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SCOPE OF INVESTIGATION

’ This study is concerned with the identification and
dating of Quaternary pyroclastic rocks erupted from the
central North Islend, New Zealsnd. The following agspects
are specifically considered.

1) Assessment of the potential of using dominant
ferromagnesian assemblage in conjunction with elemental
abundances in titanomsgnetite as a means of rapid identifi-
cation of pyroclastic rocks.

2) Adaption of the fission-track technique for dating
small amounts of glass shards (<200 milligrams) over the
time range of Upper Pliocene to the lower range of 140
dating (c. 30,000 yrs).

3) . Application of fission-track dating to establish an |
absolute chronology for ignimbrite eruptions in the central |
North Island, and to correlate ashes in deep—sea cores i

|
|

previously dated using paleomagnetic methods (Ninkovich
1968), with these ignimbrites.
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NOMENCLATURE

Pyroclastic Nomenclature

Nomenclature in the pyroclastic rocks has become con-
fused during the last decade largely because of the different
aims of the studies undertaken. Healy et al (1964), Vucetich
and Pullar (1969) and others have been concerned with mapping
such rocks over a wide area and hence require terms which
describe the units throughout their distribution. Ewart
(1968), Cole (1970a) and Kohn (1970), however, have described
petrographic and chemical aspects of pyroclastic rocks.

These authors require terms suitable for description at a
" particular locality.

In this thesis it is necessary to use terms which can be
used when studying pyroclastic rocks from stratigraphic,
petrographic'and chemical aspects. The following definitions
of terms are thus outlined and a brief discussion of the use
of more problematical terms is given.

Pyroclastic - Wentworth and Willisms (1932) defined “pyro-
clastic" a2s "an adjective applied to rocks produced by

explosive or aerial ejection of material from a volcanic
vent." As such, the term is interpreted as including deposits
- formed from explosive "air-fall" eruptions and from nuées
ardentes. The definition in the A.G.I. Glossary (1960) of
"detrital volcanic materials" is misleading as it implies
mechanical breakdown of volcanic rocks after deposition.
Tephra - A term coined by Thorarinsson (1954) for "all the
clastic volcanic meterial which during an eruption is trans-
ported from the crater through the air, corresponding to the
term lava to signify all the molten material flowing from the
crater." It is a particularly useful term for general
descriptions of unconsolidated pyroclastic deposits, as the

term implies no particular grain size. The main problem is
whether the term should be restricted to airfall pyroclastic
deposits or used for both airfall and pyroclastic flow depo-
sits (the products of nuées ardentes). In view of
Thorarinsson's recent paper referring to tephra-flows
(Thorarinsson 1969), it is considered that pyroclastic flow
deposits can be called "tephra" if unconsolidated. \Where an

"
et
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airfall origin can clearly be established the deposit can be
called "tephra-fall", where pyroclastic flow origin is
evident “tephra-flow".

Tephra may be subdivided according to grain size inte
ash, lapilli, or blocks (Wentworth and Williams 1932). The
size: limits of these units were later modified by Fisher
(1961) to conform with sedimentological terms (see Table 1,
below).

Tuff, Agglomerate - Consolidated pyroclasfic rocks in which
individual fragments retain their original form (i.e., have
not been welded). Divisions based on size are given below.

Size (in mm) Unconsolidated Consolidated

> 64 Blocks/Bombs - Breccia/Agglomérate
64 - 2 Lapilli Lapilli Tuff
2 - 0,063 Coarse Ash Coarse Tuff

< 0,063 Fine Ash PFPine Tuff

‘Table 1 - Subdivision of pyroclastic rocks according to grain

size (Wentworth and Willisms 1932, modified by
Fisher 1961). -

Pumice - A natural glass froth in which the volume of air
space approaches, eguals or exceeds the volume of glass
(Heinrich 1956, p.41l). Pumice would therefore generally
float in water. .t

