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The thesls comprises studies of the marine Pleistocene sediments
of the Wanganui Basin, North Island, New Zealand,

Eartl deals with the chronology of the sediments and servelation
ormummummm.wumm.mm
tephre horisons using the fissionetrack method, Corrslation to similar
tephras from Hawke's Bay, to deep-sea cores taken 1000im sast of New Zealand
and to the central North Island volcanie district ia attempted, These
fissionetrack ages fill a dating gap that previously existed in the New
Zealand marine Quaternary sequence,

mwmmuwmmummu
renge in age from 1,5050,21m.y.BuPs (Ohingaiti Ash) to 0,2620,05mey.B,P.
(uppermost Pinnis Road Ash), These tephras record major rhyolitis eruptive
phases in the central voleanic region, The most significant eruptive phase
began 1,0620.16mey.B.P. with the deposition of the Makiriliri Tufs sediments,
continied to 0,88%0,13m.y.B.P. and is tentatively assoclated with the older
ignimbrites of the King Country, west of Lake Taupo, A voleanically quiet
Mutoumlﬂmummmnmhpuﬂinmm. until
0,7420409m.7,8,P, Seversl large eruptions then oocurred between 0.7) and
0428m,y4B.P,

The age of the Plio-Pleistocene boundary, at the base of the Hautawan
Stage in the Wenganui Basin is 1,87m.y.B.P. The age of the base of the
Nulumaruan 1s 1+55meysB.P., the Okehuan, 1,06m.y.B.P,, the Castlefliffian
OukSmeyoBuPs, and the Hawere Series is less than 0,38m.y.B.P.

Palacomagnetic stratigraphy was determined for the upper Nukumaruan
mzmommmnmwtmum. Viscous components of
ma-mwmu-muhyﬁmw.m




xi,
care being needed to obtain consistent results, Independent dates from
the palaeomagnetic stratigraphy substantially confirm the fission-track
dates, The Bruhnes-Matuyama boundary is clearly defined between the Rewa
and Potaka Pumice Members (aged 0,74 and 0,61m,y.B,P. respectively) of the
Kaimetira Pumice Sand Formation., The Jaramillo event was not recognised
mdiuprohbunmmmmwﬁuumdnnnumum
too goarse and friable to yield pahoo-sgnutio oores.

Bart IT deals with the detailed sedimentology of the lower Okehuan
Stage sequence which is composed of two voleaniclastic formations, the
Maldirikiri Tuff and Ksimatira Pumice Sand, separated by a non-voleaniclastie
siltstone formation, the Okehu Siltstone.

Interpretations of the sedimentary structures in the Makirilkiri Tuff
and the Kaimatire Pumiee Sand Formation confirm previous conclusions of
shallow water deposition based on palasontological evidence, Some
structures also indicate the high rate of sediment accumulation during
deposition of the volcanic sediments,

Size analysis statistics show influence of source material and
proeesses acting on the sediment during trensport and deposition, Rapid
sediment aceumulation is emphasised by poor sorting and processes inferred
from the sedimentary sﬁuohrumeonﬂmdhyﬂumulmmmmot
the seme struectures.

Analysis of the attitude of large and small scale eross-stratification
reveals a complex polymodal palaeocurrent pattern, as might be expected of
shallow water to intertidal sequences. Although often bipolar-bimodal,
the dominant sediment transport appears to have been from west to east,
similar to the direction of ourrent movement along the Wangamui coast today,

Sisze and petrography of clasts from the conglomeratic horizons
indicate sediment sources both from the sentral voleanic region of North
Island and from the Mesoszoic "greywackes" of the axial mountain ranges
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Mmmmmmumﬂnhﬁu
ummumm. No voleanic debris was depvaited
with the Okelu Siltstone,

mnuw.nmmu.m«awmhm
mmamaﬁmunmmmpnanmuuumn
uwamm«mummnnmamﬁamu
less saline conditions, Carbon and oxygen isotope ratios were determined
nmmmmmmmmumuw
studied by paleontologists, mmm-mhmmm
the Tewkesbury Fermation and the Taimui Shellbed, Agresment with the
muummmmmwmumm
Mhm&nmmuuﬂmm“hmmnﬂﬁ
the technique,
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PART I

GEOCHRONOLOGY OF THE PLEISTOCENE SEDIMENTS OF THE WANGANUI
BASIN




2.

GENERAL INTRODUCTION




L

Zocation and geologioal setting

m-ntﬂnwinuthmtdhdmuwﬂalm.
New Zealand, (Figs 1), and lies within the Wenganui Basin, (Fleming, 1953)
or the South Wanganui Basin, (Cope and Reed, 1967). Its western boundary
is in the vieinity of the township of Pates; to the east it 1s bounded by
mnmxmmumum,mummwmm
voleanic region of New Zealand, The basin contains sediments ranging in
age from early Pliceene in the north to Holosene in the south with a basement
of Mesosolc "greywagke" like thet of the central axial ranges, The Plioccenee
early Plelstocene strata dip towards the centre of the besin gemerally at
sngles of less than 7°, They are composed of marine mudstenes, sandstones,
shellbeds and eonglomerates. The latter are infrequent in the lower part
of the sequence but become more widespread end increasingly dominant in
the upper part,

mmumumwmumgnmmhnn
impertant of which are the Nukumapu Fault Zone, Upukemgara Peult, Turalkine
Fault, and Pohangina Fault, A system of gmaller faults has an east west
strike,

Several anticlines, thought to he sgtive (Te Punge, 1957) emphasise
the northeast southwest trend and drilling has shown that the corves of seme
of these folds are basement ridges, with sediments thinning over the
erests, (Superior, 1943),

Fleming (1953) reviewed the early work in the Wangamui Subdivision.
Crawford (1869) was the first to recognise "the great Tertlary bagin®,
He, (1870), elassified the rocks as Tertiary, Recent and Voleanis, m
(1905 and 1910) set the basis for later classifications by subdividing the
ud-utaofhm'nﬁlnﬁ-hh Older and Newer Pliccene, with the
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6.

Nukumaru Limestome at the base of the latter. Thompson (191€) renamed
Perk's divisions as the two stages - Castlecliffian and Waltotarsn. lLater
workers added the Nulkumaruan (Morgen, 192h) and the Opeitian (Pinlay, 1939).

Geologists of the Superior 041 Company (1943) = (later clted in the
text as "Superior, 1943"), grouped the Plicoene rocks inte three stages,
Waitotaran, Nukumeruan and Castlecliffisn, On the basis of the sequenge in
the Rangitikei River (Fig, 2), they recognised four formations in the
Waitotaren, two in the Nukumaruan snd ene in the Castleoliffian, (Table 1),

Te Punge (1953) recognised the seme stages as Superior but defined
three formations that were the direct equivalent of the stages, (Table 1),

Pleming (1953) proposed e nomenglature that followed intermational
usage, He scoepted the division of the sediments in the Wengemui Subdivision
into three Series: Wanganul, Hawera (Finlay end Marwiek, 1947) and Recent.
zamwwm“ummmmm.mm
Castlecliffian Stages, and in the Hawera Series he nemed the interglacial
Terangian and Oturian Stages, mmmum«m.m
and Castlecliffian Stages into substages which were later slevated to
stage rank (Fleming, 1962; Vella, 1963), Teble 2 shows the time
stratigraphic terminology adopted, In this account the supression of the
Hautawan Stage by Beu (1969) is not followed,

Lithologicel terminology
Throughout the thesis two lithological terms have been used which
are here qualified,

1) Tephre 4

The term tephra was qualified by Cole and Kohn (1972) as & gemerel
deseriptive term for unconsolidated pyroclastic deposits, Although at
least some of the beds of volcanic detritus in the Wanganui Basin are most
mwmmmm..mumummw
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SUPERIOR OIL GO, (1943)

TE PUNGA (1953)

STAGE

FORMATION

STAGE

;-ﬁ

FPORMATION

Castlecliffian

Castleolifs

-

Castlecliffian

Upper Rangitiked

Petane

Lower

Nulkumaruan

Niddle Rangitileed

Waitotaran

Mangaweka
Mudstone

Utiln Sand

Taihape Mudstone

Reef bearing
Sands

Waitotaran

Lower Rengitikei

Table 1: Stratigraphic nomenclature of Superior (1943) and Te Punga (1953)
in the Wanganui Basin,




SERIES STAGE
Hawera
- :
Castleoliffian
Okehuan
Wanganui
(upper part) Nulumaruan

Hautawan

Table 2: Time stratigraphic divisions of the
Plelstocene sediments in the Wanganui
Bagin, after Fleming (1962) and Vella
(1“’)0
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with one hundred percent voleanic detritus from other voleanielastic
sediment that is mixed with non~voloanie detritus, The term tephra is
mmmwﬂmmmmammwm.
even though part or all of the voleanio detritus may be epiclastie,

2) Greywscke

The tern "greywacke" is commonly used in a loose sense in New Zealand
tomtothel!muiouumntaotﬂummuxh.lm It is used
mm.wuswhmitmtomwm&nﬂmhrynoh.d
litherenite to feldsarenite composition (Folk g% al, 1970), that form
elasts in the Pleistocens sediments and are presumed to have been derived
from the central sxial vanges,

samele numbers

The sample numbers quoted in the thesis are the writer's field
numbers, All samples are listed with geographical locality in Appendix 3,
m-mmmmmmmnmammwu
the Vietoria University collestion, and are given Vietoria University
numbers in Appendix 3.
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CHAPTER 2

PALASOMAGNETIC STRATICRAPHY




1.

dntroduetion

During the past decade palaecomagnetic stratigraphy has become an
inereasingly important tool in the study of Quaternary and Tertiary
ehronclogies. Most work has been carried out on deep-sesa sediment cores;
the advantage of studies on deep-sea sediments compared with shallow water
marine or continental sediments is that at least seme time planes can
usually be determined independently and bresks in sedimentation tend to be
fower, more widespread if present and more easily detected,

The section studied here 1s the Upper Nulkumaruan to Miadle Okehuan,
shallow water, sedimentary sequence of the Rengitikei River Valley (Fig. 2)
in the Wanganui Basin, The seetion has relatively good exposure, no
evidence of major unconformities, and & high rate of sediment asoumlation,
The major disadvantages of the sequence are that the magnetio intensities
are generally low, and that much of the sediment is of sand size detritus
which is too poorly consclidated to hold together as ceres,

Eield Teelniaues

Samples were cored at each site uaing a portable motorised corer:
hmmmﬂﬂv-ihmnmﬁmiohmwm
or below each other, which, on the basis of fission-track dates, (Chapter 3)
represents a time gap of no more tham 100 years, At each site at least
three cores were taken and every effort was made to obtain cores from the
same sedimentation units,

As sand sigzed material was gemerally too unconsolidated, sites wers
restrioted to silts and silty fine sands,

cmmummmumm»hmmmm
and were maried in the manner of figure 3. Two readings were taken on sach
oore, dselination and inclination, (By convention imclinstion was vegarded
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ROCK FACE

Fige 3: Axes of orientation of palaecmagnetic cores,
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negative if up, pesitive if down,) The +2 axis is that into the outerep
face, 1,04 along the core; +Y was the vertical axis of the core in the

upward direetion and +X was at 90° to the left of +2 and +Y (while in the
outerop), The «X side of the Z axis was marked with hashures such that
ammummmvumwmommmmm
 Outerop fage. (This is not the same convention for axis nomenelature as
that of Doell and Gox, 1965),
Mpuﬂamndhmngphmmnlumrhlnn&wv.

Laboratory Nessuremente

The direction and intensity of matural mtupﬁnm
measured with a 5 CPS spimner magnetometer slightly modified after the
design of Foster (1966) and inecorporating two fluxgate detectors, All
results are tabulated in Appendix 1,

Zhermal demagnetising runs

Four cores from site 83, three from site 73 and several single sores
from other sites were thermally demegnetised in steps mostly at 50°C
intervals,

Relative intensity was plotted against temperature, In most czses
thmmmm..humntyt-nmwm»umm
direction from normal to reversed, mmm.m-uhes(m.n
showed no consistent oleaning pattern but all were reversed after treetment
at 250°C. Deolination and inelination for the samples at each temperature
plotted on @ stersomet all fall closest together at 350°% (Pig, 5), with a
come of confidence of 25° (Appendix 1), Site 75 (Fig, 6) shows more
mthMgpmm.mouihmMMWh
relative intensity then decreasing up to about 250° where the intensity
levelled off, Of the two cores taken to 350% one became reversed with
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Fige &t Thermal demagnetisation curves of four cores from Site 83,

(M 1s remaining intensity, My is initial intensity),
Core B broke after running at 200°C, Crosses represent
reversed direotion of magnetisation; dots reprosent
normal direction,
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» Normal

X Reversed

Fige 51 Changes in direction of magnetisation during thermal
demagnetising of four cores from site 83, Crosses
represent reversed directions of mgnetisation; dots
represent normal directions, Numbers are temperetures
of demagnetisation in degrees Celsius,
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Fige 6: Thermal demagnetisation curves of three cores from site 73,
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8light inerease in relative intensity, With the equipment aveilsble and
the by now very low intensities being measured (of the order of 0,5x10"7
-n/u).ummmmuowmmmuuum
temperatures, The declination and inclimation of cores from site 73 (Pig, 7)
mumwmmdmmrummwnnmm
strongest intensity of all sites (0,5%10"° em/0c)s It was concluded that
hmhuthhdhmumommw These cores
were taken from a site within the Rewa Pumice Member of the Kaimetire
Pumice Sand, Cores from site 7, 10m above 73, and site 82, 14m above 73,
€ave a normal direction of megnetisation after cleaning at 350°C but as
muh.mmumnmmwmtwmmm-m.
unmmnt.uummhamhhmauﬁ
magnetisation, Christoffel (pers. comm, 1973) also reports strong unstable
components in tephras. muwmhmhnmmuu
or mineralogy,

Results from single cores teken from other sites (Pig. 8) show
simllar patterns to site 83 with relative intensity inoressing prior to
direction of magnetisation generally reversing between 250 and 300%,

%ﬁon&lta«ﬁouwmmmm
demagnetised at 350° in an attempt to remove unstable viseous components.

Eeaults and disoussion

From the previous discussion, sites near the Rewa Pumice are
thhnacMﬂummlmtuﬁnﬁ.hﬂnd
the eleaning experiments, are most likely veversed, Thus pelarities are
Whhmummmuphumthhtndh
84 and site 9, 40 m beneath the Potaks Pumice (Fig. 9),
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Eight tephras have been identified in deep-sea cores east of New
Zealand (Ninkovieh, 1968, and pers. comm, to Kohn, 1973), The lowest is
1e13m.ye 01d, based on palacomagnetic dates and assuming a constant rate of
sedimentation, As the Mangahou Ash (Fig., 9) is the first of a sequence of
eruptions recorded in the Wanganui Basin it is suggested that this may be
the equivalent of this 1.13m.y, tephra, If this is so then the normal
direction of polarity at the top of the sequence may be assigned to either
the Jaremillo event of the Matuyama reversed epoch or to the Brubmes normal
epoch,

The third deep-sea tephra (Ninkovieh, 1968) coincides with the
upper Jaramillo reversal, and contains botite. The only biotite bearing
mmwwnmawmuuuwuﬁm
(Pigs 9)« Palaecmagnetic samples eould not be taken within or close to
Maﬂtuhﬁhﬂhmmuﬂmmqwh
denomt.itynmtmtthhlnpupim.mhnum
Tbon.mbﬁumhﬂudﬂahlm—outmmtamnm
age for this part of the section, The Bruhmes-Matuyama boundary is
considered to lie between sites 84 and 9, approximately 4LOm beneath the
Potaka Pumice,

This eonclusion is supperted by fissionetrack detes on the tephres

(Chapter 3),




CHAPTER 3

FISSION-TRAGK DATING OF PLEISTOCENE TEPHRAS




23

Introduction

Heny beds of voloanie glass and pumice (Fig, 10) are ingluded in the
Fleistooene marine sediments of the Wanganul Basin, Most contain 1ittle or
noe non~volesnic detritus and it is eoncluded that they were deposited soon
after eruption either directly by airfall om to the sea, or indirectly by
rivers flowing into the sea, Regardless of the mode of transport, these
m:mmtﬂum.ﬂm“ﬂnhm.

In the Wanganui Basin they have so far been recognised in the
Pleistocene sediments only, and are best exposed in the Rangitikei River
mﬁu.-hn.ﬁuownt-lmmmmmhnm |
Castlecliffian,

Glass shards from the tephras were dated using the fissionetrack
method %o provide a chromology for the basin, as well as permitting intre~
basinal eorrelation, correlation with dated tephraselsewhere in New Zealand
and with dated ignimbrites in the voleanic source area, Certain ignimbrites
in the source area cannot be dated directly because of alteration of the

glass, but on the basis of stratigraphy and petrography in the Wengamui
Basin end the source area, tentative ages ocan now be proposed.

Eigslon-irack nethod

Silk and Barnes (1959) using the scanning electron microscope,
noted damage trails in matural terrestrial materials, and Price and
Walker (1962) developed an etehing technique whereby these trails eould be
enlarged and viewed through an optical microseope, The conclusion that the
wtnmmmrmw.m.nmn”‘u.m.m
geoshronologicel tool particularly useful in bridging the gap between the
linits of "% and K/A techniques, Fisslonetracks should provide an
estimate of the age of a minerel (or glass) since solidification, provided
that the mineral has not subsequently been raised through a temperatuve
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Fige 101 Tephra horizon in the Keimatire Pumice Sand,
at N138/583910,
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high encugh to amneal the tracks, The amount of wranium in the mineral
mthnWthMMMhMMuhm
énough tracks to count in a reasonsble time,

Some authors (Lakatos and Millsw, 1972), belleve that the tracks
can be annealed by hydration of glass but their conolusions were based
on experiments of short duration (less than a year). Their extrapolation
of these data to geological time is considered dubdous. The glasses from
ﬁt'ﬁmihpb.mﬂnnphsh”tnﬂ.hthhmdm
ages are oconsistent with ages determined &t some horisons by methods other
than fission-treck dating, Hydration, if it has ocourred, evidently
has not affected the dates,

rmmmruuum)mmm-mmm
for fissionetrack dating of glasses, Pundamentally, their technique
muuorummuu“rh«navuamn-um—
tracks to the density of tracks caused by induced fission of 207y py
thermal neutrons (low energy) in a nuclear reasctor,

Age determinations are based on the following equation:~

Age = 6.168&:::104 years
Pa
mf.-mnmmuwrmtm
Py = mmber of induced counts per unit area
n = time-integrated flux of neutrons,
The decay canstant used throughout for spontansous fission of
238, was Mg = 6,8550,2 x 10"7;9" (Fleischer and Price, 1964b, Kleemen and
Lovering, 1971).
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Jechniques
1) Toﬁrnmhmdmdtomnumuﬂmhnﬁp,m

ocarser than 500um, Quartz, feldspar, lithic fragments and mafic minerals
mmdthm!muluwomﬁh
2) mmmum-mmuu-uwmuttncumu.
and then air dried,
3) Flat glass shards were separated from pumicecus glass on the magnetic
separator, |
snmuutmmwmmpn-usmtr-muum.
b) The shard sample was split as follows:e

a) approximately 65mgm weight was wrapped in aluminium foil in

preparation for irrediation to determine /.,

b) The rest of the sample was retained to detersine o
5) Standards (NBS and o glass from Dr J. Kleeman of Armidele University,
Australia sontaining 0,823 and 0,355 ppm wranium respectively) were
Wmmmmm-uumunmm
all were then wrapped in aluminium foll, placed in aluminium cans and sent
| for irradiation. These standards monitor neutren flux and are used to
determine the thermal neutron dose,
6) On return from the reaster the irradiated shards were mounted by
embedding in plastio (:nmwxmmmmmc)mmm.m
polished to an optical finish, The non~irradiated part of the sample was
treated in the same manmner,
D B&mnmoﬂhﬁh%ﬂutmmmmMSm&
Mopﬁmncmgﬁmuaoammumm, therefore initial
eteching was for 8 sees, If the trecks were too small the sample wes etched
egain, It is imperative that both mounts bo etched together,
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Figs 11A; Spontaneous fission-track in glass shard, Area between

dotted lines represent glass removed during etching,
Bar scale is 20 P,

Fig, 11B: Induced fission-tragks in glass shard, Arrow points
to bubbles Bar scale is 20 M




The mounts were left in anmonia solution to neutralise any remaining
HP,

8) o  and py were determined by counting trecks (Pigs, 11A and 118) end
normalising the area counted to one sguare centimetre, This was done under
reflected 1ight, at & magnification of X450, using a point counter, To
determine the area covered the basic prineiples of modal snalysis were used,
The east west movement of the mechsnieal stage was at O,imm intervals and
the north south 0.,2ma, Thus 5000 counts on glass shards (those that fell
under the oross hairs) is equivalent %o 1 eu’s
9) The Lexan plastic was etched in €N NaOH for 15 mins at 70°C,

10) Tracks in the Lexan were counted by mounting the plastio on & glass slide
and viewing with trensnitted 1ight ot a magnification of X480, In this case
a grid was used to determine the area covered,

In the samples used in this study some of the Lexan samples appear
to have annealled, Consequently the Kleeman glass standards were polished
and etohed in A8 HP at 23°C for 6secs. Tracks were then counted in the
sam@ manner as the Lexan in order to determine the dose,

11) The presision of the dates was caleulated from the sums of errors
determined from the number of spontsnecus and induced trecks counted and
from the tragks in the Lexan or glass standards, The ungertainties of the
mtmmormmnmmmwmvuhw
urenium determinations on the glass stendards were not included,

Sheelkes op the valldity of the technique

1) Ages determined on several samples by two operators are in agreement,
(Table 3), Kohn and the writer counted the same surfaces of induced and
spontaneous tracks on three samples, The deose was determined by the writer
onlye

2) Ages determined by counting different surfaces are in agreement (Table
h)s This was done by regrinding, polishing snd etching new surfaces,
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3) The validity of the dates determined using this method wes chescked on
several samples that had been dated by other methodsi=

a) ash layer D from core RC9=113 and RG12+215 dated at 0,31 and 0,32m.y.
B.Pe respectively (Ninkovich, 1968, and Kohn, 1973) by interpolation between
dated palaeomagnetie reversals assuming a constant sedimentation rete, The
fisslon track date obtained by the writer is 0,3250,05m.y.8,P,, (Table 5),

b) ash layer from deep-sea gore RG12+215 dated at 1,07m.y,.B.7.
(Kohn, 1973)s The fissionetrack date by the writer is 1,0220,16m.y.8.P,,
(Table 5).

