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ABSTRACT

The Tinui District is assuned to be typical
of the more deformed part of the New Zealsnd
liobile Belt. It containe an unusually complete
stratigraphic record, rocks representing most
stages from Upper Jurassic to Recent being
present. Although the rocks are strongly deformed,
the complex diapiric structures that occur in
the northeast of the mobile belt are absent.

The stratigraphy is described in terms of
formations which are then used to infer the
paleogeography for eight periods of time.

An attempt is mede to treat the structure
according to its development with time. The
main conclusion is that there was a change in
the strike of the fold axes and in the sense of
movement of the faults. Strong folds, striking
approximately northeast, are Paleoccre in age
and weak folds, striking approximately north,
are post-liocene. There are two fault trends,
one NNE and the other ENE, The ENE striking
faults were dominant in the Early Cenozoic and
the NNE striking faults were dominant in the

Late Cenozoic. The sensgse of movement on the

VICTORIA LINIVERSITY OF
WELLINGTON LIBRARY.




NNE faults changed from sinistral to dextral.
The change in the direction of the fold axes
and in the sense of movement on the faults can
be expressed as a change in the direction of
maximum horizontal shortening, which is inferred
to have changed with time.

It is also found that the rates of tilting,
and probably faulting, have not been constant
with time, but occurred as burste (disturbances)
in the Paleocene, Early liocene, Late Pliocene,
and Late Quaternary. The lMesozoic part of the
geological history of the Tinui District is
scrappy and far less complete than the Cenozoic
part,.

In order to place the Tinui District in
a broader setting, the central part of the New
Zealand landmass in the Cenozoic, called the
New Zealand l'obile Belt, is discussed in some
detail. The mobile belt consists of fault
blocks which form a geanticline along the New
Zealund landmags and a geosynclinal trough
between the east coast and the Hikurangi Trench,
It is shown that a clear distinction has to be

made between tilting and uplift.




A main feature of the New Zealand Mobile
Belt is the dextral faulting, on major NNE
striking faults, in the Late Cenozoic. A major
reversal in the direction of maximum horizontal
shortening was found in the Tinui District to
have taken place at the beginning of the Miocene
or in the Oligocene. The reversal indicates
that the dextral faulting of the New Zealand
lMobile Belt may have started at that time, and
that earlier strike-slip movement had been
sinistral. This conclusion contradicts existing
reconstructions of the New Zealand landmass
with time, and a more complex reconstruction is
required to satisfy the tectonics of the Tinud
District.




INTRODUCTION - THE PROBLEM

The east coast of New Zealand, from Kaikoura
to East Cape, is complexly folded and faulted
and can be contrasted with the more stable
classical regions of New Zealand such as those
in the west and southeast of the South Island,

In the classical regions a gingle major unconformity
separates younger, gently dipping, fossiliferous
rocks from older, complexly folded, sparsely
fossiliferous rocks., In the East Coast Region
there is no one single unconformity. Instead
there are several, Steep dips, poor exposures,
and extensive superficial slunping make the
geology difficult to interpret. As compared
with most other regions of New Zealand the East
Coast Region as a whole is little known, and
this gap in geological knowledge prohibits a
complete understanding of the stratigraphy,
gtructure and paleogeography of New Zealand.

The Tinui District (Fig. 1) is representative
of the East Coast Region. It lies near the
centre of the region and is 300 square miles
in area and comprises the eastern part of
Sheet N158, Masterton, and 21l of Sheet N159,
Tinui, N.Z.M.S5.1. (Figs. 2, 3, in pocket at back),




It contains the bigrest range of ages from

Upper Jurassic to Recent (Fig. 4) of any district
in the east coast of the North Island. Several
strike-slip faults exist and earthquakes have
occurred nearby in historic times. Rates of
tilting as high as 30/106 years have been
recorded from Upper Pleistocene and Holocene
rocks on the coast to the north and south of

the district. In the north of the Tinui District
fold axes in Cretaceous-Lower Tertiary rocks

are at an appreciable angle to the fold axes in
Upper Tertiary rocks (Ongley, 1935), indicating
that the direction of maximum horizontal
shortening has changed., The high tilt rates,
different fold directions and the unusually
complete record of sedimentation were expected

to permit the change of tectonics of the region
with time to be determined.
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PHYSTIOGRAPHY AND STRATIGRAPHY OF THE
TINUI DISTRICT

PHYSIOGRAFPHY

The Tinui Digtrict is bounded in the east
by a falrly straight coastline containing
only one promontory - the headland and reef
at Castlepoint. The district is hilly and
ig divided into two parte by the valley of the
south flowing Whareama River. Hills east of
the river reach e height of 1,557 ft at Mt Percy
and those west of the river reach a height of
1,704 £t at Mangapurupuru. Many of the hills
in the west have strikingly rugged profiles
and because of their unusual shape are locally
called "taipos". Most of the district is in
grass and is used for sheep farming. In the
east there are large areds of thick scrub and
regenerating bush and some plantations of
exotic pines.

The hills are dominantly of Cretaceous
and Upper Jurassic rocks. In the Whareama
Velley and on the coast the rocks are dominantly
Tertiary (Pig. 5).
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STRATIGRAPHY

PREVIOUS GEOIOGICAL WORK

The only accounts of the geology prior to
1930 were those by A, McKay (1877), Park (1888),
WeAs McKay (1899) and Morgan (1910, 1914),
In the early 1930s the northern part of the
sheet was mapped in detail by Mr M. Ongley but
only a small scale map (Ongley, 1935) and brief
descriptions were published (Ongley, 19333 1934:
1935; 1936a)., Some of the Cretaceous rocks are
highly fospiliferous and were referred to by
Wellman (1959) and a small Cretaceous area was
mapped by Haskell (1964), A small area of
Tertiary rocks in the north of the district was
mapped by Ridd (1967). A late Quaternary tectonic
map of the western part (Sheet N158) has been
published (Lensen, 1968 ).

GEOILOGICAL TIME SCALE

The presently accepted sequence of New
Zealand Cenozoic stages is that of Finlay and
Marwick (1947) with the following modifications:

Scott (in press) has shown that the Altonian
Stage overlaps the type Hutchinsonian and the
type Awamoan, The Altonian is widespread but
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the Awamoan and Hutchinsonian are local, The
following changes have been proposed. The Pareora
Series will contain two stages only: the Otaian (Po)
and a new Altonian (Pl). The new Altonian

contains the Hutchinsonian, Aweamoan and the

lower part of the o0ld Altonian. The upper part

of the old Altonian is added to the o0ld Clifdenian
to form the new Clifdenion. The revision of

the Vangorui Series etages by Beu (1969) ie

edopted in Fig. 4.

The presently accepted sequence of New
dealand Cretaceocus gtages is that of Wellman
(1959). Wellman proposed 12 gtages, 10 of them
new. The stages with the exception of the
Korangan and the Teurian, are based largely on

species of Inoceramms, The Teurian was later

placed in the lowemost Tertiary Dannevirke
Series (Hormibrook, 1962), The remaining
Cretaceous sequence was nodified by H2ll (1963)
who showed that the Coverisn stoge was equal
to the Ngaterian and preposed that the Coverian
stage Le abandoned,

The numerical time scale in Fig. 4 is
approxiuate, being based on only a few accurately
dated points (for example see Berggren, 1969).

However, it gives the length of stages sufficiently
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accurately so that rates of tilting can be
calculated.

PRESENT MAPFING

The writer spent ten months mapping the
Tinuwi District. Fiela sheets, prepared by the
writer from aerial photographs, were on a scale
of 4 inches to a mile. Mapping was based on
formation: of which 22 are recognised. In
Figs. 2 and 3, which are from Johnsiton (iq press 2;b),
each formation is represented by « mapping
synbol consisting of two letters. For most
formations the age is reasonably well defined by
either foraminifers or macrofossils, Ages

given by various species of Inoceramus are

based on identifications by the writer. Ages
given by other fossils have been provided by
those paleontologists acknowledged at the end
of this thesis., A list of fossil localities is

given in Appendix I.




HESOZOIC STRATIGRAPHY

Torlesse Supergroup

Indurated greywacke and argillite beds,
thick greywacke lenses with minor conglomerates,
spilites and associated voleanic derived rocks

make up the Torlesse Supergroup,

Woewaepa Formation (Waewaepa Series; Ongley, 1935) ew

The Waewaepa Series, named from the Waewaepa
Range, was introduced by Ongley (1935) for a
thick sequence of dominantly greywacke-argillite
beds. It crops out extenaively in the west
end occurs as a small faulted inlier in the
northeast. It consists of severely crushed,
graded greywacke-argillite beds, with scattered
greywacke and conglomerate beds, rare limestone
lenses, and interbedded spilites. Zeolite
veins are common., The conglomerates contain
well-rounded greywacke pebbles and a few,
commonly highly polished, pebbles of extrusive
and intrusive igneous rocks.

The formation is at least tens of thousands
of feet thick, but because of structural
complexity its true thickness is uncertain,




Indeterminable Inoceramus fragments occur

rarely, A limestone boulder (N159f435) found
in the North Branch of Makirikiri Stream
(N159/464818) by Nr M. Ongley and Dr J. Narwick
and assumed to have been derived from the

formation contained Buchia cf. hochstetteri

Fleming (C.A. Fleming, pers. comm,), indicating

an uppermost Jurassic (Puarocan Stage) age.

Taipo Formation (Taipo Beds, Hutton, 1872) et

The name Taipo Beds was used by several
writers for rocks that form the taipos. The
name is here used for thick beds of magsive,
medium to dark grey greywacke, of pre-Tertiary
age. A 3,200 £t thick section from the
lMangapokia Valley (N158/447665) to the Mangapakeha
Valley (N158/448669) is here desigcnated the type.
The line of section crosses several conspicuous
taipos and the place is named "The Taipos®,
Bedding is rarely discermable in most outcrons
although the strike can commonly be seen on serial
photographs. The formation contains a few thin
lenses of conglomerate, and the conglomerates

contain pebbles of the same rocks as those
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in the Waewaepa Formation. Thin sequences of
interbedded greywacke-argillite beds occur locally.
The formation is unconformably overlain by the
Mangapurupuru Group and almost certainly grades
down into the Waewaepa Formation. The maximum
observed thicknese is 7,200 ft.

No fossils, other than rare plant and
Inoceramus fragments, have been found. The
age of the formation is inferred from its
stratigraphic position to be uppermest Jurasgic

to lowermost Cretaceous.

Vangapurupuru Group

The name Mangepurupuru Series was firet
used by Mr I, Ongley on his field sheets of the
former Eketehuma Subdivision for rocks now
known to be largely of Clarence and Rauvkumara
age. The name was never formally defined and is
here introduced as a group name. The group
unconformably overlies the Torlesse Supergroup
and conformably underlies the Tinui Group. It
consists of grey, commonly bluish~-grey,
fossiliferous mudstone, siltstone and graded
beds.,
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Maring Formation (new formation) um

The formation is named after Maringi Trig.,
station (N158/433813), north of Makirikiri
Stream. A section 3,100 ft thick exposed in
Makirikiri Stream (N158/443765 to 448758) is
proposed as the type (Fig. 6). The formation
c¢rops out in the west of the district., It
consists of a basal conglomerate, 50 ft thick,
indurated grey siltstone =nd occasional graded

beds, and layers of Inoceranus ipuanus Wellman .

shells at its top.