Ignimbrite - The term “ignimbrite" was first used by Marshall
(1932) to describe the extensive "rhyolitic® sheets of the
North Island, which he considered to have formed by a type of
“nuée ardente" eruption. In a later paper (Marshall 1935) he
gives a definition of the term as; "Igneous rocks of acid or
intermediate composition which have been formed from material
that has been ejected from orifices in the form of a multitude
of highly incandescent particles which were mainly of minute
size." Since 1935, the term has been used in various ways.
Some authors (e.g., Cotton 1944) used it as synonymous with
welded tuff, while others (e.g., Beavon et al, 1961) include
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both welded tuff and non-welded tuff or sillar. This contro-
versy over the degree of welding necessary for_ a rock to be
called "ignimbrite" is widespread, and depends on whether the
key features of an ignimbrite are the *nuée ardente eruption®
origin or the presence of "highly incendescent particles",

It is desirable to sepasrate descriptive and genetic terms,
and in view of liarshall's (1935) definition, it is considered
thaet the non-genetic feature is the most important and that
some degree of welding should be present in an ignimbrite.
The term ignimbrite is therefore a rock unit name (including
welded portions) with genetic significance (dominantly pyre-
clastic flow in origin).

Deposits giving greastest problems of nomenclature are
those formed by smaller nuétes ardentes. The resultent |
deposits are frequently not welded snd as such should not be
called ignimbrites. In New Zealand such non-welded deposits
are called “pumice breccia" (a descriptive term). This term
implies both angularity, coasxse grain size and consolidation
(Table 1). Yet some unconsolidated deposits (e.g. Oruanui
Breccia) grade into finer grained deposits (dominantly ash
size) away from their seurce. A better general term for
describing the complete unit would be "tephra-flow".

In order to avoid confusion, where a unit has previously
been formally named, that name will be retained in this thesis
even if it does not conform to the above usage of nomenclature.

Petrographic and Chemical Nomenclature

The variety of modal and chemical parameters assigned
to cmle-alkaline volcanic rocks (e.g., Williams et al 1954,
p. 12, Ewart and Stipp 1968, Taylor et_al 31969, Chayes 1970,
Wilkinson 1971 and Irvine and Baragar 1971) reflects a lack
of agreement among workefs on definite nomenclature.

In this study the classification within the unweathered
andesite-dacite-rhyolite sequence is made on the basis of
Si0,. Andesites contain 53-63% Si0, and generally do not
contain modal quartz. Dacite contains 63-70% 5102 and
rhbyolite 70-77% Si0, with Na,0+K,0=6.6-8.2% and Na,0/K,0
ratio >1. Ewart and Stipp (1968) classified dacites as
containing 64-68% 5i0, with a small distinct gap between




dacite and rhyolite. Although rhyodacite may be considerad
an appropriate term for rocks with 68=T0% SlO 1% has not
been considered here because there is no consxstency in the
use of the term in the literature (Irvine ond Baragar 1971).
Dacite is therefore extended from Ewart and Stipp's upper
limit from 68% to 70% 510,. The lower limit of 63% 510, fow
dacite is according to Taylor et et _al (1969) and Duncan (39763)
Duncan (19702)hss also shown that a mineralogical criterion
which closely corresponds to the 637% 8102 andesite-dacite
dividing line is the presence (dacite) or absence (andesite)
of modal quartz.

It should be emphasised that all chemical boundaries
are gradational. Duncan (1970a) for example, has shown that
analyses within one volcano (lit. Edgecumbe ) may span the
andesite-dacite boundary.




SUMIARY OF THE GEOLOGY AND VOLCANIC HISTORY OF THE TAUFO
VOLCANIC ZONE

Details of the structure, distribution of Quaternary vol-
canic rocks and volcanic mechanisms controlling eruptions in
the Taupo Volcanic Zomne (Fig 1) calc-alkaline province have
peen given by Healy (1962, 1964 ), Healy et al (1964), Grindley
(1960), Thompson (1964) and Modriniak and Studt (1959).
Accounts of various aspects of the petrology and petrochenistry
are given by Steiner (1958), Clark (1960a,b), Ewart (1963,
19652, 1966, 19672, 1968, 1969, 1971a), Ewart and Stipp (1968),
Ewart et al (1968a), Ewart and Taylor (1969), Ewart et 2l (1971),
and Cole (1970a,b,c, 1973).