) ‘the Spooner Tuff, dated by Liecmert, Christoffel and Vella (1972)
on the basis of palasomagnetic stratigraphy should be older than 2,43 and
younger than 2,82m.yB.Ps (using the palacomagnetio scale of Opdyke, 1972).
The fissionetrack date on this sample is 2,62%0,16m.y.3.P,, (Table 5),

d) The Bruhnes-Matuyams palseomagnotic boumdary (0.69m.y.) was
determined by the writer (Chapter 2) to lie between the Potaka Pumice and
the Rewa Pumice, The fission-track dates on these tephras are 0,61 and
Q74 y . B.Ps respectively,

8) Ages are all stratigraphically consistent with one another,

£) Ninkovieh (1968) identiried five tephra layers in cores east of
New Zealand dated at 0,27, 0,31, 0,67, 0.75 and 0,86m.y.B,P. Three
additional tephras from unpublished data oecur at 0,29, 1,07 and 1.13m.7,
BsPe, (Core RC12-215)s Although these cores penetrated sediments with a
maximue age of 3m.y.B.P, no older tephra were recorded, Thus it appears
that a series of large eruptions began in New Zealand a 1ittle over one
million years ago, which is in accord with the dates determimed in this
thesis,
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Zsken on tephresin the Rangitilel River seetion

A thick sequence (24,33m) of marine to estusrine Pleistocene sediments
ere well exposed in the Ramgitikei kiver vellay, The palseontologlosl control
is good (Te Pumga, 1953) and the tephres theve ware the first to be dated and
are treated as a standard sequence for the Wangamnul Basin,

Only thick tephras were dated (Fig, 12, Teble 6); many minor
eruptions were recorded but not dated,

The oldest known tephre in the Wangamui Basin is within the
Ohingaitl Sand near the base of the Nukumsruan Stage with an age of R Y

105020,24mayoBoPs A complete Lsciof tophra horisons within the &u ?
indicates that no significant erupticns cocurred until the deposition of -
the Mangahou Ash at 1.2650,17m.y,8.P. The most signlficant phase of veleanie
aetivity recorded in the Wanganui Gasin began 1,0620,16m.y.8.7, ago, and
lasted until 0,8820,13m.y,3.P, This aetivity produced the detritus that
formed the sediments of the Malkirilirl Tuff Formatlon (Fleming, 1953), which
forms the base of the Okehuan Stage, The next major phage of eruptions
bogan ot approximately 0.74~0.09m.y+B.Ps end lasted until 0,6120,06m.y 3,7,
end formed the sediments of the Kaimetire Pumice Sand Pormation (Fleming,
1953), In the Rangitikei River Valley the next eruptions are recorded by
punice in the Waitapu Shellbed (Te Pungs, 1953), dated at 0,5280,08m,7.3,.P,,
and in the Welomio Shell Conglomerate (Te Punga, 1953) dated at 0,45%0,09
MayeBoPe The youngest tephra recorded in the sequencs is the Rangltewa
Puzdoe (Te Punga, 1953) which is deted at 0,3850,0kn.y.B.P, Sediments of
the Hawera Series unconformsbly overlie this tephva,

it |

1) The Ohingaiti Ash

mmmmmhmmumhmwwm
above
but the Ohingaiti Sand / which 1t oocurs csn be traced to the Wemganul coast
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Fige 12: Tephre and pumice rich horiszons in the Rangitikei Valley
section, Ages in million of years before present.
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3o
Spentaneous Induced " Thermal Age
Eteh tracks tracks neutron | my.B.P,
Semple | Hme |oounteq [ on"2 | oounted | 082 | ‘1:
Crs) | et
Pumioe |10 | %6 |12 | sm2 |assm | a6 |ousstos
a'::i?;u 12 25 14 | 9880 | 35886 23,46 | 0,4520,09
Waitapu
Shell 12 b 169 3710 16206 23,16 | 0,52%0,08
Conglomerate
';::: 0 |10 15 | 5156 | 36672 23,38 | 0,61%0,06
Rewa +
Punlés 1M ” 154 L2441 30182 23.38 0, 74~0,09
poueerir |4 | as | 267 | ser | asses 2hoth | 0,8620,13
}::t' 8 49 255 | suih | 33895 23.38 | 1,04%0,15
w 10 b 220 | 2060 | 255%0 19.95 | 1,06%0,16
"‘.:"“" 12 56 280 | 2586 | 32045 23,38 | 1.26%0,17
amesd® g0 | st 196 | 279 | o7 Sheh | 1.50%0,24

)\f = 6,85 x 10-‘7 ’.‘

]

Table 6: Fission-track dates on tephras from the Rangitikei River section,
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in the west and to the Mesosoic ranges in the east, (Table 7),

The name Ohingaiti Ash is here proposed for the gray, rhyclitic ash
fe5m thick, 90m above the base of the Ohingaiti Sand in the Rangitikei
River (N139/169918), Lka south of Ohingaitd Tomnship,

2) Mengahou Ash

The Mangahou Siltstone on the Vangamni coast contains a considerable
amount of glass, and was correlated by Fleming (1953) with the tephra in the
Rangitikel Valley, 20m beneath the base of the sediments of the Ohekuan Stage,
(Table 7). For this reason the term Mengshou Ash is proposed for the tephre
exposed in the Rangitikei valley, The type locality is on Paikihikure Read
(N139/142816) where 1% coours as o white rhyolitls ash, 0.5m thick inters
bedded with grey-brown silts and sands,

This 13 most probebly the same horlszon as that recorded beneath the
WM&.MMM&“S%WO“WW
Superdor (19)3),

3) Makirikiri Tuff FPoruation

These sediments ocour at the base of the Okehuan Stage. The formation
can be traced across the basin and is readily recognisable because it is the
first major influx of voleanic detritus, Superior (1943) and Te Punga (1953)
respeotively called this unit the Basal Ash and Pakihikura Pumice, Piyasin
(1966) in the east of the basin, included these tephres in the Mangatareta
Formation; Rich (1959) meppedthem as part of the Tua Paka Pormation in the
reglon of Palmerston North (Fig. 13)s As the sediments are readily treced
across the basin the name Mellrikiri Tuff is here extended to include all the
above named corvelatives,

At the Rangitikei River at least three tephra members are recognised
in the Makirikiri Tuff Formation, They were dated at 1,06, 1.0k and
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Stage Wanganui Subdivision ..;0; . Rangltikei Valley
L D)
038 Rangitawa Pumice
Upper Castleeliff Glyeimeris Shellband
Shellbed
(several formations)
g Seafield Sand Toms Conglomerate
o
- Upper Kaleiwi
S8iltstone
Kupe 0445 Walomio Shell Bed
Upper Westmere 81,.S¢.
Lower Westmere 31.5%,
Omapu Shellbed ? De52 Waitapu Shell
Lower Kai-iwd $1.5%, Songhomarate
Kaimatira Pumice Sand 0461 Potaka Pumice
Upper Okelm S1,St,
“ Okehu Shell Grit
Lower Okehu 81.8¢.
0,88 Mangapipi Ash
Makirikiri Tuff 1.04 Ridge Ash
1,06 Palkdihikura Punice
Upper Maxwell
Mangahou $i.8t, 1.26 Mangahou Ash
Ohingaiti 8.5t, 1.50 Ohingalti Ash

Table 7:

Intrabasinal correlation, Dates of horisons in the Rengltikel
River correlated to the Pormations in the Wanganui Subdivision
(vorrelations based on Fleming, 1953 and 1957).
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0488m4yB,Ps (Table 6), The name Pakihikure Pumice 1s here restricted to

the lowest tepara which is 0.5m thick. It is best exposed on the read 200m
south of Pakihikura Creek, (N139/136839). The Ridge Ash oecurs as a unit
approximately 4.5 thick, 27m sbove the Pakihilmura Pumice outercp on the seuthe
east side of the road. The Mangapipl Ash is a tephre unit some 20m thick with
the best exposure at Mangapipl Creek (N139/1351828), Although it is
considered here as one unit it is composed of at least two tephra beds
separated by very ashy sands and lenses of lignite,

The Pakihikure Pumige and the Ridge Ash cannot be distinguished in the
field without stratigrephic control, The Hengapipi Ash however, has a tephre
bed in its upper portion that oontains biotite as & constituent of its
ferromagnesian mineral assemblage,

Three samples of the Malkiriiiri Tuff Pormation tephras from other
arees in the Wanganui Basin were also dzted in this study, (Tedle 8),
Sanples from the Wanganul area (loc. 3, N137/484959; loe. 9, N138/656949)
were dated at 1,04%0,13 and 0,9620,14m.y.B,P, respectively and may represent
either the Palkihilura Pumice or the Ridge Ash Members, The third sample,
from the extreme east of the basin, in the Orous Valley north of Apitd
(¥139/442855) 1is the lowest tephra in a well exposed sequence, presumsbly
the Pakihikure Pumice, and wes dated at 1,0950,07m.7.8.P,

4) Kaimatire Pumice Sand FPormation

The sediments of this formetion represent the second msjor phase
of voloanic activity recognised in the Wangamui Basin sediments, The
formation has never been formelly correlated across the basin,
Superior (1943) mapped the Coutts Creek Horisen, (correlated by
Pleming (1953) with the Kaimetire Pumice Sand Formetion) from Wangenui
to Hunterville, but not to the Rangitikel River or aeress it, On
the east side of this river they mapped the Kimbolton Ash which they
considered to be younger than the Coutts Creek Horison (Fig, 13), The




39.

Spontanecus traeks Induced tracks | Thermal Age
sample | (oioh - =l | somted| o | Mstm oo,
| [y B
wo| 12 65 25 | 1 | ustér | 238 |10 !
X9 10 W7 294 2657 | 44283 23.38 ,0e96
“Qally
P05 | 12 290 500 i W533 | 56163 | 19,95 1,09 ]

Table 8, nswhmeaummmwmmm
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Potaka Pumice (Te Punga, 1953) at the Rangitikei River is the same as the
Kinbolton Ash,

In the Rengitikei Valley two tephre units are present; the older
of the two which 1s 0,74%0,09m,y,B.P, is exposed in the road cut just south
of Rewa village (W144/125797)s It is a pumice sconglomerate up to 1,5m
thick bounded above and belew by pumiceous sands, This unit is here called
the Rewa Pumioce Meuber, Itilalnmmuﬂucimnmm"
(W444/297272) « The younger tephra (0,6420,06m.y,B,P,) exposed at the top
of Rewn Hill, 115m above the Rewa Pumice, is the horiszon mapped by Te Punge
(1953)ummmm,mmmmmmwmm.
At 1ts type locality it consists of 18m of thin to medium bedded fine sand
to gravel, Itllmmmu&oﬂ.ltbyomm.mm
phenoerysts, rmmmtuumnyummu»mm.m
mmwm.mumw.mmm. This facies
uumm.tmmnunmummmammtwm
Kalmatire Pumice Sand at the eoast. Titanomagnetite trece element analyses
(Tms)m-m-mw-ormmumrmm-utww
Rangitikei River and from the tephra member east of the Rangitikel alse
support this correlation, i.e, that the homblende rich Kaimstirs Pumics
Sand is the correlative of the Potaka Pumice.

Superior (1943) mapped the Kimbolton Ash in the region of Finmis
Road, Pohengina (N144/253585), but fission-track dates from this sequence
indloate a mch younger age. Two tephras from this locality (Table 1)
are dated at 0,3220,07 and 0,2620,05m,y,B.P, The ferremagnesian assemblage
of the younger is 95 biotite, % hypersthens, and the older 80¢% hypersthene,
10¢ hornblende and 10¢ biotite., Neither of them resembles the Potaks Pumlocs,

onmmmummwnmammy
mmofhum“ﬁn?ndu&nlhﬂntmlmmﬂg!uhu
(N144/293652) where the hornblende rich Potake Pumice was identified,
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Sample Grid Ref, ™ ¥n v Cr [ Co | M Facdes
A L % | pom | pom |ppw | pom

K149 N1L/016776 | 5.8 | b3 | 3949 | 252 | 70 | 98 | Hormvlende sands
K72 Nhh/216794 6.7 | 536 | 3287 28, | M 98 | Tephra

K7y N4W/132795 | 941 | 4106 | 3201 | 356 | 42 | 116 | Tephra

K90 N139/302820 | 8,8 | ,380 | 3682 | 243 | 60 | 91 Tephre

K51 NIML/131795 | 6.2 | 4509 | 3258 | 371 | 69 | 104 Tephra

K148 N139/710892 | 6,95| <700 | 3343 | 355 | 92 | 104 | Homblende sands
K218 N138/567928 | 6,60 .504 | 3524 | 431 | 70 | 101 | Hormblende sands

Table 9: Partial chemical amelyses of titanomagnetites from the Potaka
Pumice, (Analyst B, P, Kohn),.

Semple | CridRef, (T4 | Mm | V | Or | o |M |  Pacies
% % PPR | ppm (ppm | ppm

K300 N144/125797 | 8.7 | .59 | 1033 | 111 | 63 53 | Rewa Pumice

K76 N138/814853 | 8.3 | o575 | 963 | 76 | 47 | 47 | tRaukaten Ash

K148D N138/710892 | 8.95| .500 | 439 | 119 [118 (339 | Keukatea Ash

Table 10: Partial chemical analyses of titanomognetites from the Rewa
Pumiee and Kaukatea Ash. (Analyst B, P, Kohn),
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Eteh | Spontanecus tracks | Induced tragks Thernal Age
Sample | time -l -2 neutron

(sees) | counted en" loounted | o, | dess gc

_ (=p ) | (xtoVrneen .

Upper 18 b 85 2557 42532 23400 Oe28
20405
H

Lower 13 23 15 5228 52165 23.38 ,Oe32
=0,07

s e

Table 11, Fissicn-track dates on tephra frem Finnis Road, Pohanginae

" Induoed trascks

Table 12: Fission track date on tophre from Kaukates Road,

Eteh | Spontanecus tracks Thermal Age
Sample -2 -2 :“ MY »
om se
(se0s) | sounted em © |oounted (oppeu) (:QO“h.g'a) B.P,
yrsamiany IR T B i R R BRI
:L ol e J-Jr
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Voloaniclastic sediments mapped by Rich (1959) as the equivalent of
the Kalmatirva, u.tummm-(mso/mm)munw
correlated. Aumatmwwhmhmuimhr.
Completion of the dating of this sample by the fissionetrack method has
boen deferred because it will be extremely time eonsuming,

Thus, the Kaimatire Pumice Sand Formation can be treced from the
coast (N137/418930) to the ridge between the Oroua and Pohangine Valleys
(NM144/376673) where it is lost before being recognised in the Pohangina
iver Valley again, It includes two tephre mesbers, the Rews Pumice
(0u7hmey.B.P,) and the Potaka Pumise (0.61m.y.B.P.), West of the Rangitilkei
mmuutummummut.uwmuw
of the Potaka Pumice can be identified in the upper portions,

5) Kaukatea Ash

The Kaukatea Ash 1s a tephra unit 4m thick exposed in the high
valley sides of Kaukatea Stream, (N138/710892), overlying a massive siltstone
approximately 15m thick containing the fossil Ghlamys gemmulate. This in
turn overlies hormblende rich pumiceous sends identical to the dominant
western lithofacies of the Potaka Pumlce. Fleming (1953) mapped these
sediments as part of the Undifferentiated Kaieiwd Croup, The outerep is in
Mﬂnm&ormuuormmuem(unmmmw)
and his map suggests that the Kaukatea Ash (though not mamed by him) is
near the top of the Croup, Howsver, on the basis of the hormblende and the
trace elements of the titenomagnetites (Sample 1484, Tsble 9), the present
writer foels that the hornblende rich sands are the egquivalent of the
Kaimatire Pumice Sand, On these grounds, the massive siltstone is most
1ikely to be the equivalent of the Lower Xai-iwi Siltstons, (Fleming, 1953),
The stratigraphioc position of the Kaukatea Ash is thus pestulated to be at
the top of the Lower Kaieiwi Siltstone, The implied southward displacement
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orﬁnnmmunmnummanhmmm-mnmu
ue to a series of east west faults mapped in the reglon but not trased
extensively,

The type locality of the Ksukatea Ash is en the southern side of the
Kaukates Strean Valley (N138/710892) It has been dated at 0,5750,08
BeYeBsPy, (Table 12) a date consistent with the present stratigraphie
interpretation,

6) Waitapu Shell Conglomerate
mmwmcmamuuammmuﬁo

Rangltikel Valley (N144/026749) but as yet has not been recognised elsewhere

in the besin, The fisslonetrack age of its glass is 0,5280,08mey.B.P,

(Table 6), A-wmummmmuommnumu

u-u.hﬂammtumuuyummmnuu«mm-p

treck age,

7) Walomio Shell Bed

mmu»mmumm»nawmuuﬂaum
on the glass of 0,45%0,09m.y,B,P, The remarks sbout the age on the Waitapu
Shell Conglemerate apply here also, Fleming (1957) placed this herisen
ummmzmmrmhmammms”
mﬁn-ilamtlnefﬂulupo!mﬁuorﬁumhbum“
(Fleming, 1957), (Table 7).

