been erupted froo northern area.s of Taupo Volcanic Zone,

show Co ), Ni while VJhakamaru, Ra.ngita.ihi and Ongatiti lgnin-
brites erupted fron more southerly loealities show Ni > Co.

The age of tbe oldest and.esite dated in Tongariro Reg:.ou

is 0.259+0.003 &r.S. B.P. (f-.4' d.ate Stipp 1968) so it is not
lgrovm what influenee andesite rnz:.y lrave b.ail, on the conposition
of ignirobrites with sou:.ces to the south, all of which are

older tha.a A.259 lr.f,. B.P. ("g,e- Fig 2J)" A lesser influence
of andesite on the titanoma.gnetite coupositi.on of these ignin-
brites oaybe indicated by the relatively low Fe-li oxicle

equilibration tempera.ture of 75OoC reported, for Manunui lgnin-
brito (proba,bly erupted fron lake Taupo Volcanic Centre ) by

Ewa.rt g"!__gl 19?1.
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B. D$TING Or'_ N. 2., .IGlirUiilRIT,ES

Grlndley (r9OO;, Martin (r90r)' I{ea.1y et gL (1964)r Blank
(1gll) and l{ea1y (1969) ha.ve between then identified 24 najor
j.gnirnbrites in central North Isla-trd. Twenty were considered
to be ?leistocene and. the other four were provisionally
assigned, to the ?liocene.

Ihe first appearance Of pr.gnice consid.ered to have cone

fron central North Island wa.s noted by Kear (1957 ) in old'est
Pleistocene strata in south Auckland. The Plio-Plei.stocene
boundary in N.Z. is assigned ar1 age of I.79 m.y. B.P. (Kennett'

et g.1 19?1), thus early estj.mates on comCIencenent of rhyolitic
volcanism in Iaupo Volcanic Zone indicated it bega.n slightly
ear].ier tha.n tbis d,ate.

More recent evidence, however, suggests that }rrown

ignimbrites are nucb foung€rr

Ninkovicb (rgag) identified five vuid.ely sprea,il ash

horizons in deep-sea cores taken east of N'2. and. pa'l-€ol!&$:

netic dating showed these to range in age from Q.27 to 0.86

Ill.f,. 8.3. No older a.shes were found thougtr the sed,inents
penetrated. had, a maximuu age of approxinately 3 n.y. B'P.
Ninkovich considered tbat the distribution pattern indica'ted
that tbey were erupted from N.Z. and that they are clistal
windborne tephra-falI assoclated with sone of the large ignin-
brite eruptions fron Taupo Volcanic Zone.

$ore rocently cox (1969r 1971) tras published' paleo-
rnagnetj.c results carried out on nine of the igninbri.tes
uapped as Pleistocene and, two $appecl' as Pl1ocene.

All igninbrites eonsid.ered to have been erupted. fron
Taupo Volcani,c Zone have nornaL polarity ancl vrere conslclereil
by Cox to be .< 0.5$ m.y. B.P. Only !'{aiteariki Igninbrite
considereil to bave been erupted fro.m Coronandel area (n:-g f )
has reversecl polarity and. was considered to bave been erupted-

cluring the ivlatuyama. epoch of reversed pola,rity (Cox 1969).

The bowrd,ary separating the two epochs lYas pla.ced' betlveen the

To Kopia and. Waitea.riki Ignimbrites wi'bh little tine separating
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tbe two rrrrits. rhe results of cox thus generally a.gree witb
those of Ninkovieh.

K-Ardating of N.z. Oenozoi.c volcanic rocks was carried.
out by litipp (1968), but only trvo rhyolites fron Taupo Volcani.c
Zone u/ere daterlr oB nost rhyolites exa.nined. were d.evitrifj.ed.
Tbe tlro sa.oples dateil a.re a ]-a,va fron older rhyolites on the
nargi-n of the Nokai Ring structure 0.219+0.01 E.y.8.P., a'trd. a
fission-tra,ck d.ate of 0.09530.015 rr.;r. B.P, a.nd. K-Ard.ate of
0.1130,01 &.y. B.P. on arl obsidian from Nil La.ke Taupo &T€&o

The first d.ate provid.es a ninimuo age for the first stage
ignirnbrites originating fron btol<ai Ring Structule,

Fl s...q l gli;.$ rg. c ]c*pgF irF

fhe developnent of the fission-tra.ck method (Fleiecher
a.nd. Price L964a., Fleischer a.nc[ Ha,rt L972) offers the geologist
a new i.nexpensive tool for d.a.ting minerals and glasses, ancl for
deter$ining their uranium contentg.

$eavyr energetic pa.rticles frorn tho spontaneous fission
of 23BU create single na.rrow, but detecta,ble tra,ils of inteuse
clanage in the host ni:rera}. 'These fission trails are d.isplayed
by preferen'bj.al atta.ck by a suitable chemice.l reagent (pfeischer
and price L964a, Fleiscber and Ha,rt lgTa) vrhich allows tbe
fissj-on-track etch pi'bs to bo vieweil and counted. wrcler an
optiea.l microscope. From the number of fission-tra,cks and. a
knowledge of tlre uraniun content in a. rrnit area, of tlre sample,
the tirne roquired to prod.uce this number of tra.cks can be cal-
cula.ted..

This dating technique uras used. to d.eternine the a,ge of
glass sba.rd.s aail obsld.ian frorn central Nortb Island a.ciclic
rocks.

Te_ch4lgpe. Ignirnbrite, sarnpled. from a near-base vitrophyre; or
dista.l. deposits (crushed. in a, Tena-mill for 8-fO seconds)ror fron
looee tephra was viet sieved, and, tbe 2-4 phi fraction was dried
a,t 6OoC. Fresh. glass sha.rds were tben coucentrated by .means of
a Frantz Isodynamic Separator, each sample requiring different
setti.:rgs for purification. Approxina.tely 70 milligra.ms of the
glass, wtrapped. in aluoinium foil, wi:s pla.ced in an aluminiunr
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can ailjacent to ttro glass sta.ndards of known uraniun contentl
properly cal-ibrated" for the purpose of nonitorlng neutron f1ux.
Tbe standa.rd.s useil vvere a gla,ss used by Kleeman anil Lovering
(fgZO) and the U"S. National Bureau of Stanrla,rd.s - SRI{ 614 1
ppo uraniuru glass used by Carpenter (t972). Each glass stan-
d.a,rd was sand',viched. in lexan plastic a,nd. rnra.pped in a1u-CIiniun

foi1. Ca$s containing gla.ss standa,rd.s and sa,mples were j.rra-
d.iated in the EIFI\R nuclear reactor of the AustraLian Atomic
Energy Comstission at lucas Heights, near Sydneyr Australj.a,.

Tbe lexa.n plastic a.cts a,B a solid state track detector
and records tbe tra.cks caused, by the thernal-neutron induced
fission of 235U in the glass stanilard.s. af'ter imadiation, the
Lexan pla.stic d.etectors F/ere etched in 6i'I Na0H' for 10 rninutes
at 70oCr or glass sta.nda.rd.s were etched for 20 seconcls in 48f'
IIF at 23oC, The neutron dose was ea.lcula,ted by eounting tbe
lnduced. fission-tra.ck d,ensity 1n lexan or glass standa,rd.s wi.th
arr optica.l microscope at x 450 ma.gnification, using an eyepiece
with a ca,librated. squa.re frane. I:exan and gla.ss stand.a,rd.s

were vievred lrnd.er reflected. ligbt with tbe former belng viewed
r"inder obtique ligbting. No vertica.J. flux gradient ryas d.etected..

Irua.d.j-ated. a.nd. non-irra.diated gla.ss shards were tben
placed j-n separa.te teflon noulds and nounted. i.n an er.rbedding

resin (rI;IGl.iSS or $POFfX) a,nd, poliehed. to an optical fi"nish.
Polished, mounted. glass shsrds trere then etclred. und.er id.entieal
cond,itions in 4B"i'kIT a,t 23og, and then neutrafised in concon-
trated. aron,onia solution (etching tisres a.Te given in Te.ble 22).
Sponta.:reous and. induced. fission-tra,cks (figs 25t 26) in glass
sha.rd.s rr;ere then point-couri:ecl under a"n optical nicroecope at
x 45O uagnifleationo usi:rg reflected ligtrt. -

All counting surfa.ces are consldered to be internal sur-
faces. That is a. srrrfa.ce ax,tay froo the origina.l outer surface
by more thar the tote.l effective range of fission traeks in
the g1a.ss (i.e. a,pprox. !2 microns). The etched. fission-tracks
otrserved thus result froo fissions that occurrerl both a,bove and

below tbe counting snrfa,ce,

Gonerally, a.t least 0.4
counted, but in the case of

2
cm- of glass surfa.ce area was

fine-gra.ineCr or very purniceous
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Ii&_jQ. - $tngle E>ontaneor.n fiss:lorFtraclr in a glass
shard frorn sanple P298ll+-fe FJhaiti Ignimbrite.
l-indicates extent of polished. surface of
shaf,d- prior to etchirg. 2-outlines polished.

surface after a 15 second. etch Ln W IIF at
23oC'. Bsr sca.le is lo m:icrons across.

Ii&- 29. , - I{eutron-induced fission-traclcs in a glass
shard. from sar4ple 1 078J-Ongatiti lgrrimbrite,
.Lrrows poin'b to bubb1es. Bar scale is 20

microtur a,cf,oliso
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sha.rrls the area cou:ted wa.s snra.l-l-er beca.use rna$y shard.s are
destroyed by etching. This results in a. longer cowrting tine
(up to a,bout 30 hours a.galnst 10-15 hours for la.rge fIa.t shard.s
aad 4-5 hou:'sr for ohsiaian) and la,rger errors oa da.bes (pro-
vidiilg uraniuo conteuts are eorcpa.rable bo coarser-grade se.ruples).

The age deternrlnation equati-on (ffeischer and, Price J964at
Na.eser l-967 ) recluces to:

Age = (Cs,/(i ). 6.168 x 1o-8. n

nhere Cs and,ei are tbe natura.l and induced, fission.-'uracks
per unit area ancl n = time-integrated flux of neutroxls. In al1.
ca.ses tbe va,Lue used for the clecay consbant for sponta.neous
fission of 2389 

rou,u \f = 6.85+0.2 . 1g-l?r"-r ter*ischer and,

Price I964b, Kleernan and. lovering 1971).

Ir.qglro"g s. +",fS.e. gt,Ln e 4s,EfF.q;rj^ng" .P"re giSI on ofJp.lgg s amp Ie
i.mperfections e.g. bubbles and. scratcLres ca.n some'binres be con-
fused. with fission-tracks (which 'bypicarly havo a. pin-pointed.

"orre-iiku appea.rance ). Therefore in ttre ea,rly sta.ges of tbis
etuicly independ&nt cotrsts lrere ca.ruied or.r'b by l,{rs D. Serryard with
whoro tbe netboas for cla.ting d.escrj.bed. here were jointly rlerived.
Gounts ca,rried, out by sewa.rd vlere withi:r the error based. on
cowrting sta.tistics of those d.erived by tbe a.utbor.

I

A1I glasses stuclied a.re consid.ered to be unaffected by
other factors whi-ch can affeet B.ccurs.cy, such a,sn reloca,tion or
migra.tion of r,lraniu-n (e"g. devitrified glass csn.ba,ins only
20-60/" of uraniun of fresb coexisting glass - Rosholt and, Nob1e
1969) or a.nneali.ng of tracks through heat or wea,thering.

Tbe precisiona(pressed, for clatee given in Table 22 v{a,s

ca'lcula.ted from the stul of the errors detersined from the
nuinber of spon'Laneous and. induced. tra,cks counted, and on errors
invol'red in determining neutron rlose. uncertainties in the
exa.c'b value of the *pontan€oTis fission decay cor;stant useil wers
not consi.dered..

Igglltb_",ilg-S!trS Martin ( rg0: ) analyse d,

(tante 24) from l,{urupa,ra. Gorge lgninbrite
with Kai,nga.roa. Igninbrite r €.9€- Ta,bl.e 22) .

tlo sarnples of pumice
(here corueLated,
Accorcling to $[a,rtin
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and levris (1963) tbese ana.lyses, plus refra.ctive iud.ices of
glass ind,ica.ted that tbe ignimbrite wa.s coroposed of inter-
ningled acid. and inierned.iate glass sha,rds and pumj"ce. - Altbough
only pu"uiee ha.d, been analysed, discreber. colourless and. brown
sha,rd.sr were also considered bo be rhyolitic and andesitic
respectively, bowever, sorne tend.ed to be conposite rr,ritb no
distinct bournd.a.ry betvreen the two types. It was therefore
postulated. by Martln and. r,ern;is tha.t the shard,s yrere produced
by the simultaneous pyroclastic eruption of a,cid aod interCIe-
cliate . $agmas.

In sorue other igninbrites examined (e.g. Iiiarshall, lghaka-
na.ru and Onga.titi Ignimbrites) tlgnter aud d.arker coloured
sba.rds with composite types were a,fso found, rf the shard.s
represent tno contrasting conpositi.onsr &nd 'bherefore contain
different uraniu.uc eontents (see. Ewart and stipp 1968 for
typieal uraaiun contents of rhyolites and andesites) tben any
fission-tra.ck d.a.tes d.eternined. on these mixed, gla.sses woulcl be
neaningle ss n

fhe trvo types of glass sbarcl were magnetically separated.
from a sanple of iriurupara Gorge Ignlabrite (fO?gO collectetl by
Inartin), and. ana,lysed. for na.jor elernents. The analyses given
in Table 24 show that tbe different fractions shovr sone
chenica.l differences, but both a,re rhyolitic in cornpositiors.
Tbe lighter colotred. glass contains $ore sioa a.nd. Less l,,lg0 antt
total Fe the.n the da.rker glase"

The chemistry therefore shows that although there .may be
rhyolitic and andesitic punice in Kainga,roa rgnimbrite (it
being well knom th.at tbis igniobrite cor:tains abrrnd.aret ancle-
sitic fragments, llia.rtin L96]r p. 474), Iight a.nd. Cark glass
shard.s (desi.gnated. rhyolitic and. a.nd.esitic by Lla-rtin 195J,
p]a,te 5t p. 57) are in fa,ct a.ll rtryolitic.

The cause of differenees in glase shard colour is probably
due i.a part to vapolir pha,ee activity.

csrgp.ag3€tgn q€ Flssiog:.Tla,cFJg!.es v:,it,q_S'.svlgug}y_.patgd pamptes
In order to chock ttrat the technique used. was correc'b, the

following proviously dated. sanples were tested by' the fission-
track nethodr .
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qle$e j?2; -, Fissilo r-tlr,ack &ata and, ages of sorne centraL l{ort'h Island ..

acid, voleanie r@ks.
Ihe rlutuber .of, epontaneorrsly producecl tracks were gr"ibtr.acterl

feona the toAI numter of traclrs after igaiU-a.tion in
orflirr to obtain irduoeil traok dengtty/emz.

'lthe lrreoi,eio,n of elates 'eras ealcuLratect from the sunt of ttre
e!.ross ilqtermS-nedln based upon the ntmb* of gpontaneolrg;

artd, Lndueeel traoks countedn andl. on the, errors involvedl

l,n determining the neutron dsse.

eil. saopllerg wene e"tcheit In l+8rt Htr at 23oQ.

Ages rvere ca.loulLatecl ucing tfie d.ecay constant of
\ .. 6.E5 x ro-17yr-f .4f = Qrol E 'lu Jfr.

*Nufibers prefjxedt b.S "Ptt refer to earupl,esr fui t'?re N.Z.

Geologioal S'wrrey 1lobologiee,L oollqc-tion tltrrnb€rs sttrt*,r no

Xrrefix are sarpl.es dlioh beloag to the pe'troXoglc*.1

cotrIection of the Geology Depa:rtnnentn, Victoria Urdlrerstty' 1

Details of aII saqfle lpoallties are given in Appe.nctix Vr
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a) obsidian previously fission-track d.ated at O.095A
0.015 rrrf . B.P. ancl K-A d.a.ted a.t 0.Il+0.0I n.y. 8,,P. (Uotn
dates litipp 1968); fission track obtained by the a.uthor =
0.12+0.02 rn.y. B.P.

b) glass shard.s fom

0.12 tn.;r. B.P. (D. I,iilne
0.23+0.F r.y. B.P.

Mt Curl Tephra K-A dated. a.t O.259
pers. cono. ) I fission-track d,ated. at

c) ash la.yer A fron core RC9-113 paleonagnetically dated
at 0.86 n.f,. B.P, (tlintovich 1968); fission-track ilated at
0.BB+O.16 m.y. B"P.: Further evidence supporting paleorua.gnetic
ages for a.shes from deep-sea cores are given by Dyuond (1969)
and. I{acDougall (f97f ).

d) an ash froo deop-sea. core RCJ-2-2L5 dated by infered
sedimentation rates at 1.13 n.fl. B.P. (gS p-. 176); flssion-
track d.ated at 1.15+0.23 m.f,. 8.3.

In a].l ca.ses the fission-tra.ck d.ate d.etersined wa.s co$-
para.ble and, within the limits of error of sa-ooples previously
dated. The results of fisslon-traek cla.ting are given in Table
22. In all cas,es da.tes obtained are in a€ree$ent with paleo-
oagnetic polarity of roeks sampled (Fig 23)" The general agree-
nent of a,ges tleternj.necl by different setbrods, also indica.tes
that previous assrrmptions ma,de about factors v'rhich nray affect
the accuraey t:f fission-tra,ck dates are probabJ'y cortrect.

lhe da.ta does not, however, support tbe conclusions of
Storzer anc] ifa,gner (fggg, 197]) tfrat the density of Spont{a.neous

tra,cks in gla,sses &ay d.ecrease wi'bh tine even if the sanple was

heJ.d a.t OoC since it forned. Furbhernore, labora,tory annea.ling
experiments of ljakatos and lrtliller ().glZ) shorvi.ng sieilar trends
are not strpported.. It therefore seema uni-ikely that l"a,boratory
anneaU-ng da.ta, resulting fron experineuts ma.d-e over short
perioas of time, caa be extra.pola'bed. to geologieal ti.me.

