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ABSIRACT

The [lnut Dlstrict 1s assrm.ed. to be typiea]-
of the norre clefo:med. part of the tvew zealandt

llobiLe B€Lt. rt contalns an unusnally conpl.ete

stratt graph.le r€cord, roeks repre sentlng most

stages from upper Juraesie to Recent belng
pnesent, Althou€h the roeke ane strongJ.y clefomed,

the conpJ.ex d.lapiric etnrctrjres that occur tn
the northeast of the rnobile belt are abgent.

fhe etnattgraphy le descrlbed tn te:ms of
fo:mationg whlch are then used. to infer th€
paleogsography for etght parlocLs of tlne.

An attenpt le mede to treat tJre etrueture
aeeordlng to lte devel,opment w'ith ttme. The

maln coneLuslon ls that there vuas a cha.nge in
the strl.ke of the fold axes a^nd i-n the senere of
movement of the fatflte . $ trong fo1de , strlt<lng
appro:clnatery northeast, are paleoccne tn agg

ancl weak forctsl strlktng approxinately north,
are post-&ltocene . ttie re are two faurt trende ,
one NNs and tJre other EI'TB. llhe ENE etrlklng
fatrLte werne clonlnant 1n the Early cenozolc and

the I{l{E etriklng fauLts wens doni,nant ln the

Late Cenozole. fhe sense of moverrent on the

VICTORIA TINIVERSITY OF
IVELLI ;{GTON Ll BrtARY.
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NlfE faults ctr.rngBd from einlstral to dextral.
The clunge 1n the crtreetlon of the ford. axes

ancl ln the erense of novement on the farrlte can

be expreesed as a ehange ln the dlrectlon of
ned,nun hortzontal shortenfng, whlch J.s lnferred
to have changed rlrlth tlne.

rt is also fourrd that the rates of tlrtlng,
and probabl-y farrltln€, r have not been const€nt
vrlth tlme, but oecurred. as hrrste (drsturuanaes)

ln the Paleocene I Early lliJ.ocene r re,te pllocer€ r
and rate Quat€xnary. The ilesozoj.c part of the
geologleal lrlstoqr of the [inui DlstrLct ls
scraBpy and far less complete than the cenozole
part,

rn ord.er to place tire tinui Distrlet tn
a broad.er oettlng, tlre centraL part of the New

zealand. Landmass ln the cenozolc, called th.e

New zealand l.Tobile Be1t, is dlscuseed in sone

detail. rhe mobile belt consi.strr of fanlt
bLocks vrhlch fom a geanticline along the IVew

zealrmd landnulss and a gposSmclinal trough
between the east eoast and the l{tlrura^ngi Erench.

rt i.s shovflr that a clear d.istinction hae to b€

nad.e between tt1ting and upllft.
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A maln feahrre of the New zeaLastd" trIoblle

B€l-t ls ttre d.extnl farrLttDgr on naJor mfE

str{-klng faults, tn t}re re,te cenozoLe . A rraJor

reversal ln the cllreetion of maximurn hortzontal
shortenlng wae found. ln the l*l,nuL Dlsffi.ct to
hsne taken pLace at the beglrur1ng of the Mtoeene

or ln the Oligocene. The reversal lndleatee
that the d.extral faultlng of tjre l{ew zeara.nd

I,IoblLe BeLt nay have started at that tlne, and

that earLter strike-slip movoment h.ad been

slnletrs,l . fhte conelueion contr:ad.:icte exlstlng
reeonstnrctlons of the New zealand landnass

wtth tl-me , a^nd" & nor€ eomprex reconstnrction ie
requlrecl to eatisfy the tectontcs of, the [lnul
DL strtct.
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II{[R0DUC[I0]i : _f[IE ,FROBIrETI

l[ho east coaE t of New Zea1a,nd., fron Ka.tkonra

to Eagt cape, ts corrplerly foldert andt faulted.
a.ncl caxr be contrasted. urlth the tnore etable
classlcal reglons of sew zearand. sueh as those
ln the wegt and, eoutheaet of the souttr relsnd..
In tJre classlcal reg:lone a slngile rnaJor uaoonfonnt ty
separates younger, gently cllpplng, foesd,llferorre
rocks from olcler, complexly fold.ed, spareely
foeslllferoue rocke. rn the East Ooaet Reg!,on

there ie no oae elngle rrneonforalty. rneteadl
there ErnE ee\rgral. steep dlpel poor exposrurea,
and extenslve super:fllcJ.al slulplng nake ttre
geolory dlffleult to inter'lprat. AB conpared
wlth most other re€f,,ons of New zeaLand. the Eaet
coaet Reglon as a whor.e ie rlttr.e known, and

thls gap ln eBologiear. knowred"g€ prohrblte a

eompJ,ete underetandlng of the stratlgraphy,
etnrctrrre a.nrl paleogeograph$r af stew zeala.rrd.

rhe llnrd. Dl.strtct (ELe, r) ls repreeentatlvo
of the Eaet coagt Reeiono rt ILes near tlre
eentre of the re@on anct is 3OO Bquare milea
la area and comprrses the eastern part of
sheet N159, Illasterton, and alr of $heet I{rD9r
Elntrl r I[ .z.l{L.s .1. (Ftgs. z | 3 r in pocket at back ) ,
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I

!

It eontalne the blgEest reunge of ages from

Upper Jnrassle to Reeent (Ftg' 4 ) of any ctlstltct

tn the eaet eoast of the l[ortJr leland.. Se\tsral

sff.ke-sIlp faults exlet and earthquakee hew

oeeurrecl nearby ln hlstor{,c tLrnee. Rates of

tlltlng as hJ'€h as lO/J:g6 Jrears havE been

recorded from Upper Pletetoeene andl Eolooeae

rocke on tbe eoast to the north anct Eouth of

the dtlstd.ct. In the nortb of the Elnul Dletnlat

folil ares ln Oretaeeous-Iorer ferblary rocke

are at anr applleetable mgJe to the fold a:ree ln
UBper [ertlary rocke (OngJ.ey, ]935 ) r tntllcatlng

that the ttlrectlon of naxlnum hort zontal

ehortenlng has ehanged,. lhe ht8ts t1lt rateet

dlfferent fold tllrectlo1xe a1rd the unusxlally

complete record of sedtl-mentatlon were expeote0

to pemlt the clrange of tectonles of tlte reglon

w'lth tlne to be cletemlned..
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o5t0 152.0r0J0fl,m

\JJtr. ,r \lrf.j.

Fig. I' Ilfap of the southern part of the North Island.,

sh,owlng N. Z. M. S. I sheet boundarles a,nd. the linits
of the tinui Dlstniet.
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PHSIOGRASHY A}ID STE4,TIGRA,?HY OF UIE
gtFIII DISTRICT

PITTEIOOnAIHI

Ths |Ilnul. Dl.strlct le bouncled Xn tJle eaet

by a fatrl-y stratght coastltne contalrdng

only one prronontoqf - tJre head.la,ndl and reef

at Castlepolnt. |f,he cl1sffi.ct ls h11Ly a.nd

tg cllvlrted lnto tmo perte W ttre valley of the

south flowlng Shareana Rlver, H5.11s eaet of
the rl.ver reach a h€tght of 11557 ft at Ut Peroy

and tlrose weet of tJre r{.ver reach a b€lgbt of
1r?04 ft at Hangaptrrtrplxrllo ilany of the lrtllg
ln the west heve etrl.klne].y nrggpd Broffllee

antl because of thetr unusual shape are loeally
calLed ntatposn. Uost of tlre dtetr{.ct le tn
grass andt le ue€d for sheep farmlng. In th€

eaet thBre are lar6 ansas of thlck ecrub and

regpneratl,ng hrsh and some pla.ntatlons of

exotlc plnes.

fhe hll1s are d.ontnantly of Oretaceouts

ancl Upper Juraselc rocks. In the Wb^s,rea$a

Tal.ley andl on the coast the rocks €LrB clonlnantly

lertlary (t[g. 5 ),
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EIRAIIGRAPHT

PAHI]IOUS 0EOIOGICAIT ilOAK

The only aaoormto of the geol,osr pz{.or to
1930 wore thoee by A. Mcf,ay (18??)r Fartr (raae),

W.A. ileKa,y (1899) and Morgnn (f gfo I 1914 ),
rn tJre early 1930e the northorn part of ttre
gheet was mapped. ln rletall by llr M, ongley but
only a €rnall sca1e Erap (Oag1ey, 1935) ana br{.ef
cteecr{.Fttons leene publlsherL (Ong1ey, 1933 I 1934 i
1935 i 19364 ). some of the cnetaceou€r rocke aro

hlglaly foeellLferons ancl wone referred. to by

Felfuuan (1959) and a ene].r Oretaceous area was

nappecl by Haekell (19d4 ). A silos1l area of
lertlary rocks tn the north of tlre ctlsH.ct uag

napped. by Ficld (L96? ). A Late Qrratemary tectonle
nap of the vreste:nn part (street N158 ) bae been

publleherl (Leasen, 1968 ).

GEOIOCICAI, TNfiE SCAIE

Ihe pnoeentJ.y acceptecl sequence of t[ew

zearand, cenozole etagee ls tftat of Flnlay a,rrd

lrianrlelr (L947 ) natn tJre follorrJ.ng morllflcatlonsr
scott (ln pnosg ) rrae ehowx, that ttre Artonlan

IStage overrapo tbe tlnpe Hutchlnsonlan a,nd, ttre

tyBe Awa,moan' lltre Altonlan is urj-dEspread, hrt
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tJre Awamoan andl llutchlnsonlan anle roca1. llhe

follorrlng charrgee have boen propoesfl. [hs pareora

ser{.eg rtIl contain two etagee onlyr the otalan (po )
and a n€w Altonlsn (pl ). ftre new Altonlan
oontal.ns the llutehlnsonlanr, Analroan a.nct the
lorver part of 'bhe old. altorriorlr the upper part
of the old Altontan is eCd,ed. to the old ClLfdtcrrlan

to for=r the neir cLtfder::lan. fbe rerrlsion of
the li'anganul series stagee by Beu (1969) le
ad.optecl Ln Etg. 4.

Tho prcsently {}eceptod sequence of New

zecLand, cretaceous utages is that of lveLl_nan

(]-gng ) . lilell'qan pro po s€rl i.a rtag:e s ; 10 of thm
new. Thc stagea rclth ilre exeeptton of the
Eonrngan a,n,i. tl:e [eu:r[sr, are bs,sed largely on

opecles of Inocerirrrue, The leunlan wag later
placecl in tbe loureneo$t rertiary Durnevlr{ce

Serioe (ttornibrook, 1g6e ). $re renaln:ing
cretaceoue sequence vras nod,lfled, by II*Ll (1963 )

wbo slrov,ec tha'b the Joveri::n ota6e wil$ egual
to the llgater{.an and. prcposed. tlrat the uoverd.an

oia6e be abeurrloned.

fhe n'merical time scar.e in *Lg . 4 1g

approxir,rali8, being- based. on onJ-y a few aecunBtely
d.atedl. Bolnts (for exanrple Bee Berggren, 1969).
Hovreverl it gives the Longih of etageo rufflel.entr,y
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aecurately so th'at rates of tiltlng oern ba

calculated.

PNSSEIVT MAP}TNG

lhe un"rter opent ten months rnappxng tfic
15'nul Dlstrdct. Flelcl eheets, prepared by ths
rrrlter from aertal photographer more on a saBle
of 4 lnohsg to a nile, Mapplng wa6 based on

fornatlon,;of whleh ZZ are rccogrised.. In
ELgg,- 2 anct 3r whleh ars fron tlohnston (rT.press a;b),
eash formatlon ts represented by Li .-,'applng

eyrnbol coneistlng of tv,'o Lettere, For moet

fo:rnationg ttre ege Le roaeronably weLr deflned by
el tJrer forasd.rrtfera or rrgcrofoeslre, Ages

dnen by varroug epectes of rnpcerarnue a::o

based on Ldentlftcatione by the yrrlter, Ages

glven by other foed.ls ha,\re been prorrlded, by
those paleontologists ackrrowredgsd at the end,

of thle theeis, A list of fogsJ.l locallH.ee ie
gt\ren Ln Append.lx I.
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}IESOZOI C SfNATIGNtrPHY

Iniluratecl gnsJnraeke anrt argilllte bede,

thlek grsy-waeke lensee arlth mlnor conglmerratee,
spl}ltes andl assoclated, volennlc clerlvect rocks
rnqke up the |lorlesse Supergro[pr

ffaewaepa .Tormatlon (waewaepa serdes; oneley, 1935) e,
lhe raewaepa serres, nanedl fron the waewaepa

Ranep, was tntroctueodl by ongley (rgll ) for a
ttr-lok sB quence of dorrtnantly greywaoke-ardllite
bed.e. rt crops out extenslvely tn tJxe west

and oceurs as a maLl farrltect lnller Ln the
northeast. It eoneigts of severely cnrshed.,

grad.ed grrewacke-argiLll te bede, Trtth ecattered
greywacke a.nd congLomerate becls, rane ltneetons
J-eneee , and lnterbedcled eplrlto B o zeoLl te
velne are eonxnon. the eonglomeratee contnln
well-rounded gfeylracke pebblee a,nd a few,
eoromonly hlebly poLlshedr pebblee of extrualve
andt Lntmslve lgneous roeks.

lrhe fornatlon is at least tene of thousande

of feet thlck 1 but becauge of stnrctural,
eomprexlty lts tnre thiekneee is uncertaln,
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rnde teratnable rgoc_eggnrlg fra6pents oecur

rarely' A lfune etone bouldl.er (m5 gf 435 ) forrncl

in the lTorth Branch of Ma.kflktrt strean
(Nl59/rc+a18) by Mr ![. ongley and Dr J. I.rranv{.ck

and ssslmed to h^ave been clerd,ved from the
fomatlon eontalned Brrghta cf, bochetetter{-
Fleming (c.A. Fl-emirsr pers. co@, ), lndtoatlng
an uppermoet Juraesle (Rtaroan stage ) rge.

Talpo Fomatton (tarpo Bects, Huttonr LITZ) et

-rr-

ths narne [a-tpo Beds was used by several
urriters for rocke th"-it fons the tatpos. rhe
name 1g here uged for thlck bede of nasstve,
medlum to d.ark erey g:rslrwacke r of pre-llerttary
age. A 3r2OO ft thlck sectlon from the
l"tangapokla valrey (Nrlg/447665) to the Mangapakeha

vaLley (Nrra/448669 ) te here de signated the t54re .

rhe lLne of aectlon eroBges several eonsplcuoug

talpoe and the place is named. rrthe Talpooi.
Bedcltng ts rarely dlecernable in most outcrorre

al-though the strtke csrn cornnonry be seen on aerc.al
photographs. Ths fornnatlon eontalns s few thln
lengeg of congrlomerate, and, the congLorneratee

contain pebbles of the same rocks as thoee
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!.n the taewaepa Forns,ttorro rhin s€quences of
tnterbedrlecl greJryaeke-argilllte beds occur looally,
lTre form^a,tlon ls lureonformabry overLaln by tJre

tla'ngapurrrpu":r'u Group anct al:nogt oertainly grad.ee

down lnto the lfaewe,eps Fonrna,tLoDr The rlaJdmn
obsenved. thtehtese Ls 7 ,ZOO ft.

I[o fosslle1 ot]rer than rare plant a.ndl,

rnoceramus. fragnents r haw beea found. [hB

agp of the fornatj.on ls lnfemed from l"te
stratlgrapbic posltton to bo uppsmogt thrraeelo
to lowe:moet Oretaceous o

llh€ narne llangapurupunr $erles was fLrst
used by Mr }I. ongley oln bl,e fleld sheete of tJm

foruer Etretatrura subdlvlslon for rooks now

hrown to be J.ar6p1y of erarence and Bauhmara
ag€ - fha nane rras never fomarJ.y rlefl.ned andl ls
Irere tntrod.uced as & group na&e. rhg grroup

uneonformably overlle e tlre torLesso super€roup

and conforlnably rurderliee ttre llnrrt GrorrB. rt
conelsts of greyl couulonly bluJ'eh-gsey,

foeeluferoug mrrdatone r slltstone and gradterl

beds.
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ilarlnfd Fornattog, (new forrqation ) urn

rhe fom.rtton ls na:ned. after uar{.ngl Trlg,
gtation (yva/433913 ) , north of ldaklrtklrc.
strea,m. a sectlon 3,1oo ft tbtek erposed rn
uaklrrklrt ritreasr (N$A/+4376j to 44}7rgl ig
propooed. as th€ tnpe (Flg, 6). nhe forma,tlon
crops out Ln t'be weet of the dletrd.ct. rt
oonsiets of a basal eonglomerete t je ft thlck r

lndurated. grey slltstone and oceaeional grad.ed

bed,s r a.nd[ laJrere of Inooeranqg lpuqlrus Wel]pan

ehelle at ite top.
rn the weet the fomatloa gmdes into a

pebbly ef,l,tetone n"amecr the Blrteford senber. A

9oo ft thlck eecff.on expoeed arong coopere

Road (nua/3687j6 to 385766) re Bropoeed, ae tlre
tJrye sectlon for the nenber. lrh€ rer.ations
rtth the overlSrlng and the rlrd,erl-ytne fo:matlone
are unknown. 