In the west the formation grades into a
pebbly siltstone named the Bideford Member. A
900 £t thick section exposed along Coopers
Road (N158/368756 to 385766) ie proposed ae the
type section for the member. The relations
with the overlying and the underlying formations
are unknown, ‘

The formation contains numerous fogsils,

including Inoceramus cf. kapuue Weliman,

I. ipuanus Wellman, Aucellina euglypha Woods,

amonites, echinoids, nautiloids, belemnites
and foraminifera, indicating a ?Urutawan and
Motuan age.
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Sprinchill Formation (new formation) us

The formation concigts dominantly of massive
nudstone or siltotone containing numerous
fossilifercus concretions, It cropes out
extensively in the weot and is named after
Springhill Station in the south branch of
Vokirikiri Stream, A 6,000 £t section, between
Centre Streem (N159/468770) and Rewa Stream
(N159/490759), is proposed as the type (Fig. 6),
Its base is defined as the base of magsive
eiltstone confermably cverlying the top of the
Varingi Formation. Its top ie defined as the
base of the conformably overlying Te Mai Formation,
Between Mt Cameron and Mangapurupury, lenses of
ripple bedded sandstone, upto 450 f% thick, form
conspicuous scarps. East of Mt Cameron thin
poorly craded sandstone beds crop out. In the
NMangapakeha and lMengepokia valleys the formation
contains a basal conglomerate and unconformably
overlies the Torlesse Supergroup.

The formation is richly fossiliferous,
Inoceramus species include 1. ipuanus Wellman,
1. hakarius Wellman, L. fyfei Wellman, I. nukeus
Wellman, I, opetius Wellman, 1. urius Wellman,

1. pacificus Woods and L. n.sp, aff, concentricus

Park, Ammonites are not uncommon as ie the




belemnite Dimitobelus superstes (Hector), The
fossils are of Motuan, Nraterian, Arowhanan,

Nangaotanean, Teratan and Piripauan age,

Gentle Annie Formation (new formation) ua

The formation consists of a:chaotic mixture
of angular to rounded, dark grey to black chips
of sandstone in a fine grained matrix. It crops
out in the upper Mangapakehs, Valley where a
1,000 ft thick section (N158/400701 to 415708)
in Gentle Annie Stream is proposed as the type.
The Tormation umconformably overlies the Torlesse
Supergroup and is in thrust contact with the
upprer part of the Maringi Pormation.

Sandstone blocks in the formation contain
probable Motuan foesils and many of the chips
are highly polished. The formation is interpreted
as a breccia caused by the gravity sliding of
the lower part of the Maringi Formation during
Raukumara time,

Glenburn Formation (Eade, 1966) ug
According to Eade (1966) the Glenburn

Formation in the Mt Adams area congistes of
graded beds, commonly conglomeratic, of Ngaterian

and Arowhanan age, The formation is here expanded




to include all graded beds of Cretaceous age
younger than those of the Torlesse Supergroup.
It crops out in the northenst of the Tinui
District as a NNE striking strip that extends
from the head of the west branch of the Whakataki
River into Sheet N153 and as three faulted
inliers in Smith Creek. It comsists of 800 ft
of poorly bedded light grey siltstone and fine
sandstone overlain by about 5,000 £t of graded
beds. Flute caste indicate a northwest scdiment
gource,

Species of Inoceramus, commonly abundant

at the base of many of the graded beds, include

l. rengntira Wellman, I. bicorrugatus Marwick,
1. opetius Wellman, I. nukeus Wellman, and

1. pacificus Woods. INo diagnostic microfossils
were obtained. The fecesils are of Arowhanan,

Mangaotanean, Teratan, and Piripeuan age.

Tinwi Group (Tinui Series; Ongley, 1935)

The Tinui Group, comprising rocks formerly
mapped as Tapuwaeroa, Whangai, and Waipawa
formations, conformably overlies the Mangapurupuru
Group and underlies unconformably the Wanstead Group.
Vost of the rocks are poorly calcareous; somne are
non-calcareous, and some are stained yellow by

jarosite.




26

Te Mai Pormation (new formation) +t

The formation crops out extensively and
consiste of well-bedded alternating sandstone
and siltstone, commonly cross-bedded with
interbedded thick grit and conglomerate beds,
A section 3,000 Tt thick in the head of Puketewai
Strean (N159/671860 to 661864) ic proposed as the
tyre. The formation confermably overlies the
Glenburn Formation in the east and the Springhill
FPormation in the west. Cenglomerates are abundant
in the east, but are known from two localities
only in the west. At one, in the lower Whakarora
Valley, the conglomerate is at the base of the
formation and unconformably overliec the
Springhill Formation. In the west o 5 £ thick,
red, volcanic derived siltstone crope out in
the lower part of the formation. Because of
faulting and probable lateral transition into
the Whangal Formation the true thickness of the
formation is not known, but it is not less
than 5,000 ft,

Possils include Inoceramus pacificus Woods,

1. sustralis Woods, I, matatorus Wellman,
Dimitobelus? ongleyi Stevens, D. lindeayi (Hector),

Ostrea lapillicola Marwick and foraminifera.
The formation also contains Dimitobelus superstes
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(Hector) which is considered to be derived from
the Springhill Pormation. The age of the
formation is Piripauan, Hauwrurian, and Teurian,

Whangai Formation (Whangai Series; Quennell and Brown,
1937) tw

The Vhangai Formation crops out extensively

and consists of light to dark grey, poorly-bedded
indurated siltstone with scattered calcareous
concretions, and glauconitic sandstone as beds
and dikes. The siltstone contains small flakes
of hydromica, scattered glauconite grains and is
cormonly slightly calcareous, Locally it is
sufficiently calcareous to be a clayey limestone,
In the east glauconitic sandsitone occurs as
beds upto 40 £t thick and as dikes upto 1 ft
thick, In the west the glauconitic sandstone
beds are upto 2 £4 thick and there are no
dikes. The formation weathers to an orange-brown
colour and exposed surfaces are commonly
covered with a yellow efflorescence of jarosite.
It is about 5,000 £t thick in the Tinui District.
Worm tubes, and Nucula and Nuculana fragments

are scattered throughout the siltstones but
are useless for dating. Foraminifera are

commonly abundant. They indicate a Teurian age
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with the base of the formation possibly extending
down into the Haumurian.

Woipawn Formation (Waipswa Plack Shale; Finlay,
1940) tp

The formation consists of lenses of dark
siltstone, with high organic content that lie within
the Whangai Formation. ©Dwo lenses, each less than
10C £t thick are exposed on the Tinud Valley-¥hakataki
fBoad, The western lens (1'159/581737) is a soft
dark grey to brown, carbonaceous siltutone with
Tlattened worm tubes and bunds of slauconitie
silitstone beds. Vo fossil, were found. The eastern
lens (I1159/631832) is an i1nduraied dark grey, almost
black, Iissile siltoione with nunerous nacrofossil
Iregrents and gypswa crystals., The necrofossils

nave "dangaloan" aifinites (..CG. Beuw, pers. comm. ).

Ine wangaloan stage, based on macrofoseils, was

the youngest Cresaceous gtoge in the senuence of ﬁew
dealand stages provoscd by Finley and arwick (1947).
1t is equivalent to the lower Darmevirke Series

but because it could not he fitted accurately into
the liew Zealand standard stage sequence it was
proposeu vy Hornibrook and Harrington (1957) that
the wangoloan be owitted. foraminifers, abundant

in the eastern lens, are Teuriin in are. No fossgils

were found in the vesgiern lens.
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TERTIARY AND EARLY QUATERNARY
SLRATIGRAPHY

Wanetead Group

(Wanstead Series; Ongley, 1936b)

The Wanstead Series, introduced by Ongley
(1936v), was redefined as the Wanstead Group by
Waterhouse and Bradley (1957). It contains
poorly bedded, fine graincd sediments that are

commonly bentonitic in their lower part.

HMuztokitoki Formation (van den Heuvel, 1960) wh

Bentonitic sediments are poorly exposed on
elther side of the lower Whareana Valley and in
addition occcur as glivers within or close to the
Tnui Pault Zone. and are correlated with the
Tuatokltokl Formation of ven den Heuvel (1960),
The formation consists of well to poorly bhedded
pale grey, greenish srey to dark zrey 2lmost black
nudstone, grey siltstone and gandstone, glauconitic
condstone, minor conglomerate and bentonite
beds. Dentonite crops out only in the north
and causes extensive slumping. The thickest
bentonite bed, at Hrenui Stream, is 50 £t thick,
In the south larrse blocks of "chalky" mudstone
crop out near the base of the formation.

Because of poor exposures no gtratigravhic




secuence was established and the thickness of

the formation is estimated at 1,500 ft. In

the Mangapokia Valley a 5 ft thick glauconitic
sandstone at the base of the formation rests,
probably unconformably, on the Whangai Formation,
In the Mangopekeha Valley the formetion rests
unconformably on rocks of the Torlesse Supergroup.
Macrofoseils are absent, Poraminifera, with
benthic forms dominant, are abundant and show
that the Waipawen, Heretaungan and Bortonian stages
are present, No Porangan or Mangaorapan
foraminifera were found, although the stages

are probably present.

Weber Tormation (Weber Series; Ongley and Williamson,
1931) ww

The formation cconsists of massive dark-grey,
locally with a greenish tinge, to light-grey
almost white mudstone and siltstone, with
scattered grit, conglomeraote and impure limestone
beds. It crops out as fault sliverc in or on
the west side of the Tinui Fault Zone. The
thickest section is about 2,500 £t thick. The
base of the formation is unknown, all contacts
seen being faulted. lacrofossils are absent,
Foraminifera, particularly planktonics, are
abundant and indicate a Whaingaroan to Duntroonian

age.
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nnedale Group

The grouwp ip noneld after Annedale Sietion
in the upper Wharewa Valley., It contains
the Whakatali Formation, consisting of a thick
sequence of graded beds, and the Takiritini
Formation consisting of sandstone and algal
limestones It lies between the Wanstead and

Hurupi groupse

Whakotaki Porumation (nevw formotion) aw

The Tormation conuists of thick seguences
ol graded beds. It crops out extensively in
the east and is well expoued near Whakataki.
lo complete smection through the formation was
found at any one locality and no single type
section can be descignated. Instead the base of
the Tormation igs defined in the upper Mataikona
River (N15G/641872) where a sequence of graded
beds grades down into the Weber Formation, and
the top is defined in the lower Whareama River
(N159/529664 ) where the formation grades up
into massive mudstone of ihe Maunsell Formation,
Individval graded beds are from a few inches to
geverzl feet thick, Bach bed grades from grit

or caendstone at the base to mudstone at the top.
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The base of each bed commonly contains flute
caste., The lower part of each bed is laminated
and in its middle poart commonly convolutely
bedded., In the northeast the formation
conformably overlies the Weber Pormation,
Elsewhere it is unconformable, with a basal
conglomerate, on older rocks,

Maecrofoscsile are rare and of no use for
dating. Wicrofossils are sparse and poorly
preserved. The age and the thickness of the

formation are different in different localitiess

Arez Thickress (ft) Age
Northeast 700 Iw - Po
Lower liharcama Valley 6,000 Pl - Sc
Coact 10,000 Iw - Sc
southeast ¢,500 3?

Taliiritini PFormation (new formation) at

The formation congists of thick sandstone
and thick algal limestcone, with interbedded
minor siltstone =nd minor graded bedded secuences.
It forue conspicuous outcrops within and on
both cides of the Tinwi Fauvlt Zone from
Talrdritini Stream to lMaunsell, and as a fault

gliver on the west side of the lower Whareona




Valley. A 650 ft thick section in Takiritini
Stream (N159/618837) is proposed as the type.
The formation disconformably overlies the
Whakateki Formation and conformably underlies
the lMaunsell Pormation.

The sandstone is grey, medium to coarse-grained,
with bedding planes {rom a few to many feet
apart, and scattered elliptical, rarely
fossiliferous concretions. It is 3,500 £t thick
at lMaunsell but thins northwards and grades
into the algal limestone. <The limestone is
off-white to cream and weathers pink. It
contains nunerous rounded o clongate, partly
worn algal gtructures of ©the Iithothamnion
group and scattered iforaminifecra shell fragments.