Illa$:.ug_Areal".fs:lg Uranium coutents of rhyolite gletss shard.s

da.ted in this study ha.ve not been determined because tbe
critical a,ng1e of etching and. exact, a,pparent range of an

average fi-ssior: fra.gment (Uottr approxima.ting to the product
I{c( - K1eema,r: and lovering 1970) itr glass studied. are not linown.
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In order to obtain the prod.uct Ko( r the uranium content
of typical rhyollte gla,ss will first have to be d.eterrnined by
other methods. Using uranius coutents for faupo Volca,nic Zone

rhyolites given by Ewart ancl Stipp (fg6g) a rough approxina-
tion gives a value of Ko( = 2-3.

Disgu,qsion of Results.

9g{,rq1a-ti,oJr of_ lgoj,g.hgiteF, with Deep-Sea Co.re Aqhe s Ninkovich
(1968) described fj.ve asbes in deep-soa cores, labelled, a-e
froro oldest to youngest, from east of N.Z. Since this paper
was published. more cores vrere collecteil i.n the sarno general
area d.uring cruise L2 of Iramont research vessel CONRAD. One

core Rc12-215 (:,at, 35o2BtS, tong, L67o : 3.5'ly) taken close to
cores RC9-1L3 ana 114r contained. nine ash-layers (0-5, 227-233,
245-252, 2Bo-293, 552-513, 662-666, 747-759, gl.g-923 and

97A-972 crn). The eore is 1045 cm long (aI} d.ata l{inkovich
n'ritten con&. L2/5/7I). Samples of al]. ttre ashes frorn this
core and. soms from cores previously described were sent to the
author to a,ttempt to coruelate then on-sbore.

In core RC12-215 eight ashes are rhyolitic and the upper-
nost ash is andesitic and. is not consid.ered. to have been
erupted. fron NoZo The eore has not been analysed paleona.gne-
tically, but using a sedimentation rate to that of nearby
core Rc9-114 (i.e. 1.23 cn/tOOO yr) ages for tbs eight rhyo-
litic a.shos are obtainecl. Tlre a.ges (fig e7; are in general
agreeoent v,rith those of Ninkovich (fg6a) and show tha,t there
is an a.clditlonal tephra between a.shes D and E and two older
than ash layer A.

Ignimbrite coruelatives for the five youngest deep-sea
ashes ba.sed on fission-tra.ck da.tes, feruosa,gnesian uineralogy
and. titano!0a.gneti'Le composition (Tables 22, 23t 25) are given
in Fig 2J. tbe finding of Ongatiti a.nd lihakasaru lgnimbrites
ash,ee in deep-Fea cores j.s not surprising considering tbat
th,ese trvo ignimbrites together rvith tbe Te Whaiti Igninbrite
(=Rangitaiki Igriinbrite ) vrere probably aoong tbe largest
erupted. fron Taupo Volcantc Zose (l.[arbin 1961, Blank 1965).

She oldest three ashes in deep-sea corea cannot be
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definitely correlated witb any central I{orth Island. igninbriteE.
iJrineralogically a,nd paleorna.gnetically the oldost two asbes

could be correlatecl with Rangitoto Ignirnbrites (l'igs 23t 27t
Table 25). No suitable gla.ss trae yet been found for dating
Ra.ngitoto Igniobrites, but i'b would be worthwhile attempting
fission-traclc dating of zircon founiL in some of these ignio-
brites (Bl4n! L96r). The 0,86 biotite-rich ash in deep-sea

col'es cannot be correlated wibh a.ny known igninbrites erupted
from Taupo Volcanic Z'one or Corouasrdel a,rea, i\s igni-mbrite
volcanisn in Ta.upo Volcanic Z'one has been acco$pa;nied by sub-
sidence of the mesozoic greJrwacke basenent to a depth of at
least 4 krn (UoAri.:rlak aied. Stuclt , L959) it is probable that the
igr:imbrite correla.tive of tlris asb. is deeply buried. by Ia'ter
errrptives. Purther drill.ing through older ignin:brites of Taupo

Volcanic Zone may reveal these buried. eruptives.

Based. on ages implied for stranded shorelines in tbe south
iiuckla,nd a.nd. ,;a,ika.to areae Ward (l-glZ) correlated. Pleistocene
Ashes in Wa.ikato Basin with the d.eep-sea ashes of Ni.nkovich
(1968). These correlations are also incl-ut1ed in Fig 2J.

Tbe evidence froln d.eep-sea core teptrrostra.tigra.phy indi-
cates that, assuming preva,iling wind, d.irections have not
changed, explosive rhyolitic volea,nism in laupo Vol-canic ?'one

begao about 1.13 rl.y. B.P. Tlre puoices assigned' an early
Pleistocene a.ge by Kea.r (195?) a,re then either relateil to deep-

ly burietl,, less explosive, rbyolites in Taupo Volcanic Zone or
are, &ore likely, reJ.a.ted. to rhyolitic volcanisn in Corosa.nctel

area (nig 23),

The fission-tra.ck dates a,Iso shor.r tbat Sources of rhyo-
litic volca,nism have generally 'brended from west to ea,si; with
tinre, This is consis'bent r';ith tbe d.irections of nigratj-on of
err.rptive centres riritit tiue in the Lro]<a.j- Ring Siructure and.

northern, l,a,lce Taupo Volear:ic Centre for.rnd by .,.!lva.rt (f968 f .
,39) which he believed indica,ted. tha.t ttle regional tectonic
forces were moving in ihis cliroction.

Pa,leome.Eqnetic Date.,e11c1-$-lssion-!r3,qE--!-q1[i33€ Cox (fgZf ) eon-
- #-'@

cL-rded fror,r lris pa,leorua,gneti.c study of central North Isle'nd
volcanic rocli-+ tha,t there l'jere two groups of ignimbrites eacb

1'75
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r.rith rlirercti.crns of mo,gnetir:ation
Iie concluc].eC that tlre igninilrri'bes
Te i'itra.it i, i'lhalca.rna.r.lr, Iria.nrmui a.ncl

groltp e.nd. iiIa,ta.b.i.*:, a.ncl lia.j.nga.roa

not' siigni.ficanl;ly d ifferent,
rvi.tfiin ea,ch group (Rangiteriici,
|ia.iota,pu fgnj..mbrites in one

Ignimbrites in the otlrer')
were erup'i;erl r.;ithin a 1:eriocl of 'hirr:e not et(ceecii.ng seveEal
centurie s.

*ttl/3r,eepti-or.r of ifa.iota,pu fgnirntr3ils, *U* similar -bitano-
me.gnetite chenisbry of j.gnirrihritcs r-;ithir: ea,ch 6roup strpports
tbe conclusj-o:ls of Cox a.ncL surggests that they $a.y be se'-4i,''.gnatic
(p. 157). \/aio'be,pu rgni.mbri'ce (nis zil ha,s ctifferent tite*no-
rna.gnetite corll-roEritiOn and rvs.S erUrltteci. f:.on a. mgre nOrtherly
$ource tha,n ottrer ignin;brltes in i'bs pa.lecmagnetic group
(t'ta.rtin 196f )" This does rrot, holveverr pl:€clud-e it fro-nr being
closely rera'bed in time to 'bhe igninrbrites of its Eroupo

Al'bhough the eruors on d.ates of i'fhalca.naru. rgr:imbri'i;e (=
l{iantinrii Igninlrril;e and. Te ilha.-iii Jgninbrite ) (," ilangj.ta.iki
fgninibrite) over'Iap (laule 22) tbe 30r000 yrbirro betleen lohese

erui:tions is supportccl by deep-sea co?e tephrostra'bigraphx.
core RCL2*2L5 shovrs tira.t there is a.t lea.s'b 28 c$ of deep*sea
sediment, repre senti:rg $orne Jtr0oo yr between the eruptions of
llha.ka.ma.ru and. Te iiha.iti lgniinbritcs. The tirne bet'rieen erup-
tj.onsr of Ketii:Saroa. a.nd ttia.'ba.hina fgnin:brites rsa.s solue 110rO00 yi.

Fission-track da'bing of igni.nrbrites th.erefore d-oes not
slrppor.t the conclusions of Cox (lg?l).

fhe pa.3"eona,gnetic d.ata
provicle a checlc on the clecay coz:sta.nt for s.ponta.neoris fission
of na.tura.l urar:ius. The value of ttre clecay conntant a.ffects
the accllre.cy of fisrsion;'bra.ck ages a.nd. a,lso their cornpa.ra.bility
with a.ge$ derivecl by other n:ethod.s" There a.re tvr'o d.ecay con-
ste-.nts lvhi.cb arre comoonLy used bi' clifferent workers. Flei-scher
and. Prj.ce (r9e4l) a.nct lt'recroer: e.nd loverii:g (19T1) derived a
consta.nt of 6.8!+0.2 . LO-l-?yr-f Briri a,ge s using this conste,r:t,
(lvirich ha.s been trsetl j.n ttris study) shorr concord.auce rvi.bh da.tes
tlerivcd, hy 0'6tre? netlrods, 0n thc othcr lia.ncl., Ger:tne" gJ_*?J
(rgsg) a,nd ilu'rrE,ni g,!-_gJ (rgl:.) rise 11 a constant of B"4z+0.1 .
1O-l7y* l ernd. tiris gives da.'Lss al:,out lg;1, yau:tger than:bh.ose
usi.ng tlre fornel. cleca.y cor:stant.
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If the constant 8.42 . 10-17yt-l *".* used for deterni-ning
ages on i'/a.itea,riki and 0ngatiti Ignirobrites then the dates
obtained rnould. be younger thsn 0,69 I$r$, B.P,, whicb vrouid be
j-nconsister:t with the reversed polarity of these igninbritss.

rFq Felaibigpstrip Fe,;tlrrgqg Atul$gr. !ij]I5"h.a,]I'-F.arnej-g$i agdJ.o-c4v.

,t{i}LJr.B,icrlr.r,itSg Ttre upper Ahut'oa, lia.rsha.}J. and. Banginui
Igniubrites all ha,ve a distinctive, closely rela.ted til;aco-
nagnetite composition (Appendix V aud Ta,ble 23) and sinllar
mineralogy ([,[artin 1961). Furthernore, Ahuroa and ldarsha'l]
Ignimbrites a.re lithologicalJ-y sinil-ar in pa.rt (Blank 1965t
p. 59S) a.nd. ha.ve clnse fission-tra.ck a.ges (ta.trle 22). These

d.a.ta thus suggest tha,t the three ignimbrites e.re either corre-
latives or a.t least co-magmatic anrii erupted within a sbort
time. The following stra.tigraphic evidence also supports thie
conclusion.

The lower Ahuroa fgnirnbrite era.s considered by Bla:ck (1955)

to be separated by a probable uraconformity fron upper Ahuroa

Igninbrites. At Ga,rdiners Rd (near Ahr:roa Rd) a pumice lenti-
culite (No. 485) o'rerlying Onga,titi Ignirobrite aicd. wtclerlying
upper rlhuroa. Igninbrite (No. 47$) is provisiona.lly correlated
v,'ith upumice-breccia'r (nos, 486t 487 ) recently exposed in road
cutting near Yia.ipa.pa Darnsite (Fig t)" Ttre tvvo tenta.tive corre-
la.tives ha,ve simila.r titanoma.gnetite chenistry and. rnineralogy
but differ fros tha,t of the overlying units and. therefore
support the evidence of an unconforrnity iri.thin the Atruroa

Igninbrites (Blanic 1965).

The I'pumi.ce brecciatt near f/aipa,pa is d"ated. at 0.6590.09
!r.$. B.Po (faUte 22) a.nd is therefore slightly olderbhan the
Irlarshall and. Upper Ahuroa lgnimbrites. It grades upwards into
ash wbich carries a vrell-developed. paleosoJ. which i.:r turn is
overlaln by nore e.sh (No.484) which is capped. by Raaginui
Ignimbrite (No. 509), It is not certain if this igninobrite is
i* .si$g.

If the Rangirrut"I$o"i.y.Frite, nea.r rva,iBapa is in place as

seems probable from thE/titanorca.gnetite conposition of under-
lying ash (No. 484), tben tlro cheruical evidence indicates that
it is elosely a.ssociated in ti.nre wi'bh eruption of Upper Ahuroa
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aad Marshall Ignimbrites, Deternina.'tion of the polarity of
Ra:rginui rgninbrite could confi.rm the validity of this con-
clusion.

Tbe d.istinetive tita.nomagnetite cooposition of the three
igninbrites with high Ti and [in and low V contents ma.ybe either
due to the fall-ure of ilmenite to crystalJ.ise or to the initial
composition of tbe llagna.

Fission-track dating shows tha,t the ll1a.rsha.ll Igniarbrite
is not a corr'elative of Rocky Hill Igninbrite, as $uggested by
I0artin (tg6t p. 461), the l-a.tter being soae c. 3001000 yrs
younger. The a,ge and. titanona.gnetite compositlon of Rocky
Hi1l Ignimbrite ie sinila,r to th,at for an ignimbrite of nornal
pola.rity d.a,ted a,t 0,31j0.06 tr.y. B.P. nea.r iiiara.eora (No. 472)
whlch was previously na.pped. as Onga.titi Ignimbrite by Blank
(1965). The error on tho d.a,tes for hocky Hill, Te i/haiti a.ud

I'ihakameru lgniobrites overlapr so it is still unclear whether
tbe ilhaka.naru Igninbrite is younger than the Rocky Hill lguin-
brite a.s tentatively proposed by Blank (1965). The sinirar
tj.ta.nonre.gnetite eooposition a.nil similar a,ge of Rocky FIiIl, a.nd.

I'fhalcaroaru and Te tyhaiti lgnimbrites suggests they nay be co-
nagma,tic. These i.grrlnbrites were probably part of an eruptive
sequence v,rhich produced volurninous a,nd. explosj.ve rhyolitic vol-
canism between c. O.29-O.33 m.S. B.P" FolJ.owing these out-
pourings, large scale collapse, pa.r'ticu1a.r1y on the eastern
side, took pla,ce lvithin the Taupo Volcauic f,one.

Ag.e, .oJ:_ !&e...:'e qFg}p.cl"i&{3nn;:l3P.Sl,a Fo$,$9gr/."r_Jlqy o.f" ,E},enjt
The widespread. &ia.te.hina fgnimbrite eruptecl from Okataina
Volcanic Centre (nailey 1965) overlies Ca,stlecliffian a.niL Early
Ilaweran (niddle-upper PLeistocene ) narine and, estuarlne bed.s

a,t l,la.tata. on the Bay of Plenty Coast (Healy a.nd Evrart L965 ).
Tlris igninbrite e.lso overlies Lukes Fa,rn Forma.tion becls (f,:nesh-
wa1ber) wtrich pa.rtly correla.te witb coastal beds and. the wicle-
sprea.d a.nd. stra.'bigra.phica.lly iruporta,nt Huka. Fa-lls Foruation
(GrinAley 1965 ), Pollen a,esembla.ges fros Huka Fa,Ils a,rid Lukes
l'arm beds (Harris !g Grindloy 1965 ) show that the Castlecliffian
-Haworzur boundary, representing arg intergla.cia.l-glacia.l bourc-
d.a.ry, oecu.re l.ritlrin tb.ese beds. The beds s.pa:rning the boun-
clary are enclosed by ttre llia.tahina end Ra^rTgita.ilti (= 'Ie ,/he,iti)
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Igniobrites (Grindley J.965) a.rad fission-tnack dates for these
igninbrites sbows tbis age to lie between 0.26-OnJ0 m.y. B.?.

Itt Cufl 'IgpFrg The nar!6 liit Curl Tephra is given to teptrra
that rnantles the oldest late Quaterna.ry landscaBes 1n the SYi

part of the l,lorth Island. The tephra i4rnediately pre-d.ates the
cutting of a marj.ne bencb thought to have been cut during tbe
penultinrate interglacial bigb sea-leveI and it alnost imme-

diately post-dates a oa,jor aggrad.ation teruace considerecl. to
have been forned. d.uring tbe ante-penultimate glaciation (D.

[{i].ne pers. conru. )

Tbe fissj.on-track ctate on this teptrra of O,2390.0J m./.
8.P., therefore, is close to a glaeial-interglu.cial bounilary'
Iflt Curl Tephra is rhyolitic in compositlon arrd. contaj-ns a d.omi-

na.ntly hypersthene ferronagnesian a,ssembla,ge with lesser amountg

of calcic-hornblende. The titanona.gnetite composition (tante
25) and age of the tephra indicates tbat it vras not associated.
with arr ignirnbrite eruption.

ConqlgdLng_8,gn1rks

The tempo of rhyolitic volcanism i.n Tau.oo Volcanj.c Zone

ha.s been previously discusserl (Hea,Iy 1971). . The d.ata presentecl
here ind.icates tha.t there ha.s not bcen any periodic titoing of
igninbrite eruptions, a,lthougb it does reveal tbat nrJrly wetre

closely spa.ced, in tise. No fresh gla.es for dati$g wa.s found
in afty sarnples of i\iamaku, Rangitaikir f,/ai-otapur Paeroa, Te $letat
Ranginui and Rangitoto lgninbri.tes exa.nined. Diore dbtailed
examina,tion of these ignimbritesr 86 rve}l. ag other pyroelastic
rocks and. lavas wil.l und.oubted.ly yield fresh glass alrd zircon
for flssion-tra.ck d.e.ting. Such studies will a.llow cleta.ilecl
timi;eg and. h,istory of events in voLcaaic centres to be d.eter-
mj.ned; a. necessary step irt r:ndertaking any volcanie risk
stud.ies.