The Taupo Volcanic Zone extends northeast for 250 km from
the volcanoes of National Park in the centre of the Norih
Island to White Island in the Bay of Plenty, reaching a maxi-
mum width of 40 km. Rhyolitic volcanism (Pleistocene—Recent)
is dominant, forming lavas and domes, voluminous welded ignim-
brites (and unwelded “pumice breccias") and as blanketing air-
. fall tephra deposits. Healy (1962) estimates the order of ,
16,700 km3 of rhyolitic material. Andesitic lavas (totalling
about 83 km3 of outcrop),‘have their main occurrence atb the
extreme ends of the Taupo Volcanic Zone. Basaltic outcrops
amount to no more than 42 km3 and their ventas appear to be
located where the NI trending regional faulls cross caldera
structures (Cole 1972). With two exceptions the basaltic out
crops occur as isolated flows and gcoria cones distributed
throughout the area. The two exceptions are the liatahi Basaltic
Tephra (Pullar and Nairn 1972) which conformably underlies
rhyolitic deposits ¢ dated at c. 44,000 yrs B.P. and the
scoriaceous Tarawera ash and lapilli erupted violently from
Mt. Tarawera (previously rhyolitic) in 1886. Dacitic lavas
occur a8 isolated domes distributed throughout the region. .

The rhyolitic volcanism appears to have been largely
concentrated in four centres, occupying the central 135 km of
the Taupo Volcanic Zone (Healy 1962, 1964 and Thouwpson 1964).
The centres, each apparently controlled by ring structuresd,
are from south to north (Frig 1), the Laske Taupo Volcanic
Centre, Maroa Volcanic Centre, Rotorua Volcanic Centre aad

b
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Okataina Volcanic Centre. Each centre is marked by concen-
trations of vhyolitic domes and is flanked by extensive
ignimbrite plateaux. The generalised_voléanic succession
from each centre (with overlap between centres) is believed
to be (after Bwart and Stipp 1968): 1) extensive welded
ignimbrite deposits (possibly from fractures marking the
periphery of the centres); 2) an older phase of viscous
Thyolite lava domes; 3) localised glowing avalanche (nuée
ardente) eruptions giving rise to unwelded pumice deposits
("pumice breccias"); 4) a younger vesurgent phase of
rhyolite domes and flows,frequently erupted within the
central portions of the volecanic centres; 5) violent tephra-
fall eruptions, resulting in deposits which blanket much of
the central and southern North Islsnd. The most extensive

of these deposits were erupted from the Lake Taupo Volecanic
Centre and to a lesser extent from the Okataina Volcanic Centre.

‘ A study of the pyroclastic rocks produced during phases
1, 3 and 5 which have been spread over an area of at least
45,000 kmz, comprises the bulk of work reported in this thesis.

Detailed mapping of Late Quaternary tepbras (phase 5)
aided by 140 dating has provided a time scale for eiuptions
over the last 44,000 yrs B.P. (Healy, Vucetich and Pullar
1964, Vucetich and Pullar 1969, 1973) and a number of papers
(e.g., VWellman 1962, Pullar 1959, 1965, 1967, 1970, Vucetich
and Pullar 1963, Cowie 1964, Vucetich 1968, Rhea 1968, and -
Nairn 1972) have indicated the importance of developing
methods. for rapid identification of these tephras as an aid
for dating geological, archaeological and paleopedological
events. Studies on the 140 dated deposits are thus more
advanced than on the underlying consolidated volcanics, which
have in the past only had ages inferred from the relationship
of some of the volcanics %o sediments dated in the marginal
areas by fossils, by paleomagnetic studies on deep sea core
samples and ignimbrites on land, and a few K-A dates on lavas.

Because of the different levels of knowledge about the
>44,000 yrs B.P, pyroclastics and the younger tephres
(<44,000 yrs B.P.), which are underlain by a widespread para-
conformity (Vucetich and Puller 1969), studies on these
deposits are treated seperately in this thesis.

8 .




PART I

STUDIES OF POST C. 44,000 YR B.P,

TEPHRAS ERUPTED FROM THE CENTRAL

NORTH ISLAND, NEV ZEALAND.




A, METHODS OF TEPHRA IDENTIFICATION

INTRODUCT ION

The development of volcanic "ash" studies in New Zealand
can be traced through three broad periods (Jeune 1970).