The age of the formation is Altonian (P1)
t0o Clifdenion and it is thus the came age as
the upper part oi the Whakataki Formation in

the lower Whareama Valley.

ilurupi Grouv (Hurupi Series; king, 1933)

The Hurupi Series wacs introduced by King
(1933) for coarse fossiliferous beds at Hurupi
Creck, Palliser Bay, that lie between basement
"ereywacke" and overlwinnrgffgggi;;igrous lj><

incaw 3 Cha 'l

Lo &k Aug




madstone. Tt wns redefined ag the Hurupi
Formation by Vells (1954) to include the
fossiliferous and unfocsilifercus beds. The Py &%

formation is here rised to eroun status,

Vavnsell Formation (new formation) hm

The Maunsell Formation crops out extensively
in the west of the Tinui District. It consists
dominantly of messive mudstone and siltetone
with minor sandstone ané rebbly chell limestone
beds and coneretionus. A section, 9,200 £t
thick, in the Tinui Valley (I"159/600814 to 563808)
is dewignated as the tvpe. The lower part of
the formztion grades in the northvest into a
thick ceouence of ;reded beds repped as the
Tenawva Member (hmt) and in the rorthecst into
thick candstone mapped as the CGrascerndale
Yember (hng),

In the Tinuwi Valley the formation conformably
overlics the Takiritini Pormation but in the
uprer Whareama Valley it is unconformable on
oldexr formationsz., In the lower Vhareams Valley
it ie conformable on the Vh.kataki Pormation,

The Tanaws Vember (type cection N159/615837 to
601838) is named after Tanaws Triz, It is upto

35500 £t thick and consists of graded beds,
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In the Tinul Valley it conformably overliee the
Tokiritini Pormation but further north it rests
wconformably on older rocks and contains a
basal conglomerate upto 100 £t thick,

The Grassendale Nember (tyve section 1M159/497790
to 5077584) is named after Gracsendale homestead,
It consists of thick sandstone and thin interbedded
calcorecus eandstone end conglomerate beds. It
ic 2CC £+ thick in the type section and 2,300 £t
thick further north. It unconformably
overliee older rocks and is disconformably
overlain, probably with 1little time misging,
vy the llauwnsell TFommatlon.

Vicrofossils are aburdant in the macsive
fine roined sedinents of the formation but axe
rare or a2hsent in other lithologies. lNeocrofoseils
are loenlly abundant in the coarse grained
sediments. The are of the Maunsell Formation
is ILillbwrnlan, Waisuun, and lower Tongaporutuan,
The age of the Tanawa and Gragssendale menbers is

Lillburniaon to Walauan,

Nearata Pormation (Meef, in nress) hn

The Ngarata Formation was introduced by
Neef (in press) for sandstone and overlying

fine grained beds cronring out in Sheet N163,
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In the Tnml District it in restricted to thiek
poorly bedded sardstones with scattered conglomerates,
shelly limestone beds and concretions., It is

2,400 £+ thick and vwnconformably overlies +the

Waihoki Tormation and the Crassendale Member

of the lMownsell Pormetion in the cact, and

older fornctions in the wes%. Maecrofossils, which
are poorly preserved and difficult to extract,
indicate a Tongaporutuan age. Vierofossils are

probably present but could not be extracted.

Weihokd Formation (Waihoki Series; Ongley, 1935) hk

The VWnihoki Series wao introduced by
Oncler (1935) for conrse sondstone heds occupying
the core of the Tawhero S:meline. It ie here
used for thick well-bedded, corrionly poorly
graded, coarse sandstone and siltotone beds,
and moscive mudotone. The base ig defined oa
the base of the lowest scarp-forming-sandstone
bed in the hend of Ekenui Stream (V159/559849),
No contact with younger beds wos seen. The
formation crops out beitweer +he upper Whareama
and Tinui valleys. In the sovthwesot +the basal
bed= are tuffoceous ard in the northwest they
are cormonly glauconitic. The formotion is

4,000 ft thick. Except in the northwvest, where




it probably unconformably overlies the Grassendale
Vember of the Maunsell Formation, it conformably
overlies the Mouncell Pormntion. Scattered
maerofossils and ahmdant mierofossils are

middle and upper Tongavorutuan, and ¥apitean

in age.

Rangiwhalraoma Pormation (new formation) hr

The Rangivhakaona Pormation consists of
grey, caleareovs siltsotone, formerly manped as
the Ovoiti Serics by Onglev (1938), It tokes
its name fron the ¥rori nane for Castlencint.
An 80 £t thick scction on the southenst side
of the Castle (I1159/6626721) ie pronosed as
the 4rpe. The Fermation also erops out on
the northwest eide of the reef at Castlepoint,
Locally it contains coneretions end lenses of
cormonly loaminoted sandotone. On the northeast
oide of the Castle there is a thin secuence of
sandotone nnd siltgotone beds. The base of the
formation ic not exposed. It ic unconformadbly
overlain by the Castlepoint Pormation. Macrofossils
ere rare. Microfoscils are abundont, and are

Cpoitian in age.
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Cogtlenoint Formation (Casztle Point Peds: NeRay,

1877) cp
The formation is the youngest in the Tinwd

District consisting of consolidnted sediments,
It is composed of well-bedded coouina limestone
and shelly caleareous sandstone mith sentiered
pebbles and coneretions. It is knovm definately
only from Castlevoint. The limectone is 1lizht
grey and porous, + contains numerous comminuted
shell frasments and secattered complete shells

in a ealcareous sandy matrix. The sandstone

is less porous and containa abhundent shell
naterial. Beddins vlanes are commonly nany

feet apart. The formation ia 450 €% thick on
the Captle ond 150 £t thick on the reef. On

the northeast side of the reef 1% disconfermably
overlies the Rengiwhel'noma Pormation; eloewhere
it rests on it with marked arnpular vneonformi ty,
Mecrofossils are very ammdant, the moet ecomnon

snecies beirng Glycymeris (Crandexinea) weirarapaensis

Powell, Chlamys delicatuls (Hutton), Phialovecten

triphooki (Zittel), Mesopeplum convexum (Cuoy

and Gaiy'ard), Venericardias purpureta (Deshayes),

Dosina ch]? (Futton), Neothyris n.sp. (A.C. Beu,

pers, comm, ), The age of the formation is

Nukumarunn.
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A 2 £t boulder of coguina limestone (N1581550)
was found at Maringi Trig. (N158/433813), 15.5
miles northwest of Castlepoint. It is lithologically
eimilar to the limestone at Castlepoint and containe
the sawe Mukumarucn foraminifera. The boulder
has either been trangported from Custlepoint, or
is the lust remnant of sheet that once extended

over the Tinui District.

LATE QUATERNARY STRATTCGRAPHY

Undifferentiated lMarine Bernches (bf)

Fermantes of dissected marine benches at
about 270 £+, 400 f4 and possibly at 550 ft above
sea level are present on the coast at Castlepoint,

and are pre-Last Interglaciation in age.

Ctahome Formation (new formation) bo

4 prominent marine bench, extending from a
mile south of the Custle to south of the Tinwd
Districi, ig capped by westhered fossiliferous
marine grits and gravels mapped as the Otahome
Formation after Otahoue homestead. The tyve
locality is on the cliifs (W159/640665) south of
the Castle., EKing (1930) described the bench as
sloping longitudinally Ffrom S0 £+t above sea level

neayr the Castle to 160 ft above sea level in the
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south. The foseils (N159£497), collected by Mr
M. Ongley, consist of Cellana radians (Gmelin),

Zeacumantus subcarinatus (Sowerby), Buccinulum

(Euthrena) littorinoides (Reeve) and leoguraleus

murdochi (Finlay) and indicate a probable Hawera

age. The formation is probably Iast Interglaciation

Rorokoko Formation (new formation) n

3
Weathered, poorly sorted greywacke gravel

capped by loess underlies an extensive surface

in the weet of the dietrict ang is mavped as the
Rorokoko Pormation. I% is nomed after Rorokoko
Stream (N158/359679). The formation is tentatively

considered to be early ILast Glociation in age.

Ngepopatu Formation (new formation) h,

™ne cravel, grit, sond, eilt ond clay
underlie remnants of an acrradational surface,
about 40 £t above the fleor of the Mataikona and
Whoreoma volleys. The largest area, covering about
C.5 of a square nile, is in the urrer Whareama
Valley at Ngapopatu (M159/518775) and is proposed
as the type locality. The formation is late ILast

Glaciation in age.
£




Whareama Formation (new formation) hy

Sand, silt and clay fill the floors of the
main valleys and are most extensive in the lower
Whareana Valley (N159/499617) which is proposed
as the type locality. Although tiie major rivers
are incised into the suriace capping the formation,
an extensive system of drains was required before
the surface was sulitable ior farming. Included
in the forwation are dune sands foxruing narrow
strips parallel (o tue coast and locally covering
large areas of the adjoining hillsides at
Castlepoint, south of the Whakataki River, and
north of the lataikona iver., Lhe age of the

icrmation ig Holocene.
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PALEOGEOGRAPHY OF THE TINUI DISTRICT

Definition of terms

The major problem in paleogeography is to

infer the topography at any particular time from

the facies of the sediments deposited at that

It is essentinl to distinguish between the

inferred topography and the known facies and

the following terms are defined in order to

make the digtinction clear:

Geosynclinal trough - a linear topographic feature

of regional extent that subsided deeply
throughout a long period of time. It consists
of an extensive deep water axial part surrounded

by a narrow shallow water part on its margins.

Geosyncline -~ a thick succession of stratified

and massive sediments, and possible extrusive
volcanics, inferred to have been deposited

in a geosynclinal trough.

Basin - a wide topographic feature largely of

shallow depth.

Fault basin - an elongated topographic feature

bounded on one or more sides by a fault scarp.
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Axial facies - stratified, commonly graded and
commonly poorly fosgsiliferous sediments
inferred to have been deposited in deep
water, such as in the axial part of a geosynclinal
trough, or close to a fault bounding a fault
basin.

Marginal facies - massive, commonly richly
fossiliferous sediments inferred to have
been deposited in shallow water, such as in
the margins of a geosynclinal trough, a basin,
or a fault basin,

Transgression - the advance of the sea over a
landmass.,

Regression - the withdrawal of the sea from a landmass.
Outerop maps - maps which show the known distribution
of rocks of a particular age and their known

and inferred facies boundaries.

Paleogeographic maps - maps in which strike-slip
movement and shortening by folding have been
allowed for. In practice it is difficult to
allow for shortening, and only the inferred

strike elip movement has been allowed for.
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NEW ZEALAND GEOSYNCLINAL TROUGH

With the formation of the New Zealand
Geosynclinal Trough the pattern of sedimentation
changed in the New Zealand area at some time
between the Devonian and Permian (Suggate, 1965).
The axis of the trough extended from the Bay of
Plenty south along the western side of the
axial ranges of New Zealand (Fleming, 1962; fig. 3).
The trough consisted of a deep-water rapidly T//
sinking axial part, in which turbidity currents 4
deposited graded beds, surrounded by a shallow- 7/
water marginal part. The Tinui District was
near the axis of the trough and the sediments
deposited in it are mapped as the Torlesse
supergroup. The supergroup consists of two
formations: the Waewaepa Formation (Upper Jurassic)
and the Taipo Formation (Uppermost Jurassic to
lowermost Cretaceous),

The Waewaepa Formation is composed of many
thousands of feet of graded beds, with minor
conglomerate beds and lava flows. In the Tinud
District bedding-plane shear has destroyed any
scour or flute casts that may have existed., In

the Aorangi Mountains, 60 miles southwest of the
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Tinui District (Fig. 1), linear scour casts,
gtriking NNE-SSW (T.E. Bates, pers. comm,) in the

Torlesse Supergroup suggest that sediment
transportation was parallel to the inferred
axis of the New Zealand Geosynclinal Trough.'
Diagnostic features for distinguishing between
a NNE or a SSW direction are absent. As the
geosynclinal trough filled, 7,000 ft or more of
coarse sandstone and conglomerate were deposited
to form the Taipo Formation.

The pebbles in the conglomerates of the
Torlesse Supergroup are of well rounded, indurated
greywacke, minor quartz, Jjasper, and acidic
volecanic rocks. Acid igneous pebbles (e.g. granites
and porphyries) have been described by lMarshall
(1903) from the marginal facies of the New
Zealand Geosyncline. The pebbles indicate that
the Torlesse Supergroup in the Tinui District was
derived from older sediments depogited in the
geosynclinal trough, rather than directly from
an adjacent landmass. ILater burial and folding
metamorphosed the sediments, the sandstone
becoming greywacke and the finer beds argillite.