8) Rangitawa Pumice

The Rangitawe Pumice was first resognised by Te Punga (1953) in the
Rangitawe Streanm, (N143/958627), a small tributary of the Rangltikel River,
Ith.mthnmommolnhmm. The member is
wmmmwmammemmmumm
of the pumice of 0,3820,04m,y.8,P, ﬂmolm-mforﬂuw«
this series,
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Rates of sediment acowmlation

The sedimentary sequence is thickest in the Rangitikei River section
and thinnest along the present Wanganui coast, The time represented by the
Okehuan Stage is 0.61m.y. At the Rangitikei the thickness of this stage
is 800m indicating a sedimentation rate of 1.3im/ky. At the present coast the
maximum thickness is 117m, indicating a rate of sedimentation of 0,19m/ky.
(Thicknesses based on Te Punga (1953) and Fleming (1953)).

In the Rangitikei Valley the thickness from the Pakihikura Pumice to
the Ohingaiti Ash is 743m with an age span of Ouhdim,y,, indicating a rate of
sediment acoumulation of 1.,69m/ky, Assuming the same rate for the lowest
90m of the Nukumeruan, and for the Hautawan, ages of 1,55 and 1.,87m.yB.P,
are obtained respectively for the begimning of these stages (thicknesses
based on Superior, 1943). The age on the base of the Pleistocene (i.e,
base of Hautawan) is in good agreement with the age near 1,79m.y. from
palacomagnetic stratigraphy in the Wairarapa (Kennett et al, 1971), and
with the estimated age of the base of the Calabrian in Southern Italy
(se114, 1967).

The ages of the boundaries of time stratigraphic units are
summarised as follows:

MyyeBuPs
Hawera Series < 0.38
Castlecliffian Stage 045
Okehuan Stage 1,06
Nukumaruan Stage 1455
Hautawan Stage 1.87

The section on the south side of Hawke Bay, westward from Cape
Kidnappers (Figs 14) is well exposed and contains many tephra beds,
Fleming (1957) suggested that the Maraetotara Sand which unconformsbly
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Flgs 14 Stratigraphio sequence of Pleistocene sediments at Cape
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overlies Waitotaran streta, is young Castleeliffian i.e, from this thesis
less than 0,45m.y.B.P,

Four fission-treck dates from glasses in this secticn have been
deternined, (Table 13). The upper beds of the basal tephra (Sample 217)
contains blotite and this faot, together with the age of 0.8530.1On.y;5.1’.
identifies it with the upper tephra of the Mangapipi Ash NMember of the Malkirdldrd
Tuff Pormation,

m;mmmmumuuuammmmmm
from Nareetotara Sands to the top of the Mt Gordon Beds where en age of
0.4750,09m.y, wes determined, (sample 220), Although this date is within
the error limits of the Walomio Shell Bed and the Waitapu Shell Conglemerate
uuounotmmuouuumeu.mmmm
as do these two hordsons in the Wangamui Besin,

mmm-«mmmupuupmmuum
043620,08 and 0,3220,07m.y,8.P.

To identify and correlate the individual tephra layers more work must
uumumtmgmmnmnumuommumu
properties together with the fission-track dates,

Sexrelation of tephrosin deep-ges sediments

Ninkovigh (1968) determined ages of rhyolitic tephre in deepesea
mammrﬁnoﬂmimwmm‘tetﬂnm It is supposed
that the tephreseriginated from the central volecanie distriet of New Zealand,
Finkovich uﬁnﬂthowotﬂnmbyhﬁmhmm&ﬂ
Mm-.mmmhwmmmh
core tops, assuming a constant sedimentation rate in the intervals,
Finkovich's published ages, and additional ages not yet published (pers,
comm, to B, P. Kohn, 1973) are compared with the tephra dates from the
Wanganui Basin in table 14,
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[Bpontaneous | ;... 008 tracks [Thermal
Nusber secs) | counted u’z counted (_".52) 1 <2 B8.P.
L8 7 (510 *nem ")
‘q*
226 |Second tephra| 8 25 X 1482 18483 | 23,16 0.32
in the Trig 20,07
i Beds
223 |(20m below 13 22 55 1739 21683 23416 04,36
the top of 20,08
Rabbit
Gully Beds
220 |Top tephre 13 | 27 104 | 2543 | 31683 | 23,46 0?7
in the Mt =0409
Gordon
Beds
217 |Uppermost 10 s 168 | 2285 28391 | 23.16 0485
tephra in =010
the Kid~
napper
Tuf'f
\g = 685 = 1077 5!

Table 13: Fission~track dates on the tephra at Cape Kidneppers, Hewke's Bay,
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e
Wanganui Basin Age ' Deep-sca cores
ReyeB.P (Ninkovich, 1968, and pars
e comm, to x.h,'im) :
. e e
core core
RC9=113 RC12-215
Upper Finnds Rd 0.28 0,27 0,27
Ce29
Lower Finnis Rd Ou32<— >0e31 Ce32
Rangitawa Pumice 0.38
Waiomio Sheli Bed Ok
Waitapu Shell Ve52
Conglomerate
Kaukatea Ash 057
Poteka Pumice 0.61<« —>0467 0464
Reve. Pumice Q.74 Q.73 Q.77
Hangapdpi Ash 0488 « > 0486 ' 0.87
Ridge Ash 104
Pakihilura Punice 1,06 « —> 1.07
Mangahou Agh 126 <« > 1413
2l

Table 14. Tentative mumuwmammuwm
sea tephras. (All ages in mey.B.P.),
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The deep-sea tephra dated by Ninkovieh at 0u86m,yB.P, contains
blotite, like the upper unit of the Kidnapper Tuff and the Nangapipi Ash,

Konn (1973) correlates the Lower Ahurca Ignimbrite with the tephre
dated at 0,64 and 0,67m,y,B,P, in the deep-ses cores. As is disoussed below,
the Lower Ahurca Ignimbrite is most likely the correlative of the Potaka
Pundce, thus the Potake Pumice is correlated with the 0ul and 0,67 n.y,B,P,
deep-sea ﬁpﬁn.

The horison dated at 0.31m.y.B,P. by Ninkovich has been identified
és the distal ash of the Whakameru Ignimbrite (Kohn, 1973), This contains

hypersthene, hornblende to a lesser extent and & small pereentage of biotite,
mm—fhm:auﬁhpunuhhhmuhumm
(M44/253585) dated at 0,3250,07m.y.8.7,

Igninbrites are correlated with the Wanganui Basin tephresen the
basis of fissionetrack dates, thelr ferromagnesian mineral assemblages, and
in some cases magnetite trace element compositions,

The oldest tephra in the Wanganud Basin is the Ohingaiti Ash dated
at 1.50m.y48,P, Kohn (1973) dated the Tridymite Rhyolite from Coromandel
at 1.50m.7.8,P, and the two are correlated because of their cemparable age
and the lack of other ignimbrites or distel tephresof similar age,

The Mangahou Ash (1,26m.y.B.P,), the Pakihilure Pumice (1.«6-.,3:.?.)
&nd the Ridge Ash (1.04mey.B,P,) ere most likely correlstives (of dgnisbiites
‘dnothe King Country, such as the older mesmbers of the Pakamsunau Group - the
Rangitoto Ignimbrites,(not dated by Kohn (1973)} These imclude the Pumice
Lapilli Ignimbrite, Ngarows Lentioulite, and the Crystal Lithie Lapilli
Tgnimbrite, (Blank, 1965), which all have reversed polarities, determined
during this study, (Table 15) and are consequently older than 0.69m.y.B.P,
Furthermore, they are overlain by the Ongatiti Ignimbrite which is alse




:—T“ . -
King Country Ignimbrite Deslination | Inclinatieon Sr
mo“
Ongatiti Xgnimbrite 164,82 79.67 Q.147x 10
Pusioe Lapilli Tgnimbrite 208,66 45,89 04401 % 10 -
Ngaroms Lentiouldits 184,67 56.79 Outhbx 10~
4 v,_*, S—— -
ol e e 163448 81417 0ul10x% 107>

Table 15, Palasomagnetic determinations en cores tra King Country
Igninbrites. Positive inclination indicates reversed
polarity,
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reversed (Table 15), and dated by Kehm (1973) at 0,75m.y.B.P, As the
Rangitoto Ignimbrites are the oldest kmown in the cantral voleanie district,
they are 1ikely to be correlatives of the first major tephre influx into the
Wengamii Basin, (Table 16),

The Mengapipl Ash Meaber, 22m thick in the Rangitikei Valley is
congidered to represent several eruptions, At least two different minerel
assemblages ocour in different horisons within it, One tephra in the lowey
part contains sbundant lithic fregments, while another tephra in the upper
part, dated at 0,88msy.B.P, contains biotite and hypersthene, Kok (1973)
dated the Aongatete and Waitearili Ignimbrites from Coromandel at 0,86 and
0,841,y sBsPs respectively and showed from trace element analyses of their
titanomagnetites that neither could be sorrelated with the 0,86m.y.B.P,
tephre of Ninkovieh (1968), Thus et least three ignimbrites are beliesved
to have erupted at this time and the Mangapipi Ash may contain the distal
deposits of them all,

The Rews Pumice is dated at 0,74m.y.B.P. On the basis of trece
element data from its titanomagnetite (Table 10) it cannot be correlated
with any ignivbrite noted by Kohn (1973, p. 160). It may bo the distal
tephra of & pumice brecciz thet because of poor censolidation, has beemn
completely eroded from the mmnwzmmmown. or mey
be buried,

A very pumicecus horizen (not dated), 20m bencath the Rewa Pumice
in the Rangitikel sequence may be the equivalent of the Ongatitl Ignimbrite
dated at 0,75m.y4B.P., (Kehn, 1973),

Abundance of hornblende and trace element composition of the
titanomagnetite of the Lower Ahuroa Ignimbrite dated at 0,65mey.B.P, (Koim,
1973) are similar to those in the Potaka Pumice (Table 9),

The Xaukatea Ash (0,57m.y.B.P,) and the pumice of the Waltapu Shell
Conglemerate and the Walomio Shell Bed are possibly correletives of some




Age | Tephra or tephra | iineral d wo(s) 1 ( Age
. assemblage gniabri Kohn, 1973)
lor.!.l' bearing horizon of tophen ey oBePs
0.28 Upper Fimnis Rd ) |
tephre
Q.32 Lower Finnis R4 3 Whakamaru Q.33
tephra
0.38 Rangitawa 2 Atlamurd > 033
Pumnice < 0,58
045 Waiomio Shell 3 ]
et .
Paeroa
0052 Waltapu Shell 3 4 > 0433
' Gonglomerate - m < 0,58
0.57 Kaukatea Ash 5 )
0461 Potaka Pumice 2 Lower Ahuroa 0,65
OeTh Rewa Purdce 2
0.88 Menga Ash 3 Uninown
iy 2 } Walteariki O.:
Aongatete 0.
1.0, Ridge Ash 2
1.06 Palkihikura Pumice 2 J Rangitoto > 0,75
1.26 Mengahou Ash 2 (%)
1.50 Ohingaiti Ash 1 Tridynd te 1.50
Rhyelite

——

Tsble 16: Tentative correlation of Wangsnul Basin horisons with ignimbrites

of North Island,

(r) signifies reversed megnetie polarity determined during this

study.

+ FPerromegnesian assemblage

1 = hypersthene

2 = hyperstheae + hormblende
3 = hypersthene + hornblende + blotite
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of the Paeroa Renge Group Ignimbrites (Martin, 1961), Kobn (1973) dated
the oldest of this Group, the Te Kopla Ignimbrite at 0,58m.y.B,P, but this
has a different titanomagnetite chemistry to the Kaukatea Ash (Table 9),
The Waitepu Shell Conglomerate pumise hes a mafic mineral comtent of 856
biotite similar to the ignimbrite capping the highest part of the searp at
the type section of the Paerca Range Group, (Martin, 1961), As the Walomlo
sh-nmnnmmammueﬁu.uauuuuummodh
fell within the renge estimated by Kohn (1973) for these ignimbrites (0,33
to 0458m.y4+B.P.) they are considered to be correlatives. The tentative
correlation of the Waitapu Shell Conglomerate with the topmost Paerca
Igninbrite suggests an age of O.uBmuy.B.P. for the latter,

The Rengitewa Pumice, 0.38m.,y48.P,, containg hypersthene, hormblends,
and augite but not blotite, It may be the equivalent of the Atiamuri
Ignimbrite which is not dated but is considered by Kehn (1973) to be
younger than the Paeroa Ignimbrite, The Walotapu, Whakemeru, Te Whaiti
and Rangliaild Ignimbyrites can be discounted as correlatives as they all
contain biotite,

in ihe lower tephra at Fimmis Roed (0.32m.y.B,P.) hypersthens is the
dominunt ferromagnesisn mineral with biotite and hornblende subordinate, as
in the Whalmsaru Ignimbrite (0.33m.y.8.P., xom. 1973).

In the upper tephra st?inhl.ui.? lbm the lower, biotite is
the domimant mafic. The age dotermined on this unit is 0,28m.y.B.P,
Ag yot no correlative of this is lknown,
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DETAILED SEDIMENTOLOGY OF SOME LOWER OKEHUAN SEDIMENTS
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GENERAL INTRODUCTION
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!Inmuotmohhuotowm‘m.uﬁﬂ
direction of sediment transport, mode of deposition and post depositional
changes within a portion of the Quaternmary sediments of the Wanganui Basin,

A sequence of sediments was required that could be traced scress the
entire basin and that was defined at top and bottom by reliable time planes,
The sequence chosen comprises the five formations of the lower Okehuan
Stage that were defined by Fleming (1953) at the west side of the basin
as the Makirildri Tuff, Lower Okehu Siltstone, Okehu Shell Grit, Upper
Okelu Siltstone and the Kaimatire Pumice Sand Formations, The lower
four comprise the Okebu Group, while the fifth is the lowest formation
of the Kai-iwi Group, The two voleaniclastic formations afforded the

required time planes (Fig, 15).

Exevious Werk

Of the many geological reports on the Wanganui Basin those most
prumtummcmcmmmmnmmwmumc
0il Company (referenced in the text as Superior, 1943), unpublished theses
by Rieh (1959) and Piyasin (1966) and publications b’n—lﬂl“”}) end

Te Punga (1955). The only mapping extending across the entire basin is
that of Superior, Maps of the other authors cover smaller areas within
the basin (Fig, 16),

The lithostratigraphic nomenclature of Fleming (1953) has been
extended across the Wanganul Basin, sorresponding units being synmomimised,
Correlation of the volcaniclastic formations has been discussed in Part I,
and the main conclusions ave briefly reviewed:s the Makirikiri Tuff end
its westward equivalent the Butlers Shell Conglomerate inelude the Basal
Ash of Superior (1943) and the Pakihilura Pumice of Te Punga (1953), the
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Fige 15: HNap tracing the outorop of the Makirilkiri Tuff and

Keimatire Pumice Sand Formatiomns, Plain lines are
mtlo
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Fige 16: Map showing the areas covered by geologlsts (other than
Superior (1943)) whose 1itereture is pertinent to the
present study,
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lower part of the Mangatarata Formation of Piyasin (1966) and the lower
Tua Paka Formation of Rich (1959). The Kaimatire Pumice Sand is equivalent
to the Coutts Creek Horizon (Superior), west of the Rangitikei; east of
the Rangitikei 1t ineludes the Kimbolton Ash (Superior) and also the
Potaka Pumice (Te Pungs) everywhere except on the ridge just west of the
village of Pohangina, The upper Tua Paks of Rich is not the equivalent
of the Kaimatire Pumice Sand being much younger,

Between the two wolcaniclastic formations Fleming mapped the Okehm
Siltstone Formation in the east of the Subdivision and the Lower Okehu
Siltstone, Okehu Shell Grit and the Upper Okehu Siltstone Formations at
the coast, The Okehu Siltstone becomes sandier in the region of the
Pohangina River, It is readily distinguished from the bounding formations,
being composed of grey thin-bedded monotonous sandy silt without eny
voloanic detritus,

Senexel palseogeographio results from earller studies

Superior (1943) suggested that these Okehuan sediments were the first
orum«mnﬂamuuuummﬁg.mnm_
non-marine and estuarine sediments,

Fleming (1953) concluded that the Butlers Shell Conglomerate was
deposited unconformably en Nulumaruan sediments as sandy shell banks of
the intertidal sone that interfingered with intertidal silts, HNe
recognised the woloanie detritus in the formation and correlated it with
the Makirikiri Tuff., The latter formation contains little faunal evidence
wmmmmummnuu.muam
alluvium, cmmmmumwnnm.wmuu
Mumnmmntmmmmmmtuqq
represent material charred during eruptions and brought down from the
eantral voleanic region,
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At the coast, Fleming recognised an erosion interval between the
unmmmummmommm.umm
between the Okehu Shell Grit and the Upper Okehu Siltstone., These
intervals are not evident towards the east, e considered thet the
deposition of each siltstone formation was initiated by & marine transe
gression, with the silts themselves being deposited offshore., East of
the Whangaehu River, the siltstones are practically barren of fossils
and Fleming mede no attempt at interpreting the palasogeograshy.

He oonsidered the Okehu Shell Grit to have been deposited in an
intertidel and subtidal envirenment on the wave planed sediments of the
Lower Okehu S1iltstone,

The Kaimative Pumice Sand, he suggested, was deposited in various
sub-envirenments of the shallow water sone with sediment supplied from the
central North Island voleanic region. He suggested that facies lagking
fossils might be due either to very high sediment scoumilation rates or to
low salinities, In the present study sedimentary structures are desoribded
which tend to confimm a rapld rete of sediment sccumlation, Penecontempor-
ansous deformation structures, formed where sediment was acoumulating very
repidly, were also noted by Fleming ond are deseribed in detail in the
present study,

Te Punga (1953) recognised that sedimentation wes continuous in the
Rangitikei Valley area, He suggested that the two voleanielastic units were
mmuwmu«ummuuwummommu
offshore at depths greater than five fathoms. Fossil assesblages at eertain
horisens in the Makirikiri Tuff he considered typical of intertidal estusrine

conditions, @.g. the Mangapipl Fossil Beds, whereas those at certain
Whh”%“ummwhhmu‘m
ooastal beach, e.5. 2 shell horizon 13m below the Poteka Pusmice,

Rich (1959) correlated the lower portion of the Tua Paka Formetien
with the Makirikiri Tuff Formation; no evidence has been found in the
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present study to dispute this even though the upper portion to the east
of Tua Pake Farm is now lmown not to be the squivalent of the Kaimatire
Pumice Sand (fissienetrack date, Part I)., Rich suggested that the sediments
mmmumumum.mmmm
estuarine or littoral, to fresh water, His conslusions were based on faunal
mmmnh“nnhﬂmorm.mm“m
marks and intreformational conglomerates,

On the basis of faunal evidence Piyasin (1966) considered the
Mdﬁ.l“huhhmﬁmhmm&podﬂhﬂn
littoral sone,

JBxtent of f{ield work
mwmmmcwmmmnmmmem-m

smummm-mmmumnmummmu

along road sections perslleling the rivers. Exposures are infrequent on

the interfluves but those that éxist were examined, Appendix 2 eontains

muumm«mmmmwxsummu.

&eneral rogults regarding stretigraphy

Stratigraphic colums are presented in figure 17 (fold ocut, back
pockst)s The most striking feature they show is the variation in sediment
thicimess, with & minimua of approximately 60m along the present Wangamul
Soast and a maximum of 500m in the reglon of the Rangitikei River,
Correlaticns of horisoms between columns ave based on fission-track dates
and the petrography of the tephra units, The percentages of voleanic
wmmuuumuerm»m-umm«nﬂmuu-nu
and elearly distinguish the three primary formations. Sequences within
each section are referred to in more detail later.

Mm«mmmaumummwm
mtﬂmwwuhmmhmmm. The
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erea of maximum accumuletion was in the centre of the basin where no
major breaks were recorded, As all the sediments were deposited in
shallow marine to estuarine environments the centre of the basin must

have been subsiding continuously during deposition of the sequence examined,
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Bolhuhry\ structures or assoolations of structures can be used
to interpret depositional and pest~dspositional processes, In the present
study area diverse structures abound in the voleaniclastie and shell
conglomerate formations but only plane parallel laminstion ocecurs in the
Okehu S5iltstone Formation,

Nost of the structures in the voleaniclastic formations are compareble
to these found by other authors in shallow water marine to intertidal
deposits. Structures in the extreme eastern fyinge of the basin are more
suggestive of fluvial deposition, These conclusions are in agreement with
the palasontological evidence of Superior (1943), Fleming (1953) and Te
Punga (1953).