Finally, the fission-track $ethod rnrill allovr da,tlng of
gle.ss sha.rds from tepbras i.n such areas as rianganui Ba.sin a.nd

Ha.wkes Bay rvhere they form in.oortalt stratigra.phic rnarkers
(fleming 1953, ancl Kingma L972). This dating r,'rould allow the
forma,tion.of a"n absolute time-scale for da,ting N.Zn sta.ges an0

iroportant geologica,l events. Such studies are clrrently pro-
ceed.ing.

180



G itl'iiU&Llr . C O1'l C IU S I ONS

l-. laboratory stuilies shovrr that 'bitaoomagnetite chemistry,
and feruoms.gnesian minera.logica.l assemblager together serve
to identify nost ignimbrites erupted fron Ta.upo Volca.nic Zone,
New Zea.la,nd..

2. fhere are no systeoatic vertical changes in ti'banona,gne-
tite composition in ignimbrites studied, although in parts of
the }lamaku and Rocky Hill Igninbrites titanoroagnetite chenistry
ha.s been a,ltered., probably due to vapour phase activity.

3. Tlta.nonagr'tetites from lreatherec[ pyroc]astic rocks do not
shorv a,ny chernlcal differences froo those sarnpled fros fresh
rocks of 'bhe same formation,

4. A $ethod d.eveloped" for fission-track dating rhyol-iti.c
glass provid.es a.ges using deca.y constant \t = 6.85 x tO-I?yr-I
which are consistent with those derived. from identical sanples
previously d,aterl. The agreeroent of dates shorrr tha.t results of
short tern labora.tory annealing experiments can not be extra-
'pola.ted. to geological time.

5. Sight rhyolibic ashes a,re recognised. in deep-g6s cores
ta.ken ea.st of Ner"r Zealand.. Tbe five yor.mgest can be correla.ted.
rruith central North Islend igninbrilies. tbe trro olde st (1.07
and 1.13 m.y. B.P.) rua.y comela,te vrith igninbrites of th.e

Rangitoto fgninbrites, while the comela.tive of the thi-rd
oldest (0.86 orf,. B.P,) is probably deeply buried. in Ta.upo

Vol-canic Zone.

6. Explosive rtryolitic volcanisn in llaupo Volcanic f,one pro-
bably cornlienced froo the western side c. 1.13 fii'Jrr B.P. Sj.nce

tlris tine sourcss of acid volcanisn have genera.lly trended. to
the ea,st riith tine.

7. large scale co1la.pse in the eastern Ta.upo VoLca,nic Zone

occurred cr 0.29-0.33 m.$. B.?. followj.ng voluminous eruptions
of ignimbrites.

B. Ignirrbrite eruptions fron Taupo Volcanic Zone

irregularly spa.ced, but some vtere closely spa,cerl in
have been
tins. The
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APFjtNpI$, J

riilpir_0ps oF +N_+ItY.srs

The foJ.lorving instrriaents vrere used in the analysls of
separate rocks ancl mj.nerals; x-rs.y fluoreseence spectrometert
atonic ahrsorption spectrophotometer, e].ectron-nicroprobe
analyser and opticaL enission spectrograph.

X,-r,a,y, fluorgj;.g.ence (X.B*F) I i{hole rock sarnples were dried for
24 hrs at 110oC. Sanples r(rere prepared as glass fusion d.j.sce

follorving the proced.ure of Noruish ar:d, Hutton (1969). Rocks
were analysed in duplicate.

The concentratj.ons of each ma,jor element were determinecl
rela,tive to an artificial stancla.rcl FSL - ?. Iilajor element
concentrations for interna,tj.onal rock standa.rds (C - 2, AGV - I
and G$P - 1- Fla.nagan 1969) were also d,etermined by the saroe

sethod a,s a checlc. Oomeetions for background, d.rift and

oatrix corrections were made after the method. of I'lorrish and

liutton (1969 ).

The opera,tj-ng conditions of the Siemens X.n.F. (SitSI) used
a.re glven in Table 26.

Atomic--AlLs-o,f,p-tio-]3- -s-pectrophotometic enalgses (A.A, ) r ;raalyses
of whole r:ocks for Si, Af, l€, I{a., Qet Fe a.r:d ftin were made on
a Va.riau Teehtro:: model riA-4.

Rock sam;oles, a.s with samples aralyses by X"R.FI, were

firs b ground in a tungsten carbide tena-oill. for u;oto 45
second.s. The gro'"md samples were then fused in a pla.tinun
crucible with a rriixture of IrirBO0Tr li2001 and I,arO, (in tbe
ratio o,f 6 : I : 1.45)r dissolved. in 4f" HeL and then made upto
25O n:-.. using deionised. water.

SoLutions were run on the A.A. and curves of absorbance
plotted agai.nst coucentra.tion were constructed usi.ng inter-
national rock stand.ards (.lg- t, 5y - 3, Dl?iY, T - 1, GSP - 1,
BCR - l-, O,SP - 1, AOV - 1, G - I, G - 2, DT$, PCC - 1, Mica -
Fe Biotite and. trlarelrs for brlckgrounil correc'bions) which were
preparcd. in the same way as the rock samples,
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Electron migr,oprole_aparlygig: lllectron microprobe rorork wag

ca,ruied. out a,t the N.Z. Geologieal Survey using an l.3I aodel
SEiii2 - trnder the supervision of Dr. G.A, Challis.

For I'e-Ti oxides analyeed. the following standard.s were

u$ed..

ILnenite K13-I3f .8 and Diagnetite I'4-L75- (And,erson 1968t
p. 708) and chronite LtB-5(Irvi.ne t95J, p, 94 ).

Analyses were sra.de ou carbon coa,teil polished grain mounts

under the following conditions.
Accelerating voltage
Beam Current
Spot size
Counting tine

Six eLements rYere analysed.
spot determinations being nad.e

2O Kv

O.2 nA

0.25-P.l microns.
1O-2O second.s

sisultaneously with upto five.
for each element.

'A11 counts were corrected for ba.ckgrouncl and d.ead. tine
,(3 oicrosecs. ) wb.ea counts exceed.ed. {jAo/sec"

Calculatj.on of Fer03 wa.s ma.de after the ne'bhotl of
car$ichael (L967 p. 39).

Optj..ca] emi.sFion ,spgc3tosg.Ely: Details of tba spectrograpbic
a.ppara.tus used., opera.ti.ng conclitions and elesent ]ines used are
given in Kohn (f9?O). Detection linits for lines read. are:
5 ppo for Vr Co and llir 10 ppm for l!{rrr 0rr 7.t, and Cpr and

approx. 500 ppm for Ti, Irtg and Ca. tr'urther d.otails on tbe
prepa.ration of standarcls and, general pro<:eil.ure used. are givetr
by Tennant (f990).
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APPEIf DIX I. I

*'rra}$sE€ of titanoma,gneti.tes fnorn poot sl. rtirrrOoo Jr g.g; centraL sortb
trel-,a tephras. xnfo:matlo'n on ariitlys:es as fory jhbl.e 6 (par+ 1).
'frNunber.s trxe Jxeil by n'F retrer to sarap]es jn the I[.8. Geo].ogical
srr?Ey petrologieal eorleotlon. I{r.uuber"s wit*r $r prefix refer to
sqtqfleo v&idr belorg to the potroll.ogical eoJ-l€oti.on otr the Geo.trogr
Departrent, Illetorta Unlrirersd.tSr.,

ErettenE trtreOed.irlg, deta:,tra, of, saryrJ"e XocatiioR refer to eo1J.ectors
sther- d,ran thg reflter,
a'- W.A. FuIIsr-,
cl - R.C. Ia$',

.8 - K.B' Idc,
d - g.G. Vireeti&,
p - f,. Slngh.

rl

All grld refefencec are baeecl on the natiOnatr, *,ro,usani[-5rard. grtdL of-'
the 't $3J@ topograSrhia map seri.os (ware f )., nate of putrtrica-tian
of maFe usedl in tjhi,s stuQgr arel

1l

1955 - N.10, N{06.n Nt}i5'
1956 - W92t

1962 - IVg, t[14f , N145r Nlb6,
t9,64 - I{7-n M.6, N8rF, l{"102, Nlr4i
1965 - N55, N57, !Bg, m67'' xr7?r. Ng8,

1966 - N122,

'196? - Nh9,,

1968 - ll2tr"r

1969 - N69,

1970 - tr[95r

'197{, - $t85.

b . J..8. @xr
e - V.8,. Neaillr
h - J.W. OoLa,

k - J,D.G. MiLne

N68i lfl5, $85, Ng6, I{iojr tf11t}, N115r

N86, l{g}, Nf 12, N{ 2f ,
l{94, stroj, I.{116, NilLEZ, Ifi49, !,fi69 (int'erfua seriee),

c - E.W' TtelLuran"

f, - I[,W. lbtrrplrrg,

i - S.R. Drnoan,

& - 1,A. Ha:lrn,

408



Saryfle .I$os. (name 4) Bot given tn folloqdng Tnbles are:

1,lg5t - Arab6ie l{o. l!8r ard. 11932 = .Anal.;yrsis No. 149.

11867 'r T$ei.ohsu Ashr !Et. thrawtr&r g$L[y $E Ylahanga Dmot

w/,g,859w.
i188l} = mh Eise naterial of, sarErle 1{885 whi,ch oe4gnlrses oaly

prmioe lapilli.
11'888 = l,f*.rlgq,one merab,er (a), punfee in paleosol, Rlver Rc[,

oneBun Rangi.t*iJri P1afuu, lW?fi'gOr8t.

11890 = Ualqgeone rasr&er (o)r terytra-fl'sw eontain-{.rg {*ral1red

lngs, Iooeltty as for 11888.

11E91 '= &hhgao$e mernban (o), paloosol,r eoqrEe astr, locaLltgr
as fos 1{,888.

11899 = Iflarlgaone meder (vr), aah eize srttri.al of selqrle

11897 (r*rictr iE ctosrj.nantly lapitll ar,rct block size).

11889 .e lfangsone nernber (e), punloe lapilli ard. b]cslts, baser'l

2O c.rn, trooaLltY as for 11i8E8.

.ebbreviatlorc:

(T,t.) * ty6re loaalltyn
(A) = ash-slze tephra, (r,) = 1aBtl.![-alao, te5rhra,
(A) = blook-elze tqrhra.
(t5 * T) - total thiokness of te5fira at a sectioa = 15 cm,
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RHYOLITfC TE?HRA [iAiiKER BEDS IN THE TONG.AAIRO

a3EA, NORTII ISr,A-t{D, NEit ZEAIAI{D

topping and .8.P. Kobn
(Geology Departnent, Victorla Universlty of t{ellingtont

New Zealar:d)

ANSTRAGT

In the llongariro area 13 rbyolitie tephra.s erupted fron
0kataina, Maroa aud. Taupo Volcanic Centres over the last
20r000 yeaTs are interbedded wittr local andesitic tepbras.
The order of successlon of the 13 tephras ie established. by
stratigraph.fr and, is confirmed by their nineralogical conposi-
tion aud by chenical aoalysis of their titano$agnetites.
$even of the rhyolitic tephras have been previously da.ted lry
'lA
i*C l four are dated heren arcl two a.re not yet d.a,ted.. fhe
four o"r, 14C dates provid.e ages of c. L21500 yrs .8.3. for
Rotorua Ash (N.2. 1,186; N.z. 1187); 91785317o yrs B.?. for
Papauetu Tephra and Karapiti la,pilli (N.2. L3721 N.Z. 1374);
aad c. 9r74O yrs B.P. for Poronui Tephra.

l];]:i



II,IfRODUCTION

fuidesitic tephras erupted from the Torrgariro National Parl<

volca.noes (f ig f ) bave been stud.ied during the eourse of
regional geological mapping (Grange and Hurst L929; Grauge

and \',filliamson f930; Gregg 1960) and soil ua,pping (Grange

1931; Gra.nge and Taylor 19311 New Zealand SoiJ. Br:rea.u 1954),

0n1y the youngest tepbra,s ha,ve been fornally named, arod napped

in any detail. I'lga.uruhoe Ash (Grange ancl Hurst L929r P. 6)

was Ea.pped by Grange (fg:f) as a soil-forning a.sb, and. j.ncludes

all ar:desitic asb from the Tongariro Volcanic Centre (grind.le$

1960) above the rhyolitie Taupo Pumice (Baungart L954; Healy

L964). Gregg (rg0o) forma,lly naued the Mangatawai Aeb for ...
rrthinly bedded dark-grey andesite ash cOntaining leaves [ ....
(Gra.rcge and Hurst 1929r pn 7) imnediately uriflerlying Taupo

Pucj-ce. Tongariro Ash was a cooprebensive naJne for andesitic
tephra. older than lliaogatavra,i Ash (Gregg 1960r P. 38).

Indivj.d.ual bed.s within the Tongariro Ash are I'confusingly

aliker' (Cregg 1960r p. 38). Where stra,tig3aphic sections are

close together, the and.esltic tephras can be correla.ted t'ritb-
out diffieulty. Ilut where sections are aore than O.5 ka

apart the sinila,rity in appearance a,nd. cooplex distribution
pattern of and.esitic lapi}li units makes correlation difficult.

fhe only rhyolitic tephras previously identified within
the Tonga.riro tephra, sequence have been taupo Pu.oice (Ba,urngart

L954; Hea.ly 1964) and Oruanui. Fornation (Vucetich and 3u11ar

1969). Gregg (f9AO) noted tha,t other rhyolitic tephras occur-
ring vrithin the andesitic sequence noay correl-ate witb Taupo

Subgroup members.

Twelve rhyolitic tephras of knovrn age have now been

identified. within tbe andesitic tephra sequence and have proved.

to be very useful oarker beds. Most sections niithin the
Tongariro area contain a.t ]east one rhyolitic tephra aod up to
seven ma.y be present in any one section. Eigbt rhyoJ'itic
teptrra.s a,re wid,esprea.d a,nd. useful as narkers. The widespreail
rhyolitic tephras also provide vaLua,ble time control ln the
soutbern pa.rt of the study area wtrere tephras frora Ruapebu are

dominant ancl where tepbras froru Tongariro are absent. A further

?iJ,,l
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fhe identification of rhYolitic
stratigraphic column (surnmarised i.n

tbe Tonga.riro area. The established

five rhyotitic tephras are present in the a.rea. but appesr in
too fel,r sections to be of mUch value. However, the stra'ti-
graphic position of these less corrmon tephras add's fprther
time conl;ro} to the otherwise difflcult and.esitic sequence'

I{orth of Tongariro identifica.tion of rhyolitic tephras

ca.n be made frorn their stra,tigraphlc position in reLation to
proninent and.esite lapilli beds (faUte I). In tbe labora,torXr

id.entj.fica.tion of rbyolitic tephra.s has been ileteroined by:

ra.dioca.rbon da.ting of associabed organle na,tter, heavy mineral

determinatj-ons and tbe cheroical analysis of titanomagnetites
vrithin tephra (forrn 19?0).

tephras provid.es a time-
Table I) for tePhras in

allows da'bing of otber inportant 1a'te

chronology therefore
QuaternarY events.

IDJii{TIFICAT]OI{ AND CORREI,ATION OF RiITOIITIC NEPHRAS

F.a,d i o c e.qPgg_qgb :L[t g :

S.even new radiocarbon dates frOm sites northwest of
Iongariro provide ages for four rhyolitic tephras not previous-

Iy dated. Papanetu [ephra, bracketed by two radj.ocan'bon clates

(tl.Z. 3.372, N.Z. 1374; Table 2), is assigned an age of 91785

yrs 8.I,. Papaneliu Tephra. lva.s etrupted iomediatety following
eruptlon of Ka.rapiti Ilapilli (Vucetich and Pulfar 19?3) and

therefore tbe age of Kara.piti Ilapilli is also about 91785 yrs

B.p. An ash considered to be Rotorua Ash (Vucetich and Plrllan

l:964) ls braslceted by two radiocarbon dates (N.2. 1187r N.Z.

1186; Table 2) a.nd is estimated to be 121500 yrs B.P.