During the late 19th century the extensive pumice depo-
sits surrounding Lake Taupo received considerable comment
(Crawfordal875, Smith 1876 and Cussen 1887). Thomas (1887)
recognised a covering of younger andesitic ash from Mts.
Tongariro and Ruapehu overlying the pumice from Taupo and in
his 1888 rveport on the eruption of Mt. Tarawera in 1886,
Thomas provided a valuahle description of the eruption and
the deposits vresulting from it.

Tephra deposits received only cursory attention during
the following years until scoil surveys initiated as part of
the research effort into bush sickness demounstrated a rela-
tionship between incidence of the disease and soil derived
from tephra (4Aston 1926). Extended soil surveys followed
(Grange 1929, 1931, 1937, Taylor 1930, 1933, Grange and
Taylor 1931, 1932) during the course of which meny importent
s0il forming tephras were named, described snd mapped. On
the basis of mineral studies, contributions were recognised
from four recently active volcanic centres; Taupo, Rotorua,
Tongeriro National Park and lt. Egmont.

In the last 20 years, with many new cuttings being
exposed during the course of road construction, attention has
shifted to more deeply buried tephras not forming part of the
present soil. Detailed stratigraphic studies (Baumgart 1954,
Baumgart and Healy 1956, Healy, Vucetich and Pullar 1964,
Vucetich and Puller 1963, 1969, 1973, Ward 1967 and Neirn
1972) supplemented by 140 age determinations have provided
the basis of a2 reliable regional stratigraphy which now foras
a framework into which more specialised studies may be fitted.
Table 2 summerises the stratigraphic succession, chronology
and composition of tephras erupted from the Taupo Volcanic

Zone over the past c. 44,000 yrs B.P.




Table 2, = Stratigraphy and chronology of <c. 44,000 yr B,P,

tephras erupted from Taupo Volcanic Zone.

#[EY TO REFERENCE TO NAME AND AGE (see over page)

1. Tomas (1888).

2. CGrange (1929),

3, Vucetich and Pullar (1964).
4o Wellman (1962) and Wellman (pers. comm. ).
5. Duncan (1970b).

6. Leahy (1971).

7. Creen (1963).

8. Cole (1970a),

9. Baumgart and Healy (1956).
10, Healy (1964),

11. Healy (1965),

12, Baumgart (1954).

13. Pullar and Heine (1971).
14. Vucetich and Pullar (1973).
15. Grange (1937).

16, Taylor (1953).

17. Gibbs (1968).

18, McCraw and Whitton (1971).
19. Crant-Taylor and Rafter (1962).
20. (see Appendix III).

21. Topping (pers. comm.).

22, Grange (1931). .

23. Lloyd (1972).

24, Vucetich and Pullar (1963),
25, Vucetich and Pullar (1969).
26, Berry (1928).

27. Cowie (1964).

28, Nairn 1971).

29, Ewart and Healy (19652).
30. Nairn and Kohn (in press - gee section B, Part 1).
31. Healy and Fwart (1965),

32, Thompson (1968),

33, Nairn (1972).
34, Pullar and Nairn (1972).

*References are given in Part 3.
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The reliasble identification of a particular tephra at a
stratigraphic section requires that the bed he recognisably
different either visually (e.g. black Tarawers scoria,

Kaharoa Ash "gugary" white due to high proportion of quartz

or Rotoma Ash with darkened paleosol), mineralogically or
chemically from others and that any differences be established
by adequate investigation of all tephras involved and if
possible of the corresponding erupted materials at the source
volcances (e.g. Ruawahia Dome at INt. Tarawera, extruded

during the same eruptive episode ag Kaharoa Ash, Cole 1970a).




ERAEOMAGNESTAN NINLRALOGY

Almost all the acid volcanic rocks of the Taupo Volcanice
Zone are porphyritic and contain phenocrysts of plagioclase,
hypersthene, titenomegnetite and ilmenite (2ll normally
present ), quartz (frequent), calcic-hornblende and biotite
(less common), sanidine, augite and cummingtonite (both rare).
The predominant constituent of all the tephres studied is glams,
which may be in the form of bubble wall fregments, curved,
flat or Y-shaped (usually ranging in refractive index from
1.496-1.502) or as pumiceous lumps (ranging in refrective
index if fresh from 1.500-1.50% or upto 1.508 if moderately
weathered). Phenocrysts and lithic fragments do not often
exceed more than 35% of the volume of the tephra deposits
studied.