Ancther conclusion obtained from the sedimentary structures is the
very high rate of sediment deposition by currents carrying voleanic detritus
from the centval velcanie region of North Island,

Zrimery structures
A) Cross-stretification

I) Small scale structures®

i) Ripple marks

ENWM“NW&IMM&.AM
are composed of moderately serted coarse silt to fine sand, Due to the
unconsolidated nature of the sediment, bedding plane surfaces are seldom
exposeds Thus the plan form of the ripple can be determined at very few
sites only.

Nou»hmmmuuﬂnomsunmmm nor
hMmthMlmﬂnhﬁnmthdm“
MthmmumwumaMmmmlym.

¢ Based on the clagsification of Allen (1968),




.“‘

At localities where rippled surfaces were exposed at least three
messurements were made of each of the following parameters: amplitude,
height and ripple aymmetry; aeverages were then computed (Teble 17), Ripple
index (Tanmer, 1967) wes computed and plotted ageinst ripple symmetry index
(Fig. 18)s The ripple symmetry is high (RSI appromches 1,0) and the date
all plot in the area delineatsd by Tammer (1967) as vipples produced by
wave action,

From the relationship of Tamer (1959), wavelength against water depth,
one cen conclude that the ripples in the Wanganui besin were formed in
water depths less than 12metres, A few horisons (site nos, 97 and 192)
have ripples with a ripple index less then 5 whish Tamner (1959) suggests
were formed at depths less then 300mm,

Rhombold ripples were noted at one locality emly (Lee. 37, 1139/302837),
nm-uum(ms).tnmm;mtmmmauu;m.
mmﬂht%mnmmwuluMuM
mynuma«mmtmmuamummmw
umuhnhnhﬁdtoﬂumhunofhm. Thus at
locality 37 where the ripples are formed of fine sand, the angle of alope
of the beach was between 2° and 5°, Shepard (1963) also concluded thet the
wnmefchﬁﬁnhﬁhm.mhf.

11) Riple-arift eross-leminetion

This form of small scale bedding ocours very frequently, in fine teo
mdiusmdmduofﬂmmwrmmwﬂuulmﬁo
formations, particularly the Xaimatira Pumice Sand,

Types A, B and € of Jopling and Walker (1968) were all recognised,
Most cosets of ripple-drift cross-lamimation are continuous over the length
of oach exposure (up to 200m), Prequently this type of bedding shows
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bipolarify of eurrent direction, 1.0, the furesets d4p in oppesing
direstions, suggesting that they wewe formsd by obb and flow of tidal
owrrents (Reineck, 1963),

The formation of ripple-drift cress-lanination requires excess
sodinent supply from above (MoKee 1565, Sandsrs 1963, Jopling and
Walker, 1968),

The nost ccmmon form of ripple-drift ercss-lamination in the
Wanganui Besin 1s type A (Fig. 19), which Jopling and Welker (loe. oit.)
suggested la formed when the ratic of suspended to traction load is
relatively low, i.0. deposition is dominantly from traction,

Figure 20 illustretes type B, which Jopling and Weller suggested
mhﬂ“hnﬁbwmhmmuuﬁw
to preserve the stoss side,

As the ripple-drift eross-lamination in the Wangenui Basin sediments
nummunwmmmmm.u
umuucmwmrmuwmmummwm
waters from the central veleanie region of Nerth Island following velsants
eotivity (7. W, Cole, pers., comm,). Repid evosion and runoff is to be
expected because the source area would have been depleted in vegetation as
Minmntmmh-mou.&ncmm
Papua (Tayler, 1958), It should be emphasised that the eruptions
mﬂhﬁon«m.hummun“mmw
than any that have been recorded in historie times. Lignite lenses of
charred vegetation at the bases of highly weloaniclastie layers give direst
m»ammmevmuuuuomm.

Commonly nssoointed with the ripple-drift crosselaminstion are
wavy beds, (Reimesk and Wunderlich, 1968), (Pig, 21), They are often
assoclated with oyclic sequences (Fige 22); the thickness of each syele
varies from 60mm to 200mm with & mode around 110mm (Fig, 25) and the
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Pige 19: Type A ripple-drift crossestratification, (Jopling and
Walker, 1968), Bar seale 30mm,

Fige 20: Type B ripple-drift eross-stratification, (Jopling and Walker,
1968).
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Fig. 21: Wavy and flaser bedding in the Kaimatire Pumioe
Send, Bar scale 100mm,
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mtmmm«mmmm»mcﬂnmuum
sharp, Inu&mhmhﬁnudwﬂn;hmuum»c.n
1ouuve(uue/6m7)mmu-uamummnuam
m.mmuuon.ummmmm.mm
sise of 5,06 phi, and a standard deviation of 1.67, This variation in
mu:muwmotﬁnquu.ﬁuwuﬂﬁfﬂ-m
composed of coarser material,
m«nm.wm-mmuadmauwu(ug.u);
mmxmmnmmxymtnﬂumwmm.
uMﬁmmumWAhﬂnmmanh
wn.ummmmumrmmawuw
ineipient plane parallel lamimation in its upper portions,
mmu«m.mmumummumm"uh
n,cmnmuum&m(lm.1962).m-wnpnmtaaum
decrease in flow regime, As with turbidity ourrents no dune phase is
present; ﬁolmﬂmm&hlmﬁummuthlwm
of the upper flow regime, (Fig. 24), Jopling and Walker (1968) noted that
WAHM“&NMWM:MWMM
suspension in sediment transport, Thus any dunes that may have been formed
mmm:m--mmwunumm. As the
finer material is dropped from suspension, type B ripple-drift cross-stratie~
fieation sometimes formed,
Thmuhurudnmuhhmmlhoﬁuﬁm
mmmmmumtmnnowmwmnm
mmtummu.mwvmn 1.0, that the material was

mummhmwhmbﬁo-tht
mmmmmmm.pemauﬁnmunxm.-&t




water surface
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Ripples
(a)

Dunes with ripples superposed

(b)

Plane bed
(d)

/\/\

Antidunes

(e)

,—\

Chutes and pools

(f)

H‘.

24t Diagram to illustrate the concept of flow regime, (after

Simons end Richardson, 1961),

The sequence (a) to (f)

represents the idealised sequence observed in flume
studies as the stream power is inereased. Forms (a) to

(e) define the lower flow regime,

the upper flow regims,

and forms (d) to (f)
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mmmmmummmmmwvm
uhtwmmummorﬂumuum

mmmmmmmm»mofmmmmm
sequences and in some of the tephra beds, In the latter, the contact
bommmuhutnmuﬁoanutulmg;
these are interpreted as representing oscillatory flow conditions within
nmtumhgmhﬂuuomuohtmmwmﬁy
erupted and mey have been blanketing the central veleanio regien,

Ianm.m.mquﬂuoﬁm
wmmmmmumormumnmtﬁnmhm
was formed by sediment laden flood waters coming down frem the voleanie
region of centrel North Island, It is possible that each eyele represents
one flood,

mumuuormunuﬂumnvwmm
mmuwummmmumum
other than the ayeclis type deseribed above, The contacts between the
mmmwm-nummmmmvponmt
do not appear to be gemetically related, The sands eontain the greater
proportion of volcanic debris, m-vmnmom&omw
nqmcmum.mmom-mumww
introduced during floods,

1i1) Flaser bedding

Flaser bedding (Fige 25) defined as crossestratifisation with
ummmmwnouukmmohnm)qumu
sequences west of the Oroua Valley, All types of flaser bedding were
identified within the study area, Reineck (1960) dnterpreted silt flasers
%o represent rapid fluctuations in mode of sediment deposition with the
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flasers formed during quiet periods, This interpretation is consistent in
mmmnwuttummmmmmu
associated with horisons that progressively grade upwards from eoarse
sands %o fine silts, a feature not dissimilar to the graded oyelic '
sequences described earlier, mumtmmmoMMbyh
overlylng ooarse sands (Pig. 26), such that each upwards greded unit is
muumuumcmunrmmmmmmmmt
mm-ummupatxammmt.

Host of the flaser bedding, however, is identical to that described
by Reineck, who suggested that it is characteristie of tidal depesits,
The bipolarity of the ripple-drift ervss-lamination is also consistent with
& tidal environment,

II) Large seale structures

Large soale cross-stratification is also confined to the
voleaniclastic formations, They are best developed in the Makirikiri
m.qummmmmmxmm.
Several m.mwummm

1) Struetures in sand

a) The first group (Pig, 27) deserided are those formed in
medium to coarse sands with more than 79% veloanic detritus, They are
-umm-m;u.-mmomnm(m.a)mw
stratification of Allen (1963) and they are tentatively considered
to represent climbing dumes, Little reference is found in the 1itcrature
to such structures but Blatt, Middleton and Murray (1972, p. 132) state
that "Dunes may migrate up the backs of other dunes,...". As the Wangamui
lutnfomlunmoh-hi.hpomhpu‘nlmhnm&qwhn
tm&wuﬂﬂyhumhﬂnnn@uﬂlmuﬁhm
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thboddn;intb‘hiuﬂn?ﬂiﬂlmd. Knife is
240mm long.

Fig. 26: Graded bedding and erosion of silt flasers, Bar scale
50mm,
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Fig. 27t Large scale cross-stratification in medium to coarse
sands, Ruler is 300mm long,
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Alpha | —

Omikron

Figs 28: Partlal reproduction of classification of oross-stratification
of bedding forms (Allen, 1963) described in the text,




to traction ratic fairly low, as stoss sides are seldom preserved, (As
Type A ripple-drift cross-lamination),

Suitable conditlons for the preservation of this strusture exist
in channels in tidal estuaries, tidal sand banks and the sandy floors of
tide swept seas, (Allen, 1970).

b) The omilron and pl forms (Pig. 28) of Allen (1963) are alse
common in medium to coarse sand, These may represent migrating, not
climbing dunes. The geometric form is similar to mege ripples or dunes
of the North Sea (Reineck, 1963). The eross lamination is dominantly ebb
orientated but always has a bimodal charmoter, Reineck (1963) found that
nm”upphnmcmnmdhmwmwmtmwlum
mgpmunhuuammu.umhummm.u
agreement with the depths of similar forms veported by Allen (1970, p. 176).

11) Cross-stratiffcation in pebbly er shelly sends and conglomerates
a) Low angle (dip less then 15°) planar erossestretification

is typically sssociated with alternsting very thinly bedded shell songlom
erates and silts, The shells ere worn and often broken, The sets are
80-300mm thick and all have bimodal veotors, (Flg. 29), It is suggested
thmmuonmﬂmmumhmnm
influence., Such features are illustrated by Allen (1970) as parts of tidal
current ridges,

b) Single sets with a set thickness 1.0+5,0 metres and a
foreset dip averaging 20° (Fig, 30) are assoslated with the seme 1ithology
as the above, mmummmmmrmmm. in
the reglon west of the Rangitikel River, At ome locelity (Loe, 8,
N138/624907) the structures (Fig, 31) are well exposed and have an overall




Fige 29t Large scale crossestratification in the Okehu Shell Grit,
8pade one metre long,

Fige 30t Large scale cross-stratification in the Kaimatire Pumice Sand,
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Pigs 311 Large scale cross-stratification in the Kaimatira

Pumice Sand Formation, (N138/624,907). Post one
metre high,
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lensoid form with & unimodal dip direstion, The forms approximate the
epsilon and alpha (Fig, 28) oross-stratification of Allen (1963) wut airrer
in their heterogeneous 1ithology and having an erosional sontast, Allen
(1963) suggested that the solitary units of homogeneous lithology represent
banks in rivers, estuaries, beaches and in the shallows just off beaches.
Such banks have also besn deseribed by Hilsemenn (1955) in sediments firem
the North Sea and from the Molasse in Switserland, It is probable that in
mwmwwmuﬂuunmummmw
vaters where shells asccumilated and were repeatedly covered by a
protecting layer of fine sediment,

4i1) mmwunnmmm
alternating layers of silt and pebbly conglomerate (semetimes shelly) .
muummmmm-awm-.mmumho.h
thick, (Fig, 32), The sets can be traced for at least 50 metres in most
exposures and have uneven lower and upper contaots, It somewhat resembles
the pi form (Figs 28) of Allen (1963). Knight (1929) believed that each
.ﬂotﬁiotywmldhul;ﬁto&.m;lﬂﬂnhgttw
under water, cmmmummmn.mm.muu
nm.rnmuummuumm.nm(omu
and Terwindt, 1960),

Directional measurements of this type of cress-stratirication were
mtu“thMthnﬁom
of the dip of the foresets is uncertain, In similar deposits in the
Wzot.nm.ommrmuim)mmupum
dﬁotommmﬁonm.hthM(im)
mumdthtmﬁmhmmlﬁhwmthlfmmlm
munummtumunmumnm
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Fige 32, A and B: Large scale cross-stratification interpreted as
channel lag deposits, Spade onemetre longe
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iv) "mega flaser" structures .

Large scale flaser strustures (Pig. 33) were recorded at several
localitics. Van der Linden (1963) used the term to deseribe similar
structures in the Molasse of Switzerland,

The sands are moderately well sorted, but contain scattered
pebbles and breken shell frasments, The cosets have an overall lensedd
form up to 20 metres in length, mmm.mm.upummm
have eroslonal upper contacts, The flasers gensrally have a sharp,
W,Wtﬂpﬁdhﬂﬂtﬂtdwt‘m&h‘m
mmumhotormmmammmamumm
sometines shows the effects of leading (Fig, 54). The very irregular form
ofhnmnwmtuulhdm%mmhhth
ouummmm'ﬂuomumm-abdumm

onmmummumd&omsmmnnum
(1963) suggested that the mega flasers in the lMolasse, were forwed in deeper
water, offshore from a bay, but it is suggested here that those in the
Wanganui Basin may represent beach deposits,

mmnrm.mmmsm.mmammm
uxt.mmamammmmmu.mmuum
deposits, Mnumm:mmﬁmahmmmby
umnmeammm-umammm. A low ridge
umqmnuywhymmmmmuum.mbm
tuuﬂdmhsbmnm.oﬂmmmcnwﬂmﬁu
Mﬂohhtn@nﬂaﬂmu. mﬁumum.m
mnmmunuumm-ummumnmm.
umﬁummumhmmt,m-mu
loading structures, WMM‘.WNMM&&‘&D
udpunwhmhanmdmnnmwm,. The
1Mum-¢ﬂnumnumumm-m-m.




Fige 331 Mega flaser structures in the Xaimatire Pumice Sand,
Spade one metre long.

Fig, 34t Loading of the silt flasers. Ruler 150mm long,
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B) Plane parallel lamination

Thin bedded parallel and subsparallel units are common im all
formations,
a) Okehu S1ltstone

811t and elay laminee of the Okelm Siltatone Pormation were probably
deposited from suspension, as Inmen (1949) and Sundborg (1956) have shown
that such fine material is usually trensported in this marmer, Alternation
of laminne of different sise grades oould record altematlon of supply, or
differential settling of sediment frem suspension follewing periods of high
turbulence,

b) Makirikiri Tuff and Kaimatire Pumice Sand
rmmm.rom.mmammmhm
voloaniclastio formetions were deposited in shallew water, certainly
within the renge of wave or tidal action, Tidal flats subjest to
anumummmwum-m.utumuun
nﬁhm.hdnmmhulmmﬁ.uﬂmtmm'lﬁ
slightly uneven horizontal laminee (Van Strasten, 1961, MoKee, 1965), This
MM:W“%“M‘WMMMMM&“
proportion of voleaniclastic material is relatively low, implying a lower
sedimentation rate,
Hmdmthpmnhuotﬂnﬂohﬂhhﬂﬁ.m
8 high sedimentation rate, the plane parellel lamination has been
intmiduupodtunnnuwmwndumam. Such
um-mn»mmbymummmwuaa
men‘uwduunnmhm. Thus they combine
m.mmmmmuwwumnnumdwwmm
of lower flow regime deposits, MNichaslis and Dizen (1969) suggest that
wum»mmMn-mmmmnmmm
Mnummmmumunnumuunmpﬂn«
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sedimnt assording to sise and density. Pormation of heavy mineral
mmmummn&hm‘klﬂm.

Under these oonditions, them, the sediment is deposited within
thchnmuuunmmah-mmymhubmm
maumnamuunwnmmmm. Keunen
(1950) eites two examples: & 40m,p.he wing blowing asross 30 miles of
mmmamu-wnmu.uuuumm
whereas the same wind with a 300 mile feteh would affect botton sediments
in 70 feet of water, But the depths under which upper flow regime conditiens
would occur are but a fraction of these,

¢) Intreformeationsl breccias and conglomerates

Ihtmforutunnmmmmmw&m-t
beds of tuffaceous medium to finc send. The clasts are silt blocks that
mmwnmnmmnm-ﬁm
m.mungnlunu-mm;m The apparent long
axes of the olasts are mostly between 10mm and 300mm with a few up to
500ma in length,

The fobrie displays either of two forms:

a) & preferred orientation of the olasts which may parellel the base of
the beds end show some imbrication (Fig, 35);
b) random orientation of olaste,

At some loocalities erosion of the silt beds is evident and the
munmmwumuuwummw. Thus
wummmwmmmuw
wmmtmwm-mmummum
Sternberg (1972) cemcluded that the current velocities required for
MWMW&:“M&O&”“
those required in fluvial aystems, (e.g. Simons ot al, 1961), Using
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Fig. 35: Sub-horizentally orientated blocks of siltstone in
ashy sands., Spade one metre long,




0.

Shield's dlagram (in Blatt, Middleton and Murray, p, 91) the shear stress
T.fwth‘hiﬁ&ﬁmofmtof‘p‘%l.'@.“mu
iwdmu/uz. The shear velogity U® -ﬁJ/o is therefore 10cm per sec,,
where o is the density of the fluld medium,

D} Ercsional features

Channels and erosion surfaces are prominent features within the
Makirikiri Tuff and Kaimatira Pumice Sand Formatiens, Two types are
represented:
a) those with an irreguler base and unsorted fil11,
b) those with a smooth even basal contact and stratified £111 (Fig, 36),

a) Inthofirattypatboﬁniainnrmxtommumm
sorted subroundsd pebbles, cobbles and houlders, The long axes of the
boulders range up to 1,5m, The clasts are mostly greywacke, with voloanis
rocks (andesite, rhyolite and pumics) totslling as much as 208, The matrix
is silty, very goarse send, composed mainly of lithic fragments, The
general appearence of the 111 is chaotie.

The beds into which the chennels are cut are cross-stratified
medium sands which display bimodal veeters sssociated with the t1d21 sone,
The beds imuediately above mommmﬁaﬁﬁwm
a bivalve characteristie of the tidal some. Tt ismafe to c¢onelude that these
channels were cut in interetidal or alightly aub-tidel weters.