,

lbe formatlon eontatne nrrnorous fossllep
lncludlng rnoceranus ef . kaptnre weltrlryur,

I. l'nua,nus t?e].lsran r Auc-q-lli€ eu+l.\rpha lToode 1

almonltee 1 echlnoLds, nautllolcle, berennltee
a'ncl foranlnlfera, lnd,tcatlng a ?unrtawa,rr and

Uotuan age o
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t
(new fo:rnatLan ) ue

lhe fozrnatlon eonslsts donJ.na'try of nesglv€
nudstone or stLtstone conta:lnlng ntmlerous
fossj.liferoue coneretions. rt crop' out
ertenslvely 1n ilre west snd le ns'o€d. after
sprtnghilL statton tn the south braneh of
I,laklrtkld strean. A 6rooo ft eectlonr between
centre $trean (ms g/46s7?o ) and. Rewa $tream
(m59/49o75il, rs proposed as ttre tJrpe (plg. 6).
rts base 1s deftned aB the base of nas.Ltve
sll-tstone eor.fc:mably overlSrlng the top of ttre
uarc-n61 Fonnatton. rte top is d.eflnedl as tJre
base of the eonfornmably overlylng [o s1a-t lonnatLortr
Betvreen DIt cam.eron and ltangapurtrprxru, lenses of
rl,pple bectd.ed sandstone, upto 4l,o ft thick, form
conspleu.ous ecar?sr. Eaet of I{t caneron thln
poorl-y g'radecl eendetone bede crop out. fn the
I'Tangapakeha and lJa'gapokr.a rnalleye tJre fomattoa
contalne a bagal cong!-omerate and rrneonfomably
overLlee tb.e [orle sse $rpergrorp r

rhe forroatlon 1s rlehly fossluferousrr
rnoeera{Tqg opectee rncr.ude f,. iprranrus s'eilmnnr

l. hakar{.,us teLlsan, I. fysel Sel}nan, l. nr*prre
tel'funenr L. opetLus Fellnnn, I. rrrius Fellman,

I. pact,flcqx woodte ancl I. n.sp. aff , ooncgntr{.-cus
Park. Anrnonltee a,re not uneormon aE 1g ths

)r'.
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belewrlte Qlnltgbgtus
fogstle Bre of Ulotru,an,

Halrgaotanean, [eratan

s_uper.stes (Heetor), fb€

tVgatexql,atrr, Arowha,rrarr,

and Plr{.pauan &gB.

Qpntle-i,nnleJornat*on (new fomatl on ) ua

Tlre fonnatLon conslete of 4rshaottc ralxtnre
of angrrlar to rounded., dark grey to blaek chlpe
of sand.stone in a flne gratned matrrx. rt cropa
out ln the upper ldsngapaleha yalley rrlrere a
1,0oo ft thtck eeotton (mlg/+oo?ol to 415?og )
ln Gentle .annle stlrean Le propoeed. ae tJre tJn)e.
I?re formatlon r.ux.confomabry ovarlles tlre Tor1c'oo
$upergroup and ls tn thnret contact Trtth th6
upp6r part of the !,Tanlnel FormatLon.

$ancletone br.ocks in the fomatlon eontaln
probabre ffotu^an foeeLls and !ilany of the chlpe
are hlelrly pollehed.. rhe fo:nmatfon ls interrprgtoal
as CI breccla eausedl by the eravlty slidlng of
the lower part of the Mar{.ngl Fomatloa clurrng
Raukrmara tfurre o

Glenhrn Foyqpttog (faae, 1966) ue

Accordlng to Eacte (L96G ) tfre Glenhrrrr
FormatLon ln the ut Adame anea coneLetg of
gracl'edt bede I oornmonl-y conglomeratlc I of l{gater.:la'
andl Arowbana,n agp. llh,B foruatton ls here erpandled
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to lncluele eIl e,carted bede of crrtaceous agp

yorung€r than tbose of th€ forless€ supergronp.

rt cropg out Ln the northeu,et of the llinui
Dd.etriet as a l[NE stnlkLng strlp that extende

from the head. of the weet branoh of, the wha&aiaet

Rlver lnto Sheet Nl5j and as three faultedl
lnIlers ln $rnlttr 6beek. rt coneists of Boo ft
of poorly becttLert ll€ht g.Tey etltetone anrl fT,ne

eandstone overlaln by about 5,ooo ft of gradledl

betls. Flute caete tnitleate a northweet seilfuFnt
gouree o

speclee of rnoesrasus r conr*only abrrnd.arrt

at the baee of ma4lr of the rrad.ed bed.s I lnclufle

I. qalareqtd.ra VreLlsan, f,. bico4!$ga-Els Sr,arwlck,

l. op_ejElus flel-Lsan, f,. nqker4g 'ffe11-man, and.

I. .q?elfteJE lt/oods. llo d:iagnosttc mrerofossLrg

we:FB obtalned. [be fcssile are of Arowhe$er r

Man€raotanean, feratan, and, plrlpauen agF.

trlnd Gqoqp (ttn*t Ser{.ee; Ong3.ey, 1935 )

tlre tlnul Group, eompr{,sin.g roeks fornerly
napped ,3s Tapuwaeroa, lThangal , and f,alpana

fo:cnationg, o onfonnably overlles the Mangapunrpunr

Group and underlleg unconfo:mably tlre WaJreteadl Group.

uoet of the roeke are poorly calearsougt aone arra

Don-cBleareous, asrd sone are gtalnea Jrellow by

Jaroslte.
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te. !,1a1 Forlnat*og (new fot:lrtlon) tt
lhe for:natlon crops out extenelrrely and

eonslste of well-becc.od. alternatlng sandletone

and slltetone , connonly croes-bedcledl Trlth
lnterbeddedl thlek grlt and. conglomerate beds.
A seetlon 3,0ffi ft thlck in the head of hrke tewat
stneasr (N15 9/67].960 to 6618 64]. ls proposett as tb3
tJrpe. fhe fonoatlon conformably over].les th€
Glenburn Fo:ma,tlon ln the eest n^nd the spr{.nghlll
Fonne,td.on fu the weet, Ccnglomorates are abrnrdant
in the east, but are rmonn from two locaLltles
only in the west. At one, tn the lower lfh^atcarora

valley, the conglomerate ls at the base of the
fornn"tion anrt uneonforraably overltec ttre
SprtnclrlLl Foruatton. rn the y;ost a 5 ft thLak,
red r vo] esnie dez{.r'ed sirtstone erops out 1n

tlre lower part of flre forrnatlon. Because of
faulting and. probablo laterral transltion lnto
the tlrhengaJ. Fomatlon the tnre ttrlcknesg of trhc

fomatlon 1s not krtovrnl but lt is not leee
thsn 5,oO0 ft.

Fossll-c lnclude rnogpramus paciflepg Hoode 1

I' australl,s. tTood e , I, natalonrs tflel3raan,

9sltrc_a LaptlUcota

--

lbe forrna,tton also

MenrLck arrd foranlnlfera.
eontatns DLarLtobe}ue supprstep

Dindtobel-us ? ops're.El stevens, !, l-lnctea.rl (Heator) r

--
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(Heator) which ie eonslclened to be dler{.vedl from

the sprrnghlll Fomatlon. tlhe agp of ttre
forme,tlon ls P[z{.parra.n, Harmur{.an, and lleur{,an.

ffirsn,qal pglmatlgg ftnangal Ser{.ee; errennell and Bromr,

-1 

.

193? ) tr
rh€ uthangpl Fomatlon crop6 out extenetvely

ancl eonei.ete of l1€ht to dark gr€y, poorLy-bedded

lndurated, slltetone slth seattered calcareous

concretlons, ancL gl-ar.rconltlc eand.stone as bede

anrl d-!kee. fhe glltstone contalne sn'arl flakeg
of h,yclnonlc& r ecattered glauconlte grains andl le
conmonly slightly calear.eorrs. rocally it 1s

ffiffteiently ealeareoug to be a clayey llnestolror
rn ttre eaet gl.i.lrrconttie ssndstons oeeuro as

beds upto 40 ft thlck anrd as f,rkes rrBto 1 ft
thlek, rn tJre weet th.e 6lauconltlc eand.gtone

beds are upto 2 ft thlck and there are no

d.lJces. [he formatlon weaflrers to an orangp-brotra

eolorrr a.rrcl expoeed eurfacee are eormonly

eovered. uri.th a yeI]-ow effloreseence of Jarosj.te.
It ie s.bout Srooo ft thiek i.n the 1inul ulsffi.ot.

Tforr tubeo; and. Nugr[a, a.nd Nrnrlapg fragnento

are eeattored tJrroughout the sirtetones but
are useLege for datLng. Fora,mtnifera are

corrnonly abrmdent. fhey indleate a Eerrria.n agp
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vrlth the baee of the forrratj.on poselbly extend,ing

dorvn lnto the Harruurtarr.

T[alpawa Fornatlon (waiparrya, Brack shale; nlnl&Jlr
1940 ) tp

rhe forrnatlon consigts of leneesr of dar"k

slltstoner w"I'i;h ldsh orgnn:le eontent th*t }[e ud.thtn
the rihangai Fonrratio:-r . rvro lenee e I eacn Ie ee thsn
1OO ft thick 6rre exposed on the llnul Talley-$hakatakl
Ro;r.l . the uc stern lens (nl5 9/5sLT3? ) i s a eoft
dark g?ey to browan I ctlrbonrlceous siltstone wrth
f Leui; tene d rvols-l trrbe s arrd br+n rJ s o f {ir arrc onl tl e

s1lis6one becls. l'ro fosuil..r r,vere forrncl. the eastenr
lenr: (i{Ib 9/ 6318 ja j i s ilrr rndurrt'r.,e 11 dar}i tgrey, a]_nost

bi-acli , fi e sj- le sri 1 t r: borrc lri blr nurue rous :,lae ro fo sei L

r3'il{3iten l; s tl"nd. gflp tituii L} r}16 'bal. s . T}re iulcr ro fo e ell s
have 'i iiangaloan,' a,ffinites (,,.,G. iJertr pets. Fopm. ).
tire irarrgaloa:l etage , brrued oD ln-ucrofossi].e, wag

the yorrflge et Cre bace ous .;tu.ge in tire se o u€nce of Uew

ieal;r n d .:ter,ge S ptro ilo $c d_ b.l, Pinl;r;y nfrcl. .. afrrrlCk (194? ) .

rt ie eqrrivalent to the lot'rerr Damevirke $ertes
but becr+use it could noi; be fi bterl accurately into
the l'{ew ijealand stari&nrd utcr6;e eerjuence it was

rtroposerr b:r ltorn:Lbrook ru-rd. lt.arrrngton (1957 ) ttrat
the ttein€;Lr,J oirrr be orrr:l t te d . -r-o11a.nr-ini fe fA , abUfrd.ant

ln tlre eastern lene I .*1'€ Teurirrlr irr cr{."e. No foeglLg
were fowrcl in the vr-rr g'i;g1'ri len s.
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TENMARY AND EARIJY QUAIENfiARY
,uiitrrll okAPtIY

Ha*e-tead, G,roulr

(Fanstead $erleel Onel, av ; 1936b )

ghs wanst€ao sez{.ea, lntrocluced. by Ongley
(rg3gt ) , vdrls redeflnecl aB tlre ty,:ngtsail Grorrp W
waterhou€e and Braclley (195?). rt oontaine
poorly bedlded, fine cpalneit eecHrrcnts tihat ara
eommonly bentontttc tn thelr rower part.

(vatr den Heurrel, L9GO ) wll

Bentonlttr: se&fuaents ,?,ro poorLy expoeed on

ettlrer slde of the Lowor Trhares;ra valley ancl in
sdldltlon oecllr as s1l-rers vtthln or elose to ths
ttnui- Fault zone, rild orc co:rureleted vrlth tbg
Tru,q,tokttokt Forrr:iion of va:.:r den Lleurrol (rggo ).
'rhe fo:matlon eonsists of rvelL to poorly beclrted

ps,Ie iErey, gresnlsh srey to dark Erey s,l-nost black
nudLirtor€ r grey silts-iolte anrd eanilstone r glarrconLtlo
ccnd.stone, prinor c ongro:nerate a,nd. bentonlte
bec.s. Sentonlte crops out only in the north
and ea.trses extenslve srunplnsr. fhe thlckest
bentontte bedr at Etrenrrt stream, ts 50 ft t&tok,
fn the south larqe bloeks of ilehalkyr nrrd gtone

crop out near the base of fire fo:rmation.

Seca.uee of poor oxposures no stratlgraphlc
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sequenee w&s eetabllehed a.nd. t}r€ thlckneee of
tJre fomatton te estlnrated. at 1r5OO ft. fn
the Uang,apokla Val-ley a 5 ft thick glaueonltie

sandstone at the base of the fomatlon reate,
probably uneonfourabLy, on the whangai Fonnattolr

fn the Marr€zr,pakehs Valley the fo:rme.tlon reets
uneonfo:mably on rocks of the Torlesge supergrotp,

ItaerofosetLs p,^re absent, Forunlnlfera, Tutttr

benthLe fo:me dontnont, are abrrndant and show

that t-lte WaJ.pavran, Heretarrn6p,n Eurdt Bortonlan etagee

are present. No Porangan or San€raorapan

foranlnLfera weno for.urd, althoqh the etagse

are nrobably pregent.

S,elSr fpnqgtSon (Weter Ser:los; Oneley and FllltaneoDl
L931) x;

|Ihe fozmation eonei.ste of rqasslve do,rk-gfey;

Looa11y Trlth a greenish tlnge, to ll€lt-grey
almost whLte urrdstone ancl elltstone, with
ecatt€red gritr conglonerarte and lnpure l:tneetona

becls. It crops out as farrlt ellvero ln or on

the vre st eide of the trinrrl $aul-t Zone . [hs

tlricke st section ls about 2 fiOO ft thick . ghe

baee of tJee fonurtion ls rl:knolvn' all contarcte

seen being faulted. kacrofosstls atne abgent.

For^aninlfera, particularly plankton:Lcs, arra

abund,ant and incllcate a Whaingaroan to Dqnrtroonlan

BgB r
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$rng4al.e. GryU&

Itre .]roup ls ;r"*:r:c3 after _tnned.ale $tatlou
in tbe ulrlJer FJur,ren:_u, V;r11ey. It eontatns
the Ttrreltata,Srl Forrretiolr, consioting of a tmtck

se{uer:cc cf gnr,ded ted,s, anrd the |[a]rlr-ltil-nl

Fonration eonsLctd.ng of s.nd.eto:io und aLgBI

liire stone. trt lles bcbreeu tire ltraErstead snd

Ifinrpi g?olrpoo

T,h€lk+takl Fprrrratlon (ue.;: forc;ticn) at

llre fonn;itlon corl!",tsts of trutek seq'Jences

of graoed. bede. It crop€r out oxtenglveJ.y tn
the east arrd le vrelL orpoied near flirerirataH,r

I{c coiaplete seetion thror.r4; ilre forrnatioa wag

found ai eny one loea1.lty anrd no uin;ile t;rye

gection can be dasigpited. rnstead the baee of
the -foru+tion 1s d.eflned in the uFp€r l,'iata-1koas

Rlver (nu 9/64f.s7z) where a sequenoe of grade{t

bede grad,es dorrm into the ffeber Formatlon r arrd

the toil Ls cleflnedl in the lorrer y,harea,rna Rlver
(NU g/f29564 ) where the fon:",atLon grades up

Into crasslt-e nruclstone ot' 'i,he .,1'iarinsel-1. Fomrrtlorlr
Ind,hdd'irnl, graded. beds are frora a feri Lnches to
eevereL feet thick. &rch be,t gradee froia sz..It

or err.rrdstone at tlre base to mud.stone at the top.



3z

The b$se of eneh tred, eorrunonl-y eontalns f-l!-ute

casts. [he ].owerpart of eaeh bed ie lalnt nated

and tn 1ts urlddl-e nnrt eormonl-y eonvolutely
beititeil. fn the northoast the forrration
confornabLy overLtes the lVeber Foraatlorrr

ELsevrh.ero lt 1s unconformable, with a bseal

congLomente r oD older roel:ri.

l'iacrofoe$lLs are rare anrl of no usJe for
dnttng. tlicrofoerslle are si)nrse ancl, Roorly
preserrred,. flre ago and tha firj-elcness of tho

forrnntion are rl,lfferent ln d.lfferent LocaLttlest

Area

ilortheaet

Iorrer i'rbercan;r, YliJ.le;r

0oast

jcutheast

thlclrnesq (ft)
700

t ,COO

10,ooo

e,500

A*o
-b

Int -
Pl -
Iw-
s?

Po

8a

So

teuhl4.ti"+l Fopua.t*cn (nei'; fomatlon) at
fh€ fornatlon consiets of thLck sandstone

altd thick a1gaL llne stcne r wlth lnterbed,dedt

mlnor slltstone aircl rnJ"nor grad.ecl bodcted soqlrgnoes r

It fon:s conejrlcuous outerops vritirln cnd, on

both. siries of the Ti:rrd. Fou-l-t Zone fron
rcjrtri tinl Stream. to !,laugell , cmd as a farrl-t

sllver on th.e west slcle of the lclver l[hlzreene
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Valley. A 650 ft tJrtek seetl,on ln laklrtti-nl
stroean (I[15 g/6L883? ) ts propoeedl Ls ttre tytrE.

She foraatton dleoonfo:mably owrlLes ths

Whakatakl Formaflon and conformably unclerll.ee

the l,launsell Fornontl on.