Swo rvood samples fron peat in a srYarnp cut by the Otamang-

e.kau Car:al (fgffZr/f09984 ) which r.xrderlie Taupo Punice r and the

a.ge of the pu.uice itself, indicate that the peat a,ccunulated

uniformly at approxirnately 0.45 nrlfOOO years. The rate is
used. to date two interbed.ded tephras and one basal tephra
not previottsly da.ted.. The results are shown below:-

23ti



FORIIA fI ON

rr0lr(r!' ffphl',1

hupo Ptrnicc

Aat.rsai Tephr3

ipo Tephra

i.nihia

akai Te pb ra
aia Ash

Papakai Tephra

Rotomi Ash
PaDakai

Tephra

apakai Tephra

re iephra

Poronui Tephra

tephra

PapaneEu Tephra
4Rarapiti Lapirli

Iephre

Rocorua Ash

EoaiEa Lapilli

icu Ash

Soruuui Formation

Nrt\tt:D nllilrt.tis

N,Z.1199

N.Z.1559

N.2. 12
$.2. 1.056

I
2

3

4

Oruanui Ash

Nme'l by Crange & llurst (1929)
t' " Baungart (195/r)

" " Grugg (1960)

' { Vucetich & Pullar (1973)

5 Nancd by Topping (1973)

1 n .' Lloyd (1972)

Tal1e 1. - Stratigraphic column showj-ng the relationship, i-n the
Tongariro area, of anlesitic te1:h-ras of tJ.re Tbngariro

. Sub-group rrith interbedded. rhyolitic tephras erupted.
from the 0krrtaina, Idaroa and I€ke lbutrlo Volerinic Cenf-res.

l,ri\;r.\tD s'il'llrrrli \ rrl.c.\\ I c
(:f1 fl.i!:
( sorticri)

I\! l rilil D

Siri4;li:llir,'!llC
.\':L' (\Uf ljrU-
D.\ f uD)

t,919 t t7t-.rt,i I I i
Rotonr:.lio Ash

t,500 : 2no (basal 80 irn)

AndesiEic

21670 1 50 (aborc ash)
2.7:lo 160 (t'elqv asir)

liaimibia Lapilli 3,170 r 80 (aboue ash)
3,440 t 80 (below ash)

6,390 t t?0 (aboue ash)
6,190 : 70 (heloc ash)

7,330:235

Pouru lapilli

Te Rato Lapilli 9,700 t 200 (beloe 1apil1i
9,7801170( )

N.Z.1372
N.Z. t373

g,?go ! 160 (above ash)

12,350 1 220 (above aslr)
13.150 t 300 (b€low ash)

Tongariro

3,800 t 300 (be1or 1apil1i)
Andes iEic
tephra

14,700 I 200 (below ash)

Andesi t ic
te phra

20,67O ! 100 (uithin ash)
19,850 z 310 (below ash)

oruanui Breccia

li.z. rC \l'titj[!{

Avcri6etl fron uilrtY
daEcs (lh3tY lt,6'.)

li.z. ttl6

!{.2. t0;0
N.Z. l07t

N.Z.50t
N.2.505

ri.z.1ll7
N.Z. I217

23',:/



Tephra
Ages from re.te of
pea.t accumulation Previous da.tes

Rotoma Asb
(Vucetich & Pullar L964) 7 re,30 yrs

7, 330
(Puttar *

yrs B.P.
I{eine 19?1)

Opepe Tephra
(Vucetich & PuILar L973) 8'600 yrs

8r850 yrs B,P.
(ltealy 1964 )

Poutu la,pilli
(ropping 1973) 9r700 yrs

Poronui ltaphra (Vucetich ancl Pullar 1973) ties between

Poutu lapilli and. Paparretu Teplrra so ttrat its e.Be is estiuated'
to be 9t74O yrs 8.P..

Fsrgona,ege sian AssgmblaF.e s. a.nd C lrgati.ca.lipaluris-€ TiE:rg-
sss!!!eg!

Rhyotitic tephra,s of the laupo Subgroup (IIeaIy 1964 ) con-

tain a ferrona,gnesian a.ssemblage of doroinantly hyperetheno

with or rvithout (t) augite with very rare horublender biotito
anct olivino (gwa.rt 1963).

fhe Rotorua Subgroup tephras (Vucetich and Prrllar 1964)

iuclude three different ferromagnesian assemblagos (Ervart 196.6;

Cole I9?0, ffid 'Iable 2, B' ), i.e.
(a) hypersth€ne + augite
(n) hypersthene + calcic-b,ornbleude i cu-anrningtoniter anil

(c) biotite + byperstbene + calci.c-hornbleud.e + traees of,

auglte.

The Qruanui Fornation eru.oted from north of L,aka faupo
(Vucetich and hr}la.r ]969) contains a ferronagnesian assenb-

lage of hyperstbene + calcic hornblendu 3 sparse augite I
rare biotite.

llaupo $ubgroup tephras (i.e. erupted' from Taupo Volcanic
Centre), in containing very rare biotite and calcic-hornblendet
ca11 generally be d,iotinguisheil fron tepbras erupted. from other
sources. But the uniforrnity of the ferromagnesia.n a,ssenblage'
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d'oee not allo'ir iclentificati.on of individua.I forruations (faUte
3). The chemj.cal analysis of titanoilagne'bites (xorrn 19?0) was
used to distinguish younger and olf,on Taupo subgroup tephras
and also to confirrn correlation of rhyolil;ic 'bepbras fron
other centres.

Rhyolitic tephra,s sa.mpled. for chemical e.nd. oineralogical
analysis were ta,ken from the oid.dle of pockets anil lenses and.

were consid.ered. to be least contanrinated.

Hypersthene
g augite,

I{ypersthene
calcic-hornb1end.e,
cunmi.ngtoni'be.

Biotite + hypersthene
+ calcic-hornblende
+ augite

+

+

Taupo Puroice

l'/hakaipo Tephra
l?ai.mihia T,apilli

Hinena.iaia Ash
Opepe Tephra
Poronui fephra
Sapanetu Tephra
Karapiti LapilJ"i

Oruanui Fornation ? Rotorua Ash
(nay contain a,ugite )

? Puketarata Ash
? Rotoma Ash (con- Rereyuhakaaitu Asb
ta,ins biotite where
sa,mpJ-ed. in llongariro
region)

Table .J. - r,bminant ferroaugnesian asse.r:iblages for rhyoLitic tephras
id'entifi-ed. in the Tongariro yolcani-c centre,

Titaooura,gnetite enalyses aro presented. in Ta,bl.e 4.

2 -lfJ



naPle tt - tLtarnnagnetite ana{yrses of rhyolitlc tepbras f,riom.

rrcar soulroe a.rd. within the brrgarl_ro area. all aralyses
aJFe in 1. o rurless otbenrl,se iniicatecl. r*:rglyses geare

eafried. out a,t Spectnographi.e Seet.i,,on, Cheneerry
DLviston, D.s.r.B.r uelqg apBarat'a and operatilrrg
cord.itiorrs desertrbsd. by Kohn (tpzo). ana!,yses aee $re
avenaged. result of sanplas general.x.y run in trlp].icate,.
Iho analybioatr trlr.ecision, ,el4rse€ed as a re-,lative
tlbvr-,+tio,a, nras appaoxinate{y ,I tbft.

'4[urnberg prefixed. by nF belong to ttre pcta:o]og5.cal
eoil,[eetis.n,of the N.2, Geo ogi,sal $rrrveiv.
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DESCRIPTIOI'{S Otr' RHYOLITI0 T}'PI{RAS

rlaupo hrmis.e- (tp)

[aupo Puoice has long been recognlsed, as an important and,
wid"espread d,eposit j-n the study area and was once believed to
have been erupted, fron the Tongari-ro vorear:oes (nieffenbacb
1843r p. LZB; \Yakefield 1845r p. Z36i Taylor lB55r p. ZZj),
Gregg (rg0or p. 39) sunmarised, previous work and. sbrowed. its
distribution by a generalised. isopa.ch oap. However, within
the Tongariro atrea varying amounts of pri"roa"ry deposits (airfall
a.nd nu5e ard,ente origin, alnost eertainly erupted from CIore
than sne source ) and. wa.ter-sorted punice malre the distribution
pattern $ore complex.

rn the nortlrern pa.rt of the a.rea. two further senbers of
the Taupo Purnice Formation are present. Rotongaio ash
(Banmgart L954; Healy Lg64) vritb its d.istinctive steel-grey
colour is 5.2a r:nm tfrick a.t sections near Kura,tau (Fis 1) and
a.1so about 20 nn thick on Kepa Roa,d, east of Iuraagi
(tlrOZr/:A2OI"). At the latter locatity 2o rnm of creaE coloured-
ash (tPutty Ashr, Tsg member ,i llealy Lg64) underlies
Rotongaio Ash but has not been seen further south.

Accorcl.ing to Gregg (1900) tfre Taupo Punice defines tbe t-op
of the l,laugata.wai ash and the base of the Ngauruhoe Ash.

Ylhaka.ipo'Ieplr.ra (vro )

l*/hakaipo Tephra. (vucetich and. purrar 1973) can be id.enti-
fied. in the northern part of the region studied. where it is
of IapiIIi grad.e. 0n Kepa Road (i'troz/3a2oLz) go rnm of pale.
yellow iJha,kaipo Tephra. occurs withj.n Hangatav.rai Ash o.L6 n
above i'lainihia lapilIi. Further soutb, the }langatavrai Ash
separating then becomes indistinet so that rlhakaipo Tepbra
caunot be distj-nguished. from r'laimj-hia Lapi1li. Still further
south (ttlZZ/ZZ367l) *haka.ipo Tephra is significantly finer.

correLa,tion vra,s estatrlished. by stra.tigraphy a"nd. presence
of hypersthene + augite. Titanooa.gnetite was not analysed..

24,'i



!'/al$i_h.rg, l.qqil.]i_ (wm )

iiainihia Lapilli (Baungart 1954; Hea,1y L964) can be identified
up to 9 lcm south-ivest of Ruapehu (l{L2I/993595) and in the
southern area, of the Ra,ngipo Desert (tttZZ/rc5595; 10 km

southea,st of Rua.pehu). It ha.s not been found to the s;est of
the volca.noes.

fn the sor,rth (NL22/O97565) ttre ash is fj.ne a.nd yellow to
pa.le yellow and forms a well defined horizon up to 50 mlr thick.
About 34 krn fu.rther north.east, rvh"et.e \Iairnihia la,pilli is of
less use a.s a. sarker, it consists of 0.3 m of rnediun pa.le
pr.l-niceous ash sca.ttered throughout fine yellorvish brol'rn ash.

The ferroma,gnesia.n assernbla.ge - hypersthene + a.ugite
and. the rela,tively high titenium, ctrroriusr a^rrd zirconium, arcd.

low vara.d.irrn, cobe.lt anrL niclcel of tbe tita.nona,gnetites con-
firsrs idenl;ifica.tion a,s !{aimihia. Lapilli (la.Ufe 4 ana.lyses
8-13). It is d.istinguislred fros 'the otbervrise minerer.logically
and chemieally siuila.r Taupo Funlce by its rela.tively bj.gh
zirconirr-ni content (>fOO ppm).

HfggsgtgiA $,s! (lrn)

Fine white rhyolitie tephra interbed.ded with the Pa.pakai
Tephra. (taUte 1) a.nd. occurring a.t e.]l sections e.long the
Desert Roa.d fros, Iiakahika.toa. Stream bridge (XLLZ/ZSO7BT ) south
to llia.nga.toetoenrii Strea.m (tltl.Z/2t6709) fs correla.ted. yrith
Hinema.lo.ia. Ash (Vucetich ancl ?ullar 1973). Between thsse
Loca,llties the a.sh typicalLy occu.rs about 0.15 n a.bove ?outu
I,apil}i and a,bout O.5 m belovr the top of Papa.l<ai Tephra
(Toppin$ 19?3), I,trear ltia,kahlkatoa Stream, Hinenaia.ia i\sh occurs
a$ ilcrea.m cakesft (Healy 1964r F. 10) or in isolated pockets.
Further s,outh, a.nc1 due east of the Tarna Lakes, it forms a con-
tinuous horizort. It is suggested. that the continuous eruption
of andesitic tephra froro one of the fonge.riro vents protectecl
Hinema.ie.ia Ash ft'on subsequent erosion or d.isturbance d.uring
soil-forming processes,

i'lorth of fongarirs Hinemaiaia Ash occurs in only a. few
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secti.ons, On an old Kebetahi Springs traclc (nffer/f359]..5) it
is 50 rom thick and 50 mm above ttre ba.se of the 0.73 m-tbiek
3apa.l:e.i fephra. About 1.3 km l/i{i/ (Ntl.z/1.Zig24) it occurs 8.s

an isole.ted poclcet, 60 nm th.ick, iu the lolver pa.rt of the
Papa,liai Tepbra.. the occurrence of Hinenaia,ia Ash to tbe north
of Tongariro in pockets only ra,tkrer tban a continuous horizon
ind,ica.tes littIe protection frorn erosion by subsequent a:rde-

sitic tephra.s.

i\ccord.ing to the stratigraphlc position a.nd ferroroa,gnesian

ninera.l content - hypersthene + a.ugite - the ash could be

Hinemaiaia Ash or Opepe Tephra.. Howeverl tbe titanona,gnetite
ana.lysis (tante 4t a,nalysis 15) identifies the ash as

Hinemaia.ia Ash.

35g3.ggg._A=,h (rn )

The rlryolitic ash scattered 'bhrough 20 om of peat in 'bhe

swamp cut by the Ota.ma-nga,kau Ca.na.I (Xffer/fO99&4) tras an 48€ r

by interpolationr of 7s43O yrs B.P. Accord.ing to lullar a-ncl

Heine (rgZf) Rotoma Ash has an e'ge of 713303235 yrs B.P.
(tl"Z" 1199). The ferrooagnesian assembla.ge of a se,mple fron
the pea.t comprises hypersthene + biotite + calcic-hornblencle
+ a,ugite. Tha,'b foyblre Rotona Ash (Vueetich and, PuL1ar Lg64)

conprises ca,lcic hornblend.e + bypersthene + ra.re e'ugite. The

a.mount of biotite in the sanple fron the swa,rnp is anoualously
bigh, Most of the a,ugite 1n the saople from the peat is
la,rger 1n size tha.n th.e other ferroroagnesian minera.ls and' is
protrahly contasination fron and.esitic tephra,s. The aEEt and'

presence of calcic-hornblende suggests correlation lvith Rotona

Ash.

Q_p_e pgJephra: ( op )

Opepe Tephra (Vucetich ald, ?ullar 19?3) ie only recog-
nised in a perat svtsLop cut by ttre Ota.ruanga.lcau Ca.na1

(urrz/ro9g84 ) " The estisated. a.ge fron the uniforn rate of
peat accumula.tion is 81500 yrs .B"!o which corlps.res well vritb

a radiosa.rbon a.ge of IrB50dLO00 yre B.Pn (Healy 1964). fbe

d.eposition of 0pepe Tephra occurred at tbe time of nancinu-u

soil developrnent on Papaka,i tephra. ma'kj.ng its preservation
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outsid.e of peat swa&ps very r.r:rlikely.

@(po)

Poronul fepbra (vucetich and puLlar 19?3) is a rhyolitic
tepbra erupted. fron Taupo Volcanic Centre. Nortb of Tongarirol
Poronui Tephra is enclosed. by poutu ],apilli a,nd re Ra.to
rapillir but to the east re Rato r,a.pilli is thin or a.bsent.

Poroaui. Teptrra, is typically exposed. in the poutu canar -
ea,-stern Na.tioaal Pa.rk-faupo Road. region wbere it comprises fine
yellow a,sh 10-30 mru thick. rt is arso present a.t refereuce
sectj.ons: Soutu lnig a), Access 10, aud. Te ponanga sadd.le
(Fig 3; ancl extend.s southwa.rd.s over ha.l-f the length of tbe
Desert Road. but d.oes not occur to the west of rongariro. rt
thickens northwards to 60 nm on Kepa Roa,d. (NfOZ/:gZOl.Z) and
eastwarde to B0 nn at the hea,d. of the tgaipa,lcihi valley
(nr'tz/431846 ) .

1A
A *tC age of grfBO3UO yrs B.p. for Te Rato l,apilli

(N.2. r3'.1-2; fable 2) together with an estinated age of gr?00
;rcs B.P. for Poutu lapilli dates poronui Tephra a.t about
9t74o yrs B.P. tbe preservation of poronui Tephra a.s a
cliscrete horizon is attributed. to the rapid d.eposition of over-
lying audesiti.c bed,s.

llhe ash bas been traced. northward.s and correlated with
Poronui rephra of the llaupo subgroup. The ferronagnesian
assemblage hypersthene + augite confirns this correlation.
Titanona.gnetite a:ralyses of loronui rephra at the rwatahi
reference section (itfO:,/T3jZAOt Sg Fig 1) and one other site
(analyses u, 18) correlate with the rbyolitic aeh bracketed,
by ?outu lapilli aud Te Ra.to r,apilri at three sites in the
Tongariro region (a.naryses 19-21). At the rwatahi reference
section Poutu r,apilli has been id.entified. (raute t? p. ) in
the paleosol of Poronul rephra wbich is iu turn underrain by
the grey-green Te Rato lapil1i.

?.apape tu*Te p$.a ( pa, )

Papanetu Tephra is a new fornation name for rhyolitic



Fig. 2. - F*to reference sectj,on on llgrtional Fark - Taupo
(tttlz/z399ot ), shovring fc'.r rhyolitic tephras:
Taupc Fr-unice (tp), Forornli Tephra (po), ?Rotor'.a
Oruanuj" Forraation (o*), anil tro and.eeitic marker' Pouhr l-apilfi (pt) and, Rotoaiya T'{piILi (rt),

Roacl

Ash (rr),
beds:

!'ig. L. - Ib Fonanga .$a,f,,lle.referetrce sectionr Te ponanga Sadd.le
Roarl (llt 12/22+9Bj), tJTu section for Palfretu Tephra.
Rlryolitic tepirras are: 'ria.jnrjiJria. Iapi3-li ^(vom), Poronui

' Tephra (po), Faprnetu'Ibphra (p.), ?Rrketarata a.sh (pk),
arid tlhe ard.esitic unlts ar.e: Foutu T'rgilli (p.t) and
Te Rato rapilli (tt).
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tephra inmed.iately underlying the Te Rato LapilLi. At the
type section ou the Te Ponanga Saddle Road. (NttZ/224983),
Sapa^netu lephra comprises up to 2O nn pale yellow asb wi.th
abund.ant grey lithic fragments and. clear obsidian up to 10
truno 0n X,uhurua, Done (N102/188082) Papanetu Tephra, below Te

Rato l,apilli aod. above rhyoJ.itie breccia, conprises 0.62 m of,

rhyolitic ash and coe.rse obsidiarc fragments.