Velogities greater than 3m per sec cne metre sbove the sediment
water interfoce, (Hjulstrlm, 1939) would be required to transport the
coarse debris infilling the chamnels, The presence of the voloanic detritus
and the very poor sorting suggest that these deposits nay be the releted to
a flow that had a laharie origin,

Conglomerate channels of similar form and textural composition are
present in the north east of the area, (uﬂuuglmotﬂnm;w




Fig. 36: Chanmel out and fill in the Kalmetira Pumice Sand

Formation, Interpreted as forming in a tidal flat
envirenment, Scale 1.5m.
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Apiti), but do not contain any volcanie detritus, The clasts are subangular,
dthhngunuptomh.uthamr):ummvm-tﬂxmu
two localities are imbricate, Irregularly interbedded with the conglomerates
are silts and lignites containing no peositive evidence of 2 marine
environment, In only one section was a fining upwards sequence recognised,
Thus the presence of the poorly sorted conglomerate i1l in chamnels with an
irregular base, imbrication and the interfingering silts and lignites
suggest that these deposits in the northesastern part of the basin are the
product of a braided river,

b) The second type of chamnels vary in depth from 90tm to 5m, and in all
cases the fill is finer than the deposits into which they are cut, The layering
ormﬂnreummoummuhmmuumnm
until it is horisontal, From the above gharacteristics and assoelations

with vectorially bimodal eross-stratification 1t is suggested thet these
channels were probably formed in a tidal flat,

Secondary struotures
sm«q-mmmummmnmm

structurea, Various types of contorted bedding were noted and all are
considered to be penecontemperanecus. They are deseribed in the following
deseriptive groups: ”

A  Convolute bedding

B Crumpled bedding

¢ Slump ball structures
A) Gonvolute lamination is a term first used by Ten Heaf (1956)., Beds
mm::ehtammhnnmeuulmmmtmm

d-nphm.mumumnnmmmmampmnm
synelines and sharp anticlines. Ten Haaf limited the term to contortiens in
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which the laminae were largely continuous and without faulting, He
suggested that they were formed within turbidite deposits. However,

Dott and Howard (1962) deseribed comvolute laminations in the Dinwoody
mtmumtmmmﬂhuﬁvhhowmuddcbw
eoncluded were deposited in shallow agitated waters in mearshore merine
and nonemarine environments, simllar to those that are inferred in the
present study area, Sanders (1965) and Dsulynski and Walten (1965)
put forward evidence that these structures were formed by plastie
Momuuorﬁumstmmttnuﬁowummm
deposited rapidly from suspension,

Many examples that eclearly come within the form definition
of Ten Haaf oocur in the western side of the Wangsnul Basin and ere all
uumuﬁthwutoﬁuuuwithnmgmhpcrnmua
detritus, (Fig, 37). The units extend laterally up to 100 metres (the
length of the longest exposure), All are associated with other features
indicating & high sedimentation rete, e.g. ripple~drift eross-lamination,
hﬂdn&uﬁﬁau‘&nﬂd““#muﬂhuﬂhbm
of these struoctures, At several localities pumioe pebbles up to 25mm in
mmmmmmm.uwm-uwmmtmym
'nutw'towoponﬁnbymum.ntu. Only one case of
significant preferred orientation of fold axes was seen,

Alwnuwmadultmwmvmwmfﬂtﬁb
less regular geometric outline were recognised, (Fig, 38)., These ave
mmmu-tmm..rmmmu«m-mm
sand overlies coarse sand,

Some instances of truncation of aaticlinal crests were found, (The
term corrugated bedding mtru;uu for this by Schrock (1948) is considered
redundant.) Anketell ot sl (1969) proved by experiment that these
truncations could be produced during liguefootion without erosion, and




9k

Fige 37t Convolute laminations in the Kaimatire Pumice 8and Formation,
Note sharp anticlinel peaks and broad flat synclines,

geometrically typiecal of the definition by Ten Haaf (1956) .
Bar scale 0.5my

Pigs 38: Convolute laminations in very coarse pumice sands,
Bar scale O,1m,
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that in unstable water-saturated layers, the sediment extruded with the
ouuﬂn;pmnmnntmwnhmmhtmathh
veneer unconformably overlying the distorted bedding,

Some examples of truncated anticlinal crests in the Wanganui
Basin no doubt formed in that way, but others were evidently formed
differently., At some localities ourrent sgour appears to be the cause of
wmmmmumm.mwmnmmmmm
contact with conglomerates,

B) Crumpled bedding

The term erumpled bedding was used by Allen (1960) to deseribe
wmmm-mumw-m.. In the Wanganui
m.mmum-wmm-mmmo.aua.smsn
hd;htandhmtmmmuwumm-mtornm
detritus, The sediments are finer and less frisble than those of the
convolute laminae, Mﬁn&dnummt.mthmwmm
mmnpmmufmm.wwumwmmm
mtmuumtm-mxuumac state (Pig. 39 end 40),

Some forms of ecrumpled bedding are greater than im high (Fig. 41) and
exhibit a general preferred orientation of fold axes, The directions of the
fold axes differed by as much as 90° from flow directions deduced from
foreset orientation of primary cross-stratification in the overlying
sedimenta, These structures are interpreted as slump features indicating
palasoslope rather than palaeccurrent direction, A gradient of no move
m:.'ummunmumuumnm(x.om.w'n).
mmmumwuuhuuwn-mmu.

om-w.mtwmmtmmmm
Wutmmmnhmumamwmmmau
are deseribed here, Thqmthmp“smhl‘lhmwm”
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Fige 39: Crumpled bedding (Allen, 1960) at locality 90,
N139/302820, liote thickening of units A end B,

ﬁ?{ Y, B
Flg. 403 Complex form of crumpled bedding,

The core of this
contains many small faults similar to those in the

above figure,
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Fige WA and B: Large seale crumpled bedding interpreted as slump
features in the Kaimatire Pumice Sand Formation,
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(1965). In these strustures the anticlines appear to have been broken by
the upward expulsion of the sediment slurry. Agasin, such structures
typically ocour in the more tuffacecus voleaniclastie sediments,

In figure 42, upward injection of material from bed 'a' resulted
in the rupture of bed 'b’, Small slivers of bed 'b' were "floated” away
and incorporated inbed ‘e’ which must have been mobile at the time,

Similer structures were deseribed by Anketell ot a1 (1969)
in water saturated layered sequences in sedimentation tanks, They noted
that deformation occurred once the layers reached a eritical thickness,
mwMua&.hmm.tmodI-Wﬁtuduofltl
bearing capacity, xnmwuwmwhmu-by
& slight shock which in mature may equate with earthquake waves, After the
mmmukwammwmmmummm.

ummnummm.-mmuu@or
wngmmuoutumnm(m-quu). Sand was
m-mmuaﬁumumtmmmw-mwa
similar layer of silt, The process was repeated but even with 200mm of
sediment no rupturing oceurred, In other cases the send silt layers were
builtuptoﬂhmmﬁomkmhndn;hﬁ;. Intrusion followed
ﬁththomnnmofwm.mmmewﬂuﬁamﬁ.
Smfumtnoftmlﬂthyorthnnnkh&mthﬁdrm
stratigraphic position, These orude experiments suggest that the escape
ofponutnnndmpmummuwdbymﬂmmw”dn
overburden,

C) Slump Ball Structures

Slump ball structures, rounded masses of contorted sandstone
isolated in clay, (Keunen, 1949), are a type of load structure formed
where sandstone penetrates underlying plastiec clay, Such structures
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Fig. 421 Ruptured strueture in the Kelmatire Pumice Sand
Formation, Knife handle 100mam,
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(ug.u)mmumwnmmmubnmnorﬁnm
ashsenge of clay sised material,

Assqelations of sedimentary structures

At several localities sequences of structures and textural
uhwp-mmoﬁumehlm

1) Locality 157 (N144/288513) on the eastern side of the basin exhibits
features interpreted as upper tidal environments (Fig. 4k),

mummurumummmmnnm-u-u
courumdahfohoﬂbynaﬂtmttmthunu.bmmn
Mmumnmnhiuupprmmmmm.w
are developed normal to bedding, This silt is interpreted as a palasesol,
Overlying marine ashy sands display vesterially bimodal ripple-drift erosse
lamination and were probably depesited in an intertidal euvirenment, while
voleanie astivity in centreal North Island provided abundant sediment. This
was followed by & bed of rippled silts and finme sands. Above this unit
wbma-nummﬂmmmmmmmmta
szall channels with e fill of olayey silt and alse, on different bedding
Planes, of straight linear ripples with their strikes varying up to 45°
from each other, are typical of a tidal envirenment,

2) Offshore from Oregon beaches, Clifton, Hunter and Phillipe (197m1)
recognised a series of zones of sedimentary structures paralleling the
Goast and roughly correlated with sones of changing wave conditions (Pige
45)s Though the preservation potentisl of such structures is low they
ni@tb.!xpnhdtonurﬂninuubatﬁn‘mhhmmhﬂu
was rapid, such as the Wanganui Basin, Two sites were located where some
of these facies recognised by Clifton gt al, together with other depth
indicators, occur in vertical sequence and are tentatively interpreted as
miner marine trensgressions,
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Fige 43t Slump ball structure in the Makirildri Tuff Pormation,
Coin 25mm diameter.
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STRUCTURES
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Fige 44t Btratigraphic section through a sequence interpreted
as dominantly intertidal, (Losc. 157, N144/288513),
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offshore —»| s nearshore —_—

Sea surface
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Sea floor e ol —_— - =4 — —33m
Asymmetrical Lunate Outer  fInner {Inner
Structural ripples megaripples planar  [rough}planar
Zone
-0 30m
—

Fige 45: Zones of wave action and sedimentary structures on the

Oregon coast, (after Clifton, Hunter and Phillips, 1971),
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The first example is illustrated in figure 46, The lowest unit
is flaser bedded, moderately sorted medium to coarse sands with some
veotorially bimodal ripple-drift cross-lamination. The next is a well

serted medium sand with enly veetorially bimodal ripple~drift cross-lamination,

Those two units probably represent the intertidal or imsediately subetidal

sone, mmthhumuunmmuﬁﬂnmummuue

plane parallel laminated well sorted medium sands, with rhomboid ripples
on top. umummutmsmmmmn
bmupnuudpmummmmmnmmw.
The fourth unit is composed of medium to ¢oarse friable sands
showing large seale trough eross-stratification incorporating a sequence
of horisental plane parallel lamination, symmetrical ripples and ripple-
drift eross-~lamination within each, Foresets indicate a direction awsy
from the palasoshore (determined from the rhomboid ripples). The ridges
«mmpmumnuuuumnumm; thus this
unit has some of the attributes of the inner rough facies of Cliften of al
(197).
mﬂﬁhMthlnprmmt.-alwltomu
properties of both the imner end outer fagies, The chord and height of
mmusamu-.mm.aunuumwmumuw
cuter rough fagies, Ntmmhhmm“tmuunuutﬂu
imrm;hmmu,kmtbcm;bnd\.
muuummmmtuummmtm
equates with the outer rough facies in all aspests deseribed by Clifton
2% al.
Althoughoﬂnrhimhtimnvhwtuﬁnulmth
sequence is mostly consistent with that deseribed by Cliften gt al. The
mmnm.m»mumummmwm
sediment and to local current patterns,
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SEDIMENTARY CURRENT
STRUCTIRE TEXTURE | pramorron |  ENVIRONMENT

Outer rough

Current attributes

of imner rough;
otherwise cuter
rough,
”tﬁmiw Inner rough
e 7iell sor Inner planar-beach
/\/\?_}(f}?ﬁ»]m-—&k Senud —swash gone |
TR e l'.ﬂ.pphl
T Hodewelle
= well
i glmp ted m,-o,| Bimodal | Intertidal
v sand wi
el silt
............... flasers

Fige 46: Section (100437, N139/302837) showing vertical sequence of
shallow marine sub-environments based on studles of Clifton
&t gl (1971),
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A second sequence interpreted as a minor trensgression is
illustrated in figure 47, Very thin bedded, very fine to fine, moderately
sorted sands, at the base, appear to beleng to the inner planar facies,
An erosion surface marks the contact with the overlying unit which is
dﬂmﬂynﬂu%mnpﬂh&yuﬂdﬂmhﬂdhmm
scale oross-stratification more than 0,%n high, Some symnetrical ripples
and ripple-drift cross-stratification are mresent, and also a chamnel
filled with poorly sorted econglomerate, These features ere characteristic
of the inner rough sone off steep beaches with the additional channel
compoment. The overlying unit consists of nassive fine sands and silts
with lenses of coarse sand sontaining Agphidegms and displaying large scale
trough eross~atratification with a gset thickness greater than 1,5m, and
unimodal foreset dip directions, This unit is interpreted as ocuter plasar
with intercalated cuter rough facles,

Alharpmiutltth.hphfmmdbalmthgﬂmﬂ
wedium sands with plame parallel leminaticn and some ripples, This sone
way be the equivalent of the inner offshere facles; the plane parallel
lamination mey represent sites of reworking of sediment with sufficient
sédiment imtroduetion to preserve only a few ripples,

The highest beds exposed are massive silts and very fine sands
which eontain Chlamys gemmulats and are considered to represent an offshore
envirenment,

Disoussion

Major foatures indicative of a shallow water environment influenced
by tidal agtion are considered in a comprehensive review by Raaf and
Boersma (1971) who list the following six points:
1) erossestratification with bimedal vectors
2) juxtaposition of large and small scale structures
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SEDIMENTARY CURRENT ‘
STRUCTURE TEXTURE DIRECTION EIVIRONMENT
b Convolute Very fine sandy silt - -
\9 U lamination
S5ilt and very fine with
Massive - Offahore
abundant
Laminated
={ to very thin
————— | bedded with | Very fine sand Bimodal Inney
——— | some 0ffghore
= symmetrical
ripples
————
:_M:_’
| ]
T Massive with
= oaso®of 4 | Fine sand end silt with Sk 3
S5t aree seale | O with interw
trough eross gravels eontaining bedded outer
RS~ Amphidesma rough
ST mgﬁg,,mm:, sands, (hamnel Biff°tY’ | Bimods) | Immer rougn
—pocrly sorded conglomm
channel erate -
Vothin Very fine to fine Tmmer planas

Fige 47: Stratigrephic sequence at locality 148 (1138/710892) and
interpretation based on the study of Clifton, Hunter and
Phillips, (1971).
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3) poorly developed sequential regularity and oscasional fining
upwards sequences

4) secondary phenomena related to the bidireotional and intermittent
character of tidal currents

5) fairly common occurrence of flaser and/or lenticular bedding

6) slight to intensive bioturbation suddenly disappearing without being
related to & change in character of the sediments,

Reaf and Boersma (loc, eit.) concluded that the distinetion of
Mmﬂdmﬁmammm&yhp‘uﬂvﬂymm
ancient clastic deposits in a few examples,

The first five features listed by Raaf and Boersma (1971) ceecur in
the Makirikiri Tuff and Kaimatire Pumice Sand Formations, The bimodality
of the cross-stratification is emphasised later in the palagoourrent aneslysis,
Juxtaposition of large and smallescale eross-stratification occurs most
comnonly in the lower portions of the Makirikiri Tuff sediments and points
to highly variable hydrodynamic conditions both in space and in time,

The sixth point 1isted by Raaf and Boersma (1971) relates to
bioturbation of the sediments, In this thesis, exeept in the shell
conglomerates, =macrofessils are infrequent in the western side of the
basin and absent in the east, Trace fosslls too are generally rare. Teo
Punga (1953) in the Rangitikel sequence, recognised smell, thin shelled
specimens of hbupyl (Gray) and suggested that
they may have been stunted in growth by the excessive quantities of volcanie
detritus or by a greatly reduced salinity of the water,

Ripple~drift oross-lamination is not generally found in the shallow
water to tidal flat environments, Its abundance in the Wanganui Basin
voleaniclastios is explained by the extremely rapid supply of sediment
from the central North Island regionm,
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The recent study by Clifton gt al (1971) 4s 2 major sontribution
to the understanding and interpretation of near shore sediments, Two
sequences have been deseribed above which are very consistent with their
findings,

To the north east of the basin the sediments exhibit characteristies
mtwuaamnmnmnmt.mpmxyﬁu«w
streans, mummwmammmmww.h
poorly sorted conglomerates, Some of the conglomerates have obvious
imbricate texture, The finer material is dominantly large scale cross-bedded
Mhlunohmnmlmhnm,thltmhﬂobomhnuhwm
detritus trapped in the quiet water area.

Songlusions
m—nnmuummmmmormm-m-

are:

1) the Okehu Siltstome Formation was deposited from suspension in water
depths greater than the volcaniclastic formations,

2) the Makirikiri Tuff and the Kaimatire Pumice Sand Pormations were
deposited in shallow waters subject to tidal and wave section
mmptmmmmnwmmnumappmu
have been dominant, The abundance of ripple-drift cross-lamination
and water expulsion structures, especially in the more volcanio horisons,
suggests very high rates of sedimenmtation during and after eruptive

phases,
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GRAIN SIZE PARAMETERS
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Zntreduction
cmmoumnuuumuumtu«wnmun

mdnw-ﬁatnnwdm»mwﬁommomtuﬂm
the sediment during trensport and deposition, The statistics of the size
distributions have been used by many geclogists to provide information about
the palascenviromment, Folk (1961) has summariszed the state of knowledge on
the geological meaning of standard grain sise statistics - mean, standard
deviation, skewness and kurtosis, The first three are thought to be
mimuuynmiﬂnmm.bmndbywnmtomﬂwd
processes,

The mean sise indicates the average competence of the depositing
medium; m-wmumormumrum»wtmm
reflects the degree of sorting, while skewness is s measure of the
asymmetry of the distribution such that positive skewness indicates an
excess of material in the fine fraction, The geological meaning of
kurtosis is not fully understood.

Friedman (1961) was able to distinguish dune, beach and river sands
on the basis of their textural characteristics, Aeeording to Passega (1957,
1964) a plot of the eoarsest one percentile (C) against the median (M)
can distinguish seversl modes of trensport, He contended that the value
nGhﬁmmhﬁnofmmmﬁﬂermmm
agent, and M is the statistic: characteristic of the total range of particle
sises undergoing trensport. C approaches the value of M if the eocarse half
of the sediment is very well sorted, Therefore the relative displacement
measured parallel to the M axis, of the plotted peints from the limit
c-lhanimoxotﬂnurﬂuinmomhludmm Basio
Wlofclptmmlhmhmwﬁﬂm!ﬂ.
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Textural maturity (Folk, 1951) provides a deseriptive scale
that gives some indication as to the effectiveness and the operative time
of the agents acting during transpert and deposition, Thus immature
sediments may have been deposited where currents were weak and no reworiking
tookphoo.ortby-qhnbmmmmmymnﬂm
covered by another sequence. The more mature sediments are those that
have been subjected to severe or long-continued abrasion and sorting, such
as on beaches, where grains are constantly being moved. Folk (1951)
defines textural maturity as the degree to which sand is free of inter-
stitial elay and is well sorted and well rounded,

ZBrocedures
Most samples examined were friable and easily disaggregated;

those that were not were crushed with a rubber bung, Finer grained
samples were disaggregated by socaking in water. For each sand sample
25+35¢gms was sieved for tem minutes in a Ro-Tap shaker with sereens at
half phi intervals, S5ilt and elay frections were analysed by pipette
method using a battery of six settling columns as designed by the New
Zealand Oeeanographic Institute, (Van der Linden, 1968), Size analyses
for both procedures had good reproducibility, (Fig. 48 and 49),

Regults
All results are tebulated in Appendix L4, The sediments examined

fall into three textural populations, (Fig, 50), sandy gravel, sand and
silt, with little overlap between the two latter, The sandy gravel is
mostly of Mesescio greywacke clasts, although at a few places in the
west voleanic clasts and shell debris are a major component, The sand
is mostly of woleanic detritus and when present dominates sll other
dotritus. The silt is only partly voleaniec, Evidently the different
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Fige 48: 3Sise distribution curves for two pipette analyses, of
samples M5 and K21A to show reproducibility,
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m-mmmumumemtmuumtmer
supplye

Clays, muds and muddy grevels are lacking, Folk gt al (1970)
mmhtmwomm-mmhummﬁutmt
nqlo-m:wmﬂmvirmumhuﬂ-iﬂmum
of the source, MontetthomlMM&hlwm
mm%m‘(&.%)m%%hﬂ““ﬂu&t
populations that finer material was being introduced, The postulated
me»rmmt.mmmmmuumtm

Mean size is plotted against sorting (standard deviation) for
all samples, (Fig, 52)., The best sorted material is that with a grain
size from 2,5 to 3 phi, This relationship is not unusual, Inman (1949)
first explained it by using Shields' and Hjulstrém's diagrams which show
thntﬁumdiuthonstudlymm. At the point where
fine sand is deposited a slight increase in veloeity leads to ercsien
mﬁmu-myauuhmmuhmommmupnim.m.
ugoodurﬁuotauumttMthwwwmlomtwv
currents, and then deposited elsewhere.