Ihe sandstone ie grey, medlucn to eoarEn-gain€d,;

wlth beild.J'ng planes fronq a few to rnsr1y feet
apart, and. scattered. el1lptlcal, rarely
foesllj.ferous concretione. It 1s 3,5OO ft tblck
at Maunsell but tbins norbhwarcts arrd 6gades

tnto tlie algal ll,me stone . 'Ihe line stone le
off-wh:lte to erean and rreathers pinJt. It
conta-Lns nlrmerous rar:nC.erf ;o elonEp,te , partly
Ivorntl alga1 stnlcture e orche -tiltlrothanr'tisi

group and. scattered jloran:Ln:lfera sheIl fragnente,

Ihe age of tJre forl.urtion le ALtonian (pf )

to ClifdernJ.an anrl. lt i s tiruu tire sedne age as

the upper part of tire urfurhir,taki Forriatlon ln
the lourer Tribare'rna Valley.

i'I.rrnrpi. Gro.rlp (Ilunrpi $eriee; I"fu:,1-,, 1933 )

|[he Hurupl Sierles wec intrndueed by Etng

(1933 ) for eoarse fossL]-lferoue beds at Hunrpl

Creokr PaLllser Bay, that Ile between baeensnt
mpre.yntaeke r end, overlrrlnfl unfosstJlferolrg

---
.t?1 tt;': 4','t

,/ | tL

l:' !, f,t.\:

'.' I t

4.,f

u *'f L



34

nud.eton€r rt v,ns redeflned ?s the thr:rrpt
Fo:m.r.tion by veLLe (rql+ ) to tnclud.e tlre
f oesll.tferous encJ rxrfossilt ferous berle. fhe -, !.,: , !

forsr.ation ls here fr,isad to ffoup stattre,

I,tawrsell For*atlon (new forn.atlon ) frn
lhe },[aunse]-l tr'or:natl on erop€r orrt extenslv-e1y

in the vrest of the Tlnui Dstr{.ci;. rt eonslets
flonl,nrrntly of nasslve rnuclstone and. eil,tstone
w-1th rnLnor sand.etcne anc. rebbly ehell llmestone
becle and conerettonrr. A sccttorrr graoo ft
throk, tn the finul l'alley (n5g/600814 to 563s09 )
ls cicsiineteit as ttre t_.y1ie. tho lovier part of
tlle fon:e,tLon grader ln thc nc'r'thr-est lnto a

tlJck r.equenee of i:r,dcd, bcC_s m.pped. e.s tl:e
fenavra l'enber (trst ) and. tn th.e northeest lnto
tl:-lck r;and.etone nepped as tlie GranE:enclale

l. ei:rber (tu:ag).

rn the rtnut rlalley the fornlatlon confomablv
overLie,s tlre talrirr:Lttnl Fornatton but rtr tho
upFer $Ihareana Yal1ey it {s rrneonforrrabLe on

oLd.er fonnatlone. rrr the r.on'er ltharea.nn valley
lt le eonfo:glablr; on the v.,h.,,kq,tr*,1 Fo:ratlon,

fhe Tsnawa lre*ber (ftrue seetion In_r g/6tF,gir to
6oL838) 1e nsnect after tranawa llrc.E, rt ie rrpto

3r5oo ft thick ancl consiste of graded beds.
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In the [tnrd Valle1r lt eonfornably overlLee tbe

lsktrtttnL FoRnatlon brrt firrther north lt resta

tmeonfotra.ebly on older rocks anf, eontaine a

basal eonglonerate truto lOO ft thi-ek,

lrtre Grassend,ale Hember (type eeetlon In5 g/+nln
to 5A7784) is nsned nfter Gracserrlale homeetsad.

It conslets of tlrlck sanestone snd. thln lnterbsdlOedt

caleareou$ eandstone and cong;l onera.te becls. f t
tr: zCC ft tlrtelr tn the tyBe seetion andt 2r3OO ft
thiek further norur. It uneonfoznably

over'l-tee older roeJ:s and, is di-seonfor'-rab3-y

overlain, probatly r,t.-Lh LJ.ttle ttne ninai,ngl

by the l.latueseLl Forna'blon.

lricrofosslls r-ro e.tr::rr1:rnt ln the ma.csLvt

fJ-nc' ,-ri:tned sed.incntr: cf thc fo::cretlon but eS
ri."re or arrsent ln othcr llthol-o,1t'es. Iieerofooetl.s

ara 1oe'r1-1;r aburf,ant l-n the conrse gralned

eedinont$. The rlfp of the ltauneell. Fozraatton

Ls LJ.l-l-burntatrl , I?alanuJl, anrl J.orer Ion6aponttuan.

tlro cge cf the Trmoua and Grassendale menbers lE
llllbtumlan to Walaunn.

4pprata 4om*tl.gg (neef , ln pre$s ) hn

[trc Ngarata Forrratton was lntrortuced. by

I{eef (fn prees } for sa;rrletono and overl..vlng

flne gratnecl bede cronplnn out ln Sheet N153r
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In the t!.nrrt rllst"iet i t i.r resfu{.cted to thlek
poorly bedited sanCetonee wlth eeattened eongloncrates,
ehelly llnectone beds and ecneretlonrs. rt is
2r40o ft thiek rurd lrnnonfornebly overlLes tlre
tathotri Forr:atton and the Grassend.aLe Ulenber

of t,}re !ic,r"''nse11 Fo:sre.tion in the c:rl=tr Bnd.

olcer formetlons in the west. }racrofosstler whleh

are poorLy Freserv-€cl anrJ iltfftcuf_t to or:-brraet,

lndlcate & fongaponrtuen af:e. IS.crofossire &rB

probably pranent bui could not be e:rtrncted.

talhgli:J. ToLTr|*flon (wrultrop.r series; ongl€Jrr 1935) tt
ttte tl'nllrolcl l;ezd.c*, riari lntrodrieed. h]t

Onp]-e;r (re391 for coir,r,.,c s::nf.stone becls occupylng

tho cor:e of the sav'rhero ..J;nrc1.J-r1e , r t i s hcre
useil for thj.r:k welr-berid,ed, co.T:ionl)- poorly
grrded. , eoorse sencJ stone eurd $il-tstor^e bed.s,

and. nen,:l.ve nrrrd.ctonc. The base is d.eflned. eg

the baEle of the lorreet scan)-forreln6-aEmd.etong

bed, ln the herrl of Eienui strecno (Ir15g/i59849).

IYo eontact vrlth youn{:er bed.s wus €r€€nr Tho

forrnqtlon crops out between ihe up?er Tlhareama

and tinrd valleys. rn the southv,:st fi:e base,l

becs &re tnrffnceous and in tj:e northvect tl:ey
ar€ cormionly grauconltic. The forronu.on J.s

4rooo ft thlsk. srcept 1n the northrest, where
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!'t orobably urconfornebly o'rerlles the Gressendlale

Hember of the l,launsell Fo:mation, it eonformablgr

overlj,e s the lteuneel] Fo:rnp.tLon. Seattendt

n:erofossi.le and abrmrlant r.rlerofossl,-l.s ara
nldlctlo wrd upper [ongaponrtuan, and, Fapltean
ln Ergo r

Rnnq*whalrao*g- Irg_rnatipn (nc* forrnatlon ) frr
rbe Rrm6twh?t{non^cl Fornatlon conslste of

€Feyr eeJ-eareor-E slltstone, forrrerly rnanpedl ag

th.e onoltt $erd.es by ongler (193F ), rt takes
lts nane fron th.e !.':,ord nnne for Castlepol.nt.
An Bo ft tirlelr seetl-on on the soutlree.et slde
of the cestle (l[.59/66?67] ) te ?]orosed a5]

the ti?c. The fcrf"rnu.on aI::o crope out on

the no:rthv'ect sidie of the reef r_rt castLc.poLnt.

roca11;r i.t eontclnr concvetlc,irg errd lenses of
corrrrorrly l-emlnntcr-r nandstone, on the norbheagt

sic.e of the cast"l-e thcro L o o ttrln serluence of
scndstone nncl stltstonc berr s. Ihe base of the
fonn*iton ts not orrpogeit. It l-s uneonfor:rrably

over].eln by ttre Castlopotr'-t FornatLon, Ir.acrofogd,ls

ere ra,:re. ltlerofosclls a$e ahrurd-ant, wrd. strg

Opotttan ln age,
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_Cn stl-e''ro:lnt Fo rnrtl en (Cr,e tl-e Fcint .i3eils: I,TcBay,

18??) op

nbc fornatj.on 1o the youn€nst ln tJre *Lnd
Dlstrlct eonslstlng of consollttnted. sed{nentg.

rt ls eomposed of weLl-becklecl, eoqulna lirnestone

a.ncl ehol-ly enleareolrs sandstone r..lth ecnttenetl
pob'l:Lee and- concrotj-ong. It ls }:rrovrn rlefLnately
only from castl-epolnt. fhe ltnestone ls ltght
erey and. porous. It eontatng nlrnerous comrlnutc0

shell fzugrrcnto amdl soattered eonpl.ete sholle
!-n n eal-cnroous eandy n^ettg{.x. lfh,o sgmdstone

J-e less rorclrs and eonta.lns alruncr.rnt Frhel-I

nn.ter{-&l. Tfed-dtinfl plarres are connonly marrlr

feet apa:rt. llho forrnstJ.on ie 4F0 ft thlek on

th.e castl.e nrd l.5o ft thlek on the reef . oD

the northeast slde of the :reef it dlsconfermntrly

overltes the RarrgLwheh.onrr Fornatlon i elnewhen
it rests on lt FltJ:r mar{red ang-1r1ar uneonformltl,
Iil.eernfoesll$ a.tFB very ahrunrlnnt, the noet eofiuron

sneetes betnc glrcrqgrfg (Frandq!4ngg ) waI..lru.lfea,epFla

Powell ; C4laqT de.Il.eatrrla (Itutton ) , Fhipi-owetg!
tr.rehook! ( ztttel ), Irtgsop.etlhqr eonwrrm: (cnrcy

and. Gafpbrd ), Vene,El eq$ti.a.

4gFtlr* ryg[ (tlutton ) , 4eotlUrf g D o Bp. (rt. G. Bau,(r
per€, couul1 ]e The age of the fo:rqatlon lsa-----r

Nuhlmatrtrrne

I
J

,f

rlrl
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A 2 ft bourdter of coquLna rlmestone (m58 fd50 )

was fonnrt at Marln6l [r{.g. (w]'J,A/433813 ) r Li,j
mllee northwest of Oaetlepolnt. rt i.e lrflrotoglcally
slmllar to the Llnegtone at CastLepotnt arrd contatne

the saue $ulruna,rua;n forrurinlfera. fhe bourdlcr

hao either been i;ransportec froin Czrstlepolntr or
j. s the lu.st rentrlrrrl'd of sire e t that once er:tendled

over the [lnul Di strlc t.

IrATE QUAIBRII ARY STRfi.gI GRII"PI{Y

Unttlffelp4fleteg_ lteulne leelhe s (bf 1

Rerrrants of trtssceted mard.no benehes at
about 27o ft, 4oo ft anct posetbly at iFo ft ebove

Eea level ar'e pnasent on tlre coast at Caetlepolnt,
ancl are pre-Ieet Intergl_aelatlon Ln eiflEr

Otatrons, Foqp&r,_bioq. (new f,orns,tlon) bo

A proulnent nrsrine boneh, extendlng froe a

url1e south of ti:c currtle to south o:l the tltnul
.0lgtnlc'br is capped, by weethered foesl1lferous
uar'iae gri-bs aird graveLs nappeu as tbe 0tahmr
Iorruation after Otalroi:re boinestead. fhe type

loeallty ls on ilre ctiffs (u15g/s+oadb) sout& of
the castre. Eing (1930 ) aeeor{,bed. ihe benEh as

s].opl-ng ]-ongi hrd.lneI]-y from 90 ft above sga lenu1

near tlre castle to 160 ft above sea level ln the
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south. lhe foeeile (tT15gf4n)r colleoted W Hr
![. Oneley; conatst of cellaqg ry,ctlsns (gnerrD),

zeacuryutnrs subgaz{.na.bue (sowerbx), Brrcgtnrrlun
(zu trr:negra ) 13 ttprlgo,lrte s (Reeve ) sna l,r'eopnrralouq

nqfclochi (rrnJ.ay) ru:a indleate a probable Hawera

sde. 'rhe forcatlcn ls probabLy r.c,st rnhr6!.ac1at{.on
ln e,:8.

Rgrokoko Po::najtton (new foruration ) n,
weathered,, poorly sorted gre.ywacke gravtl

eapped by loese rrrdterlles an extensJ.ve gurface

ln the west of the dletriet arrd ls magrped, &s ttre
Rorokoko Forr:atton. rt le ns:ned. after Rorcokoko

stnearn (N]5A/3F9G?9). ftre fomatLon ie tentatinely
eonsldered to t€ earl-y rest Glaelatlon in egg,

Firre gravel , €rit, sa.r:d, stlt ancl clay
underlle renrrantfl of arr aggzrrdatlonal snrfaoe 1

about 40 ft above the fLoor of the Dtatalkona aniL

whu,:neana valletrrs. fhe largent a,rea, eor€rd.ng about
0.5 of a sfi.uare nlle, ts Ln the upper lfiarEa,na

Yalley at Ngaponatu (rr5 g/5r9Tl5l- antl is propogea

as the t"trpe loealtW. fhe fo:rratlon Le late traet
G1acl;.r,tJ- on in a€;e.
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Flnarqgg'+ PoruFtlgn (new fomatton ) h
saadl, silt ancl eray fLII the froors of tJre

maln valleys and are most extenalve in tbe lower
Hhrrrear,s, val-loy (I[159/4gg6L7 ) whrch le propoeed

as the tJrye loca1ity. Altirorrgh tiie nnajor rlnerg
ar€ lrreieed iuto the eurl^ace ei,r,ppj.ng flre forma,tlon,
l'n exi;ensive sryoteur of clru.ins wag reqrrired, befora
the Burl'ace was eul table ior t'am.ing. rnclrrdeil
ln tlre fon:r,atiun are clune sand.e fonrin5 n.amor

strips par,..rllel 1;o tlre coaet and, local1y coverd.ng

large arFeas of tire adjotnlng htlr.srlcres at
castlopointl south of the i{lrakataki lriver, and

north of the fuata:ikon;r d:lver. iire &ge of tlrc
forus,tion ls lio]-oeelle r
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PAL,EOGE0GEAPHY 0F THE IIFIIT DTSIRICI

Deflnltion of tEras

[he naJor problem tn paleogeogtaphy le to
lnfer ttre topograptw at any partlcular ttme from

the facles of the eedtnente depoelted, at thet
tlme. rt Le eseentlal to rtlstlngulsh betvreen the

lnferrecl topograp\y a"nd the knovnr faeles ancl,

the fo1lovrlng terrrg a,xle dlefl"ned Ln order to
make the cti stJ.nc tlon elear
Creosyncllnal trough - a llnear topographlc feahrre

of negional extent th;rt subslded deeply

throughout a long perc.od, of t1me. rt eonelets

of an extenelve cleep water axlal part Enlrrounded,

by s, na:nnoTv qhs,llow water part on tte marglns.

C'eos3mcLlne - a th-tck sueceselon of stratlfT.erl
and masstve eedlments, ancl pogsLbre extnreive
voLaanlcgr lnferrecl to ha,ve been clepoettedl

ln a gposynclJ-nal trough.
Baeln - a wlcle topographle featnrre rargely of

ehs,llow d"eptlr.

Farrlt bastn - sn elongated topographtc featrrre

bouncled, on one or more sldes by a fault scary,
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AxLal- faeteg - gtratlfled, commonly graded andl

conmonly poorry fossiliferous sed,inente

lnferretl to have been d,eposltect ln deep

water, euch as ln the axlar part of a ggootrrncllna1

trou8lrr or eLose to a fantt bouncllng a farrlt
basl,n.

Marglnal faolee - maeelve; conmonly rlctrly
foestLlferoua secll,ments inferred, to hsve

been cleposlted in eh"alIow water, enrch as ln
the marglns of o ggooyncrlnaL troughp & baal,n,

or a fauf.t bad,n,

rransgreeslon - the advanee of tlre sea over a
Laffrrmagg r

Regreseion - the rvtthctrawal of the sea fron a lsndrnagSr

Outcrop tnaps - naps whtch show the known dtetd.butlon
of rocke of a partlerrlar agg and thelr k"own

and lnferrerl faclee bounctariss.

Paleogeog:nephJ.e naps - mB,ps ln whlch etd_ke-elip
movement and slrortenLng by fol-cLlng hane been

allowed for. rn practlce tt 1e dlff;lcult to
alLow for shortentng, and, only tho rnfemect

stil:Lke srtp movement hse been al,r.owedl for.
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NEW ZEAIAND GEOSYI{CUI}IAI, TROUCTI

wlth the formatlon of the New Zealand

GeosSmellna]- [rough the pattern of sectlmentatton

ehanged ln the New zealarrd area at some ttme

betrueen the Devonlan ancl pemlan (stes*te, L965).

[hE axl s of the trough extendect frou t]re Bay of
P1enty sout& al.on6 the western etde of the

axlal rain€ps of IVew zealand, (Eenrngr Lg6zl ftg. 3).
the trou.gb consleted of a deep-water raptdlly -/

I
elnklng axlaL part, 1n whlch tlrrblcllty currente I

d,epoelted gfaded beda, surouniledt by a shallow- -l
/

water merglnal- part. The lllnul Dtgtd.ct wErs

near the axle of the trou€h and the e€dlnents

deposlted ln lt ars mqpped as the Tor1esse

Supergrorp. fhe supergroup conelsts of two

foma,ttons r tlre lfaewaepa Forrratlon (upper Ju-n r,selc )

antl the ralpo Formation (uppermoet ilnraesl.c to

Lowermost Cretaceous ) .

Ihe Sraewaepa Fomatlon ls compoged of matly

thoueands of feet of gradled. beds, rrlth mlnor

congromerate beds and lava flows. rn ttre tlnul
Dlstrlct bedcltng:'plnne ghear has deetroyerl Bny

seour or flute eaete thst tnay harre exleted. In
the aorangt Dtlountalne, 5o rulles southwest of the
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Tinu1 Dl strt ct (Ete. 1 ) , ltnear seour eaeto,

etrd.klng NNE-SSW (I.n. Batesl psre. eoum. ) tn the

llorleaee Supergroup suggeet that sedlm€nt

traneporte,tlon was parallel to tho lnferredl

ad.e of the ilew Zealand GeoeSmcllnal [rough.

Dlagnostl c feature e for cU stlngtd sh-tng between

a I[nE or a SSW rllrectton arrs abgent. As th€

geosyncllnal trough ftLl-ed s7 ,OOO ft or mora of

coars€ eandetone and eongl-omerate srero depoelted

to foro the TaJ.po Foruatton.

Ihe pebbles ln the conglomeratee of the

lorlesse Supergroup are of vreLl- round.edr tnduratsd

groynacker minor quartzr Jasperr and acldllc

volcanlc rocke. Acld lgreous pebblee (e'g. pga,nltee

anrl porahffies ) have been deser{.bed by ll[are}Is]-l

(1903 ) fron tlre rnarglnal facl.ee of tlre New

Zeal-anct Geo synclln€ r [he pebbleo lndleate thst
the EorLesse Supergroup 1n the [lnul. Dletrlct wee

dlerlvEcl from older eedl,mentg depoettedl ln the

g€oeynellnal trorrghl rather tlran tllreetly from

an adJacent landnaee. Iater bur{,al antl folctlng

metarnorThosecl the sedlnents r the sandetone

becomlng greywacke and the flner becle argllllte.
The foldlng of rocks of the forlesse $upergroup

was fol1owed by a periocl of non-deposltton eetlne,ted,
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at 1O-12 x LO6 Jrearg by Flernlng (LIGZ) a,na

poaelbly aB long as ZO-25 x 106 ygars (ft[g. 4 ).