Ihe tephra. is best displayed. in sections along Te 3or:anga
Saddle Road where it is commonly 10-20 rnm tbick but with a
range of 2-4O om. fhe isopa.ch pattern (fig 4; ancL the coarse
obsidian fragroents ind.icate that tbe sollrce is Kutq,trua Done.

Papanetu Tephra is bracketecl by two new ra.d.iocarbon dates.
Twigs from 5 no of peat above Pa.panetu Tephra gave an age of
9p7803170 yrs B.P. (N.2.J372, Table 2), the peat gave en age

of 917009210 yrs B.?. (N.2. 13?3, Table 2), and twigs frorn 20

n& of pea.t irnmed.iately underlying the tepbra gave an age of
9r79ofl"60 yrs B.P. (N.2. L374, Iable 2). the age of ?apanetu
Tephra is taken as being 91785 yrs B.P. and tho date provid.es
a roininu$ a.ge for Kuhurua Doae.

Papanetu Tepbra has a ferrooa.gnesiao assenblage comprising
bypersthene + augite. Three titanonagr:etite analyses, including
one fron the section on Kuhurua, Dooe, are sinilar except that
chroniun is higher in the sample fron tbe dose (naUte 4).

Kaqeqili tPpitli (rp )

Rhyolitic tephra correLated with Ka.rapiti l,apilli
(Vucetictr and, Pu]Iar L973) underlies Te Ra,to lapilli on Kepa
Road and a.t sections further north. Karapiti lapiJ.li and
Papanetu Tephra botb directly und.erLie Te Rato lapilli vrithout
evidence of significant tine break. The age of Karapiti
fepbra is therefore consid.ereil to be about 91785 yrs old.

Two titanomagnetite samples of Ka.rapiti La.pilli vyere

a.nalysed (analyses 25t 26; Table 4) and forr:rcl to be signifi-
cantly lovrer in chroniu-m, cobalt and nickel than Papanetu
Tepbra. samples. Ka.ra.oiti Irapilli and Papa.netu Tepbra both
have a hypersthene + augite femornagnesian assemblage so

ce.:anot be dlstinguished. on nineralogy.ce.:anot be dlstinguished.
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?Rotoruq Ash (rr)

A fine yelIon rhyolitic ash that probably comelates with
Rotorua Ash (Vuceticb and Pullar L964) occurs about nid.rvay

between Te Ra.to lapilli and Rotoaira I,apilli in sections to
the north of Tougariro, and in about ba.lf of all sectlons
elsewhere in the study area spimning this time range. The

ash extends as far westwards as Moera$gi and south almost to
lYaiouru (Fig 1) and reaches a maximum thicknese of 60 rnm.

It occurs typically as ssall rtcreao eakesrt (Healy 1954r p. 10)
or in srnall pockets to the north of Tor:gariro (e.g. at
reference sections: Poutu, Access 10, arid. Manga,tawair ggg also
tr'ig 5 and a.ppendix ). At sections on the National Park
-Taupo Road south of Taurewa it occurs as a d.iscrete horizon
where overla.in by tephra froro Mt. Ruapehu.

Its wide distribution a.nd. its fine grain size suggests a
distasrt source. Two d.a,ted andesitic tephras (fZr35O3Z20 yrs
B.P., N,Z. 1187; 1311509300 yrs B,3r t N.Z. 1185; Table 2)
fron a sectiou at N112/f05987 can be correlated with a section
0.5 kn to the northvrest (tlffZr/f}299}) where tbey bracket the
rhyolitic ash and ind.icate an age of about 12r5O0 trrrs B.P.
The ferromagnesian assemblage cooprising hypersthene + calcic-
horublend.e + biotite + augite suggests correla.tion with a
Rotorua Subgroup tephra and the Rotorua Ash with an estinated.
age of 131000 yrs B.P. (Vucetieh anel. I,uJ.lar Lg64) is a probable
correlative.

llhree tita.nona.gnetite analyses (a.nalyses 30-32, Table 4)
fron tbe gongariro region contain significantly higher vana-
d.ium, chromir:m, cobalt and nickel than three near-source
Rotorua Ash saoples (analyses 27-29). Horvever, ttre presence
of some very large augite and hyperstbene in tbe Tongariro
samples aay indicate contamination by andesitic tephra rvhicb
is lcoonre to contain greater arnounts of these four elesents
than cl.oes Rotorua Ash,

this tephra consti.tutes the rnost va.l-uab1e tine plane in
the Songariro area,
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8ig. 5. - Tephra section on eastern side, lfotuopuhi
fsland., InJ<e Rotoair.a (lil 12/1g8956), showing
the rhyolitic ?Rotorua Ash (""), Fapanetu
Tephra (po), poronui Tqhra (po), and the
and.esi.tic Poutu Tapiil.i (pt) and Te Rato
IapilLl (tt). The trosel is 0.29 nrn in lengttr.
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?Puketa,ra.ta Aslr (pk)

At the lrlangatarvaj. reference section (ttl-1.Z/ZrOBO6) a
rbyolitic tepbra cornprising a ea.leie-hornbl-ende + hypersthene
+ rninor biotite ferrorna.gnesian assearblage occurs in a lens
0.L9 m thick and. 1.46 m 1ong, 0.53 below ?Rotorua Ash, and,

a,bove Rotoaira tapilli (topping L973). The stratigraphic
position, ferroma.gneslan a.ssenbla.ge and. titanoma,gnetite
coropositiou (analyses 33r 34) identify the tephra as Pul<etarata,
Ash.

At a section nea.T Wa,irehu Canal (NI12,/145983) a
rb,yolitic tepbra containing a biotite + hypet'sthene + minor
calcic-hornblende and augite ferromagneslan assemble6s r

occuming between ?Rotorua Ash a^nd Rotoa.ira lapitli is also
considered, to be Puketara.ta Ash. Rerewhakaaitu Ash (see
below) has been correlated witlr a tephra occurring below
Rotoaira LapilJ.i at the Te Ponanga Sa.d.dle referenee section
so that tbe correla.tion vsith Puketa.ra.ta Ash is supported by a
sectj.on at 3almer Road (Wg+/fqZ499) where ?uketa,rata Ash is
bracketed by Rotorua arrd. Rerewhakaai.tu Ashes (s$e p. lo+).

fsopachs for Puketa,ra.ta. Ash (lfoyd l-972) show traces of
the ash a.t i"/airalcei but a consid.eration of the exponential
fal-lout pattern of tephra suggests that it ma,y have been
d,eposited as far south as Tongariro.

&e_qsqhaka..q.itu Ash (rk )

A 40 mm lens of wbite to pa.le yellow fine rhyolitic a,sh

occurs vritbin asdesitic tephra,s } m below ?Rotorua Ash in a
section on the la.teral oorai.ne on the northern side of
I',langatepopo Valley (Xff ZrlOA9B22). Ttre asb is correlatecl with
Rerewha,ka,aitu Ash (Vucetich anci Pu}la.r 1964 ) r erupted fron
the Oka.ta.ina Volca,ni.c Centre atrout 14r7001200 yrs -8.P, (N.2.
7L6).

Rerervha.ka.a.itu Ash is consid.erecl to be present a.s the
rhyolitic tephra. below Rotoa.j.ra. Lei.pilli and a,bove Orua.nui
Ash at the Te Pona.nga Saddl-e referer:ce seetion a.nci 0.15 m

below Rotoa,ira. la.pilli at the Foutu refereirce section.
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Thre ferromagnesian mineral assenrblage coi:tains biotlte
+ hyi:ersthene + calcic-hornblende + a,ugite. Rerer'rha.lra,aitu

ASh sampJ-es fronq nea.r source ha.ve a. similar ferrorcr;6ncsian
a.ssembla.ge. but a.re not known 'bo contair: augite (Cote 1970).
Tita.rrorna.gnetite a,nalys j,s. 6f the aslr (without augite ) on the

mora.irre in I{tangatepopo Va.1ley a,Srees wel} with xrt*olt'ilx

Rerelhil.l;a,altu irsh sarnples (a.nalyses 35-38).

org.anut Fog$g-tj-pp (ou)

The Oruar:ui Formation oecu.rs 'bbroughout the lrhole fegion
and its distribution is consistent v,'ith an interpola'ticn of
vucetici: ald Pul].arrs (rgggr P' 798) lsopa'ch aap' The two

noembers - Orua,nul Breccia, (tepfrra,-fl-ow) a.rcl und.erlying
0rua,rrui Asb ('teplrra-fa11) - be.ve been ra.diocarbon d'a.teCr at
20r600+J00 yrs B.?. (N.2, l.,2, Vuceiich a.ncl Pulla,r 1969).

The 0rrra:ruj" Breccia consists of pale bron::ish grey

nassive astr and rare Ia,pi]li a.nd is typice,lly seell Qn tite
Rotoaira Road. (ntl.Z/1-76979), rvhere the upper 2.J m is clearly
exposecl. The contact between thre two roesbers is best seen at
the loutu referenee section (nnZ/239901). At a nore v;esteriy
section (N132/12r92q) a lens of andesitic houlders and cobbles
sepa.rrr.te tvr,o possible flovr units. The possibility of rnore

tkran one flovt unit trithin Oruanui Breccia could also be

expla.ined by slumping a,fter a period of erosion.

The Orua,nui. Ash isa &lstinctive a,i-r-fell unit conia.ining
chala,zoidites (Vucetich ancl Pu1la.r 1969), I'lorth of
Tonga.riro, the shol,ier-bedded. base of the a.sLr either overlies
sands a,nd gra.vels or a very dark brovnn tuff conta'ining i:Ia$t
fragments.

The two Oruanui meobers do not occur above a$ altitucle
of 1200 rn. 0n the vuestern slopes of Tongariro up to an

a.ltitucle of 1rO?0 m Qruanui tephra. forns t[.e ma.trix of
a,I1uvia,l deposits and is interbeddecl yuith gra.vels a,t' a.

section 13 kn $Il of Mt Rua.pehu (ttlzz/l-lrrTr). Reworkeit

Orua.nui tepbra. occurs a,t 11100 m at the krea'd of the
Tr'a.ipa.ltihi valley (ttl,l2/+318/i6) and- is 2.4 n thick fu:cther
down va.l}ey a.t a beight of lr0o0 m (ttl.l.z/117795). 'the ash
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occurs up to 670 $ altitude on lle Ponanga. Saddle Road
(tltoz/238004) while Oruanui Breccia is absent above 580 n
(Ntoz/z44oo9) in the sane BTB&r

The ferromagnesia.n a,ssenblages of Oruanui sanples in the
study a,rea comprise hypersthene + augite + calcic-hornbl-ende which
is tlre same as that for Oruanui tephra j-n the type area.
Titanoroagnetite analyses fron Orua.nui Breccia a.ni[ Asb.

(a.nalyses 4Lt 42) conpare we].l- with lonown sanp].es in the'

Taupo and Botorua cllstricts (ana.lyses 39r 40).

REIYORKED TE}IMA DEPOSITS

I{inEgra F orma}i.'oF

Ylater-laid puniceous silts, sands and gravels are
exposecl in several sections to the north of Iongarj.ro a.nd va.ry

from large sca.le current-bedding (as at Poutu reference
section) to smaller crosE-bedding (as at a section east of
Pihairga, NLl2/298951). It is probably reworkecl oruarrui
For.mati.on a^nd is considereil to correlate witb Hinuera
Fornation (Hea].y L946; Tbonpson 1958; Grindfoy 1959;

Schofietd 1965; Vucetich a.rrd Pullar 1969; Lloyd L972).

In all insterrces Hinuera Foroation witbiu Tongariro area
overlies Oruaijui Formation anct i.s i.n 'burn overlain by

Rotoaira La.pilti (Topping 19?3), It is therefore younger

tba.n 201600 yrs B.P. 6.r1d older tban 131800 yrs B.P. (tne
naximruo age of Rotoaira Lapilli; Table 2) and. can be

correla,ted with I{inuera-2 sediments (Scfrofield 1965).
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IDEI{TXIFXCATION OF LAfE QU4,NtsRNAP,Y TEPT{RAS

FOB DATTI{C} TARA}IAKI IAIIAR DEPOSTflS.

Subqltted to the I{.2. Journal of Geolosy anil Geophysics.
the pa.per is, given he,rc in "ualnrns,eript fiortr.
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IDElilTItr'IOATfON 0F IATE EUATERNARY T.UPIil?AS tr'0R

nATIi{G TARHNMI l,AHriR DiJIICSITS.'

B.P. KCll{N ancl V.E. NIIAI,L

(Geology Depa,rtraent, Victoria University of l/ellington)

AbSTItr\CT

liia,jor aijld mlnor elements were ana,lysed from
tita,noruagnetites extra,cted from l-2 Tarana.ki tephra.s'
Tlre tephra,s fal-L into fivc groups cha,racterised by

specific a,bu.ndances of chroniu-m, va.nad.iu-m, nickeln
coba,l-t and nangenese. Tlre titanoma,gnetite e'na.lyses

al1ow the positive iCentiflca,tion of tvro widespreadt
but thin tephras a\ dista.nces >25. kn frorn tLreir
source. The preserva.t j-on and identifica.tion of
tkrese da.ted tephra.s betv''een tLrree extensive lahar
deposits in western Ta.ranaki al-lorvs e.ge liroits to
be pla,ced on perlocls of l-ahar deposition. The

oldest laba.r is cla.ted (i1.2.942) at > 161100 yr i3.P.

The middle l-a.ha.r d.eposit is d.ated. (N.2.1143 and

N.2.942) betlveen 12r100 and 161100 yr,l.?. The

youngest La,har is da.ted. (t'l.Z.IJ4+) a,t <6r97,O yr 8..P.

Titanomagnetite ana.lyses fron Tongariro
eruptives a"re Hore basic in eonpositlon than those
from Ta,rana.ki tephra,s anci, this regional- difference
a,llows source area.s to be deternined. for soil
pa,rent nra,teria.ls in a,rea,s betlveen ttre tlo volcanie
eentre s .
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rl'I1'RODUCTf ON

The recent vol-canic history of Ta.rana.ki is
dorai-na,ted by the acti'rity of Egmont a,nd. Poua.kai

volcanoes (n'ig f ). Extensive ringplains of d.etrital
volcaniclastics slope away fron each centre. Mar-ker

bed.s fron a 30 m tephra column on Foua,kai ringplaint
to the north of irit Egrnont, ha,ve been l4O d.a.ted. on.
their content of wood, pea.t and cha.reoa,L (NealJ. L972).
Ihis allovrs correlation betlveen la.te {ua'ternary
sections over 11000 xmz. To the south, on the
younger Egmont ringplain, much of the tephra ha.s

been des'broyed by volca,nic activity or is overla.in
by 1a.ter La.ha.r ileposits. The positive identif ication
of dated tephra la.yers on Egmont ringillain thus
enables j-nterspersed volcanic events to be a.ccurately
d ate d..

INEI{TIFICATION OF TEPHRAS

General

l?ith increa.slng ilistance from source tepbra.
mrr,rker beds thin out and cha.nge in lithology and

appearance *eo that a.t d.istances greater than 25 lrrl,,

onLy ten'ba.tlve correLations can be saile. Iden'bifica-
tion by laboratory methods is therefore critical
in tracing Ta.ranaki tephra.s into periphera.l

eua.ternary sequencesr to extend the ra'nge of present
time control.

Initia,l investi.g.r,"bions by the a.uthors a.ttempteil
to identify known Ta,ranaki tephra la,yers by physical
a.nd. optical methods, but with littl-e success. IVIost
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methods for identifying tephras require distinctive
properties of voLcanic gla.sses or pher:ocrysts. Glass
and pla.gioclase rnreather rapidly to a.llopbane wtder
Ta.ranaki cli-ma.tic conditions and a,re only fresh in
the youngest eruptives. Allophane is the dominant

elay mineral- 1n the younger tephra,s, ffid halloysite
is restricted. to the uppernost lrlew Plymouth tsuried
Soil a.nd burieil soils benea,tb (ta,Ute 1)r where it
coexists with a.llophare. The presence of hal-loysite
1s therefore of limited use for tephra. comelation.
Although the age of the a,llopha"ne-halloysite transi-
tion j-n Ta.rana.kj- 1s not a,ccura.tely da,ted, extrapolated
tephra. a,ccumulatlon ra.tes suggest it j-s betlveen

70 - L00r000 yrs B.?. This is in marked contrast to
ttre a.ge of the ma.jor transition in the Rotorua-Ba,y
of Plenty region which is da,ted at 201000 yrs B.P.
(tytr C.G. Vrrcetich, perE.comm. ).

Ferroroagnesian phenocryst assernbla.ges have

beeri used for tephra correLa.tion in the United
States, hut this technique shows grea,test potentia.l
with rhyolitic and dacitic tephra.s a:nd al-so wtlere

tephra,s a.re derived from d.lfferent source. areas
(l'iiLcox 1965). Samples of the principal Ta,ranaki
tephras were examined for ferrona.gnesian phenocryst
abund.ances. Abundant a.ugite, titanona.gnetlte and

ra.re hornblende cha.ra.cterise all the tephra heavy

nineral asseubla.ges. Hypersthene is a.bsent from
\{eld tuff and the uppermost New ?lyrnouth Asbes.
lfhere present, $rperstbene commonly forms d.istinc-
tive acicula,r or equant crystals a'vera.ging 0.02 mm

across in contrast to augite lvhich a.vera.ges A.25 mm

across. Seven samples fron the youngest eruptives
exa.mined by Tonkin (1970), show sirnilar minera.logy
except for the absence of hypersthene j-n the Burrell
Asb. A dia.gnostic fea.'bure of a.ugite crystals
witbin the teplrra.s is tha.t vrith increa.sing a.ge they
become increasingly etched. In tephra.s above the
itlerv Plynouth Ashes the augites shorv only weak
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FOR}IATTONs NA-\{ED MEMBERS uti);A$tED
ASt{ES

sY\taoLs AUTITOR AGE

TATIURA}iG ! FOR-VATIO]'i TA}IUITANGI ASTI Ta Drilce (1966) I ?59 AD

BURRELL FORIVIATION PU}I!,iO LAPILLI Z

PUI\iIFIO I..APILLI I
BURRELL I.APILLI
AUARELL ASH

lil
".J

D.ucc (19661

t655 AD

t655 AD

r655 AD

1655 AD

NEWALL FORMATION WA]WERANgI A5I{

1VAIWERANUI LAPTLLI

NEWALL LAPTLLI

NEWALL ASTI

*"1
\vl I
Nll
n"J

Drusc (1966,

R;etr€d Agc

1500 -
1550 AD

Unnmcd Arh
Dedr

INGLEWOOD TEP}IRA ll

KORrtO TEPTIR t

g[o*u* 
"'** Unnamed Aeh ES ll Granq! and

T a ylor
r93r. lt]3

(6,e?o : ?6
Yr!. B.P.