The folding of rocks of the Torlesse Supergroup

was followed by a period of non-deposition estimated
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at 10-12 x 10° years by Pleming (1962) and

6

possibly as long as 20-25 x 10° years (Fig. 4).

WATRARAPA GEOSYNCLINAL TROUGH

Bastern Geosyncline was the name used by
lMaerherson (1946) and Eastern Basin that used
by Eingma (1960), for the Upper Cretaceous and
Tertiary rocks in the east of New Zealand.
Wellman (1959; fig. 1) inferred that in the
Cretaceous a geosynclinal trough extended along
the east coast from lNarlhorough to Bast Cape.
On the west side of the trough, near Gisborne,
there was a northeast striking peninsula.
Grindley (1961) "eliminated" the peninsula and
called the geosynclinal trough the "Last Coast
Geosynecline®, Within the Cretaceous rocks
Wellman (1959) recognised three facies:- shelf,
transitional and redeposited. Grindley (1961)
recognised two facies only, shelf and redeposited.
The writer, following the nomenclature of Fleming
(1962), has divided the rocks of the geosyncline
into a marginal and an axial facies. The
marginal facies consists of the liaringi and
Springhill formations and the axial facies

consists of the Glenburn Formation. All three
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formations are included in the Nangapurupuru
Group.

Because of the usage of "East", "Eastern"
and "East Coast" for rocks of different ages
end distribution, the name Wairarapa Geosynclinal
Trough is proposed for the whole of the
geosynclinal trough which extended from
Marlborough to East Cape during the Upper

Cretaceous.,

Narginal Facies

In the west of the Tinui District during
the Motuan and poseibly the Urutawan, the
Maringi Formation, consisting of siltstone with
basal fossiliferous conglomerate, and thin graded
bedded sequences, was deposited unconformably
on the Torlesse Supergroup. In the extreme
west of the district the basal conglomerate is
very thick and is mapped as the Bideford Member.
The conglomerate, which contains shallow water
foseils that are not considered to have been
transported, is inferred to have been deposited
close to a shoreline. The overlying siltstone
contains relatively abundant fossils and near

its top, fogsiliferous, poorly graded, alternating
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sandstones and siltstones., Plute cast directions
show a current direction from the southwest
consistent with a shoreline to the west. It

is inferred that the sea had transgressed
westward.

The outcrop map of Motuan rocks (Fig. Ta)
suggests that there was a total of 9 miles of
ginistral offset caused by displacement on the
Carterton Pault. The displacement has been
allowed for in the construction of the Motuan
paleogeographic map (Fig. Tb).

During late Motuan to lower Piripauan time
the Springhill Formation, consisting of
fossiliferous siltstone with numerous fossiliferous
concretions and lenses of graded beds and
sandstone, was deposited. In the southwest of
the Tinui District the formation has a basal
conglomerate that unconformably overlies rocks
of the Torlesse Supergroup. Elsewhere in the
district it conformably overlies the Maringi
Formation. The Springhill Formation is inferred
to have been deposited as the sea continued to
transgress westward. In the Ngaterian, ripple
bedded sandstone was deposited locally and some

water shallowing is inferred.
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Beds of the marginal facies were deposited
in the Dannevirke Subdivision (Ravkumara Formation
of Lillie, 1953), in the Aorangi Mountains
(the upper part of the Whatarangi Pormation of
Bates, 1969) and in Marlborough (G.J. Lensen,
pers., comm,.). Paleogeographic patterns in the
Upper Cretaceous (see below under Tinui /:><1

Transgression) suggests that an eastern
marginal facies existed to the east of the
axial facies and to the east of the present day

coagtline,

Axial PFecies

In eastern Wairarapa graded bedded sediments
of the Glenburn Formation were deposited from
the Ngaterian (possibly from the Motuan) to
the lower Piripauvan. The base of the formation
has not been seen. Flute casts in the Mt Adams
area (Eade, 1966), to the southeast of the Tinui
District, show that from the Ngaterian to the
Arowhanan the currents flowed ESE, Plute
casts in the Tinui District show that in the
Arowhanan the currents flowed northeast. The

formation is interpreted as being deposited by




turbidity currente in the axial region of the
Wairarapa Geosyneclinal Trough,

In Marlborcugh the Good Creek Fornation
(of the same facies and of the cane age as the
Glenburn Formation) was deposited by northeast
flowing turbldity currente (G.J. Lensen,
perse. comm, ). Stratigraphic colums from
tarlborough to Hawkes Pay (Piga, 8, 9), have
been used {0 construct a genernlised paleogeographic
map of the Vairarapa Geosyneclinal Trough from the
Fotuan to Ngaterian (Fig. 10).

Gentle Annie Gravity Slide

The Gentle Annie Breccia is inferred to have
formed by the northward sliding and brecciation
of the lower part of the llaringi Formation off
a rising high of rocks belonging to the Taipo
Pormations The high is considered to have
formed by the uplift of the north side of the
Carterton Pault. The time of brecciation is
uncertain but ie inferred to be Upper Cretaceous
from the degree of compaction of the Maringi
Formation and the Centle Annie Breccia.
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TINUI TRAVSGRESSION

At the beginning of the Piripauan the rate
of ginking of the Wairarapa Geosynclinal Trough
had decreased and the degree of infilling had
advanced to such an extent that by the end of
the lower Piripauwan the trough had ceased to
exist., New Zealand was then a mature landscape
over which the sea transgressed. The transgression
in the Wairarapa is named the Tinui Transgression.
During the transgression rocks of the Tinui
Group (Te Mai, Whangai and Waipawa formations)

were deposited.,
Lower Piripauan to lower Haumurien

Except locally; the Te Mai Formation was
deposited oongprmably both on the marginal and
on the axial facies of the Wairarapa Geosyncline,
In the east the formation congists of coﬁglomerates,
grits and coarse sandstones. Crogss-bedding in
the coarse sandstones indicates that the formation
was derived from the east (Fig. 11). The
conglomerates and grits contain Ogtrea cf.

lapillicola larwick and belemnites. One of the
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belemnites is Dimitobelus superstes (Hector)

which, being Motuan to Mangaotanean in age
(Stevens, 1965), is assumed to have been derived
from the eastern marginal facies of the
Walrarapa Geosyncline (Fig. 10)., In the west
the formation contains fewer conglomerates and

grits. Cross-bedding and Ostrea lapillicola

Marwick, which is generally restricted to coarse
sediments, are absent., It contains, however,
sandstone beds with numerous fragments of
Inoceramus Pacificus Woods, I. matatorus Wellman,
and Dimitobelus lindsayi (Hector). Planktonic
foraminifera are more abundant in the west than

in the east.

In southern Hawkes Bay, Upper Cretaceous
sediments coarsen eastwards (Kingma, 1962),
In the Dannevirke Subdivigion, conglomerate at
the base of bede equivalent to the Te Mai
Formation sugrests a local unconformity, although
Iillie (1953; p. 78) stated that there was no
major folding at this time. Stratigraphic
columns (Figs. 8, 9) are used to construct a
map (Pig. 12) showing the distribution of
Piripauan and lower Haumurian rocks in Marlborough,

in Wairarapa and in Hawkes Bay.
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Upper Haumurian to Teurian

During the upper Haumurian dark well bedded
mudstones and siltstones were deposited to
form the upper part of the Te Mai Formation.
Macrofossils other than abundant worm borings
are absent. It is inferred that over the whole
of the Tinui Distriet deposition was uniformly
in deep water. In the late Haumurian and Teurian
poorly bedded siltetone, in which calcareous
concretions now oceur, was deposited tfo form the
Whangai Pormation. At most places it reste 'E@
conformably on the Te Mai Formation. Locally ‘) \W"
it is the lateral time equivalent of the Whangai '
;;rmation. In the east of the Tinui District
layere of commonly glauconitic sandstone were
deposited. In the upper Teurian, lenses of
dark siltstone, with gypsum and a high organic
content, accumulated to form the Waipawa Formation.
In southern Hawkes Bay, deposition of the
Whangai Formation began in the lower Haumurian,
as did sediments of the same facies - Woolghed

Formation - in Marlborough.




Conditions of deposition of the Whangai
and Waipawa Formations

Kingma (1967) reported pumice fragments
and glass shards in the Whangai Formation in
eastern Wairarapa and inferred extensive rhyolitic
volcanism to the east of the present day coastline
at the end of the Cretaceous., In spite of an
extensive search, no pumice or glasse shards
were found in the Tinui District or in samples
from the type locality of the formation in the
Whangai Range, southern Hawkes Bay, The intrusion
of basic igneous rocks near Ngahape (Grapes, 1970)
is the only known igneous activity in the
Wairarapa and southern Hawkes Bay at this time.

The formation contains quartz, montmorillonite,
illite and kaolinite; minerals that form after
prolonged weathering. Their source was probably
from a landmass to the west that was approaching
senility, The land to the east (Fig. 12), which
earlier supplied the bulk of the Piripauan
sediments does not appear to have provided a
significant amount of sediments. In the east,
conditions were favourable for the formation of
glauconi te,

Locally in the Tinui District, sediments
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with a very high organic content were deposited
and are mapped as the Waipawa Foymation.
Hornibrook and Harrington (1957) suggested that
in Hawkes Bay the formation was deposited in
stagnant lagoons., However, the plant fragments
and coal seams that would be expected in such

an environment are completely absent, indicating

that the formation was deposited in deep water.

PONGARCA BASIN

In Wairarapa and southern Hawkes Bay the
basine (or basin) that formed in the Lower
Tertiary are collectively called the Pongaroa
Basin, In it was deposited the Wanstead Group
comprising the Huatokitoki (Waipawan to Runangan)
and Weber (Whaingaroan to Duntroonian) formations.
Little is known, particularly in the Wairarapa,
of the paleogeography.

The Huatokitoki Formation, from the Tinui
Valley to the coastal part of southern Hawkes
Bay, contains thick bentonite deposits. The
origin of the bentonite is uncertain. Fyfe

(1934), following overseas workers, suggested




that the bentonite is derived from the weathering
of acidic volcanic material but did not infer
any source for the volcanic matericl. Kingna
(1967) inferred rhyolitic volcanoes at an
unspecified distance to the east of the present
day coastline. However, there is no recognisable
voleanic material in rocks of the Tinui and
Wanstead groups and hence no evidence for nearby
volcanoes.

Siliceous limestone, mapped as the Mungaroa
(Waterhouse and Bradley, 1957) or Kaiwhata
(van den Heuvel, 1960) formations, were deposited
in the south of the basin (Fig., 13) and represent
the northernmost limit of the Amuri Iimestone
of Marlborough and North Canterbury (Pig. 8).
In Vhaingaroan and Duntroonian time planktonie
foraminiferal ocoze accumulated to form the light
grey coloured Weber Formation.

WHAKATAKT FAULT BASIN

In the Tinui District, the Whakataki Fault
Bagin formed in Waitakian and the Whakataki
(Waitakian to Clifdenian) and the overlying
Takiritini (Altonian to Clifdenian) formations
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were deposited in it. 1In the east of the district

the Whekateki Formation, consisting of a thick
graded bedded sequence with basal conglomerate,
was deposited unconformably on older rocks.
Near Te Mal the conglomerate is absent and the
graded bedded sequence conformably overlies
the Vieber Formation. The Whakateki Formation ie
thicker in the east than in the west and in the
west it contains massive siltstone. Widespread
flute casts show thet currents flowed from the
east and south,

It is inferred that the Whakataki Fault
Basin wae formed by the sudden downthrow of
the west side of a fault to the east of the
present day coastline (Fig. 14a)., Erosion of
the fault scarp formed the basal conglomerate.
As erosion of the scarp decreased, graded beds
(axial facies) were depoeited by turbidity
currents flowing eastwards towards the axis of
the bagin and by turbidity currents flowing
north along the axis of the basin. In the west,
massive siltstone, containing a rich fauna of
benthic foraminifera, was deposited in shallow
water close %o a landmass (marginal facies).