WAIRARAPA GDOSNqCIJI{Atr TROUGR

Eastern GeosSmcline was the nanre ueod by

ldaephenson (rg+e ) and Eastezn Basin that used.

by Flngrua (1960 ) , for the llpper Cretaceous andi

rertlar,llr roeks tn the east of New zealand.

Eell-nan (1959i ftg. 1) l.nforred that tn ths
cretacoous a gaosynclinaL trough extended along
the east coast fron He,rlborouCF, to Eaet Cape.

0n the wegt slcle of tlie trouglr, near stsborne,

there was a northeast otril.;ing peninsuLa.

Gzt nd,ley (rg0r ) "olitqlnated " the pentnouLa and

aall-ed. tlro geos}zrcIlnal tr.ou6h the 'fllast Ooaet

Beosyncllrre lf , [JLtbln flre 0rotaceouo roeks

welluan (1959) nacognlsed firree facieg !- shslf I
traneitional and. red.epoej.tecl. (trinalcy (fggf )
recogrri sed tvro faele e only, strelf arid reclepoeLtad.

rhe wrtterr follorring ttre nomeneLature of Flenlng
(r90e ) r has dlvJ.cledl the rocke of tire geosyrreline

lnto a merginal and an axltel- facies. [he

narginal- facles eonelsts of the tLar{.n61. anrl

Spr{.n9h111 fonn^ations anrd ti:e arial factes
eonslsts of the olenburn Fo:mation.r all threa
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fornatlons are lncluded in the }Ia^ngaptrnrpunr

Group.

Becauee of the usago of n&,sti, rEatstgrnrf

ancl 'rBast coastr for rock s of dllfferent ages

a^nct t[etrlhrtlonr the rams Walrarapa Geoayncl,lnal

lrouglt le proposed for the whole of the

geoelmcllnal trough whlch extencted. from

Marlborough to East Cape durlng ths Upper

Cr.etac€o1lg r

Itlarglnal Facles

rn the vrest of the [1nui DLetrlct cturrLng

the Motuen ancl poesd,bly the unrtasasr, the

MarLngt Formatlon, conslstlng of slLtetone wlt&
baeal fosstll,feroue conglomerate, and, thln 8rradedl

becld,ed Beguences, wEl,s depoelted unconfor:nably

on the Torlesse Swnrgroup. In the extrene

west of the d.letd.ct the basal eongromerate le
\rery thlek and ls napped, aB the Bldefor.d Hember.

|[he eonglomerrate, whlch contalns ehsrLow wa,ter

foestle that arrl not congidered to have been

transportedr le J.nferrecl to hene been depodted
crose to a ehor€Ilne. llhe overlSrJ.ng eiltetone
contalne rel,atlvely abunclant fosetl-s and. nsar
ltg topr fogsluferous, poorly gradled; alternatlng
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eandstoneB ancl slltstor€Br Flute eaet cllreotd.ons

show a cur:rent dlrectlon from the gouthweet

coneletent w'lth a ehorerlne to the west. rt
le lnferredl that the sea had transgresssdl

westTeard.

fhe outerop lrrap of Motuan rocke (ELg. 7a)
eugeeste thet there waer a totar of g nll-ee of
elnLetral offeet eaused by cllepracenent on thc
csrterton Pault. flhe d.lepJ-aeenent h.ae been

allowed. for Ln the eonetnretlon of the Motna,n

paleogeographlc na,p (nf g. ?b ).
Drtng late Motuan to rower plr{.paurur ttno

the Sprlnghlll Forrnatlon, conglsttng of
foeelLlferous eLltstone rrlth nlurgroug foseLllferoue
eoneretlone and lenses of graded bed,e and

eandetone r was deposlted. fn the southvireet of
the Ttnul Dlstd.ct the fornatlon hae a baeal

conglomerate thet unconforrnably overltee rocke

of the Torle 6se sr{rer5poup. Elsewhers ln the

dtletrrct tt eonfomrably over.llee the uard.ngl

Fomatlorrr rhe $prd,nghlrl Fomatlon te lnferred,
to hane been dlepostterl as the Eea oontd.nuedl to
transgre oa westward.. rn the Ngater{.Ern, rc.pple

bedcted eandstone was d,eposlted Ioeally and Esnc

water shallovrlng le lnferred.
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Berle of the nargl.nal- faelee were dtepoed"tedl

ln the llannevlrtre Subrll,vt elon (Raukrmera For:natlon

of r,tllle r l,953) t ln the Aorangt Dtorrntalne

(the upper part of the Wha,tamngl Foruetlon of
Batee, 1959) a^nd ln Marlborongh (C.J. I.€ns€n,

!€!p,_r comn. ). Pal,eogeographlc patternq_in tJrek-'- --(r- _

Upper Cretaceous (see below rlrd,er llnul
[ra.nsgresston) angg@etg that an eaetern

nargl.nal faclee e:rleted to the eaet of tlre
axlal faci,e a a,nd to the east of the pre sent day

coastLtne.

A:d.aI Faelee

fn eastern flah':arapa grarled beddedl aedllmente

of the 0Lenbrrrn Formatlon were ctepoettedl from

the l{gater:Lan (posslbly from the Sotrran) to

the lower Plrlpauan. rhe base of the fosratlon
has not been seon. Flute caste ln th€ Mt Ada,mE

BrFea (uade , 1,956 ) , to the eouthsaat of the Ilnul
Digtrlctr ehow that from tlre Ngater{an to t}re
Arowha.nan the eurrente flowedl ESE, Fluta
caste ln the [tnrd Dlstd,ct e]row that ln lilre

Arowhana^n the cuments flowed northeast, Iho

fo:matton ls lnterpreted. aB belng dlapoelted by
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turtlallty ourrcnts tn tho erclar roglon of, tho
SaLrarape Gcoosmoltnnl frglrghr

rn tterlboroudr th€ oood cruek Forrmatil,on

(of fts saur faolos and of thc smr a€p a6 tbt
Glonburn sormetlon, ras ltrpoelbal by northcaat
fiLorrl.ng turbtdf W ourtlents (C.nl. LnesB r

W.). Strstil.6faphio eolrlnne frm
l,la,rlborouf$ to Har&es Bsy (HfgE. B, 9), bgvr
baen umd to eonetrruct B gpncraueco paleoeooerapblo

nap of tb€ welrgrspa Oroqyrrcltnal rrougb frm the
l'lotuarr to ll6nter{,nn (trle. lO ) ,

Gantle Ann:j'e Oravtty $ltdc

fbe 0sntle anrrle Bnool,a le infrrn0 to hart
for:ned by thc northwerd elliltng and breeoi,su.oa

of tlre Lomor port of tlre }.rar'!.n61 For:nnEH.on off
a rld.ryr hl€h of rooks belong.tn6 to ttre lal,po
For:nettorr fhe hi€h te eonstdered to haw
fomsd by t'ho upllft of the nortb st,dc of tJm

cartorton lault. fh€ tlno of brsoelatlon le
unoertatn but ls Lnf,errud to bo uppcr Orutsseoug

fron th€ degpe of eonpactton of the lr{or{.ngt

Foruatloa end, the 0ontlo Annlc Ercesta.
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MNITT TRAIISGRESSION

At the beglnnlng of the Plnlpauaa the rata

of slnklng of the Walrarapa Geosyncllnal fror4lr
h^act deoreaeed and the degree of lnfllIlng had

ad,vancedl to such an extent that by the end, of
the lower PLr{.pauon the tr-ouefr hrl.dl eeased, to

exlet. New Zea1and, waa then a natrrre la.nelecape

over whleh the sea transgleeeed. fhe transgreest oa

tn the Hatra:rapa le nB,med the tlnrrl |Iranegresslon.

IhrJ,ng th€ tranegresston rocke of the Ttnul

Group (te llat e lthangst and tYalpawa forruatlone )

werrg deposlted.

Lower PLr{,pauan to lower Harnrrrtan

&rcept locally, the Te Hal, Fomatloa waa

depoelteal eonfrormably bottr on the narglnal a^ndl

on the axlal factes of the Ualrarapa GcoeyncllD€r

In the eaet the fonnatLon eonslsts of eonglomerateep

grlts andl eoars€ sandetonser Crose-b€ddlng Ln

the coaree gandetones Lnrllcateg that the fomatl.on

was dler{,vedl from the eaet (Itte. Ll ) . the

eongl,omeratee and grtte contaln Ostrea ef ,

lapiltleola tdarvlok and blenrrltee. One of tJre
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borennlte s 1s Dtnlt-obeLus aunerete e (uector)
whlch, belng Motuarr to l,Iangaotanea,n 1n age

(steverg r 1965 ) r te aseumed to ha,ve been d.er{.ved,

from the eaetem narglnal faelee of the
[talrarapa Geoeyncllne (pf g. 10 ). In t]re weet

the fonratlon contatne fewer eonglomerateE and

grlts' croeg-bed,dlne and o,.strea raptlrlcpra
Marqvlok, whleh le generally regtrlcted to ooarsa
eedlments r elro absent. rt contatlar horever,
eandstone bads vrith nlmorous fragurentg of
rnoeeramqe paclficus woode, I, mata_tonrs uelrmsnr
a^nd. !{.nltobelue Undtsaq! (Hector), planktonl.o

foranlnlfera are more atnrndant 1n the west thgn
ln the oagt.

rn southerr Hayv&ee Bay, upper cretaeeous

eedlments eoargen aastwards (rtnene, 1 962l ,
In the Dannevlrke subdlrrl ston, eongl.omerate at
the baee of bede equlvalent to the Te Mal

Fomatlon sugfests a l-ocal uneonforolty, although
r,lllie (1953t po ?g) etated that there waB no

rnaJor foldlng at tlr.1s tlme. stratlgraphlc
columns (rtes. B, 9) ane used to constnrct a

mg,p (Fls. 12 ) strovrtng the d[str{.but1on of
PLrlpauan andl lower Harrmrrrtan rooks ln DTar1borolgh,

ln Satrarapa and, tn llawkee Bay.
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Upper Haumrrr{,srn to terrrtan

Duil.ng the upper Haunur{.an c.ar{< wel-l bertdett

mud,stones a^nd stltstones were dleposltedl to
foru the upper part of the [e uat rormetlon.
Itlacrofosgtrs other than abrrndlant worttr bor{,nge

ane absent. rt 1g lnferred that over the wh,olc

of the ltnnl Dlsffi.ct clepoeltlon waa rrntforaly
ln deep water. fn the late Harrourlan and feurlan
poorl-y bedd.ecl, et ltstone , ln which earca,reoxrs

concrrettong now oceur, wge dlepoelted to forlr tJre

whangar Fomatlon. at mogt places lt neete

::T:T:'1";:jl";:".1#::1""; J"H* 
)

-f
FormatloDr rn the east of the tlnnl DLetrl,et

la;rere of corrm,onry glauconltlc eandgtone rcro
depoalted. fn the upper [eurlan, leneeo of
car{c slltetone , rlth gyrsun anrl a blgh organlo
eontentr accnnulated to fornr the Walpawa lor:matloDr

fn eouthern Hawkee Bay, dleposltlon of the
whangal Fonnation begpn tn the lower Har:uurltut,

as ald secllnente of the sana faclee - soolsbeil

Formatlon - ln Marlborough.

n

.'y'a h.{
/ 

^fr. 

u t)
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Conclltlons of depoeltion of the Wha.neal

and. Uatpawa Formatlons

Klngrna (L967 ) reportect prnlce fragnente

andl grass shard,s ln the Tthangal Formatlon ln
eastern Salrarapa andl lnferretl extenslve rhyolltlc
voloanl,se to the east of tho premnt day soaetll,ne

at the encl of the cretaceous. rn eplt€ of a^n

extenslve eearchr no pumlee or glaee eha.r'cl,e

were fowrdl, ln the tlnrrl Dletrlct or in eanrpl-ee

from the type locallty of the formatlon ln ths
vfhsngar Range, eouthern Hawkes Bay, Ihe lntnrslon
of bad.o lgneoua roeks near l{gatrapo (Orapee, IytO)
ls ttre only lcnovrn tgneoue acttvtty ln ths

walrarapa and southenl HarvlrEe Bay at ttrl.s tlno o

the fomation contalne qnartz, montnorlr.lonltG,

llLlte a,nd kaollnlte i mlnerale that fom after
prorongBdt weatherang. fhsl.r sour.ce was probably

from & landmaee to the we et that vegs approaclrtng

eenlllty, [he land to the eaet (Ete. Ip ) r whlcb

ear.Ller eupplled the hrl.k of the pLr{.pauan

eed.tmente does not appear to h.ave provld,ed. a

otgnlflcant a,urorrnt of sedlments. In tlre eaet,

cond.lttons rene favourable for the formatl.on of
glauconlte.

Irocally ln the Ilnul DLstrt ct, eedlments
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urtth a very lrtgh orgnrric content were d.epoetted

and alra napped as the Watpawa Fgguretlo[r

Hornibrook andl llarrlngton (195? ) eus€peted that
1n Hawkes Bay the forr:ratlon was tteposlt€d ln
stagna.nt lagoone, However, tJxs pla.nt fraguents

and coal seans that would be expected in euch

an envlronment are completely abeent, indlcattng
that th€ fomation was ilepoalted ln aeep wator.

FONGAROA IJASIN

In Uatrarapa and eouthern Harrkee Bay tJre

baetne (or bssln ) tnat formed in the Irower

[ertLary are eol].ectlvely called the pongaroa

Baeln. In lt was d,epogtted the Wanstead Grcup

comprldng ths Huatokttoki (wal.pawan to nmengan)

and. Weber (WfrahgaroaEr to Drutroonlan) fornatlons.
rdttle le brorvnl partlcrrlarly ln the walrrarap&l

of the paleogeograptqr.

[hs ]Iuatokttoki Foroattoq from the Ilnut.
Valley to tbe coasteL part of eouthenc Harvkes

Bay, contalns tblck bentonlte depoelte. fbs

or{.gln of, the benton:lte is uncertaln. F}rfe

(1934 ) r follorrlng overseas worilcere , sugge etedl
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tbat the bentonlte ts clertved" from the weather{ng
of aofulie volcanLc materLar but clldt not lnfer
any source for the volcsJrlc materlel-. r{lngne,

(196? ) lnteredt rhyolttte volcanoes at an

unspeelfledl dlstance to the east of the preeent
day coastllne. llowe\rer, there ls no stscoentsable

voloanle nater-ral ln roeks of the ftnrd, and

wanstead €roupg andt henee no errldence for nearby
volcanog B.

slLlceous limestone I nappedl as the utrmgaroa

(waterhouso andl Bradley, Lg57) or Kalnhata
(rran dlen lleuvel r 1950 ) fomatlone, wen' dlepoa!,tadt

ln the south of the basln (Flg. 13 ) a,ndt repnescnt
the northerrrnost ltnlt of fJre Axnurt rrtmeetono

of !flarlbororr8h and North canterbury (Flg. g ),
rn whalngaroqn and Drrntroonlan ttme pranktonlo
foramlnLferar ooze acer:mrrlated, to fonn tbe ugbt
grsy coLoured lyeber Fomattonr

WHAKAIAm FA,IILT BASfil

rn the tlnrr1 Dletrlct, the F,hskatakl Fault
Baeln forrned. tn taltakla.n snd the whekatakJ"

(wartaklan to Oltfdenj.an ) and the onerrylng
laklrttlnl (lttontan to Clifrlenla,n ) fometlons
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Trene d,eposlted in it. In tb.e east of the cHeffi.et
the wlrakataki Fomafi.on, conslstl,ng of a thtck
grad.ed becldecl sequence lrith basa]. congJ.omeratel

was d,epoelted, unconformably on oLd.er rocks.
Near re [Iat the con€;lomerate ls abeent ancl tJre

graded bedd,ed, sequonee eonfomrr,bly overlle s
the $eb€r Fo:nnatlorrr Bhe tThakatakl Forsration lE
ttrlcker ln the east ttum 1n the we et anct in thg
weet tt contains masslve elltstone. wid.espnad

flute casts ehov that cunents flowed fron ths
east arrcl south.

rt ts J.nferrecl that the t{hakatakl FarrLt

Baeln was fomecl by the eudden dlowathrow of
the we st elcte of Er fault to the eaet of the
prasent day coastli_ne (ff€;. l,4a), Erosion of
the faurt soarp fo:med, the basal conglmerate.
As eroeton of the scar? deeressed., graded. bedlg

(axlal faelee) were depoeited by trrrbld,lty
eurrente flowlng eastil'/ards towerds tho axts af
the basln a.nd by turbletty eurrents flor{.ng
north along the axls of the baetn. In ttro weotp

uas&lve eiLtstone, contalning a rlch farrna of
benthlc foranlnj,fera, rvas depoelted ln nhallorr

water clo ee to a, la.ndmase (nargflnal f,aete E ) ,
lhe offset of the shorellne of the landrnaeg la
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lnferred, to have been caueed. by movement on the

EAE etr{.klng Carterton Farrlt andl tJrls ts allowedl

for ln the paleogeographlc nap (ftLe, l4b ) snd the

block ctlagmn (trlg. l4c ). rho offeet (apparent

std-ke-ellp d.l splaeerrent ) or the shorellne by tha

Oarterton Fault 1g etntstral (Flg, l4e). However,

the shorerlne would lnltlaLly harre been a gently
east dllpplng reference pJ.ane and a:rJr verttoal
movement on the fault would produee a largu apparent

horlzontal dlsplacement. Real and. apparent

horLzontal tliaplacenents by faultlng are dllEeueecdl

further under Strrreture .

rn the Altonian, thc lthakatnkl Far.rf-t Baeln

broadened and, gzncled. bed.s contlnued to aeornrrletG.

rn the northweet the see ehalLowedl, and. sardEtone

andL algal llneetone of the raklrl.tlnl Fo:matlon

nnars d.epoeltedl d.lseonformabl;r on ttre lthakatakl

Porrr.r.att on (Elg. 15a ) , Fron the dl strlbuttoa of
the TaH.rltlnl Fonnatlon 1t te lnfered that fire
south slde of the carterton Fault vm,s downttrrorrlr

On the upthrown slcl.e of the farrl-t, shoal a:nEas

formedl J.n the r'rargJ-n of tire fnrrlt beetn. A

fa.rr]t sllver ln the lower lThareana Talley (lli[g, 2,

t s lnferrned. to have been draggeil southriardls tnto
lto present posltlon by ilextro,l etldke-e].lp movement

on a fault on the we st llmb of the Tilhareana S5mo11ne.
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On the south cide o*' the C:;:rterton Fault,
the area of clepo$iij-on of tiie 

"flraliatal"l 
Forn,atlon

increased. in thc -.rJtonianr rr,nd it probably

lncreaseo ugain in tirc Jli fcreruran. Tlre lncreaee
vias pro'tlably causecl by block faultlng. In flre

I:.er.' ilreaEl of oeposi ti or'I , €lrard.ed. be ds u-i th o. b4sa1

cong]-oreenr.te, rrere ciepositeri.'Jiie congionerate

is angular cl-oce to the rlarterton Farrlt zurd is
infernecr to have been d.erlvect frorn the fault
Eies.qo. dlseuhere i'b con-l;irirrs rorurcleri pebble e

consicier"ed te' irave been d.erived from the eroston
of littoral cleposits on the southeast edge of
the basin. Flute easts in tire firaried be<ls shovr

tlurt uost curuents flowed f'rorn thc srir, and. a

ferr fron tlre north. rt i s inferred. tirrr.t the

cr.tffents frc,n tlre J.r ir flov,'ed rr,Ion1; tire ax-t s of
the birsin erfter ori*,_ina^t,1rig. fror:i a lanci-class to
tire eest (rrg. 15c ) , ihe norih floqlne; cuments
a,re corrgld.ered to lurve ori6-'J.nuted from tire
Cclrterton Frerrrt scarp. 'r'he lerter interaction of
the carterton Fr:lr:f.t irnd tire tNE stril, ing faults
ts though-b to 'irsve 

d:- srrl-r:,ced. af,r area of 6rad.ecl

berls ncrtheastvrards (i'is, 15..r ). tiuls dieplecerent

ls alLovred for tn the peloogeograpluic nap of
lower southland. tlme (ffg'. 15b). Ry the end of
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cl-iicle:i;'r.l':. 'tir:': , i:"'-l''' ri- i ci- cr. ':i.i.' f 
''.r l:r- ;tr:-':j. Fault

-D.n sin sl oii'e ii cl. or'':r '-r: r ,'l ti rt , r je e bc; 1r.T.,ft 
'h o trrn sgre s s

trie l'li',',,rlrd. .