Passega (1972) suggested that all fine sands of highly mobile
basins are very poorly sorted regardless of environment of deposition, but
in the Wanganui Basin, which was very mobile, all fine sand is moderetely
well or well sorted,

The gravels, mmmnmhummum
sedimentary structures (which reflect the processes acting on the sediments)
and to some extent litholegy, with which they are associated,
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Textural classification of sediments anaiysed. (Classi-
fication of Folk gt al, 1970).

Large scale oross-stratified gravelly sands and gravels.

Large scale cross-stratified shelly gravelly sands, and
gravels

Large scale crosse-stratified sands,

Plane parallel laminated sands,
Bipolar-bimodal ripple-drifted sands,
Ripple-drifted sands and coarse silts.

Plane parallel laminated voloaniclagtic silts,

Plane parallel laminated nonsvoleanislastic silts
(1.0, Okehu Siltstons)
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Pig. 51

Plot of C against M for all samples,

Large seale cross-stratified gravelly sands and grevels,

Large scale cross-stratified shelly gravelly sands and
gravels,

Large scale cross-stratified sands.

Plane parellel laminated sands,
Bipolar-bimodal ripple-drifted sands,
Ripple~drifted sands and coarse silts,

Plane parallel laminated voleanisclastie silts.

Plane parallel laminated non-volcaniclastic silts
(1404 Okehu Siltstone).
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a) Okehu siltstone-plane parallel lamination

The plane parallel laminated Okehu Siltstone are very poorly
to poorly sorted and have positive skewness, (Fig, 53, Table 18 and 19),
indicating no reworking, in agreement with an envircnment off'shore and
below wave base,

Thoon].yd‘niﬁ.anthunlurlaﬁmhwmhd“hhﬁn
funstotthohﬂnatth?ohnnuuummm:&mﬁnmu
of silty very fine sand,

SmhmoMWVhdlﬂphl,meh‘.Oﬂ
uynnutumumuuorurmmnm. As it
does not necessarily fall on the 4.0 phi bouhdary it is probebly not due
to the ghenge in technique from sieving to pipetting,

An analysis of the C-M plot (Fig. 51) indicates deposition frem
suspension not by traction currents. All dbut one sample conform to the
statement by Passega (1957) that the maximum value of ¢ in such sediments
is seldom greater than 2 phi, and that the maximum value of M is seldom
greater than 3,3 phi,

b) Plane parallel laminated voleaniclastic silts

This lithology imcludes some large flasers, and partings within
the large scale cross-stratification, These beds usually display ne
my-mm.ommwmmmmu. The
latter may again explain the break in all ourves at 5 to 6 phi, (Fig, 54),
The sediments are all poorly sorted with a positive skew, (Fige 54,
Tables 18 and 19), The C-M plot (Pig, 51) inddiocates deposition frem
suspension, They are also all texturally immsture, These sttridutes
support the conclusion drawn from the associated bed forms that these
sediments are the tailings deposited after coarser sediments, all probebly
deposited in one sedimentation event, Frequent gradational contact between
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Fige 53: Sise distribution of Okemm Siltstone,
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r ~ e o
very moderately |moderately very |extre
well .;n.“ well sorted (POOTIY| .00y | poorly

sorted sorted sorted (sorted
Thin bedded laminated
non-voleaniclastic 0 0 0 0 2 é 0
silts

famatale S Ay

Jr._.

0

1
1
3 7

cross-stratified 0 0 4]

10

Large seale cross-
stratified gravels " . .

Total % 141 6.8 91

8.0

5040

25,0 | 0,0 o

Table 18: Distridution of standard deviation within the various groups

defined by lithology and structure,
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Thin bedded laminated
non~pyroclastic silts

Thin bedded laminated
pyroclastic silts

Bipolar bimodal
small sgale crosse-
stratification

Ri

(Type 4)
cross~lamination

Plane parallel
laminsted sands

Large scale orosse
stratified sands

Low angle bipoler
cross-stratified
shelly gravels

Large scale cross~
stratification
gravels

Strongly
siaine | skewsd| symmetrical | skewed
5
L
2
b
5
2
3
5
32

Total % 27 27 10

Table 19: Distribution of skewness within various groups defined by
lithology and structure,
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tu-utm.mmmmmn.mnuumtm-mm

e) Bipolarebimodal ripple-drift crossestretified sands

Statiaties of all samples are remarkably similar, The samples
ere in the medium to fine sand range, are moderately sorted with a slight
positive skew in all but one case (Tables18 and 19, Pig, 55), and all but
one are classified as texturally mature, These statistics support the
interpretations made from sedimentary structures that the sediments were
deposited in a tidal environment, where there was continual reworking,
Though finer than the beach samples analysed by Friedmen (1961), they
have a similar standard deviation, The statistios, when plotted similarly
to Friedmen however, show no envirommental distinotness,

Mean size varies from 2,47 to 3,23 phi and thus can be moved by
water flowing at a veloecity of 20em/sec one metre above the sedimentewster
contact, (HjulstrSm, 1939). As explained previously fine sand lends
itself to better sorting as it lies in the region on Hjulstrém's diagrem
where there is a very delicate balance between erosion and deposition,

All ulphlbntmplotvuymutothoc-llmum
(Fige 51) which again only emphasises the good sorting, By the Passega
plot the sediments are charscterised as deposits from a greded suspension,

d) Ripple~drift cross-laminated sediments mostly type A,
The samples vary from coarse sand to fine silt, Consistent with
the inferred mode of origin of the sedimentary structures, serting is
poor (Fig, 56, Tables 18 .and 19) indicating that the sediment was deposited
repidly and probably was covered rapidly preventing reworking.
Wlnnhkmfn-ﬂuhpmdbott-ﬁmcttbm
units desoribed in chapter 2, The botten sample was a ripple-drifted sand,
type A, and the upper was a type B, The size statistios (mean 4,69phi
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and standard deviation 1,13phi for the lower and mean 5,06phi and

standard deviation 1,67phi for the upper) reveal an upward deerease in
both, These Mmumadintmhmnmmthm
the flow regime progressively decreased,

The C-i plots (Figs 51) for the sediment displaying this strueture
are somewhat scattered but are mostly in the field of suspension, which
previocus workers have indicated is necessary for the formation of
type A ripple~drift oross-lamination, Both the tephras and the
Voleaniclastic sands often show this type of atructure., The former are
texturally imature while the latter are submature, The immaturity of the
tephras reflects rapid deposition of a very "youthful®” material that
m“moutmwmnmm;mm

The mean grain size range suggests current velosities between 17
and 30 om/sec one metre above the sediment water interface (Hjulstrtm,
1939).

@) Plane parallel laminated sands

Wean grain sise varies from 1.6 to 5.9phi, (Fig, 57). The
Mhnmhmummunnmow-phudmh&u
alternating laminae of different grein sise, All samples are texturelly
.mmmmmumhtummmmmmcht
is mature, (Tables 18 and 19),

The G-¥ plets (Fig. 51) are uniform and have C values proporticonal
to M, which Passega (1957) suggested may indicate deposition from graded
suspension, hrmmnmammmmzvdaum
nmummm-mau1wmumammm
water interface, (Hjulstrbm, 1939). Using Shields' diegrem the shear
veloelly for the sediments in question ranges from 1,3 to 2,2 on/sec.
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Fige 57: Sise dlstribution of plane parallel laminated sands,
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f) Large seale eross-stratified sands

All samples from the large scale eross-stratified sands are
mmn.mmnunﬂurr-mtmumm. sorting
is poor and skewness varies from =0,24 %0 +0.33, (Pig. 58, tables 18 and 19),
The size data are consistent with the deposition inferred from the sedimentary
structure, i.e. upper lower flow regime, high veloeity, high sediment load
and little or no reworking, Forty pereent of these samples are from tephra
horisons which again emphasises the repid deposition and lasck of reworking
of this lithology,

The renge of grain sises indicates flow velocities varying from
20-300m/3e0 one metre above the sediment water interface, (Hjulstrbm, 1939).

8) Greywaske conglomerates

All gravels composed of greywacke clasts are poorly sorted and
have a positive sicow, (Fig, 59, tables 18 and 19). None of them contained
more than one percent silt. From famnal ecology (Fleming, 1953) and the
tpe of large scale gross~stratification associated with most gravels,
these horigons in the weat probebly represent intertidal grevel bara;
those in the east are more likely deposits of a braided stream, (Chapter
2)s Both would have been in an environment where silt was removed by

continual reworking processes,

h) Large scale eross-stratification.. Shell conglomerates end coarse sands
mlh-umamrlhlaadmnnGImmuurﬂmt
contain little or no silt and skewness vardes from <0,70 to 0.49, (Fige
60, tables 18 and 19),. They are probably deposits of shallow sand banks,
m-»mumtmumwumummmwm
agtion, mmumuauymmmmwunum.
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lost of the sediments examined are poorly sorted (Table 18)
owing to:

a) 4immature source material

b) brief transport and rapid burial
The best sorted are those mtmmmmmuw
eross-stratification, indicating continual reworking by wave action,

The majority of the samples are positively skewed whioch is in
agreement with the poor sorting indicating little winnowing activity
mmmuammuwwmwnﬁdm.

These conclusions about the environment from textural evidence
are in agreement with those inferred from the sedimentary structures,
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Jineralogy of Sands

m-m.mmummummpumuaw
from pure tephre to non-voleaniec detritus, Their grain compositions are
discussed below in approximate order of abundance:

1« Glass

Ghumuuntlyaammcm-hmslupﬁu
fragments smaller than -1 phi, It is usually colourless, and rarely
slightly brown, The refractive indices are less than 1,504 indicating
rhyolitic composition (Challis, 1962), confirmed by Xeray flucrescence
analysis of the tephra,

xtuutmum«mmnmnnmm-a
dmlormmwmwwﬂmﬂdum. The
httorumn-tnhlyformmuuhmm.m-utmlm
mwutlmtm-m:o:mwmmu.mw
shards are still angular, However, in laboratory abrasion tests shards
tumbled alone in a mill for the equivalent distance of 3Skm showed no
signs of aprasion, (Van der Lingen, 1968), Those shards which exhibit some
rounding are in horizons either where there is more then 50% non-veleanie
mmo.oruhmtmuown“ﬂmm. In the former the
rm;muatmmummncfwlmmmwonum
buried, mﬁnlﬁmitwhlwuhnﬁlmmwm
pebbles (Van der Lingen, 1968),

2, Quarts
Inﬂnuphrnthlquuuhmumwnﬁmnm
of rounding, strain free, monoerystalline and free of inolusions, and is
typical of guarts from a volcanic sowree.
xaommuamawumn-mmun
mmmommuunm-um-mmam
Mesoszoic greywackea,
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3« Feldspar

Grain mounts were etched and stained to distinguish potassic and
salele feldspar using a method slightly modified form that descrided by
Bailey and Stevens (1960), (Appendix 5),

nmmmt.mmmmMmtm
uaupuithnrmhmtoh”. Two types of plagiocclase grains were
distinguished, a subrounded form showing alteration and a clear angul ar
hmmrmdﬁm.mm.mhmdau Thin
mﬁmd%lmﬂom&a“%mﬁlaﬂdmﬂcnw
Island mostly contain altered plagioclase, Grains of altered plagioclase
h%ﬂcinﬁmnﬂmﬁﬁmﬁnmmﬂhd&lﬁhﬁ
greywacke direetly or recycled through Tertisry sediments,

The clear euhedral grains of plagioclase feldspar are probebly
voleanic in origin, The composition of these, vestriocted tohud.-”lo
consistent with a derivation from acid velcanie rocks of central North
Island, (Ewart, 1969),

Potassie feldspsr grains, insluding microeline are all subrounded,
The microvline only is fresh, the rest generally sericitised, Both types
occur in the greywackes of the axial ranges,

&4+ Orthopyroxene

Gmdemu»MOpuumﬁthm
Makirikiri Tuff and the Kaimatire Pumice Sand Formations, No orthopyroxenes
or other voleanic detritus were recorded in the Okehu Siltstone, In the
tephra horisons the grains are mostly euhedral and evidently voleanic in
origin,

The orthopyroxenes have many inelusions of magnetite, apatite and
glass, Optie axial angles (2, ), determined on the universal stage were
botween 55° and 60° Maximum refractive index of grains from different
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stratigraphic horisons varied from 1,712 to 1,720, These properties
indicate a composition between "53 and l(|‘5. Two samples from the
Kaimatira Pumice Sand were analysed by Xeray fluorescence and strusture
formulae calculated after removal of excess Py0; and Ca0, (Table 20),
Though these chemlcal analyses indicate a composition of Ig,o to l.”
inspection reveals up to 0,5 Ti0, which may represent titanomagnetite
which had not been extracted adequately from the orthopyroxenes during
preparation, Allowing for this the composition would be slightly mere
magnesium rich, and thus in agreement with the optical properties,

Some of the hypersthene grains (and some elinopyroxenes) have
multiple pyramidal terminations, (Fig, 61), similar to those noted by
Ross gt al (1929), Edelman and Doeglas (1932) end Huttom (1959)., GCoarse
grains tend to have blunt pyramids whereas finer greins have very slender
Molmwumtmmmorﬂ\mﬂ--ulmuﬁo
grein body itself, The only explanation appears to be that it is due to
solution along planes of weakness, (Edelman and Doeglas, 1932)., Because
of their highly fragile nature solution must have taken place after
deposition in the sedimentary horisons,

5+ Clinopyroxene

Clinopyroxenes oceur as subrounded, subhedral to anhedral graing
finer than 0 phi, Optic axial angles () vary from 55°-60° with an
intermediate refractive index of 1,710«1,720, which taken together indisate
& composition of ferrosalite (Deer, Howle and Zussman, 1963, V.2, p, 1,
fige 1, pel32, fig. 1),

As they occur in the tephra herisons they are considered to be
voleanie in origin., Greywackes of the axial range rarely comtain augite,
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K8 K8 K148 K148
original wi.oorrected original wi.corrected
wie for apatite wt, for apatite
840, 5033 50,89 49,97 50,89
mz Ol Oulyt 0454 055
Alzﬂ, 0.78 0,78 0,88 0,90
Fel 30,89 28,11 30.44 27,90
¥nd 1414 1.15 117 1.1
Mgo 16,56 16.74 16,22 16,52
Cal 2429 1488 2450 24,05
Ka,0 0404 0,08 0,03 0.03
K0 0,04 0,04 0,05 0,05
P205 0e33 0400 0438 0400
o 14692%0,002 14698%0,002
5 14220002 § 1714504002
o,  55.60° L 55e60°
Fumber of ions on the basis of six oxygens
81 1.967 1.964
™™ 0.012 0,016
Al 0,036 04041
Pe 0,909 0,901
Mn 0,038 04037
Mg 0964 04954
Ca 0079 0,085
Na °.m 0.003
K 0,002 04003
.. = 50447 u50434
Mg+Poslin

Table 20: Chemical analyses of orthopyroxenes from the Kaimatire Pumiee
Sand Formation,




hie

Fige 61: Ooanning elesiron mieroseope photographs of pyramidal
terminations on hypersthens grains, (Photos: P. 1, Webb,
NuZe Geols Survey), Ber scale A = 30098 » S5um, C = 10pn,
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6. Green-brown hornblende
Gmmummumnmumunum

(up to 60% of the ferromagnesian assemblage) in the Potaks Punics Member

of the Kaimatira Pumice Sand Formstion and least common in the Okehw Siltstone.

The grains are euhedral and are unrounded in the tephre but exhidit seme

rounding in other strata, They range in sise frem O phi down, have 2V,

bomm’uao’.uammum“mxm:

oo = light green to light brown
/;-mlnm
¥ = dark green to brown green

mumuuwmmmmummmm-
indicates a voleanic source, The rare grains in the Okehu Siltstone were
Mummwmuﬁ-mmmmmm

7+ Lamprobelite

Lamprobolite (not keersutite, as eleotron mlcroprobe scans revealed
m!‘“@.mm&ynﬂhmthmllnﬁn}p&. Although its
mwuommmnu-mxwuuommmm
considerably rounded, As this mineral is usually essociated with endesites
Mhnlh.ﬁnmimnqmmm-ﬂnuﬂalmtmm.

8+ Actinolite

Mﬁmtuminmhoﬂmbutm-tmhﬁuhm
Shell Conglomerate where it is associated with the metamorphic minerals
garnet and chlorite, Its lathe like form 1s still recognisable but it
mmumhpucofm. The grein gise ranges from
5 phi domn, m-mmwummmmwm
of South Island,
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9+ Garnet

Garnet ocours in the 3«4 phi fraction of most sediments but the
highest percentage ocours in the Butlers Shell Conglomerate, Grains vary
from angular to rounded and often have prismatis and bubble like inelusions,
The colour varies from pale pink to orange-pink,

Ten mimrruthohnmsmcmlmumm-nﬂn
eleotron microprobe by Dr C. P, Weed (N.Z. GCeol, Survey) and the results
are listed in table 21A, End mesber compositions wers caleulated, based on
the assumption that all the iron was in the ferrous state, table 218,
Results (Fig, 62) indicate a similar oomposition to that of gammets in the
greenschist facies of South Island (Browne and Weed, 1972),

rmw;mlmouumummtunmmmun
Butlers Shell Congleomerate were derived from metamorphie rocks, The
garnets in other formations are likely to have the same source,

10. Zireon
zmumhnmuumuummnmmsm.
Itnnwa-mmmummum-mw. The grains are
usually euhedral but some horisens are well rounded, The euhedral grains
are glear and colourless, Some of the rounded grains are pale pink;
the rounding and the pale pink colour (Ledent gt al, 1964) indicate that
mymounmmcmmmu. The surfages of the rounded
mzn.mumwpummcmuhmmdmpm; this
may be due to solution etehing,

All sireen grains have prismatic inclusions, randomly orientated,
withcrdnoﬁniﬂulmthnsinu,mchmncnuh. They also
contain needle-like and dust inclusions.

Provenance of the sircon is difficult to determine because, besides
being a stable heavy mineral that may have been reeycled, it is known from
a variety of sources ineluding some ignimbrites of centrel North Island,
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Sample 1 2 3 I 5 6 7 8 9 10
810, 3647 3749 37,6 36,0 37.1 377 373 37.8 37.6 37.5
A10, 21,0 21,2 20,3 20,9 20,9 20,6 21,2 20,8 19,9 21.4
Fe0 Bhols 29,6 30,8 33,9 28,8 3.4 3041 23,1 35.0 22,4
Mgo B 2.0 1,9 1.6 06 1.0 0.8 Ok 1,3 0w
Calb 244 6.0 6ols 3.7 8.6 7.2 k5 945 b6 8.8
¥Mn0 1.8 Sel 37 3.8 het 27 6.7 8.8 32 1041
Total 99.7 9948 100,7 99.9 100,1 100,6 100,6 100.4 101,6 100,3

Table 2iA: Chemical analyses of garnets from the Butlers Shell Conglomerate

Alm, 7548 6743 TheB The8 63,9 69,6 68,3 SBi.h 75.3 5042
P’ro 13.4 8.1 6.5 Ge3 2el 349 342 106 5.0 ‘0‘
Gross, 6.8 17,5 10,5 10,5 245 2044 1341 271 12,7 25.3

Spess, L0 Tt 8.5 845 9.2 61 154 199 70 22,9

Table 21B: End member compositions of above garmets

Analyst - C, P, Wood (N.Z, Geol, Surv,)




Almandine

Grossularite

Spessartine

Pyrope Almandine

Fig, 62: Ternasry diagrams, Almendine-Pyrope-Grossularite and Almandinee
Fyrope-Spessartine, Solid line encloses field of garnets from
New Zealand sohdsts, (after Browne and Wood, 1972).
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and is a rare constituent in the tephra horiszons,

11+ Epldote

Epidote is cosmon in the 3=h phi fraotion in the Butlers Shell
Conglomerate but is generally scarce in other sediments, The grains are
always well rounded, The source area may either be the Mesosolc greywackes
or the metamorphic rocks of South Island,

12, Biotite

Biotite ocours rarely in the fraction finer than 2 phi, Particularly
in the Okehu Siltstone it shows incipient alteration to chlorite. It is a
common mineral in a tephre bed of the Mangapipi Ash Member of the Makiriliri
Tuff in the Rangitikei River section,

15. Chlorite
Chlorite ccours throughout the sediments in the 2«4 phi fraction,
and is the dominant mafie in the Okehu Siltstone, where some show alteration

from biotite, Again the source may be the axial greywackes or metamorphic
rocks or, a small pereentage, through alteration of biotite,

14e Other translucent grains

Monasite, touwrmaline, cassiterite and rutile are very rare, Since
they are all very stable heavy minerals they may have been recyecled many
times, Their abundence is masked by the umusual abundance of more unstable
heavy minerals from central North Island,

15, Opague minerals
The opaque minerals too are dominated by those derived from the
central volcanic region, Magnetite is most abundant; ilmenite is common,

16, Rock fragments
Most rock fragments were difficult to identify positively as they
are composed of silt and smaller size material, They ocour in all formations,
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those in the tephrasprobably represent material ejected with the voloanie
detritua,

In the voleaniclestic sequences the rock fragments are all
argillite or very fimely crystalline voleanie, In the Okehu 841 tatone,
however, muscovite schist is the most common constituent and this peints
to a source in South Island. Chloritigzed argillites also oceur, presumebly
from very low grade metamorphic rocks of Nerth or South Island,

Heavy minerels were separated using bromoform and standard techniques,
thm.«mvm-mwmmmu
& one phi interval, (Pig. 63)s In mature sands the finmer fraction usually
mmumumw.wmmmuumpd'-umu
heavy minerals, munmvuwwnmumuumm
i:tho!hnhmofhtvypdmhthcmmlumwmw
muummpmmummuum.