The offset of the shoreline of the landmass is
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inferred to have been caused by movement on the
ENE striking Carterton Pault and this is allowed
for in the paleogeographic map (Fig. 14b) and the
block diagram (Fig. l4c). The offset (apparent
strike~slip digplacement) of the shoreline by the
Carterton Fault is sinietral (Fig. 14a). However,
the shoreline would initially have been a gently
east dippring reference plane and any vertical
movement on the fault would produce a large apparent
horizontal displacement. Real and apparent
horizontal disvlacements by faulting are discussed
further under Structure.

In the Altonian, the Whaokatalri Pault Basin
broadened and graded beds continued to accumulate.
In the northwest the sea shallowed and sandstone
and algal limestone of the Taekiritini Formation
were deposited disconformably on the Whakataki
Formation (Pig. 15a), Prom the distribution of
the Takiritini Pormation it is inferred that the
south side of the Carterton Pault wac downthrown.
On the upthrown side of the fault, shoal areas
formed in the margin of the fault basin. A
fault sliver in the lower Whareama Valley (Pig. 2)
is inferred to have been dragged southwards into
itoc present position by dextral strike-slip movement

on a fault on the west limdb of the Vhareama Syncline.
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On the south gide ol the Carterton Pault,
the area of deposition of the VWhakatahi Formation
increased in the iltonian and it probably
increased again in the olifdenian. The increase
was probably caused by block fuulting, In the
new areas of depositicn, graded beds with a basal
conglouerate, were deposited. The conglonerate
is angular clogse Lo the Carterton Fault and is
inferred to have been derived from the fault
scarpe. &olsewhere it contuins rounded peblLles
considered tov have been derived from the erosion
of littoral derosite on the southeast edge of
the basin. Flute casts in the graded beds chow
that most currents flowed from the ooy and a
few from the north. 1t is inferred that the
currents from the ool flowed along tune axis of
the busin after originating from a landmass 10
the east (Fig. 15%c). The north flowing currents
are considered to have originated from the
Carterton Fault scarp. The later interaction of
the Carterton Fault and the INE striling faults
is thought to have disploced an area of graded

beds northeastwards (Fig, 152)., This displacement

is allowed for in the paleogeographic map of

lower Southland time (Fig. 15b). By the end of




69

ﬁmco_woegon_ UL puD 1YDJDYOYM 4O co:_.momsov  puojyjnog ._ezo.._
2y] jo buiuibaq 2y) o wisog jjnog pjooyoyM 2y o wouboiq ysojg 2¢) big

dseds 3jmog Jo ucises purivwgng —

ybnoa) 243 {0 soxo m:Jc Jrowipos

buiysedsuvay Juossnd Appiqun) |.I..W. .
T~

/o227 22§

=
J&:o._u. o Juowpas SAW  OF

mcmw._ua.mcﬂu e300 >w_ﬂ5.5.r — ¢




70

Dagin glowed dovm and the sea began to transgrese

wegtard.

HURUFI TRATSCGRESZICN

L westward tranasrecosicon of the sea in the
wedraraps in wper Soutiilend nd Toranali time,
vhen the sediments of the Hurupi Croupn were
depcuited, iz termed the “furupi Transgrecsion,

In the west the group was denogited unconformably
on llevozoic rocks and =g indicated by ILowver
Texrtiary foraminifera, rocis of the Wanstead
Group made up part of the source rocks. In the
centre of the Tinuwi Digtrict in Lillburnian time,
nasgive, fine-grained gediments of the Maunsell
Fornation were doposited confermably on the
whalzotalli ané Tokiritini formations, To the west,
coarse fosoilifercus sedirents of the Grassendale
iember of the laungpell Formation were deposited
uncenformably on older gsediments. In the
noxrtheact, graded beds of the Tanawa lenber of

e Moungell Formation were depccited unconformably,
with basal conglomerate, on the Whakataki and

older formations. The graded beds are interpreted




as a deep water denomit (axial fories) derosited
by turbidity currents. TFlute cnsts in the
graded beds gshow that the currents flowed fronm
the SSW and from the southeast (Pips. 162, 16b).
It is inferred thot the engtern part of the
Tinud District was uplifted by movement on one
of the NNE strilings faults. Frosion of the
fault scarp produced the basel conglonerste.
The currents that formed the flute caoste are
thought to have flowed off the landmaas and then
varallel to the fault. Ir the west, as the sea
transeregsed westward, littoral sgedirments and
then massive oiltstone were deposited as a
marginﬁl facies.

In the Waiauan (Pig. 17) ~raded beds
(of the Tanawa Nember) are thinner and contain
a fgreater nunbher of interbedded mudstone beds
than do the Tillburnian ~raded bedo. In the
west a disconformity lies at the top of the
Grassendale lMember and it is inferred thot there
was a temvorary eastward resregssion. Following
the recressicon the sea beran to transgrecss
rapidly westward devosgiting the Maunsell Formation.

By the middle Tongaporutuan the only land
was in the northwest of the distriet (Fig. 18),

In the north the Waiholi Formation, consisting of
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roorly graded sandstone-siltstone beds with
interbedded mudstone, was deposited conformably
on the Yaunsell Formation. In the west the
¥aihoki Formation is finer grained and more
massgive than in the west. Tocally it contains
glavconitic sandstone. It is inferred that
there was uplift and erosion in the east. In
the west there wae little sedimentation, In
the southwest the base of the formation is a
tuffite, the origin of which is wncertain.
¥ear (1957) inferred that it care from a
"south-eastern volcanic zone". However, tuffite
is abundant in the unver Viocene MNaniri Formation
of northern Havkes Pay and Foverty Bay and it
is more likely that it origsinated from the
"Coromandel andesite zone" where volcanism of
Unper Tertiary age is known (Grindley et al., 1959).
In the northesst of the Tinui District
cearse sediments of the Ngarsmta Formation were
deposited during the middle or uvprer Tongaporutuan.,
In the west the formation is unconformable on
the Torlegse Sunergroup =nd in the eagt it is
unconformable on the Waihoki Formation (Fig. 19).
Deposition of the Nearata, Waihoki and Vaunsell
formations continuwed in Fapitean time. In the

Ovoitian, siltstone of the Rangiwhaksoma Formation

{6
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wag deposited at Castlepoint and it is inferred
that the siltstone was once much more widely
depogited than it is now.

CASTLEPOINT TRANSGRESSION

Shelly sandstone and coquina limestone of
the Nukumaruan Cagtlepoint Formation is knowm
in place only at Castlepoint. A 2 £t boulder
of coquina limestone was found at Maringi
Trig. 15.5 miles northwest of Castlepoint.
If the boulder is substantially in place and
not man-transported, it indicates that the
limestone once rested directly on Cretaceous
rocks at this locality. The Hurupi Group,
inferred to have been deposited at this place
(PMig. 19), must have been eroded prior to the
deposition of the limestone. Wegst of the Tinud
District deposition continued apparently without
interruption from the Opoitian to the Castlecliffian,
During Nukumaruan and Castlecliffian times
deposition changed from marine to non-narine
(Eingma, 1967).

It is inferred that during Waipipian and
Kangapanien times the Tinui District became land,
In the Nukumaruan the sea transgressed onto the
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district (Castlepoint Transgression). During
the transgression shallow water sediments were
deposited unconformably on deeper water older
sediments. The formation contains Chlamys
delicatula (Hutton) - a cold climate indicator.

Therefore the transgression was caused by the
tectoniec lowering of the land below a sea level
already lowered because of the cold climate,
Vella (1963) included the formation in his

Te Ahitaitai Cyclothenm, the second oldest of

four he recognised in the Vairarapa. He inferred
that the cyclothems were deposited while the
Wairarepa was sinking tectonically at a decelerating
rate. The basal beds of the cyclothem contain
cold water faunas which he inferred were probably
deposited during glacio-eustatic sea level

fluctuations.
PRESERT DAY REIIEF

The present day relief of the Tinui District
is dominated by depressions along the Whareama
and Tawhero synclines (Pig. 5)¢ The two major
rivers, however - the Whareana énd the lataikona -
do not flow for any great distance along the

depressions. Instead, to reach the coast they




flow in gorges cut through hills to the east.
It is considered that headward erosion of rivers AFzans
draining eastward from the hills captured the ?
rivers that once flowed in the depressions. [N
Later uplift produced the hills, and continued .
river erosion the gorges. In turn western
tributaries of the Mataikona and Whareama rivers
captured the eastern tributaries of the Tauweru
River (Fig. 5).

Three periods of aggradation, followed by
degradation, formed three sets of terraces in
the floors of the lataikona and Whareams valleys.
On the coast, marine benches have been cut at

100 £4, 270 £+, 400 £t and possibly at 550 ft.
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TECTONIC DISTURBANCES IN THE TINUI DISTRICT

It will be shovn that the rate of tectonic
movement with time was not uniform but varied
widely. During short intervals of time, rates
of tilting rose from about 1°/106 years to as
high as 300/106 years and then declined. The
intervals of rapid tilting are called disturbances.
Four disturbances are recognised in the Cenozoic:
in the Paleocene; in the Early Miocene; in the
Late Pliocene; and in the Late Quaternary.,

Paleocene Disturbance

Teurian rocks of the Tinui Group are
unconformably overlein by Waipawan rocks belonging
to the Wanstead Group. The rocks of the Tinui
Group are strongly folded about northeast striking
axes whereas rocks of the Wanstead Group are
not folded in this direction (Fig. 20). The
strong folding therefore took place in a short
interval of time egual to about a Lower Tertiary

stage (i.e. about 3 x 10°

years; Fig., 4)., The
strong folding is called the Paleocene Disturbance.
The Wanstead Group is too poorly exposed to provide

a meaningfull tilt rate for the disturbance.
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Early Miocene Disturbance

The slow uniform deposition of the Wanstead
Group ceased in the Duntroonian, to be followed
by rapid, variable deposition of the Annedale
Group in the Waitakian. The Annedale Group,
with a basal conglomerate, unconformably overlies
the Wanstead and older groups except in the
upper lataikona Valley where the two groups are
conformable., Prom the lithological change at
the conformable contact it is inferred that the
unconformity - called the Early Miocene Disturbance -
represents a period of time of about a stage in

6

duration (say 3 x 10~ years). No fold axes can

be related to this disturbance.

Iate Pliocene Disturbance

It has already been mentioned that at
Castlepoint the Nukumaruan shallow water
Castlepoint Formation rests with angular unconformity
on the deep water Opoitian Rangiwhakaoma Formation,
the Waipipian and Mangapanian stages being absent.
On the Castle, the angular difference between
the two formations is about 12°, The unconformity

represents Waipipian and Mangapanian time, assumed
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to be no more than 1 x 106 years giving a tilt
rate of at least 12°/10° years, The interval
of rapid tilting is called the Late Pliocene
Disturbance.