Barrl lapilll Egl
lap.

l

I

*lsterr 
^sr

\Ycllman (l !62)

fi [o*'" 
rEPtrnA Ur,named aslr

LJnr:ar..-d larilli'^
i.Jrrraocd rsh ?B

E3 z Gronge end
Trylor
lq3t. t9tt

Ahrchu frpitli Aa

SJIUI'iDERS ASll Ag t6. loo
! zeo yre.

CARRINGTON TEPHNAS Ct

KORU TEPHRA

PUKEITI TTPHRA

Koau ash Ka

Koru lapilll
"t_

PK

YTEIJD TEPTIRA Wcld ash wd

Wctd tufl

u,r*-I-lll
Umamcd

IapiUi

wt

r-Ew PL'llrtOUTH ASBES
AND BUX.IED SOILs

:\iPA
NPBS

Table 2. - Stra.tS-graphic colu$n of Tbranalci tephras (rccdJ-fied.

after NeaIL 1972).
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etching on ba,sa.l pinacoid fa.ces (trig.2A) , but belovr

this hori.zon rnodera,te to severe etching occurs on

the basal pinacoid. (fig.2B) and the crystal faces of
sorne pyroxenes are corupletely destroyed. by corrgsion.

Bul-k chemieal ana.lyses a.re considered. unsatis-
factory for correl-ation purposes because of the
rapid, r'rea.therlng of g1a.ss and va,rying aroounts of
phenocrysts within the Ta.ranaki tephra deposits.

tdenlilicqti-gir .by Tita,nom.a,gnet ite Ana,lffl3 s

A method for the iclentifica.tion of tephras
involvj-ng recogni'bion of chemical va.riatiogs withi-n

tita,norus,gnetite, analysed by optical emission
spectroscolly, has been d.escribed by Kotrn (1970).

The n:e'bhod is pa.rticularly suitable for use in tfre

Tara^r:a,ki a.rea lvhere all tephras conta.in abubdant

titanoma.gnetite, a mineral which ha.s been sholvn by

Aonine ard rla.da (:-g'z) and Ruxton (fg6g) to be

relatively stable d^uring rveathering. To assess the
potentia.l of the techniq.ue for identifying Taranaki
tephras nostly derived froro a similar source r 3f
sa.mples of titanouiagnetite fron 15 localities
(PiS.r) \Yere separa,ted.

ResuJ-ts of a.nalYses

are presented in Ta.ble 2.
from l-2 Ta.rana,kj- tePhras

flve groups (4, - e)r ba,sed

e lernental abuncla.nce s r

The tephras fa.ll into
on simila.ri-ty of

a) Burrell lapi}li, \'/aiweranui Ash, Nevra,lJ.

La.pitli mernberAsh, Oal<u-ra Tephra, ,tthua,hu

of 0ka.to Tephrar Sa.und,ers

tuff .

b) 0kato tephra (a,bove Ahua.hu l,apilJ-i rnenb.er)

ash and !?eld

2f;5



r:l-3' -

(u).

Scanning electron m:icroscope photcgraphsi of :
("). tifeakly etched. augite crystal, note cawity

on sj.cle previousl.y occupied. by
titanomagnctlte crYstal, x 180'

(t). Hodera.tely to severly etcl'red auglte crystal x 200'2fiti



and l(oru Tephra.
Inglevrood Tephra.
Pukeiti Tephra.
l.lew Plynouth Ashes.

Chromium is the ruost va.riable element between
these groups, a finding slmilar to that of Duncan and

Ta.ylor (fgAA) tor titanomagnetites from a:rclesitic end.

and aa,citic lava.s from Bay of PJ.enty, Vana.dium,
coba,lt a.nd. nielcel values a.r.e generally simila.r in
groups (a,), (b) and (u) but a.re J-ess a.bunda.nt in
Ing1et',ood. Tephra, and. Pulceiti Tephra., Ifiar:ganese

abunda,nces j-n titanonagnetites from Inglelvood Tephra
a,nd. Pukeiti Tephra. a.re ma.rlcecily higher than those in
other gr-oups. Va.lues obtained from the upper a,sh and

basa.I la,piIli of the Oakura Tephra, a.t Hurford. Road
(ta.lrle 2) shor'{ similar composition a:rd thus indica.te
no differential rvea.theri-ng and suggest d.eposltion
d.urirrg one volca.::ic event.

There a:re no systema.tic d.ifferences in titano-
aagnetite coryrposition with time from tephra,s a.bove

the l{erv }}ymouth ;\stres. The rna.rked.ly high chromiun
and ni-cl<eI val"ues in the Nelv Plymouth Ashes ind.ica.te
that tlrese were probably eruptetl fron a, ma.gma of
different composition froro 'bha.t which ga.ve rise to
the younger iut Egrnont tephra.s. The New Plymouth
Ashes a.re sepe.ra,ted frorn the younger Egmont tephras
by a wid.esprea.d pa.ra.conforrnity and. are only preserved
on the older Pouakai ringplain, From this evidence.
together with the titanoma.gnetite ana,lyses it is
suggestcd. that these tephra.s v,rere erupted from the
older Poua.kai Volcano; the ma,gma. differing slightly
in composition to tha,t from Egnront. Titanorna.gnetite
from teplra.s a,nd la.vas in the Tonga.riro-National
Pari< region a,lso show increa.sing chronium and ni.ckel
valu-es rclative to younger sa.nples ind.icating a
slmilar change 1n both regions vritti time.

c)
d)
e)

?6',i
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Oalnra. a.nd Oka.to Teph-ra Ana,l_yses

Particular a.ttentj-on was given to the analysis
of titanomagnetite fron the 0akr.lra, and Oka.to Tephra.s
which form the most widespread and important Hol-ocene
tephra.s j.n Ta.rana.ki and are also preserved. betvyeen a

sequence of three principal lahar units to the yrest

and south-west of }it Egmont. Near their source, the
strongly erosj.ve laha.r fLows have destroyed the
underlyi-ng tephra record., a.nd. only minj.mal age
estimates of deposits can be determined. fron over-
lying tephras. The Oakura, and Okato Tephras are
best preserved between the formations at the present
coastline lvhere the lahare do not incorpora,te under-
lying materials at thelr base anil apparently did
not erod.e the ea.rlier d.eposits. Posltive identifi.-
cation of the tephra forma.tions betlveen the lahan
units allows both maxj-mum and ninimum a.6es to be

obtained. for periocls of laha.r deposition.

Nea.r its source, the Oka.to Tephra (nS 2 )

comprises two Ia,pi1li units (Section 'l , Fig J and
Table 1) both overlaln by ash. fhe basal lapiJ-li
unit is widespread and has been foroally naoed-

Ahuahu I,a.pil1i (aa) member (Neall L972), but the
upper 1apil1i unit i-s unnamed ancl restricted to a
few sections nea.r Pukeiti. The tl'ro lapiIl-i bed.s

aJe not separated by weatherJ-ng or erosional breaks
and a,re therefore considered. to be part of the sa"tne

tephra formation. The upper limit of tbe forrna.tlon
is d.efined by a palaeosol- a.t the top of the ash
overlyi-ng the unnarled upper lapilJ-i unit. Titano-
na.gnetite was analysed. from the widespread. upper
ash and the two lapi-l1i units of 0ka,to Tephra
(taUte 2). The upper lapilli has higher chromiun
val-ues than the ba,sa.l *huahu lapilli (la), (usualIy
grea.ter by a fa,ctor exceeding t'no). The Ahuahu

2"1rl



I.rapilli (ea) is similar to the basal la.pilIi of the
younger Oakr.ra. Tephra (pg 1 J-ap. ) and thus the basa.l

lapi}]i of the Okato and. Qakura Tephra.s a.re chenicalllr
indlstingulshable .

At Warea.l Taunga,tara Strea.m a.nil Puketapu (ni-g f )

to the west anr1 south-rvest of l,tt Egmont, tlre lapilli
units (pg I ]ap., unna"rned. lap11}i and Aa) are

absent a.nd. only ashes (correlated- wlth the Oakura.

and Olcato Tephras) could be sarnpled. for titanomagnetite
analysis. The lorv chromlum va.Lues of titanomagnetite
(Group a) in the uppermos'b tephra. a.t t/a'rea and' a.t,

Puketa,pu (laUte 2 and Fig 3) confirm the identifica-
tion as Oa.kura Tephra. The higher chromj-um va.Iues

of titanoma,gnetite (Group b.) from tephra, sampled

beneath the niddle laha,r unit and above the ol-d'est

laha.r unit at 'iya.rea and a,t Ta.r.mgatara Strearn (flg -])
confirn correlation as Okato Tephra. At Puketa.put

the higher chroniun: va,l-ues (Group b) confirm the
Okato Tephra underl-ies the previously identified
Oakure. Tephra (see above ) and overlies the oldest
lahar unit. At Tawrga-tara Strea$r the positlve
identification of the Q}ca.to Tep[ra beneath the mid.ole

laha.r unit indicates that it nust be the Oakura

Tephra, rvhich forms the ashy base of the yourgest
lahar unit. The high chrorniun va.lues of titano-
llagnetite in the Qkato Tephra. at all these localities
indica.tes tha.t the lower ash and la.pilli of the Qkato

fephra are restricted to nea.r source.

2'7 i.
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COI{CIUSIONS

Ag.e of La,bar- Units

The 0a.l<ura and 0katc Tephras cart be correlated
fr.or I'trevr Pl1'mouth to at least e.s far south a,s Pukete.pu
Roa,d. Titanomagnetite analyses from these tephra.s,
preserved. betneen the we-.tern Ta.ranaki la.tra.r usrits
at tirarea., N10B/4107A4, and at Ta.ungatara Stream,
XL2B/nn355, confirm that beyond 25 km radi.usr fro.rn
Egmont sumnit:

a) the Okato Tephra. overlies tlre old"est lahee
unit and- u:d.erlies the siddle lahar urrit,

b) the Oe,Icura. Tephra. overlies the niddle l-alrar
unit and underlies the }'oungest laha-r u:ri-t.

Since tb.e age- of the tephras has now been
established in the northern pe.rt of this area (Neal-]- r97z
the three l-a.har units cat nolv be d.a.ted.

The okato Tephra is dated (1121143, Grid" Ref ;
I{118/512658 a$d ItZ942, Grid Ref ; NIOBr/l 347,04) netyreen
L2r550 t 150 yr B.P. and 161100 + 22O yr 8.p.1
indicating a.mini.mum a.ge of about 16r000 years for
the age of the oldest la,har unit.

The oakura. Tephra. is d.ated (N21144, Grid }tef ;

NLLB/526665) a.t less than 6197O + 22O yr B.p. This
indicates aJl age for the middLe la,har unit betv,:een

7 - I4r000 trr B.P. The apparent a.bsence of this
La.har unit withj-n a yrell preserveq. debris flovr
sequetlce near iilt Egmont, da.ting back to lZr55O W B.p.
lllZff43), suggests the rniddl-e la.har or.i-gina.tecl a.bout
13-14 r 000 yr B.P.

The youngest la.har unit is und.erlain by OeJrura

),

2"i:l



Tephra, indic:a.ting a.n a.ge of lees tha.n 6r97O yr
1i'lZff44), yet no widesprea.cl tephra,s mantle this
unitr so tha,t it is likely to be a.bout 3 51000
oLd.

lahe.r

J-

Cornllc.rison of Ta,ra.nalci. and Tonqariro titanom etite s

Titanoma.gnetite compositior:s of tephra. fros
Ta.ranaki were conpared vrith three wi.d.estr)read 1apiJ-}i
units and a lava erupted from Tongariro Vol-ca.nic
Centre (gante 2). The Tonga,riro eruptives conta.in
tita,nona.gnetite lovser ir, maoganese and higher j-n
vana,clium, nickel alrd chromlu-rn tlr.r.r,n the Jrouxtger
Ta.rana.l<l eruptives. Clromiu"rn is at lea.st three times
but commonly eight times higher in the Tongariro
eruptives, and" is therefore the most distinctive arr:C

useful element. Thus in areas iretrveen Tongariro-
Na.tional Pa,rk and l:it Egnront, vrhere late Fl_eistocene
and llolocene tephra.s from the tl.,'o sourees may inter-
digitate, th.e a.nclesitic tephra,s ca.n be clee.r1y
distinguished on the ba,sis of their tj-ta.nomagnetite
cornposition. Ready identifica,tion of these tephras
may prove va.l-ua.ble in future Que.ternary tephro-
chronology and soil genesis stuclies.

2"1 4
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fhe trlhot,ographs in Fig 2 wore mad.e by Dr P.N.
'r'Jebb1 N.ff, fieo,1.ogi,ea.L $urvey, using the scanning
electr:on microseop,e at Physies e*id Elr.gineering.
Laboratorie$s !,.S.I.8., Gracafi.eld.. llbe autbors
also wish to tha:rk ?rofessor J.B. Bradley, Dr J.!'1.
Ool-e asd Mr C,0. Vucetich for mnch us,eful
d.iscussion and f or critical-ly rea.di-ng the Eanusor1pt.
We wish to thank $lr W?',f . Eopping: for supp$ing

_ss,Eltl,es froo J.osal-lties 1, 2, riiid 3r and the
9ongariiro region,
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APFENDTX V

Ana"lyses ,of tS.tarcrtr.agnetltes fbon pre-l'/+r0oO Jry B.F. central, North Ls.
pSrroclasti.c rocks. Inforrietion on anal;rses as for thble 6

(ru*t 1),. Forr,natiione a:re rpt arecessaril}r l-teted in strafiigr,aIr.h$a

ord.ec"

Details of, sargple nnrrberE ar-ril r,raps fon grid refererpes as fon

.Srlrendlix EL

Iatters prece&ing detaiLs oi sarple locafio,n refer't-l solleetq8s

other than the ,rositef.

a - rr.ITn OoIe.

b - I.A, Iitajrnn

c - N.D, &iggs.
d. - J. Don.

,$arple ITo. 11911 = ,en [ouond Clbpidia.n anrl nrae saqpled, aA N93/l&fu9,9.

trbbneriationsl*-#

(E.L.) = tlFe lqqelity.
b.g.1. = beloir ground. IeveL.
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Gompl].ed. a;s pa?t of the,'F/orl.d. Bibliogfaplny .

on Quaterllery Tepbroctmonology, to ba
Br€,-s,€.oted by the .Coonigs.i.on on Sephro-
ehronoJ,ogy at tbe ISIQUA Oonf,ere$een
Chr.istahureb,, Deeenrhec L9?3,.
Refenences inelud.ed. #.u trp to Deae.mbe,r 1..9?O.



-fntrg{}c} o,ry St a},emegt :

Many references to historic eruptions in
rvhj-ch tephra, wa,s erupted. ha.ve not been Jj-sted. For
bibliographies a:rcl informa,tion about these eruptions
see:-

(f ) For 1886- Tara,vtena Eruption - Thomas 1BBB and

Col-e 1970h (conta,ins a^n a.p;cendix with a bibfio-
graphy of pa.pers. v'rritten a,bout the Tarawera
Eruptlon of 10 June L886).

(2) For activity fron Ltts. Ruapehu, Tonga.rir:o a.rcd

Ngauruhoe - Gregg 196-0 a & h (contains tables
summarising activity and a. d"etailed l-ist of
references a,ccornpanying each reported.. eruption),

(3) For activity from ,Yhite lsland - see luke l-959t
Baumgart 1959, Healy 196?br nuncan and Vucetich l-970.

Thomson l-926 summarises a.11 historica.l eruptions in
New Zealand up to 1926.

For stratigra.phic names and. descriptions of
New Zeal-and r{uaternary pyrocla.stic rocks see Fleming
1959. Flemi-n3, 1959 and Ad.kln 1954 list references
in which the names. a.nd descriptions a.re proposed. or
use d..

University thes.es have only been Listed. where
all- or part of them lvere unpublished a.t, Decenber
1970.

The word,s (esp. ) witlt--page-::umbers, follovring
any listed reference, i-nd.i-ca,te pa.ges of tephro-
chronologj.cal interest n'ithin publications containing
nany pa.ge s.



Referese'es are g,foupp.F j-m o the aate,gorieg:

&roup A
A(i)
a(li)

ha"sic prob.lem,s on tep'htn**,o'rusLq€S'
princ5.Blee, methoCs and dating.
.r:eeeat volsau.ie aetivit5p (see above'

atate,nent ).
applieationE of tepbtro'chreornology
(e,g. to eoi1 scienc'dr clay ni'nBralogyr
acehaeo1o,gy anel trle'lynolo€Xr).