. t',nc ctr.l'::',rd. br,ult_tjr"(r,;,_;"i q'.ri ct'i iirc ,1o,,. i n thg

.,::1I':-1';l;r:l -in r;'):-;e1. ,C..r ti.1'.,1d. . .:fd Ti'.r'.rt:lll-i tlffe,

',.licll. tltc seclLnenl,:: r:f :1lc ITu:'u;.'i i'rcitp i,',rere

'Jel .;,-itc{, 1-*: icr:-ccl t,:c .'u3t'ri 'lr;.lri ji;rcul_,iotro

rt 'b::e 
',', c :lt t-.:e f3lc;: n 1',;:] r.; rlello 

^-,1 tg cl llnc onf o11abl.y

oa J-er,o?olc t ccl:l a:-rcl 11s i.nclicritec'l liy lroi.,,er

f crti ',rl:;r f ora.r-'-lltl fcri,. , roi,.i- t of ,,;lie i,'u.l,Ls tead

fi.rr-lup ,:r:rie ltl, part cf t.!re so.nrce rocl, tr. In the

c cn'bre o f ttre Tinrri- f,i stri c -b i:l li 111,,Lu3'ri. r"rr tlme ,
- i n 1'! ..i tt,rr '{- reou,-..r- v v, i'i.:lc-grri.:tc C ;c Ci.-.-.;jt'6L. cf ilie j lllunsell

"Fcf'.:,1',1 ;:t, i"/cre Cic::;r:i-'ucc. 1:l,.iJf,l11.i,1l-r'l.r,r Oti thg

;ri:.ek::,'b;r.,-i- ,:-rl 'Ir_;iir-itlii f r::-taticr:c. Tc the west,

ccar'Je fc:;;iLifercun r:erji : .et?.-Es of the GrssJend_ale

.,.oi;bcr cf t:ie i,.tunl;cl-l- For::'-i.i:,_,:1 ','/ere Ce i:ositgd.
u:]c cnf cr:-i:rbl;; un ol d ef sgilirrgn'bs . In tlrc

llorl;ir.cr:,tt , ,r:rlCe d bc cr c of i;lic Ta,:^ru,r-rs I er:ber of
il:e I .l:u::.cell Fcr:.r.i-j cn lr,'cTua c e nc ri- te d lulc onformably,

rri th basal c cni;1-o:ierriie r cri the \'']rali';ltirl.. i and

older fornati-ons. llre ,1ru,cleil becls are inter.pretecl,
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as e deep v.rnter delrcnit (r::l.,ql. f,r,eles ) de,toelted

by turbidlt.rr eurrent*. Fl-ute en.sts Ln the

graded treds shorq th,rt the eurrents floy;ed frorn

the ssv/ srd fron the sorr-th.east (rlgs. 1da, Ldb ).
It le inferrecl ths.t the er.stern part of tha

finul Di.etrtct wa$ ul-'l-ifted h;',t movenent on one

of the ITI'IE strii:lnr. fsrrltn, ]'lrasl^on of tire

fnul t se arp prod.ueo C the hl, ss,l- c oll 91 orre rnte .

fhe eurrente that forrned the f]ute ca.sts e,re

thougtrt to hsve florred. of'f tlr-e kndnrtss ayr-il then

paral-lel- to the fa.nJ t , f n the re st r a,e th,e sea

transg"re ssed we stward. , ltttoral eectlrLents and.

then nasslve tiltstone were detroetted ns e
narg,tna} faetes.

fn the Wq,larr..rn (qn. 7-'l ) saded beds

(of the Ta.nar.rrn. !,tl'enber) nre tlrinner,lnd eorrt?.in

& ggenter nunber of interbedded. rnudstone bed_s

tha:r do the Llllburr:t an rrlded bed s . In the

rvest a dj-seonfornity lles at the top of the

Grassendale }[ember and Lt J.s lnforrerl t]:n.t there

vrae a tenpor.ary eastsrard reflrcnnion. Follo"."ring

the re J re s:s i en the se e be ; en t o trc,n oi1iTC as

rarridly vre st&rard depc si ting the l,'lcr.rrnselL Po:maf,iorl.

Fy the nlddLe Tongaponrttran the onJ.;v 1and.

r,'irs i :i the northr.:est of tl:e dlstrlct (f iC'. 18 ).
In the north the lYaiho]-j- Fonration, consisting of
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F oorly gr:ade it srrn d stone- st ltstone beds wl th
interbedded mudstone, 1.ra$ cepo si tecl eonfo:rnably

on the l',{aunselI Formati" on. rn t}re vie st the

!/eihokl Forrnatlon is flner flr;ined end nor\e

maeslve th.an ln the r',rest. T,ocal.ly lt eontains
gJ-aueonitlc sands:tone. rt ie lnferred. that
there was unllft arrd er.osicln tn the east. rn
the we st the re wa s lt t t 1 e .qe ii tnentati on . rn
the southv/ent the brse of the formati-on is a

trrfftte , the origln of whi ch t s uncertain.
I{ear ftqfl ) lnfemerl tha,t tt ear'e fron a

rf south.-eastem voleanie zone'. Horrever, trr_fflte
ie ehundant ln the unr)er l"ioeene },lapir"i. Formation

of northern Har.kes lrny arid povert;r Ray ancL lt
is more Lll'ely thai it orlginnted from the
rf ooromandel ande,qi te zone' where vol-eanl wr of
Unper ferttafy a,fle j.n }qnovrn (Crindley gi,4l. r 1g5g).

rn the northeast of the Tinrri Dlstriet
ecar"qe sedircents of the lrgpre.ta Fonratj-on were

deposited ilurinE the nirJdle or ullFer [ongaporutuerrlo

rn the lvest the fo:rnration is uneonforrnable on

the Torlesse $unerf:tclun rnd ln the east tt is
unconforrnable on thc iriaihokj. Fo:nratlon (Fie. 19 ).
Deposition of the llg'aratn, }i'aj hol'i enc ilaunsell
for:nn.ti- onc continued J-n l:apl-tee"n tlme . rn the

Opoltianr slLtstone of the RanglwhaJraon--l Fomatlon
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was dleposltedt at Castlepolnt and. Lt 1s lnferred
tJtat the slltetone was onee rnrrch more vrldely
ileposltred than 1t ls non,

0asf tgPorwf TRA!i!,scn35sl0s

shel],y sanilstone and eogulna llmestone of
the ltulnmaruriln caetlepolnt Fonns,tlon is knorvu

tn plaee only at castlepolnt. A. z ft boulder
of eoqul.na llnestone rlns foundt at lxarrngl
ffrlg. Lr.5 rntree northwest of castlepoint,
rf the bouLdter 1s subetantta-lly ln plaee aad

not nan-transported, tt indleatee thgt the

llnestone onee rseted dl,trectly on cretaeeoug

rocks .?t thls loealtty. fhe Hrrnrpt Group,

lnferredl to hane been d,eposltedr at thle plaee

(Ftg. 19 ) , must have been eroded prdor to ttr6
deposttlon of the llnestone. west of the *Lnrd,

DLsffiet (lopoeltlon contlnued, Bpparently wltbout
Lnter:nrptlon from the Opoltlan to the Castlecll*fl8nr
Drlng Fukrmaruasr and caetlecltfft an tines
d.eposltLon ctrangsdl from vnardne to [on-Elar1ne

(rrngna, L}GT).

It ls lnferecl that dur{.ng Watplplan endl

trangapanian tLnes the Ilnul DLeffi.et bcearne landl.

rn the ilulnrnaman ttre ssa tra.negreEeed onto flrc
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di strict (Castlepoint lransgre ssion ) . DurLng

the tnrrnogresslon shallow w..rter sedtnents ttl,Bng

deposlted uneonforrnably on deeBer water older
sedlments. the fonnatlon contal,ng Ghleqlfs

tlericatula, (ttutton ) - a coldl crLnate ln&toatorr
[hereforc the tranogression wa€r causedl by the

tectonle lowenlng of the lancl below a s€a level
already loryered becau$e of the cold. cl-Lmi:"ts.

TeLl-a (1963) Lncludect the fonnatlon ln hJ.s

To Ahl tai tai Oyc1-othen , the second ol-d.est of
four he reco$llged ln th.e \Talmraps. He lnferrcd
that the cyelotherrs were d.eposltedl wlrlIe thc
Wakanepa was elnklng tectorrj-cally at a rlecelerattng

rrate' the baeal becls of the eyolothem contaln

eold rrater faunas vririeh he lnferred were probably

dlepoefl ted ctuning gLaci o-eustattc s€a leve]-

fluctrntlorrsr

}RESEIII D.'tY RTI.IEF

[be preeent day rellef of the flnrd Dlstd.ot
le doral,nated by depregelons elong the Tr?rareana

and Tawhero strmclLne B (ff g. 5 ) . Ihe two rnaJor

rlverg r however - the Whan:ea,xu and the lriatEl,kona -
do aot flow for amJr great dlstarrse along th$

ilepreesloae. Insteadl, to reaoh tfiB coast thry
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flow tn gorgss cut through hille to the east.

rt le coneld,ered that headwar{ eroslon of gry?
dLralnlng eaetrard from $e h111q. captured the

rd,vers that onoe flowedl tn tbe d,opreed,one. ,

!t"L:pr_J, rt pgggggg!__Ig"_ hl' !1 n.r and c onttnued

r{.ner erogion ths gprges, In tura wegtera

tnrlbutar{,ea of the Matelkona anel llbareana r{varg

oaptured the easte:mr trl.butard.eg of ths llaurenr

Bj.ver (trLg. 5),
Ihree pertod,s of aggradatlon r followed by

0egradetLonl forued three mts of terraeoe ln
the floors of the Mataikona and trharearna va"llcya.

On the ooaet, narlne bonohee hsve been cut at
l0o f,tn 27o ft, 4oO tt and Boseibly at 5rO ft.

\il
'' '\,ral

.|.../r
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TECIOFIC D.ISTURBAIICES IF THE IINUI DISTnICI

It rr111 be ehovm that the rate of teetonle
movement wrth tlue vras not unlform but var{.c{l

vrldeJ-y. Durln8 ehort tntennnls of tlne, ratee

of ttlttng ro€re from about to/tO6 years to aa

hlgh as 3Oor/fo6 Jroars and. then rteelinecl. [he

lntenrsls of rapld tlltJ.ng anB ealled ctleturbaneee.

Four dlsturbancee are rocognlse{t ln the Cenozolcr

in the PaleoeensI tn the Early Mlocene; ln the

Irate Plloeene t and ln the Late eueternBrJr

Paleocene Dleturbance

feurlan rocks of the fLnul. Group ars

unconforua,bly overlaln by ffalpawan rockg belonglng

to the lTanetead, Group. llhe rocke of the Ilnrrl
Group are etrongly folcled about northeaet etr{,klng
ares rvhereag roeks of the ltanetead Group are

not folded, ln thls dlrectlon (R[9. 2O). Shp

otrong foldlng therefore took plaae 1n a short

lnternral, of tlme eqnal to about a lrower TertlarT
stage (1 .e. about 3 x 106 yearsi E[g. 4). fhe

etrong folrtlng is calledl the Paleoc€ne D[eturb6ro6r

the Hanetead Group l.s too poorl,y expoeed to provldc

a meaningfull ttlt rate for the dletlrrbsrlcsr
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Early tllocene Dl, eturbanee

The elow rrnlforn deposltlon of the Wanetead

Group ceaeod ln the Drrrtroorda^nr to be followscl

by raptrl, varlable depoeltlon of the Annedale

Group ln tbe Waltaklan. The AnnedLale Oroupr

wt th a basal eon6;Lomerate, unconformebly overllee

ths Fanetead and older groups except tn the

upp€r DTatalkona Valley wherc the two groups a$B

confo:rsrsble, Prom the llthol-oel.oal clunge at

the confonmable contact lt ts lnfe:red thgt the

unconformtty - called the Early !filocene Dlsfirrbance

represente a, perlort of tlme of about a etags ln
rlrrratlon (say 3 x 1o5 years). No foldl a:reo ealo

be related to tJrl s dl sturbanco o

Iate P].locene Dleturbsnce

ft hss alreadly been nenttoned the.t at

Castlepotnt the l[nkunaruan eh^a,llov,t water

Ca,stlepotnt Fonnatlon rests wtth angrrlar unconforuJ.ty

on the tleeB water Opoitlan Ranglwhakaona FotmatLon r

the Waiplpla,n ancl, lfiangaparrla,n etagps belng abeent.

On the Castle r the angnlar dtlfference batneen

the tuyo fomatlons ls about 12o ' Ihe rnrconforulty

reBre eents WalBlplan a.nd MAngaparrLa.n ttme , aemnedl
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to be no more than 1 x ro5 Jrearg glvlng a tllt
rate of at Least tzo/to6 Jrears. llhc tnterrral
of rapld, ttlttng le os,lled tJre r,atc pllocene

Dleturbance.

Iat€ $raternar1r DL etrrrbanee

In the f,talrarapa there ara a nrnber of
places where the a,mount that upper plelgtocenc

and Holoeene roeka h.ave been tllted has been

deteruLned, xlng (1930) nepporl upltfteal marl,no

benchee on the sal,rarapa coaet, noted that
upllft hadl not been rmlfom, ano infemed, tllttng.
ffel]rne'l , L967 eurveSred, slx Holoeene ralssd rnarLne

beach r{.dgse whJ.ch extend along the west flank,
of the southsnil end ;f the lill.nutaka Range at
cape I\rrakLrae. IIe showed that uprtft andt

tlltlng took ploce suddenly at internrals of about

L r0OO years over th€ past 6,000 years. Ee

concLudeo that the range hag been r{ elng at an

averagp rate of about 12 tt/tO3 Jroare. fho

averags rate of tlltlng on the weetern sldle of
ths mnge ls about 3Oor/fO5 Jrears. [tlt rates in
terraee dlepoelte ln easterrx waLrarapo (stn6tr,

ln press) and Holocene narlne sedlnentg off
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Hawke e Bay (tewl s, tn pre ss ) are about zoo 1ta6 Jr€ars.
fhs Blmutaha and, raranra rangps heve etrongly

coneord^alxt sluilnlt hslghts th8t anB lnteripreteal,
(Wen-nanr 1948) ae narklng the prsent altittrde
of an oldl peneplaln. rlbe peneplal.n le forded
lnto an antLcllne a,ndt the dlp of the peneplaln

eurfece on the western elde of the range ls
about 60. |[he agp of the eurface le not knovrn,

but Wellman suggeeted that 1t ts youmgpr, ratJrer
thsn order, than rocke of the wanganul ser{,ee

wtrlch crop out on the flanke of the rang€sr

It ts assumed thet the Rlmutatra Range peneplatn

6re4 4 
formed near see J.erreL durlng a per{-orl when ttrero
w&s no upllft, and, that the up}lft anrl tlltlng
at Oape srrraklrae repre eentf the Last parb of ry
the upIlft of tho rangear rhe present tllt
rate Ls 3Oo/fO6 }rsarg a,nct tho tllt of the
penepl.aln le about 50 demonetratlng thst tirttng
at the present rate ca^rurot have etarted, mor\B

than 0.20 x 106 years. [he Bneeent tnterrrg,]. of
hlgb tllt rateg ls called the rate Quaterns,ry

D[ etrlrbanoo r
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DISIURBAIVCLE AND THE NESI OF NEW ZEALAT{D

An attenpt ls now rnad,e to cteternlne lf the

four dleturberreee secogrlleed. 1n tbe lIInuJ' Dleffi,ct
ln tbe Paleocene, ln the EarJ-y ilIlocene r ln tho

Ie,te Pllocene andt in the Iate Quatenrary tsok
place ele€where ln Hew Zea1a,nd.