Late Quaternary Disturbance

In the Wairarapa there are a number of
places where the amount that Upper Pleistocene
and Holocene rocks have been tilted has been
determined. King (1930) mapped uplifted marine
benches on the Wairarapa coast, noted that
uplift had not been uniform, and inferred tilting.
Wellman, 1967 surveyed six Holocene raised marine
beach ridges which extend along the west flank:
of the southern end »>f the Rimutaka Range at
Cape Turskirae. He showed that uplift and
tilting took place suddenly at intervals of about
1,000 years over the past 6,000 years. He
concluded that the range has been rising at an
average rate of about 12 £+/105 years. The
average rate of tilting on the western side of
the range is about 300/106 years. Tilt rates in
terrace deposits in eastern Wairarapa (Singh,

in press) and Holocene marine sediments off
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Hawkes Bay (Lewis, in press) are about 200/106 years.
The Rimutaka and Tararua ranges have strongly

concordant surmit heights that are interpreted

(Wellman, 1948) ae marking the present altitude

of an old peneplain. The peneplain is folded

into an anticline and the dip of the peneplain

surface on the western side of the range is

about 6°, The age of the surface is not known,

but Wellman suggested that it is younger, rather

than older, than rocks of the Wanganui Series

which crop out on the flanks of the ranges.,

It is assumed that the Rimutake Range peneplain
rad Afbrmed near sea level during a period when there

was no uplift, and that the uplift and tilting

at Cape Turakirae represengp’the last part of %%;7

the uplift of the ranges. The present tilt

rete is 300/106 years and the tilt of the

peneplain is about 6° demonstrating that tilting

at the present rate cannot have started more

than 0,20 x 106 years. The present interval of

high tilt rates is called the late Quaternary

Disturbance,




DISTURBANCES AND THE REST OF NEW ZEALAND

An attempt is now made to detexmine if the
four disturbances recognised in the Tinui District
in the Paleocene, in the Early Miocene, in the
Late Pliocene and in the ILate Quaternary took

place elsewhere in New Zealand,
Paleocene Disturbance

In the Dannevirke Subdivieion ILillie
(1953; p. 35) noted that “previous to the deposition
of these lower Tertiary beds [f‘anstead Groug]
the Cretaceous was very congiderably folded and
most of the Whangai rocks ﬁ'ha.ngai Fomatiorz/
removed by erosion"., In the Gisborne area
Stoneley (1968) recognised a "local unconformity"
at the base of the Waipawan. In the Waipara
District of North Canterbury, which "exposes the
nost complete fossiliferous sequence through the
Dannevirke Series in North Canterbury" (Hornibrook
in Wilson, 1963), Wilson (1963) noted that the
Dannevirke Series is separated from the Teurian
stage by minor breaks representing no great
interval of time. However, he stated "but local

87




tectonic movements had already caused local
erosion",

It would appear that rates of tilting were
sufficiently rapid to cause short breaks in
deposition over most of the eastern part of
New Zealand, but only in southern Hawkes Bay
and in the Wairarapa, were the rates of tilting
high enough to form noticeable unconformities.

Early Miocene Disturbance

In the Dannevirke area there was a major
change in sedimentation at this time and the
Pareora Series is absent (Iillie, 1953; Kingnma,
1960) although in many places the stratigraphic
sequence appears to be continuous (Iillie, 1953),
The absence of the Pareora Series is not now
as important as it was previously considered
to be because of the recent recognition that
the series represents only a relatively short
period of time (Scott, in press). Iillie (1953)
stated that the Ihungia Formation (Altonian to
Clifdenian) is often difficult to distinguish
from the underlying Weber Formation although

at some localities there is a marked unconformity.
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For example in Mokta%a Survey District, the
base of the Ihungia Formation is a fossiliferous
conglomerate, several hundred feet thick, which
unconformably overlies a reduced thickness of
Wanstead Group rocks. In the Akitio Syncline

the basal bed of the Ihungia Formation is a
limestone containing pebbles derived from the
Weber Formation. It is therefore concluded that
the major change in sedimentation was accompanied
by uplift and erosion.

North of the Dannevirke area there are many
diapiiic gtructures and a possibility of large
scale gravity sliding (Stoneley, 1962, 1968)
and the geology is confused. The most southerly
knovn diapiric structure is the Elsthorpe
Anticline, south of Hastings, which developed in
the Early Miocene (Kingma, 1957). Stoneley (1968)
showed that there was an uwnconformity within
the Waitakian east of Gisborne, which, although
representing only a short periocd of time, marks
a major change in sedimentation. He inferred
that the area about immediately east of Mt
Hikurangi was uplifted with extensive décollement.

In North Canterbury a disconformity between
the lower Landon Amberley Iimestone and the upper




Landon Weka Pass Stone (also a limestone), although
representing only a short period of time, is
apparently importanEAfor Wilson (1963) stated
that "a sudden regression, caused, perhaps by
earth movements in the Alpine region, took place
before the deposition of the Weka Pass Stone",

On the west coast of the North Island in
the Waikato Coalfield there was a major change
in sedimentation during the Waitakian, The
change is at the contact, at most places an
unconformity, between the Te Kuiti Group and
those overlying: the Waikawau Group in the north
and the Mahoenui Group in the south (Kear and
Schofield, 1959)., Kear and Schofield stated that
"deposition of the Te Kuiti Group finally ceased
when tectonic activity produced (i) an angular
unconformity between it and younger sediments
and (2) uplift of the source province from which
the subsequent clastic sediments were derived".
The unconformity does not represent a great length
of time and at one locality it can be shown to be
within the Waitakian Stage.

In north Westland, between the end of the
Oligocene and the end of the middle Miocene
(Gage, 1949; Wellman, 1949), the sites of Lower




Tertiary deposition became mountain ranges and
Lower Tertiary mountain ranges became sites of
Upper Tertiary deposition because of reversal

of movement on major faults.

Late Pliocene Disturbance

In the Dannevirke Subdivision there is an
unconformity similar to the one already described
from the Tinui District, except that the shallow-
water limestone above the unconformity, the Te
Aute Limestone, is older and Mangapanian in age.
The base of the limestone was described by Iillie
(1953) as an important erosional break which
affected all areas of Mangapanian sedimentation.
The limestone commonly containsg greywacke pebbles,
with composition similar to the greywacke forming
the Ruahine Range. The pebbles increase in
abundance westward towards the range, and show
that the range was being uplifted. The Te Aute
Limestone is unconformably overlain by the
Nukumarusn Petane Iimestone (Kumeroa Formation
of Iillie, 1953). ILillie recorded an angular
discordance that indicates westward tilting
between 2° and 15° between the two limestones,
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In the Gisborme area diapiric structures
developed (Stoneley, 1962; Ridd, 1964) and
décollement took place. Ridd congidered that
the climax of tectonic movements was reached in
the Early Pliocene. At VWaerengaokuri, Tongaporutuan
beds are the youngest part of a diapiric intrusion
and are overlain by undeformed Castlecliffian
lacustrine beds (Bishop, 1968).

In the South Island widespread gravel
formations (e.g. Moutere Gravel, 01d Man Gravel,
Kowhai Gravel) show that rapid uplift of the
Southermn Alps took place in late Pliocene time
immediately prior to the Nukumaruan., That the
uplift of the Southern Alps was sudden is shown
in the Moutere Depression of Nelson, where
Waitotaran coal measures (Glenhope Formation),
are conformably overlain by the Moutere Gravel,
The Glenhope Formation is locally derived from
rocks on the wegt side of the Alpine Pault but
the Moutere Gravel is derived from the Southern
Alps on the east side of the fault (Johnston, 1971).

Late Quaternary Disturbance

The high rates of tilting determined from
marine ridges and marine benches in the Wairarapa
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and southern Hawkes Bay have already been discussed.
Ridges and benches are known elsewhere in New
Zealand, such as one in Westland giving a tilt

rate of 15 o/106 years (Suggate, 1968), but few
rates of tilting have been determined. Active
fault traces are present throughout most of New
Zealand (Lensen, 1965) and some show horizontal
movement averaging 0,5 in/year (Clark and Wellman,
1959).

DISTURBANCES WITHIN NEW ZEALAND AS A WHOLE THAT
CANNOT BE CORRELATED WITH THOSE IN THE TINUI DISTRICT

In addition to the disturbances described
above, which correlate with those in the Tinui
District, other disturbances have been recognised.
Iillie (1953; p. 80) described the deposition of
the upper Southland Tutamoe Formation in the
Dannevirke Subdivision as being tectonically
important. According to him new sites of deposition
formed and new areas were uplifted and eroded.

In the Tinui District the topographic change may
be represented by the Hurupi Transgression. In
the Gisborme area, Stoneley (1968) recognised
that the main movements in a Tertiary décollement

took place in Pareora time. It was followed by




the widespread deposition of Altonian (Fl) or
younger sediments unconformably on older sediments.
The uplift of the Kaikoura Ranges is well dated

by the formation in Southland time of the Great
Marlborough conglomerate (Lensen, 1962),

It would be inappropriate to discuss here
all the disturbances within New Zealand, but it
is likely that sudden disturbances similar to
those that took place in the Tinui District
occurred in all parts of New Zealand but they
were not necessarily synchronous with those that
took place in the Tinui Distriet.




STRUCTURE OF THE TINUI DISTRICT

In order to discuse folding and faulting
in the Tinui District with time, it is convenient
to consider the stratigraphic sequence to be
divided into three major age divisions (Fig. 20a):
Division 1: rocks older than Urutawan (Torlesse
Supergroup)
Division 2: rocks between Urutawan and Teurian

in age (Mangapurupuru and Tinui

groups )

Division 3: rocks between Waipawan and Nukumaruan

in age (Annedale and Hurupi groups
and Castlepoint Formation),
It is also convenient to consider first the area
west of the Tinui Pault Zone, and then the area
east of it.

West of the Tinui Fault Zone

Folds

Rocks of division 1 are strongly and complexly
folded, the only well defined fold being the Vee
Anticline which is parallel to the folds in
Division 2 (Pig. 20b), Divieion 1 is not considered
further. Rocks of division 2 are strongly folded,

95




with dips of about 50° to 70° whereas rocks of
division 3 (Fig. 20c) are relatively weakly
folded, with dipe of generally less than 50° and
commonly between 10° and 250. The weak folding
in diviesion 3 almost certainly affected the rocks
of divieions 1 and 2, but as the rocks had already
been fairly strongly folded its effect was
negligible., Similarly, the strong folding which
affected rocks of Division 2, had, with the
exception of the Vee Anticline, negligible effect
on the strongly deformed rocks of division 1, The
axes of the strong an?&weak folding have different
strikes. The strong folde strike approximately
northeasgx the weak folds approximately north.

The strong folding ie Early Cenozoic (Paleocene)
in age, and the weak folding is Late Cenozoic

(Post-liocene) in age.

Faults

The faults are grouped according to the age
of the rocks they displace. Within rocks of
divigions 1 and 2 the major faults strike between
ENE and northeast, and minor faults strike NNE,
These faults are not well developed in division 3.
In division 3 the major faults strike approximately
NNE, parallel to major lLate Cenozoic faults in
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the Wairarapa. They extend through rocks of

divigions 1 and 2, but are relatively unimportant
there. Hence the ENE faults are inferred to have
been dominent in the Early and the NNE faulte are

inferred to have been dominant in the lLate Cenamoic.

Bast of the Tinui Fault Zone

The strike of the fold axes, faults, and the
dip of the rocks is the same in division 2 as it
is in division 3, Consequently it is impossible
to distinguish between Early and Iate Cenozoic
folding and faulting. Early Cenozoic folding
about ENE striking axes is inferred for the
district west of the Tinui Fault Zone. ENE
folding to the east of the fault is thought to
have been obliterated by the later faulting and
folding along NNE trends.

Early Cenozoic Folds and Faults (Fig. 20b)

Folds

Early Cenozoic folds are mostly determined
by opposing dips some distance apart, and only
rarely are the fold axes themselves exposed.

Four folds are mapped: the Vee Anticline in the



northwest, and the Glencrieff, NMangapurupuru, and
Balfour synclines in the southwest. All the folds
are separated by faults and there are no
complementary anticlines between the three
synclines in the southwest. The synclines plunge
northeast and the single anticline southwest.

The age of the youngest beds in each syncline
becomes progressively younger in a southeast
direction indicating that the "synclines" are

the northwest limb of a larger syncline (Fig. 3)
that has been faulted and folded.

Faults

The major faults are the ENE striking
Carterton, Target and Manawa faults. A number
of faultes striking northeaet to ENE branch off
towards the Target Fault. The only NNE striking
fault of importance is the Maringi Fault between
the Target and Carterton faults., Because of
poor exposures and wide zones of crushing, it is
impossible to observe the dip of many of the
faults directly. However, as the surface trace
of each fault is linear across hilly topography,
the fault planes are inferred to dip steeply.
For convenience, the faults with unknown dip are

shown as being vertical in Fig. 3.




Iate Cenozoic Folde and PFaults (Fig. 20¢).