^e{iii.} *

Glc'oup B o ar,e gional. tephro,Ghnonology.

P95,



lJxpla.nation of abbrevia.tions :

Aner. Geophys. Ut:. Geophys. l0onogr.. - Alcetrican

Geophysrical Union, GeoPhYsical

I\[onogra.Ph.

Bull. Volc. - Bull-etin VoLcanologique'.

Ea,rth Fl. sci. letter.s - Earth and Fla.netary science
Letters.

Earth $ci. J. - Ea.rth science Journal.

Geochi-m. Cosmochim. Acta - Geochimi-ca et Cosruochinica
Acta.

Hist... Rev. , J. lTha.ka.tane Dist . Hist. Soc .

Historical Review, Journa.l of
the 'rTha.ka.tane and District
Historica.l SocietY: Inc. N..Zr

J, Hyd. (N.2.) - Journal of i{ydrology (N.2.
Hycirological SocietY ) .

J. Petr:ol. - ,fournal of PetrologY.

J. 3o13rnes. So.c. - Journal of th'e Poltrrnesian.

So-cietY.

J. Soil Sci. - Journa]. of Soil Sclence.

lrlin. l,Ia.g. - Iilinera.logical !;a.gazine.

N.Z. Arch. Assn, - llewslettel - Nerv Zealand.
Associa.tion -Archae o1ogica.1-

Nervsletter.

N.U.D.S.I.R. Almu. Rept. - llevr Zea.land DePartment
of Scientifie a:rd fndustrial
Research iinnua.l Iteport.

N.Z.D;S.I"R. BulI. - l{ew Zee.land Depa'rtnent of
Scientific and fndustrie.l
Researcb Bulletin.

Ser. - Nev,' Zeala.nd Depa.rtnent of,

Scientific and fndustria.l
Resea,rch fnforma"tion Series.

N.Z.D.S.I.R. Inf,
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I'1.2. Geogr. - I,lew Zealand Gcographer.

N.Z. Geol. $urv. Annu. Rept. - New Zealand Geological
Sr.rrvey /mnua.l RePort.

l{. Z . Ge o1. Surv.

N,,2. Geol. Surv.

N.Z.J. Ag. - Nevl

N.Z.J. Ag. Res.

N. Z, J. Bot.

N.il..L For.

N.Z.J. Geo1.

I{.2 . J. Sei .

N. Z.J. Sci.

Proc. Conf.

Proc. Ecol.

- Nevr Zea.la,ncl J.ournaL of Botan;r.

- Nevl. Zealand Jourrral of l'orestry.

Geophy,, - Nevr Zea.land. Journa.l of,

Geolog;' ancl GeoPhYslcs.

- Nevv Zealand Joi.rrnal of Scienee.

Tech. - New Zea,lencl Jourr:al of Sci"ence

and TechnolcgY.

N..2. Sci.. Rev. - lle'r Teala.nd. Science Review.

N,Z. Soc. SoiJ- Sci. Iroc. - Nevr Zea,Iand. Society of
Soil Science Proceedings.

N.Z. Soi]- Bu-r. 8u11. - I{evt Zea1and. Soil Bureau
Bulletin.

I{.2. Soil Bur. Rept. - Nev', Zea.land 5oi1 Bureau
RePort

8u11. 13.s" - Itievs Zeala.nd Geol-ogical
Sr.lrvey 8ul]etirl rtL\l'r' series.

I;lem. - I'Iew ?lea.l-ancl Geological
Survey iriemoitt.

Zealancl Journal of i\gri.cu1tu.re.

- IIe'r Zealand Journa,l of Agricultural
Research.

Grasslands Assoc. - ?roceedings
of tbe Coirference of the lievr

Zeala^nd Gre.ssla,nds Associ.a.tion.

Soc. - Proceed-ings of the Nelv

Zealand. Ecologica,l $ociety.

Conf. - Froceedlngs of the llevr

Zea.lancl Gecgraphers Conference .

Proe. N.Z Ge ogr 
"

29'i

./



Fr.oo. N.lB. ci. Co,ngf. - hoce,ed.ings of the Nerry

ffeaXand $:cl,enae rgoagrgss.

Proc. Pao.

Quat., $oils
Ree. Auak.

Sqi. O'ongr. - Proe,eed.in,ge of the
Pacific Science Congress,

F,roc. - Su,,aternaFy $oi},s Proceedings,

Inst.'&Ius. - Recorels of the AuckLard
InetitUte, arsd Mtrsrslr.H r,

Rept. f!nr..Iu,. '&Ieet, N.B. $col. Soc'. - Report of the
Anuua1 Meeting of the Itew

&ea,lan,cl Eeol.ogi-:cal. Sooiety.

Bept. Atlnu. B;Ieet. ff.Z" Ge,ol.. Soe. - Report of tbe
Annr.laL ilteeti.ng o,f the New

Ze alan& Seological Soc,i€ty.'r

rlfraars. N.,7," trlrst. - fl1'anegetiong o'f the Nenu Ze ].aud

Institute..
Frans. E. Sqc, N.Zi-. - Trq.lrsaetlsp.s of the BofeJ-

Soclettrl of l,{ew Eea}and.

./



GROUP A

Ca.teFory A_( i )

Arlkin, L954r Bibliographic 1nd.ex of New Zea].and
stra,tig:eaphic na.mes to 31 leeenber: L950.
N..2.. Ge ol-, Surv . iri.ern. 9 z IZL pp.
( Contains p;6rocla,stic stratigraphi.c
narnes wlth references in vshictr" they are
proposed or used.).

tsaungart, f .l. L954: Some a.sh shovrer.s of the Central
North'fsland. i'{.2. J. Sci. Tech. IJ15 (6 ):
QJ6;-67t.

Baumgart, f .f,.; Healyr J. L956: Recent vol-canicity .

at Taupo, New Zea.Iand.. ?roc. Bth Fa.c..

S.ci. ,Congr. 3: 113-25.

Eerry, J.A. 1928: The vol-canic deposits of Scinde
Island. iVith specie,l reference to the
pumiee trotlies called chalazoid.ites.
Tra,ns._-lI.Z. fnqt. 59 (3): 571-608.

Brothers, R.I''i. 1954: The

chronology of
New Zeal-and.
677-94.

Cole,. J.',V.

Cole , J. ',/. I

rele.tive Pl-eistocene
the South Kaipara Distrlct,
'I-rans. R. Soc. I,I.Z. BZ (:):

1966.: Taralvera Volcanic Connl-ex. 1r,

Thompson, B.I{. I iiermod.e, fr.O.; Au,'Jt, A.
(gAs. ) : r'Vol-canology: Central Vol-canic
Region." N..Z.It.F.f.R.. Jnf. _Ser. 50:
111-20.

Kohn, B.P. i I{ea,ll-, V.E.1 Vucetich, C.G.
L969: i/olcanostra,tigra.phic noroencla.ture
in }trev.r Zea.l-and.. Rep.ort presented. a.t N.Z.
Geologice.l Society Confe rence, Dunedin..
6. pp.

I97Oa.: Ietrology of the basic rocks of
the Tara.v;era Volcanic Complex. I{.2,. J.
G,eo1- G.e_op!ryF.. 1,3 (+ ) z 925-36.

Cole,

2!f]



Co1e, 1970b: Structure and. eruptive history of
the Tararvera Vol-canic Complex. Jl.[.:_.J,.
Geol. Geophys. l-3 L{): 879-902. (with

CoJ.e,

a$ append.ix conta,ining a bibliography
of pa.pers v"ritten about the Taralvera
Eruption of 10 Jr.rne l"886).

1970c: Descriptlon a,nd correl-a.tion of
Holocene volca::ic fornations in the
Tara.lve ra-Re re l'rhakaa.l tu Re gi- on .

!-rq,4s_, R. Soc, }tr.2. B (Z): 3-41.

Druce, 19661 Tree ring dating of Recent voLcanic
a,sh a.:rd lapilli, nit. Egmont. I'{.11. J.
Lol_._ 4 (L): 3-41.

Duncan, A.R. l-970a: Petrology of rock samples from
sea$ounts nea.r flhite Isl.a.nd.r Ba,l' of
Plenty. irl._Zr_ J. rQe o1 . Ge oohys. 13 (JJ,
690-6.

Dunca,n, A.R.; Vucetich, C.G.
on tihite f sla.nd,
Pa,rt 2. Tephra"
and petrogra.phy.
13 (a): 969-79.

Ewart, A, 1963: Fetrology and

Qua,terna.ry pumi.ce

Ner,' Zealand. J.

Ervart r A. 1966: Revievu of
of the acidic
Volcanic Zone,

L97O: Vo1canic a.ctivity
Bay of Plenty, 1966-69.

eruptions -' stra.tigra.phy
ll. Z . J. Ge o1 . Ge oph.',=;

petrogenesis of the
ash in the Ta,upo area,

Pe_!rlo]-_ { {:): 392-43I.

ntlnera,1o6,y a,nd chemistry
l"olcanic rocks of Ta,upo

l{evr Zealerd. 8u11. Volc.
XI_IX: L47-'12.

Ewa.rt, A. 1967: The pyrollene and magnetite pheno-
crysts from the Ta.upo pumice deposits,
Irlew Zea.land. Iiin_._ tTa.g. 36 (278). 180-94.

1953: Nevr Zealand C14

- 1. If.Z.J. Sci. Tech.

Ferguss.on, G. J. I

aEe

R.a.fter, T.A.
measurernents

8,35. .(1) z I2'l-8.

3iltJ



Fergusson, G.J.;
a,8e

Fergusson, G.J.1
aEe

Raf,ter., T.A. L955t
$ea.surenents - 2.

Ne,r Zealand 14C

l{.. Z.:J., .$c 
j-. Tg_ch.

New ueal-and. 14c

N. ZrJ._ Sei. Te,cF,-

l{eiv Zeal-ano 14c

N.Z.J. Geol-.

l-957:
3.

L959 z

- 4.

83.6 .(4J 2 37t-4.
Eafter, T.A.
mea.surements

B3B (Z): 732-49.

Fergusson, G.J.; Ra.fter, T.A.
a.ge mea.su-rements

Geophys. 2 (f): 208-41.

Flening, C.A. I9r7: The a.ges of so&e Qua.ternary
sed.iments fros r/anganui Distrlct (wf37,
Nl-38). I'I.Z.J. 5ei. Tech. 338 (7): 726-3L.

Fleming, C.A. L959: (Uditor ) I{ew Zeala.nd lexi.q.ue
Sjr.a,tjgra.p hi_q lrg_ -I{F qrpa,t i oJr"*, 6 r

Oceanle (4 ) t 527, pLt. (conta,ins nu&etrous

stra.tigra,phic deseriptj-ons of ltre'r,r Zee,land

Quaternary pyroclastic rocks ) .

Gra.nt-Ta.y1or, T.L.1 Ra.fterl T.A. 1962: Nelv Zea.J.and

radiocarbon ate $ea.s.urenents 5t
i{.2.J. Geol. Geophys. 5 (e): 331--59.

Grant-Ta.ylor, T.1.1 Ra.fterl T.A. f963t Nevr Zealand.
na,turaL ra.dioca.rbon &easurements I f .
Railioca.rbon 5: l-18-62.

Gregg, D.R. 1961: Stra.tigra.phic nomenclature of
late Qua.ternary pyrocla.stic de_cosits in
New Zealand. J{.7-,.J. Geo1. Geonhys. 4 (_f ):
14 -'1,.

Hea1y, J. L947: The pres'ent sta.te of voLcanici,ty of '

Nevr Zea,l-ar:d. Proc. I{.U. 3ci. ConEr.

I94,!z 277 -B:-.

Hea,ly t J. i Vuceticb, C.G. ; PuLlar, ii.A. 1964 t

Stra.tigra.phy a,nd chronology of L,a.te

Qua.terna.ry volcanj-e ash in Ta.upo,

Rotorua. an<1 Gisborne Districts. i'{.2.
Geol-. Surv. ll!411..-_l1'_L._23: 83 pp.

iJ 01



Healy, J. L966a: eue.ternary pu.mice deposits, Ta.upo.

Ig Thonpson , B. i{. I I{ermode , L. O. ;
Ewa.rt, A. (u0s. ) "Vo1ca.:rology: Centr:a.l

Volca,nic Region" I{.2.D.S.f.R.. fnf. Sgr.
50 z6l--'12.

L957a.: Pumice chronology i.n l{ew Zea.la^nd.

N.,il.J. iig!,. rg.:-h... .S3,8 -(.9): 862-70,

1962: Recognition a.nd. nomenclature of,

Ke a.r , D,

Kear, D.

deposits of volcanic a,sh (appendix
pP. LB6-7 In Ta.ylor, lI.H. I ?ohlen,

5)
I.J.
BuIl,Soil- Survey I'iethod.. N.Z. SoiI Bur.

Kohn, B.p. tsfr'r 
'il"lirrica.tion 

or Nev, ze^land
tephras by enisslon spectrogra,phie
ana,lysis of their titanomagnetites.
lithos 3 (,1 ): 361-8.

lewis, J.F. 1968: Ta.uha.ra. vofcano, Taupo Zone.
Pa.rt I - Geology a.nd structure.
I'I.Z.J. Geol. Geophys. 1l (f): 212-24.

McDouga.ll, L; Fo1a.ch, H.A.; Stipp, J.J. L9692
Excess ra.clj-ogenic a.rgon in young
suba.eria.l basa,lts fron the .i.uckland
volcanic fie1dl lievu Zea.l-a.nd.. Geoclrig.
Cosmochio. Acta 3l: L485-152O.

Ni.nlcovich, D. 1968: ?leistocene volcanic eruptlons
in New Zea.l-ano recorCed in deep-sea.
sediments. E.a.rtb Plr. S.ei. .letlers_4 (2 )

PuJ.1e.r,

Pul-lar,

B9-f02.

L962a: Age of Ka.ha.roa. Ash.
Assn. Nervsletter 5 (1): 17-18.

Pumice, rninera.Logical
Gisborne. It.Z. Sci. Rev.

l{. Z. JRSh,.

1963a: Ta.upo

anornalies at
?-l (r): 2L-2.
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rstipp, .I.J. 1968: The geocbroaology a.nd petrogeneeis
of the Ceaozoie volcanieF of, t.he l{o-:r''th

Island,, New ltrealand.. Unpublished Ph.D.
tbesisr 488 pF. r Aust raLia.n $ational
Unlversity, Canberra..

fhorn:as; A.P.ril. 1888i rtReport on the erupt,ion of
faraurera, and RotoEaha&ta) N.,2. r,r

Governnent ?ri.nter, iVellington - 74 pF,

Tbompson, B.N. 19681 Age of Botoiti Breccia.
$..2.J. GeoJ. 6eophys. l-] (l): 1189-91"

flhoro*son, A.J. f926: Volcanoes of the Sew Zealand -

eruptlorrs, I{.2.J. Sei. Tech. BB (6):
35'4-7L.

Vueetletr; G"G- I FulLar, iir'.$,. 1,96,9i $,trati.grapitey a:+O

ehronology of, late PLei.stocene .*\sh'bede
of centraL North Tsla,nd., New Ze'a1-a^lrd..

iY. E , J, Seg!,- _Ggpp.hy-s-. 12 (a )_: 784-837.

Itle,1]oa,:rr. H.H. L962i Holoeene of the l{orth l,s,].elrd sf
tr-{ew Eealand: a coa,staJl reconmals{*an,ee
with aJo a,ppendiX biil O.A. Ohailiis o::r the
minera[,ogg sf *seLeet.ed. North IeLaq&
purnices and ash shotvers. Tra.ns. R, Soe.

$:,4 - Gg,o_logy 1, (f ); 29,-,99.



Rev. 10 (+ ) I 4t-5.
Baumgart, I.l. 1959: Soils - l'art J.. Pedology.

In i{a.nil-t orr , \i/, i1,1. I Ba,umgart , I .l "
(eompilers) : "iYhlte fsla::d.'t

-1r{.Z.D.S.I.H, ljull . f"?-7t 5l--"1 .

Biruell, li.S.; Fieldes, }1. L9521 Allopha.ne in
uolcanic ash soits. J._,Soll SSi. 3_ (2 I
156-66..

BirreLll K.S. 1962: Surfa,ce acidity of sub-qoils
d.erived fron vol-ca.nic a.sh deposits.
N.Z.J. Sci. 5 G)z 453-62.

Bi-rreLL, K.S. 1966: iliethoxyl-Carbon content of soils
as a.n lndex of humifica,tion. l{..2..I_.*}9.
Res. 9 (Z): 444-7.

Bi-rrel-l, K.S.1 Fieldes, Ilt. 1968: Amorphous constituents
6 z 4 p 39-49 in Soil-s of N.Z. i'{.2. Soil
Bur. Bull."_26 (2)t 22J- pp.

Brotbers, R.lI. I Golson, J. L959: Geol-ogica.l and
a.rcha,eological interpretatior: of a
section in Ra.ngitoto Asb on I'Jotuta.pu
Island, Auckla,nd . }|.2. J . Geg]. GegpgyE.
2 (,3) | 569-'17.

ca.!esgl:y A(iiiJ

Adkin, G.L. I952L Geological
a.:rtiquity of man

a.rea.. 'N.'/. Sci.

19.6ha.: loe ss

Nevi Zea.land.

evidence of the
i-n ihe Nelv Zea.land

Cooper, R. 19491 The effect of thre recent
on the plants of i{ga,uruhoe.

eruption
Rec. Auck.

In.st . I\ius. .3: 3B1-5.

Cowie, J.D. 1963: Dune-building pha.ses in the
Ha.na.wa,tu Dis'brict, I,ievy Zeala:rd , N,. Z . J.
Geol, Geo,chys. 6 (2 ): 268-80.

in the 1,,;a,na.wa.tu District,
ii.Z.J._ !ggl. jgogLrgs..