It is well known thet veriations in abundance and size
of the constituents of a particular tephra occur from place to
place (especially downwind from source), however there is
rarely any primary constituent totelly lacking in a sample.
Thus é qualitative apprqéch has been attempted in using the
dominant ferrowagnesien assemblage present as an aid in tephra
identification.

Five ferromagnesian assenblages are recognised in the
acidic volecanic rocks of the Taupo Volcanie Zone (Bwart 1971a),
nemely; (&) hypersthene; (b) hypersthene + augite; (c)
hypersthene + calcic-hornblende; (&) hypersthene + cumming-
tonite; (e) biotite + calcic-hornblende + hypersthene. I%
has been shown by Ewart (19672) that these assemblages are
significently correlsted with both the total phenocryst content
and the modal plagioclase/quartz ratios of the rocks in which
they occur. Groups (a) and (b) are typically low gquartz or
guartz free, with low crystal contents. Group (e) typically
has relatively high crystal contents and low plagioclase/
gquartz ratios. Groups (¢) and (d) tend to be intermediate in
crystal content but the data for plagiocclase/quartz ratios is
strongly bimodal (due to a nuuwber of quseritz free rhyolites in
these groups). According to Bwart (1967a) temperature is the
dominant factor controlling the ferromagnesian assemblages.
However, the bimeodal distribution of the plagioclase/quartz
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ratics of groups (c¢) and (d) indicate an important additional
factor controlling amphibole crystallisation, presumably water
pressure and perhaps composition of crystallising liquid.

Optical and chemical properties of minerais have been
described by Ewart (1963, 1965a, 1966, 1967b, 1968, 1969,
1971a), Ewart and Taylor (1969) and Cole (1970b). Petro-
graphic (Ewart 1968) and chemical (Ewart 1969) evidence indi-
cate that most phenocrysts crystallised in the magmes in
which they are found, and therefore are not xenocrysts.

During the separation (by means of a Frantz Isodynamic
Separator) of ferromagnesian minerals (2-4 phi in size) from
tephras studied it has been found that there is a gradation
between groups (a) and (b), and (c) snd (d), thus in Table 3,
the number of ferromagnesian assemblages has been reduced to
three. The ferromasgnesian assemblages assigned to tephras are
termed dominant, because small amounts of other ferromagnesian
minerals may be present, e.g., Mengaone Lapilli members (a),
(bl) and (b2) belonging to the hypersthene + augite assemb-
lage may contain<i2%*calcic~hornblende. Results presented in
Table 3 are based on the examination of at least two, commonly
six, and upto 15 tephra samples from any one formation (sampled
both vertically at one locality and also over a wide area).

In the tephras studied, hypersthene is commonly the
dominant ferromagnesian mineral present, making it of little
use in identification studies. The most useful ferromagnesian
minersls are biotite (where it comprises >15% of ferromagnesizan
phenocrysts present) and the presence of abundant amphibole,
as in the case of Rotoehu Ash (abundent cummingtonite with
minor amounts of calcic-hornblende) and, Whakatene and
Rotoma Ashes (abundant ca@lcic-hornblende with lesser amounts
of cummingtonite). Cummingtonite (with YA C = 17° and AU
= 80-85°) has only been observed in abundance (upto 90%) in
in Rotoehu Ash, in moderate (upto 35%) awmounts in Whakatane
and Rotoma Ashes and in minor (<5%) amounts in Kaharoa,
Waiohau, Rerewhakaaitu Tephras, Te Rere Ash and llangaone
Lepilli members (c¢), (4) and (e). The presence of cumming-

* in this section amounts refer to percentage of ferromagne-
sian assemblage.
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IXTIINANT  FHENOCRYSZIC FERRCMACNESIAN TEPHRA

ASSENBLAGE

e

Ipisels Pumice
Taupo Pumlce Formation
Mapara
VWhakaipo
Waimihia
Hinemaiaia (traces hornblende)
HYPERSTHIE 2 AUGITR | Opope
TPoronui
Karepiti
Papanetu
Rereshakaaitu - phenocryst-poor pumice
Kangaone Lapilli member (bz)‘
" » " (bi )‘

" " " (.).