Folds

Polds in the late Cenozoic rocks usually
have exposed axes. VWhere the axes are not exposed
the folds are determined from opposing dips and
from the slope of exhumed eroeional surfaces on
Early Cenozoic or older rocks. Folds are more
numerous in the west than in the east, and only
the major folds are named in Fig. 20c. In the
west there is a major upfold, the Bideford-
Blairlogie Anticlinal High, made up of the
Pideford Anticline north of the Carterton Fault
and the Blairlogie Anticline south of the fault.
To the east of the high there is a major downfold,
the Tawhero-VWhareama Synclinal Depression, made
up of the Tawhero Syncline in the north and the
Whareama Syncline in the south. Between the
synclinal depreesion and the coast there are two
major synclines, the Oamarua and Peak synclines.
The folds are described in turm, beginning in the
west.

The axis of the Bideford Anticline is defined
in the north of the Tinui District by the crest
of an exhumed erosional surface cut acrosse

Cretaceous and older rocks. In the south the
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surface has been largely destroyed and the
position of the axis is uncertein, The Blairlogie
Anticline is poorly defined by an exhumed
erosional surface which shows that most of the
eastern linb of the anticline is faulted out by
the Tinui Pault Zone. North of the Tinui District
the Bideford Anticline, defined by opvosing dips
in Upper Tertiary beds, can be traced as far as
Pongaroa. South of the distriet it th~ fgirlogie Anticline
crosses the coast near Pahoa.

The axie of the approximately north-striking
Tawhero Syncline is well defined by dips in Iate
Cenozoic rocks, The axis of the INE striking
Whareama Syncline is concealed by alluvium but
is inferred to be parallel to the Aupiripiri
Fault Zone and to the Buxton Fault (Fig. 2).
Vertical drag on the faults may have caused the
dips in the Whareama Syncline to be 15° to 20°
steeper than dipe in the Tawhero Syncline, The
northern end of the Whareama Syncline has been
offset by dextral faulting.

The Tawhero Syncline can be traced for a
short distance north of the Tinui District where
it disappears, or has been obliterated in a
complexly faulted area south of Pongaroa. The

Whareama Syncline extends south to cross the coast




at Flat Point (Fig. 1).

In the east the axes of the Oamarua and
Peak synclines strike NNE and are parallel to
rmajor faults. The complementary anticlines are
absent but their axes are approximately
represented by the Aupirioiri and Mataikona
fault zones; the rocks dipoing away from the
fault zones towards the synclinal axes. The
axes of the synclines are parallel with the
faulte and it is inferred that the folding is
controlled by the faulting. This contrasts with
the situation at most other parts of the Tinui
District where the faults and folds are not
parallel, and the foldse are inferred to have

formed by compression,

Faults

The major NNE striking faults are, from
west to east: the Wairiri Fault, the Tinui Fault
Zone, the Whakataki Fault, and the Castlepoint
Fault Zone.

The Wairiri Fault, east side downthrown,
has brought the Waewaepa Formation into contact
with the Maunsell Formation. It dips vertically,
and north of Wairiri Road has & sliver of Whangail
Formation infaulted along it.
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The Tinui Pault Zone is the most important
fault in the Tinui Diptrict. North of Tinui
Village the fault zone is 1.5 miles wide and
conteins active traces. The downthrown side is
to the west. South of Tinui Village the fault
zone is narrow. The east gide is downthrown,
and as its dip is 70° west it has a reverse
component. Several faults branch off the fault
zone, the most important being the Blairlogie
Pault in the southwest. North of the Tinui District
the fault zone extends north into southern Hawkes
Bay. Southwards it probably joins the Adams
Pault of Bade (1966) which reaches the coast near
the Pahoa River.

The Whakataki Pault extends from Reef Point
to gouth of the Tinui District. The curve of
the fault trace ncross hill country suggests a
westerly dip of about 60°., It is downthrown to
the east and is thus inferred to have a reverse
component, The fault disappears out tc sea at
Reef Point, and probably reappears as the fault,
on the coast near the Owahanga River, which
continues northwards into the Dannevirke
Subdivision (ILillie, 1953). South of the Tinud
District it reaches the coast at Flat Point.

The Castlepoint Pault Zone is exposed at




Castlepoint, Associated with it are the only
definite outcrops of Opoitian and Nukumaruan rocks
in the Tinui District. The fault dips steeply,
and is downthrown to the east. A collinear
steeply dipping fault at Cape Turnagain is
probably its northern continuation.

S0 far it has been tacitly ascumed that
new faulte apprear and old faults become inactive.
The true situation is more complex and a
particular fault may change its rate of movement
or even its sense of movenent with time., However,
in order to determine the history of a particular
fault, many well cated reference lines (Fig. 21)
or reference planes are required. It is important
to distinguioh between reference lines and the
outerop of reference plancs. In the general case,
a fault displaced inclined reference plane shows
on a map as an outeropr line which is "offset"
by the fault (Fig. 22), The offset has a
horizontal length, which in general does not
revrecent the horizontal (strike-slip) displacement
of the reference plane by the feult.

To determine the amount of horizontal
displacement the dip of the reference plane at
the time of faulting must be known, and also

~the sense of movement in one direction., In
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Fig. 22 the dextral offset (a') of an inclined
reference plane A could have been entirely caused
by vertical fault movement. The lower the angle

of dip, the greater the horizontal offset. If

the amount of vertical moveuent, and the dowvnthrown
gide are known, then the true horizontal
displacement of reference plane A is a'. The
amount of horizontal displacement (y) by vertical
movenent (x) can be calculated by using the
following solution

o _ ¥
tan, a - = -

if y equals a' then there has only been

vertical movement on the fault, If it is more,
then y - a' equals the amount of sinistral
movement on the fault and if it less then a' - y
equals the amount of dextral movement on the fault.

Horizontal movement on a fault may have all
been in the same direction or in different
directions, and in all cases the total displacement
is the algebraic sum of the movements on that
fault. Movements on the major faults in the
Tinui District are considered in terms of the
previous discussion and an attempt is made to
determine the amount and sense of movement at
different times in the past. The NNE striking
faults are discussed first.
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Horizontal Movement on the NNE Striking Faults

The NNE striking Tinui Fault Zone truncates
the ENE striking Carterton Fault and associated
faults (Fig. 2). ENE striking faulte immediately
north of the Tinui District (Kingma, 1967), and
on the opposite side of the fault zone to the
Carterton Fault, are assumed to have been the
continuation of the Carterton Fault and associated
favlts. The ENE striking faults are inferred to
have been sinistrally displaced by about 16 miles
by the Tinui Fault Zone (Fig. 24).

In the Mt Adams area, Bade (1966) mapped a
facies discontinuity in his Kaiwhata Formation
(Teurian) across the NNE striking Tutu Feult,

The fault is almost collinear with, and may be

the continuation of, the Tinui Fault. Eade
suggested that the change was due to strike-slip
faulting of at least 12 miles, although the sense
of movement was not specified. 7P, Wellman (1970)
showed that if movement had been strike-slip then
it would have been sinistral, that is, in the same
sense as the movement inferred on the Tinui Fault
Zone. Further evidence is provided by glauconitic

gsandstone dikes in the Whangai Pormation (Teurian)
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Fig. 24. Inferred sinistral displacement of
ENE striking faults by the Tinui

Fault Zone.



exposed on a coastal platform south of the Awhea

River (Professor H.VW. Wellman, pers. COLM. ).

Wellmon has recorded small sinistral offsets on
northeact to NNE striking faults which displace
the dikes.,

In the Tinui District a INNE striking fault
on the west limb of the Whareama Syncline has a

sliver of the Takiritini Pormation (Lower liocene)

eglong it. The sliver is 8 miles south of similar

rocks in the Tinui Valley, A%t least 8 miles of
dextral movenent on the fault is thus possible.
Ridd (1967) inferred that the northeast to NNE
striking Pongaroa Fault continued southwards,
beneath Upper Miocene sediments, to join the
Tinui Feult Zone., From paleogeographic patterns
on either side of the Pongaroa Pault, Ridd
inferred that there was about 8 miles of dextral
movement on the fault during the Miocene.

In conclugion, all the NNE striking faults
for which there is any information, have moved
in a dextral sense since the lMiocene. However,
there is evidence for sinistral movement on some
of the faults prior to the liocene. Therefore
it is inferred that movement on all the NNE

striking faulte prior to the Miocene was sinistral.
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For some faults the early sinistral movement was

greater than the late dextral movement.

Vertical lovemnent on the INNE Striking Faults

Within the Tinui Fault Zone in the Tinui
Valley a well defined active fault trace, 4
miles long, is downthrown 12 it to the west for
part of its length. The Whakataki Fault has
dowvnthrown the Lower liocene Whakateki Formation
on its eastern side. The fault plane dips 60°
west and the sense of movement is reverse., In
the southeast of the Tinui District the Tinui
Fault Zone dips 70° west and the sense of

movenent is reverse.

Horizontal Novement on the ENE Striking Faults

According to Lensen (1968) the Carterton
Fault immediately west of the Tinui District
dextrally displaces by 45 ft the edge of gravels
which are here mapped as the Rorokoko Formation
of early last Glaciation age. The T0° westerly
dipping Tinui Fault Zone has an offset of
l.2 miles across the fault. The offset is




partly due to vertical movement and partly due
to dextral displacement. The vertical movement
would have produced sinigtral offset of the
T™inui Pault Zone of about 0.2 miles. The true
dextral movement on the fault is therefore about
1.4 miles (Pig. 25). The 15° westerly dipping
base of the Maunsell Fornation is dextrally
offset by 1.7 miles across the Carterton Fault,
However, the dip of the formation was initially
gently east (Pig. 17) and hos since rotated to
150 west. During vertical movement the sense
of apparent horizontal movement would therefore
have changed from dextral to sinistral.

The Motuaen choreline (Fig. T7a) and the
Vaitakian shoreline (Fig. l4a) are sinistrally
offset by the Carterton Fault. As the dip of
the shorelines would be gently east for a consider-
able time after their formation, a small amount
of vertical movement would produce a large
horizontal offset and there is no evidence for
any horizontal dieplacement. It is inferred
that the NNW side of the fault was upthrown in
the Upper Cretaceous to initiate the Gentle
Annie gravity slide and again in the Ctaian
when the Takiritini Pormation was deposited.
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A = Tirnwi Fzult Zone

ooe of Launcell Pormation

T) = §)
Fig. 25. Diogromuauic renrogentation of

sonarent d real horizontal offeets

ot the Carterton *ault.
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Such vertical movement would cause dextral
offsetting of the shorelines, It is therefore
inferred that there was siristral movement on
the Carterton PFault prior to the Late Cenozoic,
It is impoesible, without further information

on the amount and direction of vertical movement
on the fault, end the dip of the shorelines at

the time of vertical movement, to determine the

true amount of siristral displacement,

Vertical Movement on the ENE Striking Faults

The Carterton Fault vertically displaces
the edge of the early Last Glaciation Rorokoko
Formation by up to 15 ft. The downthrown side
ig different at different places. In the east,
opprosite Awatoitoi, it is the SSE side, whereas
further ;estﬂgf ;é the NNW side. In the Pliocene
the SSE side of the fault was downthrown. It is
inferred that the SSE side was also dovnthrown
in the Otaian and in the Upper Cretaceous. The
dip of the fault is unknown, but is greater than
70° from its linear trace. Vertical movements

on other faults are unknowvn,




Intersecting Strike-slip Paults

Two fault trends, one striking NNE and the
other striking ENE, have existed in the Tinui
District during the Cenozoic. Althongh it is
inferred that the NNE trend was dominant in the
late Cenozoic and the ENE trend was dominant in
the Early Cenozoic, some interaction between
the two trends has occurred throughout the
Cenozoic. The horizontal displacement of the
ENE striking faults by the Tinui Fault Zone
(Pig. 24) is shown dingrammatically in Fig. 26.
Such offsetting would form the numerous fault
slivers, striking ENE, that exisv within the
Tinui Pault Zone (Pig. 2).