Paleocene D[ sturbsulce

In the hnnavlrke $ubdtvlgton lll}le
(1953t pr 35) notecl tlrat 'prevlous to thc dleposltlon

of theee lower tertlary beds fo*"tead n*{
the cretao€ous was verlr eonslderably fold.etl and

moet of the wlrangal rocke fwWlrrgal Foruat!.o{
remo\red by erosionil. In the Glebonne ar\Ba

stonerey (1968 ) recogrleed B *local rurconformlW"

at the baee of tlre ltlalpawslt r In the Walparra

Dlstd.ct of North Cantertnrry, which nexposes tlre

most complete foeslltferous Eequenee through the

Dannerlr{re Ser{.eg Ln North Canterburxrn (nornrbrook

ln ltllgon, 1953 I nt!,lgon (1963) noted that ttrc
Ilannevtrke serl.es ls Boparatedl from the reurlaa
stage by mlnor breake ropr€sentlng no great

intenral of tlme . Howev€r, ho gtated rbut locol
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tectonlc novennnts had alrea(y cauead local
eroBlonft.

It would appear that rates of tlltlng werre

eufflclently rapld to cause short bresks ln
dleposltlon over most of the eaetern part of
l{ew Zeala,nd., but only tn soutb€rrl llawkes Bqy

a,ndl tn tbe WatraraFar wsre tJre rateg of u"Itlng
hlgb enough to form notj.ceable unconforultlogr

&,rly trlli.ocene Dlsturbanes

In 'the Dannerrh.lre anea tbere was a naJor

change ln sed.lmentatlon at thle tln€ a.nd, thc

Pereora sertes ls abeent (tattle, 19531 Elngna,

f 95O ) althongh ln nany placee the stm,tlgraphle
ssquence appeerB to be continuous (t^ttu.e , 1953 ).
fhe abeence of the Pareora Ser{.es ls not now

as lnportant as lt was prevloualy coneJ.dlered

to b€ becauee of the reoent recoerrltton tbat
tJre sed,eg represente only a relatlvely ehort
perlod of tlne (Seott, tn Brese ) . If,t Iie (1953 )

etated. thst the Ibrmgla lormatlon (Altonlan to
CUfdenlan) ls often dllfftcu-Lt to rltgtlneulsh

from the undlerlytng Weber Foruatlon althoqb
at somo localtttes there 1g a markedl uneonforulty.



89

fr
W fulto, exarnple ln ruof,t*fir surrey Dlstrtctr tlretl

I I bee€ of the lhrmgJ.a Foruatlon le a fossillferoue
ff

eonglomerate I e€veral hunclred feet thlck, nhloh

uneonfomably overLles a reduced tlr-tckness of
sanstead Group rooke. rn the Akltlo syncllnc

tlre baeal bed of the Ihrrnela For:natlon ls B

ltneetone contatnlng pebbl-es derl.ved fronr firo
Heber Forms,tlon. It 1g tlrereforo conclud,ed thet
tbe naJor ehange ln eedlmentatlon was aooompanle{l

by upltft a,ncl €roslon.

Itorth of the Dannevlrike arrea there are nany

dtlaplrlc etnrcturee a.ndl a poeelblllty of large

sca]-e gravlty elidtlng (Stoneley I Lg6Z, 1958 )

a,ntl the geologr le eonfu"eed. rhe most southcrly
knowa dtlapklc etnretrrre ts the Elethor?e

Ant1cl1ne, eouth of Haetlnga, whleh developed ln
tbe Early Mlocene (Xlnepa, 195? ) . stonerey (196s )

showecl that thers was an rneconfondty vrlthin
tbe Walta.klan eaet of Gleborne, wlrlch, although.

!\epreeentlng only a ehort perlod. of tlme r m4*e

B maJor change ln ged"lmontattone He lnfered
that the area about lmed.Lately east of Mt

Hl'lcuranel was upllfted Trtth extenslve d6collement,

In trorth Canterbrrry a dleconformlty between

the lower Ianrdon Amberley Irtmestone ancl the upper
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Iard,on weka Paes $tone (aleo a ltmeetone ), although

repreeentlng on1y a ehort per{.od, of tlme, Xs

apparentLy importantafor tlt'tlson (1953 ) etat€d.
/\

that ff a eudden rteg3esslorl r eaus€d, pertrape by

eerth novemente tn the Alplne reCf,otrr took plaae

before the dlepoeltlon of the Weka Pasg Stoner.

On the west eoast of the l{orth, Ielendt ln
the ltq,l.kato coaLfleldl there was a maJor cha.nge

ln sed,lmentatton dturtng the Tyaltaktan. fhe

change ls at the oontact; at moet plaoee alt

rnconfomity, between the te trrdtt Group anrl

thoee overlylngr the waLkawau Gnoup tn tb€ north
a.nd tbe Mahoenul Group ln the gouth (Kear andl

schofleLdl r 1959, . Kear and schofteld gtated thet

"deposltlon of the fe fuJ'tl Group flnalIy oeaeed

rvlren tectonlc aetivlty produeed (i) an angular

unconfornlty between tt and. youngpr gad,lments

and (2 ) upllft of the source provlnce from whlch

the flrbsequent clasti.c sedlmente wero derl.ved.f .

rhe unconfonnlty doee not ropresent a great lengttr

of tlmE and, s,t one looality lt ean be ghown to be

rrlthln the Saltakla,n Stage.

In north, Hestland, betnreen the end of the

Ollgocene and. the end of the nidclle lfi-ocene

(Caeo , 19491 Wellman I ]-949 ) , tJre elte e of lpwer
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Iertlsry rtepoeltlon bacasre mountaln rangse andt

Icwer EertlarXr nountaln ranggs becane glteg of
Upper Iertl,ar? dlepoaltLon beoauee of revereal
of movement on naJor faulte.

Istc Pllocene Dl, sturbancs

In the Dannevtrke Subdlvlsd.on there le alt

uneonforulty elnllar to the one alreadSr OescrlbeA 
t

from tho [i,nrrj. Dtstrlctr exeept thst the ehallow- -lI
water ltn€etone above the uneonform-tty, the !e I
Aute lrlmeetoner tE older anrl Mangepanla,n ia Bgor

fbe base of the llmeetone was descttbedl by ldllte
(1953 ) as an lmporta.nt eroslonal break whleh

affecteat al-l araas of !fiangaparrLan eedlmentatlono

Ebe lfuneetone eonrnonly contalng greJrwoeke pebbles,

wtth eqmpoeltlon stnllar to fire greJrueoke fornJ.ng

the Rua,hlne Range, Ihe pebbles lncrease ln
abund"a,nce wegttpard towarde the rang€, and. ehow

tha.t the rangs was belng upl-lfted. Tb€ [e Aute

Llmeetone ls unconforuably overlain by the

Nukumaruan Petane Irtme stone (Krneroa Foluratd-on

of l.lLlle t L953 ). L,illle recortled an anguler

dlL soord,anee that lncticato e we sfieard. tlltlng
betneen 2a andt 15o between the two 1:Llnestoneer
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In the Gleborrre area illaptr{,e etnrcturee

developed (Stoneley, L962i Rldd, 1964 ) and

O6coLlement took plaee. mdd, coneldersdl tttat
the cLlnax of tectonic movemente lyas reacbed tn
the Early Pllocene. At Tfaerengaokurt , tonggponrtuan

beds are the yormgeet part of a. rllapirl.c lntnrslon
ancl are overlaln by undleforuedl Caetlecllfflan
lacuetrtne becls (Elshop, 1968 ) ,

In the liouth feland wldespread gravel

fomatLons (e.g. DloutetFe Gravel, Olil ilan Gr:avel,

Kovvhai Crawl, ) ehovr that rapld, upllft of tho

Southem Alps took place Ln late Pllocene tlue
lumedlately pr{.or to the Nu}rrsonran, Thnt tft€

upllft of the Southern Alpe was eudden tg ghown

ln the Moutere Depruseton of lVelson, where

Weltotaran coal neasure e (Clennope Foruatlon ) r

are confolrabLy overlatn by the lfoutere Oravel.

the Glenhope Formatlon Le localIy dter{.verl tr@
rocke on the weet slde of tbe Alplne Fault but

tbe Moutere Gravel 1s clertved. from the $outhem

Alps on the eaet glde of the fault (Jonnston, lfru).

Iste Quaterna4y Dl, aturbanos

fho hleb ratee of tiltlng dleterulned froB

nard.ne rldgpe and nard.ne benehes ln the Uat rarapa
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and southern Hawkes Bay have aLread.y been cllsoueesdl.

Rldlges and, benches atre knolvn elsewbere ln ltew

Zealanrd, suoh as one ln Westl,ancl gltrlng a tl}t
rate of 15 o/to6 y€ars (suegate, 1968), hrt few

rateg of tlltlng have been deterutned. Acti.rre

fault tracee are present throughout most of l{ew

Zealand (Ieneen, 1965) and sone ehor horlzontal
movement averagtng O r 5 tn/year (Cfa*r andt WelLnan,

1959),

DISTITABANCES WIIHIN $EW ZB{TA}TD AS A W}IOI,E IIIAI
0AI$IOT BE COBBEITAIED Wf[fi IHOSE IN IHE IINTII DI$IAICI

In atldltlon to the ctleturba.ncss d,eset{.bsd

abovq whlch eorre}ate wtth tbose ln the fl-nrd.

Dletr{.ct, other clleturbances baw been recogrrlse0.

Lll-lle (1953 i p, B0 ) deecrd.bed the deBoeltlon of
the upper $outtrlancl firtanoe Fornst!.on ln tlra
Dannevlrtre Subtllvl sl on as belng teetordcally
!.mportant. Aecordl'ng to hln new eltes of dlepoeltion

fometl and new aroas wene upllfted ancl eroded.

In the Tlnul Dlsffi.et the topographle c]renge mey

be repreeentedl by the l{unrpt [ranegraeslon. In
tJre Gl ebonre area, Stoneley (f g0g ) recognls€d

that tfi€ naln movemants ln a ferfi.ary dt5oollensnt

took plaee ln Pareora t1ne. It was foLl.owecl by
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tJre w'ldespread rtepoel-tlon of Altonlan (pf ) or
yollngpr eodlmsnts unoonforuably on older Eedllments.

The uBlLft of the Kalkoura fiengee i g rel1 dlated

by the formatlon in Southla,ncl tJ.me of t,}re Orcat

ilerlborowb congl 6ssrete (Icngen r X 962, ,

It would be lnaBproprlate to dlecusg harr

all tho dleturbanoes rrlthJ-n lfew Zealandr but tt
i.s }Lkely th-at sucldon ttlsturbaneee elxnlLar to

tlroge thst took place ln t&e llnul Dtstrlct
osourmed l"n all perte of l{ew Zealandl hrt thcy

wena not neeesearlly eynchronous dtfr thoee that

took pl,ace ln the *lntd Dlstttot.
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SIHUCTI'NE OF fHN TISuI DISTNTCT

-

In orr0er to di.eouse foldllng a,nd feultlng
ln the flnut Dl,etri.ct rrlth tlme t tt le eonwnlent

to considor th6 strgttgraphlc sequenec to b€

0lrrt ded tnto tbree maJor agp dlvlel.one (RLg. 2Oa) r

Dlvteton 1r rocke oLtler than Unrtawan (forlegtsG

tiupergroup )

I'lvlelon 2t rooke beWeen UnrtEwa,n s,nd Eaur:lan

tn ag€ (uaneanrnpuru and flnul
grouPe )

DLvlelon 3 r rocks between Salpawan and l{ukumenan

ln a€e (nnnettale andt Hunrpl groups

and 0aetlepolnt For:natlon ) .

It is also eonnenlent to congltler ftrst the srea

west of the Slnui Fault Zoner and then tlre atrca

east of lt.

ffest of th€ Tlnul. Farl.lt Zone

Folcls

Rooks of d1vf slon I are etrongly a.nd conplexly

foldert r the only weJ.l rl,eflnetl fold betng th€ Yea

AntlcLlne whlch J-e paralleJ- to the foLde ln
Dfvleton 2 (Ete. 20b). Iltvtelon 1 1e not eongldered,

further. Rocks of dttvlelon 2 s,na strongly foldedlt
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wlth dlpe of about 5Oo to ?Oo whereae roeke of

dlrteton 3 (ff e. 2Oe ) are rclatlvely weakly

folcled,r wlth dlpe of generally leee than 5Oo anil

conmonly between l0o a^ndl 25o. lhe wealc folfltng

ln dtlvlston 3 al-uost certatnly affeeted tlre rookg

of illvlelons I and. 2 t but as the rocks had already

been falrly otrongly foldedt tts effeet wae

negllgtble. Slml'larly, the strong foldllng rhich

affected roeks of mrrf elon 2, hsAr Trtth the

exeeptlon of tbe Tee Antlcllnc r negllelble effeot

on the etrongly dtefomed roeke of altvlslon 1. Sbo

"#l-- I snes of the etrong .nh*"* folrllng harrc dlfferent
WW-LI
# / , etr{kee. llhe etrong fo1.cle strake appro:dmately

//, , / nortbe""fl the weak folrts approxlnately north.

/ [he otrong foldtng ie Early Cenozolc (paleocene )
I
/ fn agg, a,nd. ttre weak foLcltng le Iate Oenosolc
I
' (Pogt-Mlocene ) rn age o

Faultg

[]re farrlte arro grouped. accordlng to the agp

of the rocke they dlsplac€r Yflthln rocks of

dlvlslons 1 snd. 2 ttro naJor faulte etrlke betwscn

ENB anct northeast, and, mlnor fatrlts etrlke I{l[Er

lHreee fan]'te BlFa not well tlerrelop€cl tn dltvt alon 3.

In dllvlslon 3 the naJor farrtte etl{.ke apBroxlrnately

ITNE' palralleI to rnaJor lo.te Cenozolc faults ln
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the Tfalrarap&. fhey extend through rocke of

dtlvlslons L and 2, but are relattvely unlmportaat

there. Ilenee the ENE far:lts are inferredl to hevo

been rlontnant ln the Early ancl the Iq$fE faulte Brc

lnfered to h^ave been d.onlnant ln the Iate Censoto.

East of ttre [tnut fault Zonr

$ro strlke of the fold EXose feulter snd tbt
01p of the rocke i.s the sano ln dl'vtsLoa 2 aB lt
le ln dllTlston 3, Conecqrrently lt j.e lmposstble

to d,letlngulsb between Ear1y and Iats Oenoaolc

foldtlng and fauLtl-ng. Early Cenozoio foldt-ng

about EDIE strd,ktng axoe ls lnfertatl for the

dltett{'ct weet of tft€ flnul Fault Zone. EIS

foldlng to the east of tlre fault Ls thowbt to
have been obltterated by the later fauLtlng andl,

foJ.dlng along I{WE trende.

Early Cenozole Folrte andl Faults (ffe. 2Ob)

FoIde

Early Cenozole folcl e srre moetly dcterulnetl

by oppoetng dlpe Bome cll stance apart r and only

ru,rely aro tho foltl axes themeelvcs expoeed.

Porrr folcls are nappedl r tlre Tee Antlollnc tn tho
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northweet, and tJre GLenenieff , lJangapurupurur atrd

Balfour syncll,neg ln the eouthwest. Al'l th€ f,oltls

arB soBarated by faul-ts and there ane no

cornplernentary antlolines between tbe three

e3mcLlnes 1n th6 goutbTrest. llh€ eytrcll.noe plungg

northeaet a.nd the slngle ranttollne eouthwest'

fhe ags of the yorm.ge st bede ln each e;mellne

becomes progresslvely yot;mgpr ln a eoutheast

dlrectlon Lndlcatlng thst tJre treyncLlnesn arE

the northwest llnb of a larger syncl:lne (fr[g. 3 )

that has been farrLted antl folded.

Farr1te

lhs naJor farrlts aro the ENE effiklng
Cartertorr [arget and Marrawa fatrlte. A ntmber

of farrlte etrtklng northeaet to ENE branch off
towards the [arget Fault. llhe only I{NE etrl-klng

farrlt of lmportanoe le the ilard.agl Fault between

tbe [argnt and Carterton farrlts' B€cBuBe of

poor etcBogures and rvlcte uoaes of crnrshlngr tt le
tmBoseJ,ble to obeenre the cllp of nany of ttre
farrJ.ts clJ.reCtly, However; as ttre surfaee traoo

of eacb fault ls lj.near aeroBg hl'lly topographyr

the fault planes a:!e lnferrecl to ttlp eteeply.

For convenlence, ttre fantts wlth rmknowrr d1p are

ehown as belng vertioal ln Flg. 3.
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Iete Cerrozoie Fokls antl Faulte (Ftg. ZOc ).

Folds

Folds in the le,te Cenozolc rocke usually

have ex"Toeed BIOBr Where the axes arle not erposed

the foldle &Fe cteterml,ned from opposlng dipe and

from tlr.e elope of exhrmned erosl,onal eurfacee on

Early Cenosolc or older rocks, FoLds are notre

numerous 1n the yreet than tn the eaetr atrd only

the naJor fol,de are na.ned tn Rt6. 20o. In ths

weet ttrere ls a rnaJor upfold r the Bl0efotd-

Blalrlosls Artlell-n^al- Htehr ras,clo up of the

Bldteford AnttcLlne north of tbe Carterton fault
anct the B1alrlode Anttellne south of the fauJ't.

lo ttre eaet of tJre hl€b there le & naJor dlornrfoldt

the Tawhero-Whg,I€alna tiyncllnal- Depre egtou r nadlc

up of the fawhero SSmoJ-lne ln the nortJn, and th3

Vfiareana Strmellne !n the soutb. Between tJre

ayncllnal Oepreeelon a,nd the ooaet there arB fiO

uaJor eyaoll,nesr ths Oa.manra and Peak sSmclhs8r

lhe fol,ile are descrtb€d |n tuJ4 begt nnlng ln .lbo

wEgt.

The axls of the Bl"deford Antlollne I'e deflned

ln the nor& of tbe 8laul Dl.etrlot by tlre crost

of sn exhrned, eroelonal gurface eut across

Cretaceoug and oLder rooke. In the soutb tlre



100

eurfaee has been lerrgely destroyed end the

posltlon of the arie |e uncerteJn' fhe Bl-alrlogto

Antlcllne le poorS.y deftneit by an extrtued

Broslonal su.rface whleh showe th^et moet of tho

eaeterrl 1lnb of the anticllne le fauLtetl out by

tJre tlnrrl' Pault Zone. North of the flnul D.eH.ot

tbe Elclefordl Antlcltne, definedl by oppoglng dlpg

ln Upller fertlary beds r cu.n be traffid e{r far .3
Fongero&. Soutb of the dlstrtOt 1t th,;- fair'lngie lntielin'

grosses the coast near Patroa.