7 (2): 389-96.
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Cross, 1). 1963: $oils artl geology of some hydro-
thermal eruptions in the viaiota.pu Dlstrict.
N.Z.J. Geol. Geophys. 6 (f): 7I-87.

Da,lrymple, J.B. L962: The applica,tion of soil rnicro-
norphology to the recognition anil
interpreta.tioi: of fossil soils i.n

volca.r:ic ash cieposits fron the l{orth
Isla.nd, I,lelv Zea,land: p. 339-49 in
Jongerius srrrilius, E$i!gg, Egll I4lSIg:
n,or,pholog&: illsevier, Arnsterd.a,rn, 540 pp .

Da.lrymp1e, J.B. 1967 3 A stud.y of pa.leosols j-n

volcanic ash-fall deposits from northern
North Islamd, New Zealand, an:d. ihe
eva.lua.tion of soiL rnicronorphology for
estaolishing their stre.tigraphic
corr'elation. In Qua.t. Soils. Proc.
VII Congr. INqUA, lriorrisonr R.B.;
lYright, H.E. (Eds. ) , 9 .. ro4-22.

Ewart, A.; Fieldes, Ift. L962: low-temperature
therma.l effects in na.tura,l volcanic
gla.sses due to stra.in. $&_&&-.]f.!
237-46.

Ewa.rt, A. 1964: fhe Taupo

seguence a.nd

prediction of
N.Z.J. GeoL.

Qua.terna,ry pumice

its bea.ring on the
future a.sh eruptions.

Geophys. 7 (f): 101-5.

Ervart, A. L965a.: l'iineralogy and Fetrogenesis of the
rYha.lcaruaru Ignimbrite in the lila.ra.eta.i

Area of the Ta.ulro Volcanlc Zone, New

Zea.lancl. I{.2.J. Geol. Geophlrs. B (+):
6LL-77,.

Ewa.rt, A. ]968: The petrogra.phy of the een'bra1
North Isla.nd rLryolitic la.vas. Pp.rt 2 -
Regiona,l petrogra.phy including notes on

a.ssocia.i[ed a.sh-flovr pumi.ce dei:osits.
N.Z.J. Geol. Geophys. 11 (2)t 478-54r.
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Fieldes, Itt. L955: C1a.y mineralogy of l{ew Zea,land

soils, Part II : Allopha.ne and. rela.ted-
mlneraL colfoids. i'i.Z.J. Sci. Tech.

B;37_J3): 336-5o.

Fieldes, Ivi. 1966: The na,'bure of allopha,ne j.n soils,
Pa.rt l-. SignificaJtce of structural
ran:donne ss in ped-ogene sis. I"{-, Z . J. Sgi.,

9 .(3): 599-607.

Field.es, M. i 'r'Jea.therhea.cl, A.V. 1966: I\{ineralogy of
sand fra.ctions of Itlevr Zea.]and soils.
U-.LJ .-Sgi..-914 ): 1005-21.

Finlav' H'J''.H;l;ln;rt;nlti::r"l;"l;Tl; 
#"r:l;,,

N.Z. Geol. Surv. t/e1l-ington. P.22-9.
Flemingl o'A';:::'"":il:'ffiff: 

i;;;l:" 
from

N.Z.J. Sci. Techr, q36- (5) t 5LL-22.

Furkert, R.J.1 Fieldes, M. 1968: Allophane in New

Zea.land soils. 9th Interna.tlona,l
Conqress .of Soil licience-Tra,nsa,ctions
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Nap,1s3

New Zealand

Ngau:cuhoe

Nosenclature

I{orth Islsraci,
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ooiJ.sn Fieldes r rieatherhe,ad
1966 (for e).ay nineralogy see

allop,hane ).
Pleistocene, Jurassi.e bedsn

Kearn t,olIey 1957,.

archae ology, Brottrers t
Go1son 1959

volcaai,q &shr Hill 1897.
georlo,gJr, von Hoetretctter
1964,
strrctigraphie naJue$, Askln
19541 Flerning 1959.
effe'et on plants, Cooper 1949.
asb. deposits, Kear L962.
quatennery. voleanie deposi,ts,
Gregg 1951"
vol.eau o str:at igraphi, e, ro,eks r,

Co1e et aI, 1-969

a.*ob bed,sr Grange 1931,
Baus art 1.954, iri'eL1na.n 1962 t
Ileal.5i,, Vucetiehr. hrLlar X9,64 I
Vucetich, Ptr1L,a,r 19'69, Gole
rg70c.
pu"nice erosJ-on, .Se1by 1966a,
b, Healy Lg:67a.
quat e rn ary v oJ"c4il-lsCI r

tho-upsorr L954.
soil.s* Gramge, lfa3rlo,r' 1931,
N.Z. $oi1 Btireau f954, 68,
Gibbs 1968, Gihbs sJE e.L, 1958.

geology, I.,IoXrd 1955.
geolog'ical. histor;r, Oliver
19:48.

cent:ral

Orakeikorako
Otaki s,arldstsne

F.a;ekakaril<i area.
Pal.oerston ldorth,

- geolosyr learny 1955,
ilanganui Basin - geol-ogy' Superior

O:1L Co. 1943,
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PaLeo,soLo

Fetrograpfry

Plaats

PLei.,stocene shore]-ines
Porirua Harhsur

Poukawa

Prediction

Fusice

Badioearbon

see fossil- soils.
aeh flow and. ash faLl (see
sineralogy). .

Batrr of, Plenty, volcanoeg,
Dtrnean 1970a, b.
tarawera Voleanic Couplex,
Cole I966t 70a, b, c.
tepbra eruptioas, }?bite
Iglandn Drrrrcan, Vucetich
1970.
seauoumts, ilhi.te Islan'd,
Dunc,an L ?O-a.

effe,et of I'Lg-auruhoe, C,ooper
1949..

Porirua Harbou.n, LeanyS 1.95,8.

foss-i.L soils, I.,eanoy 1964.
Slei,stseene shorelines t
Leamy 1958.

- effchaeolory, hr1Le.r L965d, 7,Q.

-' aetr beds, I'u.L1ar 1965d, 7A.
- pumice e-rupti.cns fautrlo €iitea,

Ew,art 1,964,

- volcanic eruptions, l'lew

Eeala^nd, Healy 1947., 63b.

- chrone].ory, New Zea.Land,

Ke:a.r tr957a.

- eposits $^arlpon Baungert
LE!54, Baung-arrt, I{ealy 1956,
Ewart 1963r Heal;r 1964, 6'6a,

- Earthgua&e Flat, Fleal.yn

Ewart Lg66,a.

- ef,os:!-o:lr $eLby L$;6;$s,, b,
[,Iea1y 1967a.

- soils (see lrrder: s,sils).

(see plrdrer age a$d geo-

'ohrsnolo,g-]r ) .

da.ting
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Ra.glen-l{a-u:ilt on re gion

Itangitlke:- Va11eY

Rangitoto a.sh

Re eognit ion
Rotciti Er'e ccia.

Rotorua. district

Scinde Island
liea l-evel

Sedinente.tion
Seclinents

Seismieity
Sheep sickness
Shorelines

Site interpreta.tion

Soils

clay in ash soi-l-s, 'lonk-iri
1970b.
geology, Te Fungc' :..952.

a.rchae oJ..cgY, tsro'b L;ers t

Golson 1959.
a,sh depoei'ts, I{ei:.r' 1962.

aSGr Thony:son f:168, fuce'llcli,
Pul}a.r 1969.
a.sh beds, Vucetichr ?ullar
1963, FIea.l-lr r Vuci'r tich 1 !u1] a,r

L964, Vuceiichr. *)uilar 1969.

geology, Grange L937 r IIealY

1968a, Er';e.rt, Hea.J-Y l-966;..
soiLs, Gra:rge 1929, 37 2

Vucetich, Pu1la.r 1963.

geologtr", Berry 1928.

Holocene changes, Prt-lle.r

1963c.
Ha.r'.;hes Ba.y, Klngna. 1960.

deep sear containing l{.2.
a.shes, Ninkoviclr 1968.

Ianclslides, PulLar 1965br c.
I,ia.iroa. district, TaYlcr: 19J0.

G.j,sborne, FuLl-a.r, i?enha,le

1970.
Iorinra l{srbour, LsamY 1958.

archaeology, Pull.a.r', Vucetich
1960.
ege relationshil:s based- on

te phrochrcnologY r Vucetich
1958.
allophane (see uncler alLo-
pha.ne ).
Apiti district, I,iilne 1968.

Bay of Plentyr Gibosr Pul1e.r

1961, Iu,J-le.r, Cori:-e ]-967 t

Pullar -e_t__?!r L969.
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brmied (see. trnd,er fossiL-
soll,s r Fale osols ) .
haeh si,eloressn Grange,
Taylor L972,
cIa*esif,icatior:, Saylor L964.
Egnon,t National Sark;
Tonkin 1970a.
elosiony $elby 1966an b'
fossil (see und.er foseiL soils).
Gisborne-East Coast cl.ietrict,
Srenge 1938, Gibbs 1960r
Pu"].IHr 1964b.
Eam-iLtoa basinn McCraw L:967.

He,vykes 3a,yr Pohlen 9*L-4a
1"947.

hulnificatio,n indexr Birne11r
1.965.
Kaingars,a $tat'e tr'orest,
Ga1atea Basinr Vueetlah g.!-3I,,
1960.
'nieromorphology, Da3-f'ymp1e

L9,62't 6.7 .

mLneralosyr Fieldes, ttreather-
bead. 1966 (see al,so a.l].ophaneJ.
tlt,. $auganui , ht1Lar', Oowle

L957,a"

New' Eea1andl N"Z. Ssil Brrreau

L,9,5,4,r 58.
No,rth Islaqtdr centra.lr Granget
T:ay1or 1'9'31t Gibbe g,t ,alt
19,68r Gibbe 1968, N.z. soi:"
Bnreau 1964, 68.

F&}eogoL,s' (see un'de.r fossll
so,iLs ).
pattern, central North
fsland, ltaylor 19'53.
processes in ash bedsr King
Country, Ta511or 19;3,



Spe atrographi c ana,lysis

Stra.tigra.phy

Stra.t igra.phi.c

pumice, nutrientsr r'{i11t
stone L967, lvill-, Knigbt 1968'
Knight, l"iilJ- 1970.
Rotorua. cli-strict, Grange L929r

37, Vucetieh, Pullar 1963.
volca"nic ash ( see allophane ,

fossil soils and under va.riou-s
d-istricts ),
lTaikato ba.sin, Taylor,
Pohlen 1958.
Wa,iotapu district, Cross 1953.
t'Vaipa county, Grange 9!_3L'
1939.
!'lhaka,tane a.Tea,, Pulla.r 1961t
Gibbs, Pul1ar 1961, Pu11ar'
Covrie 196:1, Pulla.r et a1, 1969.

lYhite Island, Ba.uu:gart 1959.
titanoma.gnetite, ash identi-
fica.tion, Kohn 1970,
ash beds North Island.t
central (see under aish beds).
Hutt Va1ley, Stpvens 1956.

Ka.a,wa,-Ahuka, aree.r Kear 1957b.
Hatata-Ctanaralcau coasta.l
se etion , He afy r Ewa.rt 1966b.
Taupo Volcanic Zoner l{a,rtin
1961.
tephra eruptions l{hite Islandt
Dunca.n, Vueetich L97O.

Tongariro National Pa.rkt

Gregg l960a.r br GrindleY
I966a, Healy 1966b.
na&es N.Z. pyroclastic rockst
Adkin 1954, Fleroing 1959.
nomencla,ture pyrocla,stic
rocksl Gregg 1961.
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Tara.viera a.sh

Ta.ra.na,ki - western, voleanic history,
Grant-Taylor 19?0.

Tara,wera, Rotona,halxa eruption - Thomas 1888, Cole 1970b
(see appendix).

- pasture problems, Hevritt,

Taupo Volcanic Zone

Pull-ar :.-962.

Cole 1966 t 70e., b, cr
lewis 1968.
geology, Grange L937.
pumice deposits, Baungart
L954, Ba,umga,rt, Healy 1956,
Healy L964, 66a., Ewart L963,
64 $'l .
punrice erosion, Healy 1967a.
voJcanic prediction, Bwa-rt
j.964 .

minera,Logyr chemistry acid
rocks, Evrart 1966.
stra,ti-graphy, Liartin 1961.
structure, Itia.rtin 196L,
Healy 1963b. '

volcanic mechenisms, Healy
f.964.
geology, itiarwi-ck 1946.
(see und,er dEe t ash beds,
chronolosyr eruptlve history,
fossil soiJs t Slochronologyr
soil-s.
chronol-ogy Gala.tea Ba.sin,
Paln, Pullar 1968.
chronol-ogyr Gisborne, Ba.y

of P1enty, Pullar 1965e.
chronology i'v'ha.ka.tane river
va}ley, Pu1la.r et_ a.l-, 1,967.
Dannevi.rke, Rhea. 1968.

Tara.wera,

Tauhara
Taupo

Volce.nic
Volcano

complex

Te Kuiti subd"ivision
I e plnr a/Te p hro chrono 1 ogy

Terra.ces

Tonga.porutu-Chura,
Tonga.r'iro lilt.

subdivision - geology, Grange 1927.

- geology, ida.ther",'s 1967.
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T'ongariro Ka.ti,ona,L

Tree Ring Dating

Uppar l{utt

VoLce,noes

Volceiaism

Volcanlc

Ps.rk - strati$ra.Bhyr structurel
Gregg 1960a' b' Grind}'eY J,9664'

Healy 1966b.

- &1t. EgFomt, Druee 196'6.

- ash bael, Te ftrnga 1963"

.A,uektr4rJ;dr Se,arLe 1959t 61,
62, 64 t '.65.

Bay of Plenty, StrcPhersoa

L$;.44" Lle:aly 1957b1 DtrlJt,c'&rl

1,9,70.

Eg:mont llatj-onal Pa,rkr Morgar:t

Gibson l-927 I Srant-tay'lor
L:974,

New Zealand, e:ruBtion reeordt
Shonson ].926,
Tonge.riro l{a*ional P'a,rkt

Oregg 1960a,r b.
qua.ternarsr North Island
eentral, llhompson 1954. '

faupo VoLeanie Zone r Grange

19 3tr t Bau.rnga.rt L954 r Ba,ungart n

Itrea.try" 1956, linartin 1961' 55t
Blank 1965-, Hea$ir 1947, 63at
64t 66a., 67br llea,1y, Ewart
1966a, b, Ewart, Healy L9'56a,
b, o1 Grindl.ey, 1963,1 65 t
66a., b, c' d , Healy g3_93,t

L964; Vueeti.ehl PuXlar 1969t

0o1e 19561 ?oa, br Gr Dunca.n

L97Oa, b.
ash (see under ash beds)"
don'es, Erothers 195?r Cole

ag6;6'1 ?Ob' Enra,rt 1965b, 68t
Ilea.ly 19634 , 64..

erreptions (see eruptive
his;tonY ).
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IIoJ c,ano etrati graphic

lraiapu s,ubdilrl,slon

T'iaihl distriat

,fl8i.ka,ts

Hl,aX,.!!ffgrr

l'f:aLotaprr

tiaipa county
tirlairake i ge.othern,ai,l

danganul b,a.sia

ltle,athering a.sh

i.fellington west

gl.asej E-wart, Fieldes 19,62,
Ewart 19631 65ar 65 (eee.

al.eo allophane).
neehani,ss,sl Healy 1964,
E:tnart 1964, 6'5,,a.

p,nedietionn trtrealt' 19,63bn

Ewsrt 1964,
nonenclature, Gregg 1961,
Cole qt. g.1r L959.

geology, Ongley, I"leFhetson
]92,9.
iglj.robrLt'eE n Ewart, Eealy
1966c.
rlver a€gfa.dation, Schofield
L95?.
soil-s, lDay.lor, 3'oh1en 1958,
Me0ra.w ]-,9i,67.,

volea,uj.c a,sb, t{ald 196?,
Pul.ler L967e, Jerlna L9,69,
ge o1ory , IJ1oyd,, Ee e^u 196 6 .
g,eologye Cro6's 1963, Grinciley
1963., 66o, Stelner 196,3.

hot' sprj.ugs, hydro'thernal
eruptions i 51oyd L959, Cros,s

1963,
so,il.s, Cross 1963, Vueeiti.eh
1966.

- soils, Grange gA4, L939.
fieLd, .= geo3,ogyr B,eek Lg55t

Grind,l-ey 1955, 56br Hea1y

1965.

- geoJ-ogy, Supe,rior Oil- Cs.

. L94-3r F}eroiug lg,53t 57.
- (see under allophane, gtass,

soifs).
- geol-ogJr, Te Prmga 195.,4.
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lY{ra}cata,ne flis,trLot

WhaLe Isla,ad
*rhite lelasd

WoodvilLe area

flood riskr PuLLa,r 1963d.
fossiLs, E-Xenlng L955.
geology, &lcPherson 1944r

HeaLy 196?b.

- paleoEoLsr ltriIar g&,.34r

1969.
river vaLle5rr ehronoJ.o:gyr

Frr11.ar gI, -*l-r 1,9,67.

(s'ee aLso rxtder l3,a,y of F'l,enty)'
McPherson l-944, Drrncau 1970.
erup.tive historgr lllke 1959.
petrogra hy1 Sunea,n 19?0ar ,

b"
:soi-la I
tephra
Duneaar Vugetic.h

- geoloryr Pi.ytrsi.n

Baumgart
6ruFtioss

1"959,.

I956.-,$9.t
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