VICTORIA UNIVERSITY OF
WELLINGTON LIBRARY,
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Fis. 26.

Diagrommatic reprcscntation of Formation of Fault Slivers



THE NEW ZEALAND NODILE BELT

1t has already been mentioned (p. 29) that
+he Tinui District forms part of a complexly
folded end faulted region which extends from
Kaikoura to East Cape. he region, along with
the rest of the central part of the New Zealand
landmecs, containg strongly tilted Late Cenozoie
rocks. This is in contrast to the scutheast of
he South Island and the northeastern half of
the North Island where dips in Late Cenozoic
rocke are gentle. TFor convenience, the central
part of Few Zealand is termed the New Zealand
Vobile Belt (Fig. 27). There are many features
in common to all parte of the belt in the New
Zealand landmass, and in order to more fully
understand the structure of the Tinui District,
they will be discussed and a simple model proposed.

The New Zealand Mobile Belt is elongated
approximately NNE~-SSW with a major trench, the
Hikurangi Trench, along its northeastern side.
The landmass can be regarded as the crest of a
major upfold or geanticline and the sea bed to
the east as a major downfold or geosynclinal trough.
Approximately parallel to the sides of the mobile
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belt are major dextral faults. The faults diverge

from the Alpine Fault in the northern end of the
South Island and cross Cook Strait into the east
of the North Islend (Pig. 27). The best known
feature of the faults ies the hypothesis, first
introduced by Wellman in 1949 (Bensen, 1952), of
e postulated 300 miles dextral displacement by
the Alpine Fault of several major structures in
the South Island., Although the displacement is
accepted by most New Zealand geologists there is
little agreement as to when it occurred. In the
south of the South Island the dip on the fault
is eastward, the western side is downthrown, and
the sense of movement is reverse. In the north
of the South Island and in the North Island the
dip on the faults branching off the Alpine Fault
is westward, the eastern side is downthrown, and
the sense of movement is reverse.

The possibility that the dip on many of the
faults is decreased by gravity creep of the
upthrovn side must be congidered (Pig. 28).
However, it is inferred that the faults remain
reverse at depth because retriangsulation surveys
across the Alpine Pault in Marlbhorough (Wellman,

1955), across the White Creek Fault before and
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revearse

(a) normal fault

reyerse

(b) reverse fault

Fig. 28. Cross sections showing alternative
explanations of a fault with a reverse

component at the surface.
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after the 1929 moverent on the fault (FMenderson,
1937), and in Hawkes Bay before and after the
1931 Napier earthouake (Professor H.W. Wellman,

pers. comm,), and recently in the Wellington area

(P.M. Otway, pers. comm.), show that the New

Zenland Mobile Belt is undergoing shortening as
well as strike-slip displacement.

Between the major dextral faults are a
large number of elongated fault blocks (Cotton,
1916; Houtz et al., 1967), at an acute angle %o

the strite of the major dextral faults (Fig. 29).
I+t ie assumed that the blocks are separated by |
reverse faults and that blocks and faults rotate
together so that the totsl width of the mobile
belt decreaces with time. -

¥ithin each fault block, assymmetrical synclines
developed in the lows and asymmetrical anticlines
developed in the highs (Fig. 302, b). As )

Al

rotation of the block aévangggé:faulting gometimes o

v
5 {—’Q ‘:. i 17

o
Yook g

removed the steep limb of the fold (Fig. 30c¢)

{

and growing folds Ygll_form. Such growing folds
ere typical featuré;’;f the east coast of the
North Island, were first described from New
Zealand by Macpherson (1946), and are independent

of uplift or depression of the mobile belt. The
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Iate tenozoic major dextral faults, fault blocks

and folds, in the Wairarapa are shown in Fig. 31,

The
noat can
(o) Tilt

(1)

(i1)

amount of rotation of fault blocks in the

be meagured by (a) tilt rates and (b) faulting.
rates can be determined from:

Unconformities

The difference in dip, in degrees, divided
by the age Adifference, in years, between

two rock units separated by an wmconformity
(Pig. 32) gives the tilt rate.

The meaningfullnecs of the result depends on
the uniformity of the rate of tilting and on
the accuracy of dating the time interval
represented by the unconformity. For
instance if the tilting takes place in short
bursts of time equal to only & few million
yvears, end the unconformity represents

gscores of millione of years, the average

t11t rate will be less than the maximum rate.
Isopachs

Provided that the sediments at any particular
time were deposited at the same depth below
gsea level, then isopachs drawn from sediments
deposited between two time planes will give
the amount of tilt that has taken place

(Pig. 33).
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The following tilt rates are indicated by
the change in cediment thicknesses within

individual basins in the Tinuvi Disgtriect:

Urutawan to Piripaunan -2,--10/106 years

6

Waitalkian to Otaian 1°/1-2 % 10° years

riédle Tongaporutuan to

Kapiteon 1°/106 years

The tilt rates, although very low compared
with tilt rates during the disturbances,
are an order of magnitude higher than tilt
rates in continental regions.
(b) Paulting
That fauvlting has taken place in the past
is inferred from coerse conglomerates with a
nearby source that are considered to have been
eroded from the upthrovm side of an active fault
and to have been deposited on the dowmthrown side.
In the Mnui District the basal conglomerate

——

at the bage of the Whakatali Pormation (Waiktakian
‘____A—-—-—-"*‘ﬂ

to Clifdenian) is interpreted as having been
deposited in a favlt basin (Fig. 14). OCn the

west coast of the South Island the coarse breceia

of the FEocene Omotunotu Formation ie somewhat similar

and according to Gage (1952) was derived from a
fault coast.




125

THEORETICAL AND OBSERVED FAULT MOVEMERTS

An attempt will be made to determine the
changes in the sense of fault movements with time
in the Tinui Distriect. The fault movements are
directly related to the direction of maximum
horizontal shortening which is sscsumed to be at
right sngles to the axes of growing folds (Pig. 34).

The position and etrike of the folds have
already been described in detail, The northeast
striking folds formed during the Paleocene
Disturbance indicating = southeast direction of
maximum horizontal shortening (Fig. 35). The
north-south striking folds formed during the
Late Pliocene and ILate Quaternmary disturbances
indicating an east-west direction of maximum
horizontal shortening (Ffig. 36). No folds have
been recognised as forming during the Early Miocene
Disturbance but it is inferred, from fault
movements, that the direction of maximum horizontal
gshortening was about northeast.

Having determined the direction of maximum
horizontal shortening it is possible to infer
the theoretical sense of movements, that is
whether sinistral (3), dextral (D), reverse (R),

or normal (W) (Fig. 34), on the faults that
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vere active at those times, and to compare the
theoretical with the observed noverents (Fig. 37).
It shculd be noted thot Figs. 34 and 37 give the
ideal solution in determining the sense of
roverent on o fault but in practice only when

e fault lies well within 2 sector (Pig. 33) is

it possible to assume its senge of movement

with reascnable certainty.

Reversal of YMovenent

Provided the fault movements retain thelr
sense with time (dextral faults remaining dextral
faults, reverse faults remaining reverse faults
ete.) the tectonic pattern remains the same
irrespective of the change in the rate of
movement and irrespective of the formation of
similar new structures.

However, roeversal in the sense of movement
of the faults, that is frouw dextral to sinistral
and reverse to normal, represents a basic change
in the tectonic régime. osuch changes have
taken place and they provide critical information
for the interpretation of the tectonic history of

New Zealand as a whole.
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DISTURBANCE |STRIKE OF | INFERRED |THEORETICAL (1) AND
FOLDS SHORTENING |OBSERVED (2) MOVEMENT ON
DIRECTION |NNE FAULTS ENE FAULTS
al 2 4 2
LATE QUATERNARY| NORTH EAST DR D DN D
LATE PLIOCENE NORTH EAST DR DR DN D
EARLY NIOCENE - NORTHEASTY DN D SN S
PALEOCENI NORTHEAST SOUTHEAST SR S DR

*Inferred from columns 2

Note: liorizontal movement given first; dextral (D),

sinistral (S), normal (N), reverse (R).

Fig.

37

Theoretical and observed sense of

movement on the NNE and ENE striking

faults.




In the Tinui District the sense of movement
of the NNE striking faults changed from sinistral
in the Early Cenozoic to dextral in the Iate
Cenozoic, The reverszl in the sense of movement
was accompanied by a change in the direction of
maximum herizontal shortening from southeast in
the Early Cenozoic to east in the Iate Cenozoic.,
A similar rewversal has been observed on the west
const of the South Island where in the Oligocene
highs became lows and lows became highs., During
the reversal, faults changed their sence of
movement, from normal to reverse (%ellman, 1956)
and from sinistral to dextral (Grindley, ¢t 8le,
1959), and the direction of maximum horizontal
shortening chenged fron FIE to ESE (Laird, 1968).

The tining of the reversal is directly
related to the timing of the beginning of the
dextral movement on the Alpine Fault which shows
a 300 mile dextral displacement. Fleming (1970)
in hie most recent reconstruction of the New
zealand landnass coneldered that the beginning
of the displacenent was in theiEarly Cretaceous
(Fig. 38). 1f, o5 the cimplest model, it is

ageune( that bhe displacenent continued in the
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same gense but not necessarily at the same rate
until the present day then the direction of
meximum horizontal shortening will remain the
same. On the other hand if the direction of
ghortening is found to difier from that of the
present day at any particular place then the
model proposed by Fleming needs modification.

In the Tinui District and on the west coast
of the South Island it has been shown that the
expected direction of maxdimum horizontal
shortening (about east-west) has existed only
gince the beginning of the liiocene. Doth areas
are close to the major dextral faults and it
can be assumed that over the New Zealand landmass
the east-west direction of maxiwwa horizontal
shortening has existed only since the beginning
of the liiocene. Therefore, strike-gslip movement
on the Alpine Fault would have been dextral only
gince the Cligocene.

Clark and Wellman (1959) recognised that if
the rate of movement on the fault (0.5 in/yr)
that they calculated for the late Quaternary
was extrapolated back in time then the "...300 mile

shift could have accoumplished since the Oligocenes.."
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The Alpine Fault dextrally offsets a number of
reference lines which may include a belt of
mylonite by 145 miles and a belt of lamphrophre
dikes by 80 miles. The age of mylonite and
dikes is no younger than Lower Cretaceous
(vellman and Gooper, 1971) giving a posusible
dextral displacement of ©C miles since the
Lower Cretacecous. lowever, in discussing the
various reference lines cifset by the fault,
Wellman (1964) considered the diles to be a
vpoor" reference line, and concluded that the
Alpine Fault was poet-liccene in age. Iattord
(1966 ) has postulated an “Older Alpine Fault"
strilting about NNE, which is dextrally displaced
about 300 mileg by the Alpine Fauli{ and vhich
could have formed the mylonite zones. Therefore
any reconstruction of the New Zealand landmass
will have to consider whether an "Older Alpine
Foult” existed and also if there have been any
reversals in the tectonic regime prior to the
Cenozoic. such o reconstruction is well

outside the scope of this thesis.
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CONCLUSIONS

The detailed mapping of the Tinul District
has provided criticel information on the rate
of folding and faulting of part of the New
7enland Vobile Belt in the Cenozoic. In the
eact of the mobile belt, from Varl borouch to
Bast Cape, tilt rates averaging 16/106 years
heve occurred for the whole of the Holocene
(10,000 years). Tilting nt this rate hae not
ocourred throushout the Cenozoic but has taken
place at this rate for short pericds of time,
equal to or lese than & stage in duration,
called disturbances. Disturbances have been
recognised in many parte of New Zealand but
are not everywhere synchronoue. T1ting has
tnken place between disturbances, to allow
deposition to continuve, at a much slower rate
of about 10/106 years (Pigz. 39).

During the 0Oligocene or Barly Miocene there
was a najor chanpe in the tectonic regime with
dextral wmoverent beginning on the na jor NNE
striking feults. At thic time the direction of
maximun horizontel shortening changed from

southeast to 2bhout northeast or eagt.
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