The art e of tlre approxi;nately north-str!.k1ng

Tawb,ero Syncllne ls well deflned by dlpe ln Iste

Cenosolc rocks. fh€ a:d,s of the j{NE etr{klng

Wharease, Strmell.ne is concealecl by alluvl,un hrt

le lnferrect to be pamllel to ttre Auplrlpld
Farrl,t ?,one and to the Bruton Fault (ff e . 2).

Tertlcal, drag on the faults nay have eauged thc

dlpe ln the tthareana Syncline to be 15o to 2Oo

eteeper than dlpe ln the tawhero Synclltlc r Ebt

northerrr end of the Hhsraama tiyaellne has been

offeet by dlextral faulthS.
ths lawhsro $yncllne can be traae{l for a

short dletance norttr of the [lnul' Dlstr{et wbsre

lt ctieapp€arsr 01' has been obltterate{l ln a

oomplexly faultef, area south of Pongeroar [br

Sharesrna S3mc11ne extencle soutb to cross tlre coast
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at llat Potnt (rrg. 1).

In tbe east the axes of the Oamanlg an0

Pealr syneltnea etrlke I[t[E andl Bine parallel to
naJor faulte. l[b.e eomplementar]f enttcLlnee ero

abeent but thelr ainas arle approxlnately

repreeentod by tJre Auplr{plrl aldl ltlatalkona,

farrlt zonesi ttre rocks dttpplng away fron thc

fault uonea towards ttre eyneltnel BrsGto ![ho

a:re6 of the ayncllnes arB parallel rrlth the

faul.te and lt ts l.nferredl that tlre foldtlng te

eontrolledt by the faultlng. flrls oontrasts vrttb

the eltuatton at moet other parts of thc f1nut

Dl.strlct wlrere the fau-1ts andl foldg aFB not

parallel r a,ndl the fold.s are lnferreil to havu

forueil by compregslon'

Faul-te

llh€ naJor $nSE etz{.klng fau}ta ane r ffom

west to eaetl ttre Tlalrtri Farrltl the ltnul Fault

?,one, tJre Tlhakatakl Faultr and the Caetlepolnt

Fault Zons.

the Walrtz{' Farrl-t, east elde downthrovnnt

hae broWht the lTaewaepa Fouaatton lnto oontact

Tdth the SlarrngeLl Fomatlon' It cllBs vertlcallyt
andl north of Tlat1{rt Roadt hae a, sltver af Whanggl

Fomatl,on lnfaultocl along lt.
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fhe [inrd Fanlt |,ona t s the most lmportant

fault tn the $.nnl. Di.gtrtct. I$orth of tlnul
Ytllagp the fault z,ane ls 1.5 nllee vrlde and

eontalns actlve traees. The d,owrthrown eldle ls
to the west. $outh of flnul V11lage tbe fau-lt

Eone l-e narrow. lfhe east elde le dOvmthrOwat

andt aB lts ct1r, le ?Oo west lt has a rrevorcc

componeat. Several falLts branch off tbe fault
aone, the rsost tnportant belng the Blalrlog[€

Fault ln tbe southr','e st. t[ort]r of the Blnrd D.str"l'ct

tho fault zone extende north lnto eouthem Halkos

BaJr. Southwar"de lt probebly Jolne the Adane

Fault of Eadle (f 990 ) whleh reeelre e the coaet nea.r

the Pahoa Rlvtr.
The lThakatatrl Farrlt extende from Reef Potnt

to soutJr of the tlnul Dlstlrlct. fbe oulve of

the fault trace acro6s h111 country suggeste a

weoterly ctlp of about 5Oo. It tg tlownthrom to

the eagt ancl ts thus tnferredl to have a ne\rersC

eomponent, The faqlt d.leappeers out to sea at

Reef Potnt, and, probatly reappears as the faultI
on the eoaet n€ar tire Ovralralga Elverr whlch

eontlntrse northwarde ln'bo tJre Dennevlrko

Subcll-rl slon (ltttte , 195 3 ) ' South of the t-I'nd.

Dlet$.ct lt reaehes ttre ooast at Flet Polnt.

[he caet].epolnt Fault Zane ts exposed at
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Castlepolnt. Assoclated vrlth tt artt the only

defl.rrite outcrope of Opoltlan snd $ukrmanran rocke

ln the Tlnul DLeffi.ct. |[h€ fau].t dlps steeply,

and ls dorvnthrown to tJre eaet. A colllnoar
oteeply tllpplng fault at Cape [urnagaln ts

Brobably tte northern e ontlnuatl otl.

So far tt hae been tacltly aesulned tlnt
new faulte appoar and old fsul-ts beeoma lnaettver

The tnre attuetlon Ls nore eomplex antl. a

partlcular farflt mey ehange 1ts rate of movement

or even tte sense of novenent ';rl-tJi tlme. Howgvef;

ln ordler to cleterntne the ht story of a partl.crrlar

fautt, nrlny well- C.ated referencs linee (Ftg. 21 )

or reference pler,nes arre requ1.reC. It Ls tnportan,!

to cliettngu:ioh betv,-een reference llnee andl tbe

outerop of referenee pl-arr.es. fn the general ca66;

& farrlt dttepl-aeed. lnclined reference plane ghowg

on a m&p as an outerop llne wltleh 1s "offeetr
by the farrlt (ff Si . 22), Tlre off,eet has a

hor{-zonta} length, n-hleh ln genertt-1 doee not

represent the horizontel (stdke-slip ) dllsplacernant

of the reference plane b,l' the fa,ult.
llo deternlne the aror,tnt of horizontal

d.tsplaeenent th.e d1p of the referenee p1a,ne at

the tl-me of faultlng nu.st te known r artcl also

the sense of movement ln one directiorrr In
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RLB. 22 the d.extral off set (a' ) of nn lnel-tnedl

reference plage A corrlcl han'e been entirely caueadl

by vertlesul fault iloveulent. the Lower the angle

of c1lp; the greater the hor{zontal offeet. If

tbe anount of vertleal luoveuient I and. the d.oumtb.rorn

side are lononnr I then tlre tnre lrorlzonttrl

ctieplaoement of reference pl-age A ls €Lr. the

arrrount of horiaontal dlepler.eement (y) by vertloal

moveurent (x) can be ce.lculaterl by ueing tbe

follotri.ng solution
barr. ao "- *

lf y eqrraLe ar then there hae only becn

verttoal movement on the feult. If lt le Eorre;

then y - ar eqgsle the arnognt of elrdetral

movement on the fault and. lf lt leae tlren a'r - y

equals the anornrt of dcxtral morrement on t[3 fa11lt.

Horlaontal novenent on o, fauLt Day bave 811

been ln the sane dllrectLon or ln ctlfferent

0lrecttone, ascl ln all casss the total dlaplaoement

ls tlre algebralc sl,B of tlre movenente olr tbst

fault. Movenente on tbe naJor farrlts ln t43

tlnut D.effi-et are eonsl,dered ln terue of t&F

Brevlous d.lecusslon a11cl an attempt 1g nade to

dtetertlllne the a,mount and seass of motement at

tllfferent timee ln the past. lfh.o III{E etr*klng

faults arg dlleouss€d ftrst.
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Hoztzontal l{ovenent on the IWE SH-klng Faulte

Ihs wIVB etrdklng [lnul Fault Zone tnrneatcs

ttre ENB etr{.klng Carterton FanJ-t andl aaeoetated

fau]-te (Ilg. 2'), BrE etr{ktng faulte lumeillately

north of the flnul l]tsffi,ct (ffnena, 195?)r and

olr ttre opposlte gtd.e of the fauLt aone to tJre

Oarterton Fault' Brro aseumed to haw been the

oonttnuatLon of the Carterton fauLt andl ageoolatod

fauJ'te. llhe E![E sffi.klng faulte are lnfenredl to

bave been sln1strally ill splaced, by about 15 nilee

by tlre tlnrrl fauJ.t Zone (Ete , 24).

Xn the Ut Adtarne ar€a, Bade (f ge g ) mapped a

faolea dleeonttnrdty 1n hls Xalwhata Formatlon

(nerrrian) a,enogs th€ IIFE e#.klng futnr Fault.

fhs farrlt le a}nost col.Ltnear wlth, a^nd nsy bg

the oontlnuatton of, the Ttnul Fault. Eade

Buggested that tihe change was due to sffi-ke-eltp

faultlng of at least LZ mllee r elthough the senee

of movement wes not epeelflect. P. Fell.nan (lytO)

showedl tbat 1f movenaent b.ted been strlke-sltp t'hsa

lt would have been etnletral , that lsr ln tlhe Balnt

sense as tlre movement lnferre0 on the Ilnul. FauLt

Zone. hrrther evldence ls provldtecl by glauconltlo

eandetone dlkee ln ttre Whangal Pornatton (feurfan)
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expoeed, on a coastal platfonn eoutb of tJre Awhsa

Rlver (profe ssor II.l'i'. ]teLlsanr, 4ers. @. ) .

WelLnln hr.rs rocorded, s'n8.11 stnlstral offsets on

northeact to IWE strlklng fau1ts whlch displaee

the dlkes.

In the linui Dlsff-ct & IIIIE etrd-ktng f,ault
on tJre weet }tnb of the liltareana S3raellne hag e

eLlver of the faklrltlnl Forrnatlon (Iovrer li{ocene)

aLong lt. Tbe sllver ls B ra-tl-ee south of slml1a,r

rocke ln tbe [lnrrl Va1l,ey. At least E niles of
dextrral novenent on the fault is thus poeslble.

rudd (1967 ) tntemed that the northoaet to NlvE

etrAktng Pongeroa Pau1t eontinued eouthwalds,

beneath Upper Miooene eedinente, to join tho

flnui Fault 8one. From paleogeogra.phle patteras

on elther etde of ttre Pongaroa Fault, Ridd

lnferrecl. thet tb,ere waa about I mll-es of rlextral

novement on the fault during thp l\iiocene.

In coneluslon, all ths IIISE etrlklng fatrJ'ts

for whlch there ls eny lnfomatLon, banre moved

Ln a d.extraL sens€ slnce ttre Uiloeene. Howevurr

tlrere ls evldence for elnistral movement on Eoao

of the faulte pr{.or to the Mlocene. [hereforc

lt ts Lnferred, thst monement on aLl the NSS

etrtktng faulte pr{.or to ths Mloeene uras stn5.etral,
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For so&o fauLts ttre early sd.nistraL movement $EE

greater than the late dextnel morensnt.

Verlij.cal- I[oveuent on the I,II|E Str{.klng Fatrlts

Ullthin the flnrrt Farrlt Zone ln tJre 11nul

Va3'3.ey a well defl.ned ac tj"ne fault trace t 4

nnlles long, ie doysnthrovun L2 ft to ttre weet for
part of Lte Length. Ihe lThakataki Fault hae

clownthroum, ttre Iower Dllooene Whskatakl Fomatlon

on lte eaet€rt gtde. the fault pJ,ane dlBe 5Oo

west and tho s€nse of movement la rervrrso. I,D

the eouth€agt of tlre tlnul Dlstrd.ct tbe [lntrl
Fault Eone rtl'ps ?Oo west and tbe asnse of
movement 1g trBltgt!.Bo r

Hor{,zontal !fiovenent on tlre EnE St!!:LH.ng traults

Acoordj.ng to leneen (1968 ) trre Carterton

Fault lmedlately weet of the ttntrJ' DLsffi.ot

d,extrally cU,gplaces by 45 ft th€ Edge of gravele

wbloh ano bero uspped Bs the Rorokoko Fomatil,on

of early Iast Blaclatlon agp. llhe ?Oo westerly

dH.pptng Ilnrr1 Dault Zone bae an offeet of
I.2 nllee acroes ttre feuLt. :Ihe offset ls
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partly clue to vertlcal movenent cmd partly rilug

to dextral clloplacement. llhe rrertleal novcnent

woukl have produeed stnlstfiIl offset of the

flnul Fault Zone of about 0.2 rnlle s. ftre tnlp

dextral mol'eneent on tbe farrlt i.e therefore about

I.4 mlles (Ete. 25), fhe 15o westerl;' dtpptng

base of the I'Iaungell Fon:atlon ls dlextr"ally

offget by L,7 nJ l-ee acro$s the Carterton Fnult.

Howawrr the cltp of the foruation was lntttally
gnntLy east (Etg. I7 ) and ho.e etnce rotatedl to

15o nest. Drrrlng vertlcs,l morrement the sense

of apparent horlsonts,l movesrent vrould therefori3

have elrangect fron clextraL to sinl strsl '
IhB totusr. ohorellne (Rlg. ?a ) and' the

Wattaklan elrore}tne (ff g. 144 ) are slni strally
offset by the Carterton Ferr]-t' As the C,1p of

the ehoreLlne e worrLd, be gpntly eaet for a conet0gF-

abLe tLne after thelr fonmatlonr & smcall anount

of vertLcaL movement v;ouLdl produce a large

hori,zontal offeet and thera ls no evldence fOr

any bordzontal clfsplaoenent, It le Lnferretl

that tbe I{NW sid.e of the fauLt was upt}rrorm llr

the Upper Cretaceous to inltlate tJre $ent1e

/rnnLe efavl,ty sll.do and ageln in the Qtalart

vrhen the nakiritinl Fomatlon was tleposl'teal.
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liiuch vertlcal novenent lrouLcl e{,use dextral

offsettlng of tJre shorell-nes. f t le therefore

lnfe:red. that there $ras sinlstrrr-l novel:f'ent oa

tl:e Certerton Fau}t prior to the l,ate Cenozoior

It ls J.npoestbler rdthout firther lnfosret'lon

on the sJnoun-t and directton of vertLeal novenmt

on the fault, snd t?.re dlp of t?re ehoreltnes Bt

the tine of verti.eal movelnent r to cletetsine tlrc

trtre amount of slntstral displaceuent.

Yertteal Hovomsnt on flre IltE Strtklng Fau1ts

&e Carterton Faul-t vertiaally dlspleeas

tlre edge of the early Iaet Glaclatlon Rorrokoko

Formetlon by up to L5 ft. the dlownthrom gldle

ts ttlfferent st dlfferent plaees. In t'he eaetl

oppoette Awatol.tot r lt le the SSE ei,de r whereas
-furtJrer weet lt ls the Nl{W ei.dle. In t]re P]looeur

the SSE elde of the fault wBs dtovrnthrornr. It ts
lnfered that {i}re SSE slcte was also d,ownthro*n

ln the Otalan andl tn ilre Uppor Cretaoeous. Ehe

dllp of tha fault 1g unknownr but ls greater tfien

?Oo frm lte ltnear traoe. Yerttcal motementa

orl other fau].te aso unknornt
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Intersecttng $tr{,ke-aLip Faults

[rro fault trende, one strlklng INE a,nd the

otJrer eterlklng nqEp have exlsted ln the Tlnu!'

Inetr{.et durlng the Oenozoto. .A.lthough lt ls
lnfe:n:ect that the ItllSE trencl wag ilonlnant ln the

Ia.te Cenozolc andl the ETTE trend wa,s donlnant tn
tlre Barly Cenozoto r sone lnteractton betrneen

tho trro trendls bae ooeurtred throughout the

Genozote. The hor{zontal tlleplaeement of tbc

ESE sffi.ktng faults by the ftntd Fault ?onc

(E[g. 24) 1g ghonn dtlagrammatlcally ln Filg. 26.

Such offeetttng worrld foru the Drlmerouei fault
sllnerer etrlklng EIi"Er that erf,sr rlthln the

81nrd. Frrrlt Zone (Rte . 2) .

vtcToRt^ tlr\|t\rEFietTY oF
liVEt ttit0'Ir)N L I rrFARyl
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Fig. 26. Dtogromrnotic roprcsontotion oF Formqtlon o[ Fqult Shvcrs
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fI{E Nli\T Z;},\lAiTn }T0IIILIJ BEII

I t lras already be en rrentl oned (ir ' 9 ) tlrat

the fJ.nut $Lsffi.ot fonns 1:art of a eorrplexl'y

fold.ecl alld farrlted roglon v*rl,ob extsnde from

Eaikorrra to EaBt Crrpe . Tlre rosioll r along vrlth

the re st of tha centraL part of the Nerv ZetrLag{l

f-anrlmasgr contains s'bron6ly tilted Late CenosolC

rocks. thle ls ln eontrast to the eouth'eaet of

the $outb. Islancl and the northeastern half of,

tlre tTorth Islaad where Sips ln Iete Cenozoic

rocks are gOntle. For convenlence r th€ central

part of New Zealand, J.s teroed the l{ew ZeaLandl

}Ioblle Bslt (fftg . 2.'l ) , [here are inailX features

in corlnron to all parte of the belt ln tltc ITew

Zealantl lan,lmaggr andt ln Order to more fuJ-I'y

rrnd.erstsnA the structure of the Slnul Utetrr.ctr

tJeey $'f}J be diecuese1t a^nd. a e{mplo uodlel ProPOEcOr

lh€ llew Eealagcl Mobtle Belt ls elongated

apBrorioa,tely liNE-S$'l{i Yrlth a naJor treneht tJre

Hilsurarrgl franchs along tte northeastottl elcle'

8bs laadnaes can be regardedt Bs tJre creet of a

rnaJor upfold or geanticllne antl tlre EFa bed to

the sast as a rnajor downfolct or geosynclJ.nel trougb'

ApBro:d.na,te1y paraS-lel to the eldee of the moblle
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beLt nre nnaJor dtextrel faults. The fnulte dll.vergO

from the Alplne fault ln the northern entl of tb
South Island andl erogs Cook Stratt lnto the eaet

of tlre North Isla$d. (Ele. 27). Itrc best knowr

featrre of the faqlte ts the Wflotheels; flret
lntrodluce{l by seLlmnn tn 1949 (3eneen, 1952) r of

a pogtulatodt 3OO ntles ttertr"al cltsplaeement by

the Alplne Fault of eeveral rnaJor stnrotrrree ln
the south lg1snct. Althorr.'{h the clloBlaeement ta

acoeptedl by nost New zealandl geologlete thcre le
llttle agreement aa to when tt oeeurred. In the

eouth of the $outh I sland the dtlp on ttre fault
te eaetvrardr the vreste1rn side ls donmthrownr an0

th.e Elenele of morrement te rgv€rcte. In the nor*th

of the South Island. and. in the frorth Islgnd tbs

dlp on the farrlte brenchlng off the Alptne Fau1t

ls westwalClr the eastern grlde ls doumthrownr and

the sens6 of morrement J. s rBV€f96 r

ftre poeslblllty that the dlp on npmy of thc

fnults ls itecreaeeel bJ' gTa\rlff ereep of the

upthrown slde nuet be eonstd.ered (ffg. 28 ).
fJowever, tt ls lnferred that the faul-te rcnaln

re\rerse at ctepth beeause retrl,angrrLatlon crurrrcys

aerosgr the Alpl.ne Fault ln Marlboroug[ (Weltmgn t

l-955 ) I across the Whlte Creek Faqlt before a,ndl



118

( a) normal fault

raFa4e

fat art€

( b) reverse fault

Cross sections showing alternative
explartations of a fault with a reverse

component at the surface'

a-1t??*>>
t-/z

FiS. 28.
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after the LgZg movenent on the fault (ITendtersont

193?)r andl 1n llavrkes Bay before a.ndl after the

1931 ![aFler earthquake (lrofegsor H.W. fiell-uagt

pers. e.gnn.), ancl reeently in tlre Welltngton araa

(P.tt. gtway, W. ), show that the llew

Zealand. lloblle Belt le undlergolng ehortenLng aB

well as str{.ke-sltp dtep}a.eenent.