?mplofﬁonﬂmhnvdmuinuoh“pumum
mumumgmnnaormm-mmmm
grains, (Fig, 64). In all cases studied the dominant mefic of the coarser
fractions (0«2 phi) 4s hypersthene, other minerals being augite, hornblende
and opaques., As the proportion of hypersthene, augite and hormblende
decreases towards the finer gredes, that of other minerals such as garnet
and chlorite correspendingly increases. The proportion of opagque minerals
also increases towards the finer grades; some very fine epaque grains may
have been released on breakdown of the hypersthene,

These results confimm that two classes of sediment with different
origins were supplied to the basin, Hyperstheme, hormblende and augits
unstable heavy minevels (Pettijehn, 1957) were introduced with the immature
voleanic detritus. The more stable heavy minerels, restricted to the finer




20
10
0

Size (@)

MI13A

CO1A

MI10A

MO38

60

40

N
Y, &

juadsad  ybiap

MITA

BO%A

Pige 63: Variations in weight percentages of hoavy minerals, on a one phi division in sands,
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Makirikiri Tuff
and
4 Kaimatira Pumice Sand

Volcanics

~ N\
Greywacke

Okehu
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reworked
Tert)ary sedim

/Gre ywacke

Metamor

5

Fig, 65: Probable sources of sediment. Thickness of arrow
represents relative percentage of detritus,
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sizes mostly originated from the main rangs greywacke or low grade
metamorphic rocks. Some such as rounded pink sireon have been recysled and
msy have entered the basin directly from the Mesosoic greywaskes or from
the Tertiary sediments,

Regional distribution of heevy minerals

Samples representative of a wide srea were anslysed and 3500 non~
opague grains of the 3 to 4 phi fraction counted using the field of view
method, (Table 22), No areal or vertical trends could be detected within
formations, The chief fagtor controlling heavy mineral distribution is
variation in input of voleanie detritus and the influence of this is so
great that it mey be masking any other significant trends.

1. Dominant scurge for the Makirikiri Tuff and Kaimatire Pumice Sand
Formations is the voleanic regions of central North Islend, (Pig, 65)
as evidenced by euhedral greins of gquarts, feldspar, hypersthene, :
hornblende and suglte, together with the sbundance of glass,

2, When voleanic influx was lower or non-existent, (Fig. 65) as in the
case of the Okehu Siltstone, other minerals, e.g. chlorite and epidote
point to sediment source in the Mesozoie greywackes or Tertiary sediments
of North Island, or the low grade metamorphic rocks of South Island, The
latter source also supplied garnets to the basin,

5+ Hormblende, though present with hypersthene, is a diagnostic mineral
for the Potaka Pumice Member of the Kaimatire Pumice Sand Formation. It is
clearly visible with the naked eye in this horison,
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Slast Lithology
Most clasts in the conglomerate horisons are greywacke, Others

are ignimbrite, andesite, vein quarts and argillite, Petrographic
deseriptions of typlcal clasts are deseribed in Appendix 6. Variation in
relative abundance of greywagke and voleanic pebbles provides evidence
ebout local transport and is thus plétted with the palasocurrent and
sediment tranmsport data (Chapter 5).

The greywackes are similar $o those of the Mesozole sediments of
the central exial renges and are assumed to have come mostly from this
souree, with a few possibly from central North Island e.g. the Rangitote
Range, Ignimbrite pebbles are mest commen in the Butlers Shell Conglomerate
and the basal eonglomerates of the Makirikliri Tuff Formation, The
ignimbrite sheets from which they may have been derived could not be
determined from the lithology. Andesite ¢clasts were not introduced inte
the basin until the deposition of the Kaimatirs Pumice Sand Formstion
where ignimbeite pebbles are rare,

Thus the conglomerates positively confirm twe sediment sources flor
the Hakirikivrli Tuff and the Kaimatira Pumice Sand, i,e. greywacke and
veoleanic terrains,

The Okehu Shell Grit clasts, contain apart from shell, only
altered greywacke and arglllite, suggesting a source solely in the central

axial ranges,

Some properties of the tephra horisons have already been mentioned.
These include the deseription of the glass shards with 2 refractive index
of less than 1,504, indicating a rhyolitic compesition, and the heavy
minerals which are listed with the heavy minerals of sands, (Table 22),
The dominant mafic mineral is hypersthene except in the Potaka Pumice
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where hornblende generally execeeds 50% of the ferromagnesian mineral
assenblage, Augite and sircon occur rerely in some of the tephras,

Yajor element anslysis

Samples of fresh glass from various tephra layers were analysed
using a Sieman's X-ray fluorescence spectrometer, No significant
differences in the bulk composition were found, All glasses have a silica
content of 69-72¢ (Table 23),

An attempt was made to use quantitative analyses of trace elements
in the magnetites extracted from tephra (Kohn, 1973) to confirm cerrelation
of different exposure of the Kaimatire Pumice Sand Formation throughout the
basin, The elements that have proved most successful for distinguishing
tephra in the centrel volecanic district of North Islend ave V, Co, Ti, and
Mn (Xohn, 1973)s Results are listed in tables 24 and 25, Those in table 24
are all from the Potaka Pumice Member of the Kaimatira Pumice Sand and all
have similar proportions of those elements, The next four (Table 25) are
from other horisens, one (K30D) from the Rewa Pumice, the next twe (K76
and K148D) from a fine grained tephra above the Potaka Pumice, west of
the Rangitikei River, The last sample (140C) is from a much younger tephra
(0s32mey+B.P,) on Fimnis Road, All four of these samples are distinet
from the Potaka Pumice but are similar to one another even though they
are from tephras of three different agess

It follows that similarity of trace element composition cannot
be used alane to positively identify tephra in the Wengamui Basin, However
the results support the correlation of the Potaka Pumice across the basin
and it is possible that comprehensive analyses of all the tephras in the
Wanganui Basin might eventually prove the trace element composition of
titanomagnetites from different tephras to be distinetive,
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840, ™0, AL0y Te0; Um0 Mg Cad Nayd0 Loss Total

H38 (69412 02l 13,85 2,40 0,07 04,28 1,09 2,58 6.80 99,48
MRS 69419 042l 13460 1487 0408 0419 1499 2,65 6411 9913
MRS 71461 0415 12495 1,76 0,05 0,22 1,001 2,05 5.95 9977
MS3 (70,27 0427 13417 2462 0,07 042h 1,01 2,99 5.6 99,89
N23 (68482 0,19 12,19 2,20 0,08 047 1401 2,72 849 99.67
N16C [70.3h 0,15 12,23 2,04 0,11 0,08 0,77 3448 6,96 99,98
HI6LO (69,47 0421 12,94 2,31 0,08 0,18 1,21 346 6,37 100,13
K21C (6970 0421 12,56 2,00 04,06 06 1,05 2,95 647 9942
K3OD (69462 0426 12,56 2,79 0,07 0,33 1,90 2,94 5.22 99.64
K51 (72429 0413 11,76 1231 00k Ou16 1,00 2,51 496 98,17
K67 (69410 0,29 12,62 2,35 0405 0,79 1,26 2,96 6.81 99,81
KIW8D (70,16 0,18 12,66 1.83 0,06 030 1,30 3.50 7.18 101,92

Table 23: NMajor element amalyses of glass from tephra beds, Sample mumbers
with prefix M are from the Makirikiri Tuff Formation; those with

prefix K are from the Kaimatire Pumice Sand Formation,
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|

Semple) Gwid Ret, ;1 ;‘ P;- Pg: :; t:: Faoles

K141 |NI4L/016776 | 5.8 | Jubh3| 3949|252 | 70 | 98 | Hormblende sands

K72 |MI44/21679% | 6.7 | o536 3287| 284 | M | 98 | Tephre

K7MF  |[N944/132795 | 941 | +106| 3201 | 356 | 42 | 116 | Tephra

K90 |N139/302820 | 8,8 | ,380| 3682| 243 | 60 | N Tephra

K51  |N144/131795 | 6.2 | 509| 3258| 371 | 69 | 104 | Tephre

K148A (N139/710892 | 6.95| «740| 3343| 355 | 92 | 104 | Hornblende sands

K218 |N138/567928 | 6,60| J504| 3524| 431 | 70 | 101 | Hornblende sands

Table 24 Partial chemical analyses of titanomagnetites from the Potaks
P umice, (Analyst B, P, Kohm)

™ ¥n V| Cr |Co | M

Sample| Grid Ref, | ¢ P pou| pon lpen | om Tephre

K30D |N14LL/125797 | 847 | 594 | 1033 | 111 | 63 53 | Rewa Pumice

K76  |N138/844853 | 8,3 | «575| 963 | 76 | 47 | 47 | tKaukatea Ash

K148D |N138/710892 | 8.95( 500 1439| 119 (148 | 339 | Kaukatea Ash

150C  (N144/253585 | 9,00 715 1604 | 294 | 60 | 56 ‘L:-nuum-
sl e SOV SP s

Table 25: Partial chemical analyses of titanomagnetites from other tephras,

(Analyst B, P. Kohn),




157

Lignites
A few lignites overlie identifiable palaeosols and one example is

deseribed in chspter 2, However the great majority of the lignites are
associated with tephra layers. They vary in thickness frem a few millimetres
to 0,5 metre and are generally lemseid in form, There is no indication of
seat earth or root structures in the sediment immediately beneath them, The
recognisable plant structures are compressed and meny are distinetly charred.
Owing to the poor preservation only one specimen oould be identified by
B.P,J. Malloy (Botany Division, D,5,I,R., Christehurch), This specimen

was from locality 153(N149/215380) and is Leptospermup spe, probably

Lo erigoides or kanuka, which implies dry seasonal conditions (B.P.J. Malloy,
pers, comm,).

The lignite lenses lie in the lower portions of the tephras, Up to
seven lenses have been observed separated by tephra layers up to 0,5 m thick,
They are presumed to represent vegetation charred during nuees ardentes
eruptions in the central North Island., These muees were probably the pumice
breccia type as burned wood has never been found in New Zealand associated
with ignimbrites, The charred vegetation was probably transported to the
Wanganui Basin by flood waters after the eruptions, The transport of
charred vegetation by md flows was observed following eruptions at
Mt Lamington, Papus, 1951 (Taylor, 1958).

The upper parts of each major tephra unit, with no lignite may be up
to 1.5m thick and may represent the major eruption of the phase represented
by the whole tephra segquence., The lack of lignite in the higher parts of the
sections may be because the major eruption was an ignimbrite or because
vegetation in the area of the eruption had already been destroyed hy the

initial nuees of the phase,
It is assumed that the lignites represent strand or near strend

deposits,
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Palasgourrent analysip from eross-siretified sediment

Antrodugtion
The Makirikiyri Tuff and Kaimatira Pumice Sand Formations of the

Wanganui Basin are mostly deposits of & shallow water shoreline environment,
Evidence for this was deseribed in previous chapters, and includes the
presence of intertidal to subtidal mollusecan fauna, detrital lignites which
are presumed to represent streand line deposits, and rere palasosol horisons
indicating ococasional emergence, Evidence for tidal environment from
sedimentary structures includes channels, symmetrical ripples, flaser
bedding and abundant bipolar-bimodal eross-stretification, 1

Sediment transport direstions for such shoreline deposits may be |
influenced by longshore drift, tidal and wind-driven currents, and the
outflow of rivers, These influenges can be expected to change and interect
in a complex fasiion over small distances and short periods of time,
Nevertheless a study of palascourrent directions for these formations was
considered worthwhile to document the degree of complexity of palasccurrent
systems in & positively identified tidal enviromment, and to estimate its
usefulness in a sediment trensport study,

Several directional studies have been undertaken on recent inter-tidal
environments as accessibility is relatively easy, However, there are very
few dotailed studies of subtidal ourrent trensport systems, using foreset
dip directions of eross-stratification as the surrent indicator, Ome of
these was by Reineek (1963) in the south-eastern region of the North Sea.
He determined direoction of sediment tremsport from oross-stratification
in box cores end found different ourrent patterns in difforent geographical
environments: -

e) 4in the intertidsl zene sediment tvansport was diagonal to the coast,
parelleling the tidal current.
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b) Between barrier islands (East Frisian Islends) and the mainlend
sediment trensport wes in two diveoctions; 1, parallel to the tidal
current, and 2, at right angles to the tidal current away from the
mainland,

¢) On the immediate open shelf beyond the islands directions again paralleled
the tidal current, but farther out to sea there was no dominant sediment
transport direction,

d) Off the mouths of rivers current directions were seaward and landward
due to tidal currents, In addition, there were ourrents paralleling the
coast, which were also bipolar,  The resulting pattern is quadrimedal,
These complex patterns of sediment transport in near shore environments

have been observed on a single time plane, An additional problem for the

geologist is that shoreline sedimentary environments are cphemeral; suall
soale fluctuations in the ses level may cause large lateral changes in the
position ¢f the choreline with assooisted fasles changes. Sedimentary
sequences, which have acoumlated over thousands of years (Makirikiri Tuff -
200ky, Kaimatire Pumice Sand - 130ky) are likely ¢o retain an extremely
complex pattern, Perhaps, for this reason, fow palasocurrent studies have

been undertaken on shallow water deposits. Tanner (1955) and Selley (1967)

both confirmed this complex mature of palacosurrents in fossil shoreline

deposits.

Development of a palaccourrent model is difficult for tidally
influenced marine environments., Potter and Pettijohn (1963) noted "the
model conoept supposes the maintenance of a particular set of conditions
which produces a particular basinewide pattern of sedimentation, during a
signiticant interval of time", During Okehuan times the coastline wes
probably siightly inland of the present cuterop of the two formations
studied (Fig, 66), with dominant sediment souree in the central woleanie
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district to the north and the axial renges to the east, as today, A
model is thus proposed (Fig, 67), based on current systems operating
today aleng the Wengenui coast (Lewis, pers, comm,, 1973),

Dats gpllectdon
In most cases agimuths were measured on at least three sets of

large or smallescale cross-stratification, A total of 244 such groups
were measured, Readings in each group were confined o one structure., As
the sediments are unconsolidated it was possible %o cut back exposures with
a spade to determine the direction of maximum dip, However, error in
measuring cach divestion was probably of the order of 5°,

Other directional features, such 2s chamnel orientation and pebble
imbrication were measured, but were too few to be useful in the final

apalysia,

Mathematloal analysis

Veetor means (Curray, 1956) were computed for each group and the
standard deviation was caloulated about the mean as if the data were linear
(Barrett, 1970)« Veotor magnitude computed as a pereent, end confidence
intervals, were also determined, (Appendix 7).

In analysing the data at each locality it was evident that a large
proporticn were bimodal, For these cases separate vector means were
computed for each mode, At sites where bimodality was obvious, the mubers
of directions were taken roughly in propertion to the numbers of cross beds
trending in each direction. For this reason, individual readings were used
Mﬂmﬂmmmﬂmapﬂ(ﬂu‘a.‘”.?o.?’) so that the
relative abundance of different directions is preserved on the rese diagram,
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Fig, 68: Palasocurrent pattern revealed by foreset dips of
large~seale aressestratification in the Malkiriidrd
Tuff Pormation, Grid mumbers yefer to the
NZ 4:1250,000 maps,
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Pig, 691 Palacoourrent pattern revealed by foreset dips of
snoall-gseale cross-stratification in the Maldrikiri
Tuff Formation, Grid mumbers refer %o the
NEZ 1:250,000 maps,
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Figs 701 Palacocurrent pattern revealed by foreset dips of large-
secale oross-stratification, in the Kaimatire Pumice Sand
Formetion, Grid numbers refer to the NZ 1:250,000 maps.
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Reaulta ond diacusaiop

Reglonal variation

Individual oross bed directions were grouped on the New Zealand four
mile to the inch map, 1,0, the edge of each grid square represents 10,000
yards,

1) foreset directions of large seale structures in the Makirikiri Tuff
Formation are bimodal with the dominant mode seaward but at an angle to the
postulated coast, (Fig. 68)., On the south castern fringe of the basin the
dominant mode is seeward and normal to the postulated shoveline,

2) Small scale eross-stratification shows no reglonal tremnds (Fig. 69)
and may therefore be controlled by local topography rather than a regional
surrent system, or may have varied more over small intervals of time,

3) Large scale crossestratification for the Kaimatira Pumice Sand is alse
bimodal but dominently directed at an angle away from the postulated
shorelins, (Fige 70).

4) Small scale erossestratification again shows no regional trends
elthough a few modes in the centre of the basin show some parallelism
with the large scale structures, (Fig. 71).

Andicators
Allen (1967), commenting on the hierarchy of sedimentary structures as
flow indicators, concluded that large seale structures were truer indicators

of flow direction over a large area than small scale structures., The larger
structures are the product of higher flow regime conditions where greater
bed roughness and more turbulent flow with more eross currents would tend to
produce a greater variation in direction over a small area, but over a large
area are more representative of regional flow, Small scale structures, on
the other hand, are formed during more uniform flow econditions, showing
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little variability over a small area, but great diversity over a large
area,

However small scale structures with their low internal varisbility
because of thelr sise, are easier to measure, whereas estimation of true
direction of large scale structures is more difficult to determine ascurately.