Between the rnaJor dextrnl faulte a,re a

large number of elonp.ted f8.u1t bloeks (Cottoat

19163 Houtz g!4,, 196?), at an aeute angle to

the strdke of the maJor i!-extral faults (R[g. 29r,

It 1s aestpledl th"at the bloeks are separated by

re\r€rse farrlts andl that bloolqe and faults rotate

together so th$t the total vridtir of ttre nobtle

b€lt cleereases vlth ttne'
VdLthln each fagLt block, aeyrnnetz{,eal e5mo}l'tl€s

degelopedl in the lovre a3d asJ7rmetrleal antlcltnes

tlerrelopedl ln the hlebe (ff g' 3Oa, b ) . Ae

rotatLon of the bloek aCrrascedl^ feultlng somottnes

renoved the oteep l!.rirb of the foldl (ff {:r'. 30o)

arrd grorrlng folde g fo:mr. Such grontng folde

are tlrptcel feetlres of the east eoast of the

North Island., were flrst d.esel{bed. fron ITew

ZeaLencl by Sacpherslon (1946 ) r anCI srs tndependent

of upltft or dlepresston of the nobile belt. lEb'e

t; t; qr 1, i t,-.6.,-_r,,t

-l{* 
-tJ,

'{'/k,*r ;"
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(a)

(b)

(c)

Fig. 30. C ross

fault
Sectionsshowingasymmetricalfoldsand

repl ac ing I irnb .

Y{

Fig. 3I. Plan sho,wing

b]-oeks.

major dextral faults and fault
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In,te t)enozole rurjor dextr;1l faulter fault blockg

and. folden ln the It'alraratr:a arle ehown tn Flg. 31.

The arrount of rotatlon of faul-t blocke tn tDt

:'rast enn be mepr$rreil by (a ) tllt ratee antl (b ) faulti,ng.

(a) TlLt rates ean be deterrmlned fron:

(f ) UneonforrnJ.tlec

Ihe tllfference tn dlp, tn ctegrees, dtlvldts0

hy the og€ dlfferenee , ln yeRrs, betweon

two rock r:nlts seT)arslted by a^rl runeonforully

(E[g. 32 ] c:ive s iire tilt rate .

the nean-tnef,\rllnecs of tbe ree'flt dlelnndA m

the ruriforu1lty of the rate of tlltil.ng anil oo

the Becuracy of clatlng the tJ.me lntetroa'l

repr€senteil by tbe rrnconfonnlty. For

lnstance lf the tllttng takes placc tJt gbort

t'grste of tlns equal to only e fetr nllllon

years I and the wreonfor:mlty repreEents

scores of nlllions of Jrearsr tho averggs

ttLt rate urll.I be l-ess tbaa tlre nard-mn rat€.

($) Ieopaehe '

hovtdeil that the Ee&tnsnte Bt any par6'ou1af,

tlme wet1e clepoeitecl at the Eane depth belor

aea Lev€l, then i sOpache dr:avm ffm eedlmonts

tleposited between two tlne pLanas wtlI gtrttg

flrc arnount of tllt thst hae taken plaoe

(Plg. 33 ).
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Ihe fo11-ovring,; tilt reites are indl.catedl by

the change tn sedlrient thlchnesses wtthin

tndlvirltrrrl- bnsins ln the TinuL Dtstriotr
Umtawan to Elripatlan

lTai tnlrla.n to 0trrlan

IItdd.Le Iongaponrtunn to
Kapttean

L?4

rr,.-Lo /Lo6 lnara
Lo/:-a x 105 yrasr

ro/ro5 ylarg

0he tlIt mtes, althoueh veqf lorv oompared

wlth ttlt ratea dtur'l-ng the dlsinrrtsnooBl

are a.yr order of nagrltrrdle hlgler than til.lt
ratee Ln contLnental regtone'

(b ) tarrltlng
|Ihat fautttng lras talcen plaee 1n the paat

ls lnfemd from coerge eongilonerates wlth a

nearby sollrce that are eonglderedl to h.av€ been

eroiled fron the upthrown sl-de of arl aetlve feult
arrct to have been deposltedl on the clownthrown s[{lc.

In the [Lngl Dl etrt ct the baeal conglomnenb

at ilre baee of tihe Wfrslcata}:l Forma.tton (Waf*taklan
--tF-#to CLifdenlan) ls lnter:preted ri.ft harrlng been

deposlted ln s. far:Lt basln (trtle. 14 ). Cn thc

west eoast of the South leLandt the coarse brecela

of the Eocene Omotunotrr Fo:motlon ls sonerfiat sl"uila'r

and. aecordlng to Gage (L952) was d.erlve'il fron a

fault eoagt.
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THEoRETICAIJ AISD OBSEHS':ED FAUIJN IIOVEDIENTS

An attemPt w111

chnngee Ln the sense

matle to Oeterui.ne tho

fault novenents w.lth tlme

ln ttre tlnrrl Dlstr'l,ct. The farr].t movements ars

ctlreotly related to the dltreetlon of nard'rnut

hortzontal elrortenlng w[-tch ls e'ssumed. to be at

right eurgles to ttre erxes of grov,'lng folcls (ltg. 34).

lbe positlon ar,ld std-I:e of the fo]-ds hsve

aLready been clescribed, ln detall-. The northoast

etrll.-lng folds formed. d.urC-ng the Paleocene

Dlstrrrbanee lndleatlng a southeast d.irectlon of

ma:rlmun hor{.zontal- s}rortenlng (f'tg . 35). gh€

north-south etr:!kj,n6 folds fonred, d.uring tbo

Iate Plioeene and late Qrraterrrery dlsturbaneeg

indleating an saot-woet d.irection of na:duum

Irorizontal eborten:ing (fiig. 36 ). No fold's ha.vc

been rocognlsed. as forurlng durtng tho Early Bltocene

Dlsturbance but lt ls inferr€d.r fron fault

moveurente, titat the d.irectlon of marimlrlB hord.sontal

shortening was about northeast.

llaving determi.ned the dlreetlon of nad'mnl

horizontal- shortenlng it is posslbLe to lnfer

the theoretical sense of movei:tents r that ls

whether slni st1gl (S ) , ctextral (O ) , revuroe (n) 
'

or normal (N ) (FlS. 34 ) , on tlre farrlts thst

be

of
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/rze./ro, y'
Epttturrt iot;toath/narma/ /aaft

N
st
\\

{

aar# 6rur

FiS. 34. fnferred relationship between fold" axes t

f ault s arrd the cii rec't i on o f maximum

horizontal shortening.



127

/
Dtar'2tJ/ric/

/
\
\./
v/

35

/r..rloao/
€ 

- 
manictttl

Iterrzot/a/tlaAt'tg

fr;ru, 2ls/nct

:

-,/- \ /
l,z

{,T'r'e(l d'i l'{:ctvi cli-t o i" illa:-il,ri: ull

j ZCtnta.l S:lro rbFrrtrlJ' (1ur1ili-l

I rf-1, rr f'l t-oc Pr.,.c .lli :-t r,irb:lJic e.

-'

,,r'''l+';

r,' -l (/
' i''



128

Trere eetive at tho se time s , anrd to cor'Fere the

theoretleal v,'Lth the obserredl Etovet'".ente (frfg. 3?).

It ehetild. be noted thet Flgs. 34 and 3? eXve tho

i.deal eolutlon in d.etemlnj.ng the sense of

novenent on & farrl-t but 1n Braetlee only ufren

a farrlt lLes well trlttr-in lr $eetor (trlg. 33) Ls

lt poesible to c.ssnrne lts sense of movernent

wlth r\eac onsble certalnty.

Reversal of llovement

Provlded the fault novoments retaLa theLr

senee sLth tlne (dextral farrlts renatrrlnp; dextral

faults I reveree faults reuatntng severae faults
etc. ) tlre tectollc p:ittern rer,alne th€ strffIe

lrne spec tlve of t*re ehange tn the rate of

novement and imeapective of the fomatlon of

sintLar new etnrcturps.

H6weverr roversaL in the sen$e of rnovenent

of tlre farrlts, that is frou d.extrlr:,l to slnletral
and lne\rerse to nomtrJ-I T€ptlesento e basle Cbaag3

Ln tlre tec-bor:-te r6gme. bilch ehangee have

taJren place and they provtfle cr{tloal infonnatloa

for the lnterpretatlon of tJre teetonlc htstory ot

New Zealand as a rvlrole.
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DI STUR]]ANC E STRIKE OF
FOLDS

I i..TFERRED
SHORTENING

DIREC TI ON

THTONNTICAI ( 1) A}ID
OBSERVED (2) M0VEMENT 0N
NNE FAULTS I ENE FAULTS

I I z lI____ll-
LATE QUA'TIERNAR1 i\i ORTH EASf DR D DN D

LATE PtI tTC ENE NOR TH EAsT, DR DR DN D

EARLY MlOCENE D NORTHEASTI DN D SN S

PAIEOCEN]I NORTHE ASl S OUTHEAS T SR S DR

xlnferred from columne 2

Note: lrorizontal- movement given first; dextral (D ) t

sinistral (S), normal (N), reverse (n)'

Fig. 37. Theoretical and. observed' seRse of

movement on the NNE and ENE striking

faults.
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In tho ltnut Dtstrtet th€ senge of mowment

of ths NI{E etr{k!.ng farrtta c}rangedt from cndetra!
-/

ln the Early Cenozolo to daxtral. ln tbs {3!e.

0enozotc. Ehs reT€rtsal tn tJre sensc Of, mowmant

was aeeollperrledl by a ehange ln tbe dlreetlon of

natCxnm horlaontaL shortenlng fYom southeast ln

the Eerly Cenozotc to east ln the Lete Cenogoloe

A stnllar reverslrL hns lreen obsernred on fire leet

eoast of the South Is1afi.d nhere in the Ollgpoerrc

highs beenrne loivs rurd lovrs ttecarte lli6hs. Ihrflng

t&e reversaJ., far.il-to ehanged. thetr aense of

novennent , from normnl to reyerse (tlet:man r 1956 )

urd fron sfl.ni gffal to dertr:nl (crt'naley, g;!-El. t

195g), ald the illrectlon of nad-rmm horlzont4l

shorterr.tng chenged. frcn nIE to BSE (flrrira r 1968 ).

The tinlng of thc rev€rsal is d.1:rectLy

related to the tlnr:lng of tJre beglnnlng of tihe

dtextral, morrenont on tire Alpine FanJ.t whl'ch gboft

a 3Cr0 utle dextral d.i cplaconent. Flott nG (1y10 )

ln hle nost recent reconstnrction of tne }lsw

Sealand larrdi,ra,es coneld.ered thflt the beglildng

of tlro dlsplaceruent rros in tlre Eariy CretaoeOus

(Ff e. 38 ) , If , ELs tlre oinplest rrodel r it Ls

assuned 'blrat tlre riiuplacetrent contlnr:ed tn tbf

tr{,'.uiii,'i'l''' {'- 
l*[^.*\,^- ,
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ssme E ense hrt not neee eserlly at the sanc reto

untlt tbe Brssont d^ay ttren tlre dtlraotlon of,

maxlmrn bortzontal ehorbenlng rrtll renaLn tJre

Barre. 0n ths other hsnct lf tJre dlrectlon of

ghortenlng 1e fou-rrd to differ t'rora that of lftt
preeent day at any parttcrrlar pl.ice then th3

srod.el proposed by Fleui-n5 neede rsodifj-catlon.

In tlre Iinul DletrLst and on ttre weet ooast

of tbe South le1and lt ITa,s been eiloral tfttgr,t tbe

expected d.trectJ.on of rlaxtmm horlzontal

eborterdng (about east-weet) nas exlsted only

elnce the beglnnlng of the }ulocene. Botb a$oas

are clos€ to tbe rnaior d.extnel faults sJcd tt
can. be ssstrned th&t over tlre New Zealandl lan{lnaga

ttre east-west &Lrectlon of mnt'uiur'n hodaontal

ehortening has erieied only eince tJ,re beglnnl'ng

of the liilocene. tlrerefore r strike-sl;lp rjlovemont

olt the Alpine Farrlt llo',;tld hane been dextml onl'y

slnce the Ollgoeerre o

Cl-a.rk ancl Wel,l-1xurl (]grg) reooeplesdl tfigt Lf

tlre tat6 of iirovenent on the f,ault (O'5 irAftrr)

tlret they carculated for tbe rete tituaternery

was extrapOlated bs,ck in tiiae tJeen tbe t.. r30O nil'c

s51ft corrld have aecolrpllshed glnce tbe 0L1gpcone...n
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llbs Alplne Fault dextrally offe€te a nrnber of,

referenos llnee whlch nay lnelufle a bolt of

ntrrlonlte by L45 nlleE a,rrdl a bclt of laupbropbrc

d.tkee by 80 rniles. [hB age of rnylonLte a^rrdl

dlkeo ie no Jfounggr tir3n Jror.'er tjretaeeou.s

(ueL]xlag rend. Cooper, 19?1 ) pvias a po$$lble

dextral dleplacenent of EO rail,esJ slnce tht

IrOWef Cfetacegus. llor.'eyerr tn &lecussing thC

vartolrs reference lj.nes offset by the faultl

flellnan (1964 ) eon*ldereC. the d.l]ree to be a

rrpoorr refefence Ilne I and conclUded thst tlro

Alpine Fau1t was poet-I'iJ.oseile in agp. U,attorl

(f ggg ) f4rs poshil-s,ted. a"n "OJcler Alpine F.an]tr

otriJtlng about In{&, whlch ls d'extraIly d:Lsplaoe0

about 3oo nrj.le s by the Alpine Fau-l-t a:rd whlch

cou-ld have fozated t}:e nylonite uones. fhsnforo

a31y reeonstnrctlon of t[e llew Zealarr'd ]11n{bnaee

Trtll have to consi.der wbether an "01der Alplne

Fag}t" e:dsted. and, also tf there hane beea any

reversals 1n the tecton:Lc asgf:ne prd.or to tho

Uenozolc, $ucb a reconstnrctlon is wel-l

outsl&e tJre scope of tluie thesis.
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coNoIItsIOIS

Ibo dletBlledt napptng of tJre [lnrd. Dl'effiot

hae prtytdted erltlcal l-afomation on tlrc ratc

of foldlng andl farrltlng of part of tlre Ferv

Eeeland l,riobtle 3€1t ln the cenozote. In tll3

east of the mottle belt, frorn lllarl-borou6{r to

East Cape, tll-t rates averapt'ng fd/fO6 yearB

have oceurredl for the who]-e of the floloeeno

(1Or0O0 Srears), [llttng at thls re,te tt* not

oeeurrect througlrout the Cenozoie btrt hae tatseA

place at thls rate for short pertod.e of tl'n3 t

equal to or lese than a stagre Ln dttrratlonr

ealledt ctlsturbalic€e. illsturbances bane bem

reeognlseil tn nany parts of }tevr Zoala^nl'bUt

ar€ not everXlwhere e;nrchronolrs. Ttltlng bse

tnken plaee between &lstrrrbalfleesr to allow

d.eposltlon to eontlnue, at e nueh slower tate

of about to /:ro6 :rcars (Flg. 39 ) .

Ihgtng the Q1-tg-rocene or Ear]-y Lltoeene tlhs31

was 8. naJor chnnge ln the teetonlc reglme fi'ltb

dextral ltoverreni begl-nning on the nn'Jor lilB

str:llcing farrl-ts. At thl s f,lne the d'lreetil'm of,

*aximu' horc-so*-bel shortering ehangodl from

southeast to e.bout northasst or east.
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SeLennltee of New Zealand andl a revlew of

the .Turaseic antl Cretaceous Belennltes of

ths Indo-Paclflc regl'on. New Zealand

Ge.oAo4lcat Srrrrrey Paleontol'ofC.ca1, Brrlleff.n 36 .

9[ONEI,EY, 8. L962t [lar]. dlaplr{sln near $leborne t

lsew Uoaland. Nef ZSaIqg{ tlorrrael of 0€o1ogr

and Geonltvslee.. 5, (4 \,; 63o-41-.



$t Enpsho€ , Iiorth hestiimd ' $tes, rEe-a.L.9n$

648-5Q.

YAIq Dfi:'; IIUWFTI,

FLat Fol.at

It.S. 1960 t Ehe

a:rea r oso born

gpology of tbc

$ul,runrilar Ugg,

t47

$mt$EiJlY, B. 1968 | i, Iower Terttary tl6collenent

on tits esst ooaetp llorth IeLsndr flour

!ea,ls,r:'J. I{efl zeglglr,rd,Jou4S*}- gX-.P,€g}gP

ilrd Geophydcg r il (1) r le8-56 '
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WEIJIIAN, Pf COOPERT A, 19?1t Potasshn-Argon a,gp

of aomo New zeala^rro Lanptrropbyre dlkes

near tbe AlPlne Fau-Lt.
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