For groups where more than four readings had been taken some assessment
of reliability can be gauged by examining variation in standard deviations,
(Fige 72)« The small seale bedding has & smaller mean deviation than the
largs, (15° and 20°) respectively, The modal class for the small secale
strustures 1s 5° to 9% the large scale is bimedal, the dominant class
being 15° t0 19°, and the subordinate 5° to 9°, Insufficient date were
recorded in the present study to disecern the meaning of the two modes but
it is here suggested that the lower values, being the same as the small
scale mode, may in fact be the standard deviation for the smaller of the
large scale cross-stratification,

In general, however, the results indicate greater reliability of means
determined from small scale structures, As mentioned previously, the greater
variation in direction within large scale cosets may represent either a real
variation or variation due to sampling,

A slatlar Jattern s inlfeated shim oostiienss Sntersiilrine Jlonte
for groups where four or more readings were taken, (Figs 73). Of the small
scale groups 9% have confidence intervals less than 30°, wheress of the
large scale groups only 77% have confidence intervals less than 30°,

Variations in current direction in stratigraphic sequence are plotted
in figure 74 Results indicate:
1) Smallegoale erossestratification is mere frequently bimodal than
large. In all but one section 508 or more cosets of small seale structures
are bimodal.
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Figes 721 Standard deviation for groups of data with more than four
readings per group,
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2) There is no consistency in the proportion of bimedal large scale=~
cross-stratification, The percentage of bimodal cosets varies froem O

to 66% in any one section,

3) Variations in current direction from small scale oross~stratification
over stratigraphic intervals of thirty metres or more are usually large
(up to 90°), and erratic, although at one locelity (section 65, N137/580911),
measured directions range through only 10° in e thirty metre interval,
However, sampling was not usually as olose as in this sequence,

L) Large oross-stratification directions normally fall within a 45° sector
in all seotions whether closely sampled or not, Only the Turekina, and
rare sites in the upper parts of the Whangaehu, Vanganui and Rangitikei
sections show any larger variation,

5) Small and large scale cross~stratification are not usually coincident
even at one site where measurement on the two structures were taken within
a fow metres of one another; the directions vary by as much as %0°s This
is not always the case, as the directions taken along the present Wanganui
coast are coincident,

Senelusions

1) Small seale ¢ross-stratification yields more relisble local current
directions than large scale oross-stratification for individual cosets,
However, directions from small seale structure are more variable
stretigraphically (i,e. with time) than large seale structures.

The lack of any clear pattern in the regional trend of small scale
structures is real, and not due to errors in measurement, It is probably
due to wide variation in ocurrent directions from place to place and from
time to time.

Although vector means of large scale cosets can be less relisbly
determined than those for small secale cosets, stratigraphie veriation is
considerably less, Thus, in these ancient shallow water deposits, large
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seale eross-stratification is a more relisble directional indicator of
regional sediment transport, This is in accord with Allen's (1967)
theoretical arguments.

2) The regional palaeocurrent pattern revealed from the large scale
crossestratification is complex, The bimodality of the directions
emphasising the shallow water marine origin of these sediments is most
likely due to tidal ourrents,

By removing the secondary mode, a simplified flow pattern is revealed,
(inset to figures 68 and 70), For the erea from Wanganul to Hunterville
the dominant flow 1s to the south east, 1.0, at an agute angle to the
postulated shoreline, From the Rangitikel River to the Pohangina River,
flow varies from south east to west, From Pohangina to Palmerston North
flow is dominantly westward, seawerd, normal to the postulated shoreline,
away from the axial renges, and may have been influenced by high veloelty
streams flowing into the sea at this peint,

Although the pattern is complex, the deminant pattern of sediment
transport appears to have been seaward but subparallel to the coast, not
dissimilar to current pattern along the Wanganui coast at the moment,

(K, B. Lewis, pers, comm,).
The large se¢ondary modes in the north eastern area may have been
caused by fluvial influx,

Plumley (1948) in one of the earliest studies of gravel tremsport,
made quantitative analyses on detritus transported by streams draining
the Black Hills, South Dakota. He concluded that selective transport
accounts for 75¢ of the size decrease, the rest being attridbuted to abrasion
and breakage, He also found that the rate of change of roundness with
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distance is proportional to seme power of the distance and to the difference
between the roundness and a limiting velue of the roundness. Sphericity
inoreases slightly with distance but is somewhat erratic. The initial
1ithological composition of the clasts is directly related to the source
area of the grevel as might be expected,

On the basis of these conelusions, mean sise, roundness and 1itholegy
were determined for clasts in the conglomerete horizons of the Makiriidird
Tuff and Kaimative Pumice Sand, to determine direction of sediment
transport on a regilonal scale,

Hethods

Pettijoln (1957) showed that the mean diameter of clasts in grevel is
directly proportional to the diameter of the largest clasts, Beceuse of
this, Pelletier (1958) argued that the average of the ten largest clasts
should be a rapid but relisble way of detecting changes in mean sise of
gravels, and hence indicate transport direction, To this end, the meen
diameters of the ten largest greywacke clasts were measured for conglomerate
horisons, In addition the lithology and roundness of 100 randomly selected
clasts was determined,

Results and disoussion
Mean sise of the ten largest clasts (Fig, 75) shows a very obvious high

along the eastern margin of the basin which was rimmed by Mesozoiec greywackes
ofﬁomﬁnlmlmpctmﬂnwumiﬁm. The mean sisze is
highest in the south east where the postulated shore line comes closest to
the Ranges (Pige 66); most of these sediments are very shallow marine and
the conglomerates may be the product of high gradient streams entering the
sea and dumping their load at this point, The conglomerates in the north
east have been mostly interpreted as deposits of o braided stream or shallow
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merine environment (Chapter 2), Their mean sise is lower and, assuming
similar source contrels, particularly spaeing of jointing and induration,
they appear to have been transported further, Very rare volcanic e¢lasts
are associated with these greywackes (Pige 76) indicating that at least
some of the detritus was being trensported from as far afield as the central
voleanie district,

In the west of the basin from Wenganui to Hunterville the mean sise
of the ten largest clasts is smaller. There is alse e slight overall
inerease in the roundness of the greywacke clasts (Fig, 77) compared to
those from the eastern side of the basin, In addition there is a greater
percentage of voloanic clasts in the conglomerates up to 80% in some beds,
consistent with a source area to the north in the centrel voleanie district.
Purther, one site where clast size is larger than average in this area is a
channel dsposit of very poorly sorted detritus of greywacke and volecanic
origin with no stratification and may represent a distal laharic deposit,
sush that this size increase refleots only very local ohange in flow
conditions,

Songlusions
From the foregoing discussion it is evident that there are two sources

of sediment in this area - one sedimentary and the other voleaniec, The high
percentage of greywacke, relatively large size and sudbrounded to subangular
nature of the conglomerates clasts in the eastern edge of the basin
suggests a source to the east in the Mesosolc greywackes. To the west of
the basin, there is an increase in voleanic glasts, a slight inecrease in
roundness and a decrease in sise of the greywacke clasts compared to thoss
in the west., The voloanic detritus is probebly derived from the north and
it is concluded that so too is the greywacke of the western area, As the
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palaeocurrents indicate a dominant sastward drift of sediment, this
too confirms the northerly source of greywacke in this reglon. Sources
of this greywacke could be highlands such as the present Rangitoto Ranges,
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PART III

PALAROSALINITIES FROM CARBON AND OXYGEN ISOTOPE ANALYSIS
OF CARBONATE SHELLS IN THREE QUATERNARY PORMATIONS
WANGANUI BASIN, NEW ZEALAND
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INTRODUCTION

MeSree (1950), Urey ot al (1951) and Epstein gt gl (1953) experimentally
deternined the relationship between the oxygen isotope compositions of
water end caloium carbenate precipitated in equilidrium with the water,
and the tempereture of the weter, The relationship is expressed by the

following equation, (Epstein ot al, 1955):

(%) = 1645 = 4.3 (s”ow,.- A) + 0.1 (Sﬂom,,d)’

mntumummmrwms“o of the water relative to mean

ocean water, and is equal o0 sero for standard mean ccean water (3}0W),
When the isotepie ratio of the cerbonate is analysed, T may be calculated
1f A 1s known,

Epstein (1953) doduced that the '00 content of ses water would increase
with salioity, Selinity snd '00 contant are both ineressed by evaporation,
and fresh weter precipitated from the atmosphere is therefore always
depleted in "% reletive to SWOW, When fresh water and ses water, mix
the salinity and "% content of the latter decrease similtanscusly, Aleng
the coast where fresh water run-off from the land is significant, any
near-ghore water is likely to be depleted in this way (Epstein and Mayeds,
19%5) and the oxygen isotope ratios of shells precipitated in such waters
will therefore alsc very with salimity,

The carben isotope ratio {'>6/'%0) may alse indicate where fresh-water
has mixed with ocean water (Clayton and Degens, 1959; Keith and Weber,
1964; Keith gf al, 1964) because the intermixed freshewater contains earbon
derived from land plants which are depleted in '°C due to biological
fraotionation, Palasosalinity maps based on carbon isotope retios were
found to be in agreement with palaeontological and other geological

evidence, (e.g. Allen and Keith, 1965, and Keith gt al, 1964).
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Keith and Weber (1964) derived the following equation to diseriminate
between marine and freshe-water limestone of Jurassic and younger age:

28 (3% +50) +0 (5% 4+ 50)

The terms a and b are 2,048 and 0,498 respectively. Their results showsd
that "limestone with a value of % greater then 120 would be classed as
marine, those with Z lower than 120 as fresh water and those with Z near
120 as indeterminate,"

Mook (1971) investigated the problem more thoroughly, by analysing
oxygen and carbon isotopes in carbonate shells of present day bivalves
from the North Sea and inflowing rivers, thus covering a remge of fully
marine, mixed and freshewater conditions, In & series of traverses he
found a gradual increase in 5 and {0 towards the ocean, His plot
of the results provides a potential standard for determining more precise
palagosalinities than those given by Keith and Weber (lec. eoit.).

ANALYSES OF WANGANUX BASIN FOSSILS

When Devereux (1968) determined oxygen isotepe pelseotemperatures from
New Zealand fossils, he chose only fossils that could be assumed to have
lived in undiluted ocean water so that he oould assume A=) in the equation
of Epstein et al (loo, eit,). The Wangamui Basin Quaternary fossils were
unsuited to this purpose because they mostly belong to inshore environments
(Fleming, 1953; Te Punga, 1953) where ocean water was likely to have been
diluted by freshewater,

The diagram of Mook (100, cit.) showing 5
provides a possible standard whereby:

8 plotted against 5°C, now
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a) samples precipitated in diluted ocean water may be identified and if
negessary rejected for palasotemperature work,

b) relative salinities may be determined,

e) if a sufficient range in salinities are present in one horizom
tenperatures may be determined graphisally.

The first requirement is to determine whether Mook's results can be
reproduced using stratigraphically lateral sequenses of fossils
representative of a range of salinities. The following account is concerned
specifically with this problem, using fossils from selected horizens in the
Wanganui Basin, The results are applied to the solution of palasogeography,
but not at this stage to the determinations of palasotemperetures,

Three Pleistecene fossil horisons were chosen that had previously
been studied in detail seross an extensive area in the Wanganul Besin, They
were the Tainui Shellbed, the Tewkesbury Formation and the Waipuru Shellbed
described by Fleming (1953) (Pig. 78)s All shells analysed were bivalves,
Venericardia purpurata (Deshayes) being chosen wherever represented by
well preserved shell; Chlamys gemmulata (Reeve), Magrimeotrs acuminells

Finlay, Tawera subguloats (Suter) or Dosinis (Austrodosinia) aff.horrids
Marwick being chosen from other sites.

Zrecedures

All samples analysed were from shells that showed no signs of chalky
or weathered surfages, Each sample was cleaned ultrasonisally in distilled
water for 2 to 3 minutes, dried, and ground under carbon tetrachloride to a
fine powder, After drying again, the powder was soaked in sodium hypochlerite
for 48 hours to remove eny organic components, (Emiliani, 1966, Devereaux,
1968), Finally it was again dried and sieved through a 65 u eloth mesh,
the fine fraection being retained for the isotopic study, (Walters gt al,
1972). To evolve carbon dioxide, 20 mgn of semple was reacted under vacuum
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with 100% phosphorie asid at 25°C for at least 48 hours.

Oxygen and carbon isotope retiocs of the cerbon dioxide were measured
on Nuslide Analysis 60°, 6" (150m) double collester mass spectrometer,
The machine standard was Te Kultd Limestone (TKL)e A carbonate from the
Towlkesbury Formation (mumber 165V1) was run as a standard sample with each
set of analyses, (table 27). The standard deviation for each analysis wes
approximately 0,2%/60, Many samples were run twice and the results were
within the standard deviation of each other,

Ratios detormined against the TKL standard were later computed to the
international standard PDB and are given on the delta notatiom:

6

5120 pqmpae (7/00) = 18,16, i--"’o/' 0 ysangarg * 1990
standard

E’"‘-lplo (Yo0) « /"% 3% x 1000
standard
Results and dlsouggion
a) Iaipury ihellbed

The Walpuru Shellbed ecan be traced from the Wangamui coast (N137/430982)
to Marshalls Road (N139/267895), (Pigs 78) From palaccecclogy, Fleming
(1953) inferred deposition in fully saline water offshore at & depth of
10 to 20 fathoms in the centre and east of the basin, end in shallower water
to the weat,

The % values (Table 26) are all greater than 120 indiceting fully
marine conditions acocording to Keith and Weber (1964). MNost results plot
within or near the area delinested as marine by Mook (1971), (Fig. 79).
Exoept in the extrene east at Marshalls Road, the 5 °C values are higher
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i e . = e A = = S
5§13 4900 "
Sample| Locald Spesie (°/00) (%00
Noe v * Welste Scﬁo‘)o value
PDB PDB
v St e e e - S ‘ﬂ__ —-—7
164 | ¥ 1987 189 1416 131,75
¢ 4k i Yenarigardis ¢ ¢
163 | N138/872941 " 2,60 149 13397
(Mangatipona R2)
162 | N139/04,8890 " 1.85 157 131.84
166 | N138/930933 . 1467 1.35 131,59
170 | N138/810948 . 24,03 101 132416
(Whangaehu
Valley)
189 | N139/486896 » 1.68 1.01 131424
(Turakina
Velley)
CSL123 | K137/497983 . 1411 0469 130,01
(Brunswiock RA)
211 | N138/658988 " 1419 1445 130,46
(Paraline RQ)
214 | N139/287895 0467 0464 128,99
(Narsbail 26) | emiata
160 | N135/123876 . 151 0.72 130456
(Bwy 1)
684132 | N138/656969 Yenericardia 137 0.99 130,60
(Parepare Rd) urpurate
684011 | HA37/470978
(Rengitatan R4) . 1461 1453 131,36
Table 26: Isotope ratios of fossil shells from the Waipuru Shellbed,
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ris. 791 Carbon and oxygen isotope ratios for mollusc shells from the
Waipuru Shellbed.. Sample rambers in brackets, Shaded area
represents composition of caleium carbonste precipitated in
equilibrium with ocean water as a funciion of temperature,
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Fige 80t Veriation in carbon isotope ratio of molluse shells aeross the
basin of deposition, Sample mumbera 2s in figure 79.
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in the centre and east of the basin than in the west (Fig. 80), As
ddlution of sea water by fresh water and ses depth both tend to be functions
of distance from shore, salinity ean be expested to decrease with decrease
in aepth for open oseans, Thus the eastern shore 1ine at the time was
probably close to the present pesition of Marshalls Road,

The reduced 5'°C values in the west of the basin, also suggest a slight
reduction of salinity and are in agresment with the shallowing inferred by
Fleming (1953).

b) Tewkesbury Pormation

The Tewkesbury Formetion immedistely overlies the Waipuru Shellbed and
oan be traced from the ccast (N137/338955) to the eastern side of the
Rangitikel River, (N139/154891), (Pige 78). Fleming (1953) noted that the
assemblages in the western outorops arve characteristic of "inter-tidal and
shallow-water sand and mud-flats, in semi-enclosed estuaries and inlets,"
whereas those at the centre of the basin," indicete deposition in saline
offshore waters of moderate depth,"

Accerding to the equation of Keith and Weber (loc. oit.) only ome sample
(Tadle 27) was depesited in a non-marizs envirenment, yet valuss of & ¢
plotted against 500 (Figs 81) mostly 1ie outside the fully marine field,
in agreement with the palasoesological results, The large scatter (Pig, 81)
4s to be expested of such inshore environments where freshewater input
varies from place to place and also from time to time,

Agein the 57 values (Pig, 62) are higher in the central and eastern
portion of the basin than in the west, indicating fully marime salinity
in the region of the present Rangitikel River, Although the trend of
variation is the same as in the Waipuru Shellbed, the value of carbon and
oxygen isotope ratios are less, M.mnultulmuthmm
mqwnmwurmmumum«mmmum,

but did shallow substantially before deposition of the Tewkesbury Formation,

=
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13 ¢
1 z
Sample | 1ocality Species Pen %08 | qarue
175 [N937/497980 Zawers subsuleata | 1410 0489 | 130,28
f P ' ’ = L x - e
165  |M138/911920 Yenerlcardia 1440 1,02 | 150,67
(v1) Purpurats
1446 1421 | 130,89
(repeat runs) 1.57 129 | 131416
1449 1.16 | 130,93
1,32 1,08 | 130,54
1.56 147 | 131,07
1455 146 | 131,04
165  |N138/911920 Yenerigardia 1.60 1.20 | 131,17
(v2) urpureis
165  |N138/911920 Chlauys gemmalata | 1.37 1448 | 130,70
(c1)
683092 |N135/043892 ﬁ“ 1409 1.49 | 130,92
| 684129 (N137/338955 . 1.2 157 | 130.5
161  |N139/05088) . 1.73 1.7 | 131N
210 | N157/655968 % ~0438 079 | 103.53
180  (N139/155892 m 0452 0.70 | 128,74
172 [m38/806939 | 0u59 1,59 | 129,29
Table 27: Isotope ratics of shells from the Tewkesbury Formation,
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Fig. 81t Carbon and oxygen isotope ratios for mollusc shells from the
Towkosbury Formation, Sample muwbers in breckets., Shaded area
represents compesition of enleium carbonate preeipitated in
oguilibrium with seawater as a funotion of temperature.

-—
bl
—

204 - i
S‘JC "§ B i E/x o
Lol X——x g/ \i
-l ’ x L
(=]
0.04- ~ k
X
West East
0 10km
| SR |
Fige 82: Variation in carbon isotope ratio of mollusc shells agross the

basgin of deposition, Sample mumbers as figure 81,




195.

¢) Taimu! Shellbed

The Tainul Permation can be traced (Fig, 78) from the Wangamui coast
(N137/479893) to Omepui Bridge et the Rengitikei River, (N143/890696).
Palasoecology (Fleming, 1953) indicates deposition in waters that
shallowed from west to east. Fluoctuating depths greater than 20
fathoms were inferred for the sites west of Vengamui, and repidly
fluctuating shallow depths near an estuarine shoreline for the Rangltikeli
area.

From the % values of Keith and Weber (1964), (Table 28), all the samples
are marine, but in the plot of 5 C against $'°0 the sample from the
Rangitikei River (mo, 156) falls outside the fully marine field (Pig. 83)s

In rough agreement with the palasoscology, 5'°C decreases irvegularly
(Pige 84) towards the east with a low in the region of the Whangasim River,
which may indicate a local concentration of fresh water supply.

The oarbon and oxygen isotope ratics of the Pleistocene shells are
sensitive indicators of palasosalinity,

The Z values caleulated from the equation of Keith and Weber (1964)
indlcate fully marine eonditions in all but one case, but plots of S -0
sgainst 550 permit o more refined distinction of fresh water intermixing
and show that some samples grew in water of reduced salinity. The
indicated salinities are substantially in agreement with the
palacontological evidence of Fleming (1953).




1964

e Noe Locali Species 5"6 5“0 “?m
Sanple we b ' Werets | wer,t,
PDB PDB
GSL241 N138/741812 | Chlamys gemmulata 1.51 | 1,85 [131.48
(LIRTNN N138/677852 . 1.39 | 150 130,90
172/1 N137/475897 | Yenericardia 2,02 | 2,48 |132,53
Durpurats
172/2 N138/588870 " 2,09 | 1.75 [132.45
209 N138/757838 . 1492 | 1,97 |132.21
159 144,3/980696 " 1.1 Ou7h [129.9%
Table 28: Isotope ratios of shells from the Taimwi -ncllicd.
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Pige 831 Cerbon and oxygen isotope reatios for molluse shells from the
Teimui Shellbed. Sample numbers in bracgkets., Shaded area
reprosents composition of caloium carbonate presipitated in
equilibrium with seawater as a function of temperature.
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declination of NRM for cores taken from dipping strata, Programme modified

after Lienert (1972).
This is followed by the results determined in the present study.

K is the precision parsmeter, A95 is the cone of confidence at the 95¢
level, and R 4s the vector magnitude,
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