" Rotokawau (traces augite)
Whangamata

Whakatane®®

Yamalu (rare biotite)
Rotoma®*

Waichau

HYPERSTHENE (usually doaminant unless otherwise Rotorua (may contain conziderable smounts of
indicated) + CALCIC-HORNBLENTA + CUMNINGTCONITE biotite + augite in upper parts)

Te Rere (traces biotite + augite)
Oruanui (traces augite + rare biotite)
Mangaone Lapilli member (e)se*

" " " (@)ses

» " " (c)e=» i

_._Rotoiti Breccia (Rotoehu Ash)s#ss

Kaoharca
Puketarata

BIOTITE + CALCIC-HORNBLENDE # FYPERSTHINE ——ee—i Rereshakaaitu - phenocryst-rich pumice
Cicareka /

Earthquake Flat Breccia (Rifle Range Ash)

* Traces of calcic-hornblende and rare biotite, Paleosols may contain abundant calcie-horrblendé,
2% frphitole (domirantly celcic~horntlende) usually wiach greater than hypersthene,

- #¢#% TMraces augite and rare cummingtonite and biotite.

*e%¥3% Amphibiole almost entirely cumnirétonite.

Table 3. ~ Dominant ferromagnesian assemblage of <e, 44,000 yr B,P,
acidic tephras erupted from central volcanic region,
North Island, New Zealand,
N.B. Ackautere Ash and "Yellow-Grey Tephra® contain same

dominant ferromagnesian assemblage as Oruanui Tephra.
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tonite in tephras erupted from the Taupo Volcanic Zone is
therefore indicative of a source from the Okataina Volcanic
Centre.

The Vvhakatane 2nd Rotoma Ashes usually contain amphibole
in greater abundance than hypersthene, but in samples taken
from the upper parts, hypersthene approaches or exceeds the
amphibole content. This finding is analogous to the occur-
rence of the most abundant augite in certain pumice members
of the Taupo Subgroup ( = tephras erupted from Lake Taupo
Volcanic Centre over the past c. 9,800 yrs B.P.) which mark
the end of eruptive sequences (BEwart 1963). These changes in
relative amounts of ferromagnesian phenocrysts are interpreted
as showing that the last material ejected was derived from
deeper seated magma, with higher temperature and lower volatile
content than the earlier ejected magma.

Vertical changes in ferromagnesian assemblage within
blocks and lapilli at any omne locality are not common. The
upper part of Rotoehu Ash may contain small amounts of biotite
(ggg Nairn and Kohn, p.94), and the upper parts of Rotorua
Ash may contain upto 20% biotite and 10% augite. Examination
of the ferromagnesian mineralogy of the upper perts (within
the paleosol) of Mangaone Lapilli members (2), (bl) and (b,)
show that they may contain upto 507 calcic-hornblende. Since
coarser material (pumice blocks and lapilli) sampled from the
middle and basal psrts of these liangaone units contain mainly
hypersthene + augite with 0-5% calcic-hornblende, it is pro-
bable that the paleosols, which represent intervals of weather-
ing between deposition of tephras, are contaminated (perhaps
by ? tephric loess). Ferromagnesian mineralogy of 11, near
source, samples of Kaharoa Tephra (Cole 1970a) show that this
tephra often contains upto 25% olivine and augite in the upper
and middle parts of sections, this contamination is attributed
to basaltic xenoliths within the pumice and the overlying
basaltic Tarawera scoria and ash. Where tephras are contami-
nated by enclosing tephras of differing composition the use
of ferromagnesian assemblages for identification maybe severe-
ly limited. This problem may still be overcome; for example,
the presence of abundant biotite in thin rhyolite tephras
(indicating a source other than Léke Taupc Volcanic Centre;




Taupo Subgroup tephras contain no biotite or hornblende )
enclosed by andesitic tephras (containing no biotite) in
Tongariro National Park, used in conjunction with sieving of
rhyolites (separates larger near source andesitic phenocrysts
from finer grained rhyolitic phenocrysts) and general strati-
graphic position allows correlations to be made (ggg Appendix
III, p.237). liany ferrowmagnesian phenocrysts carry glass
mahtles and these serve to distinguish them from the often
present detrital material, which in coastal sections for
example although being of volcanic origin are commonly smooth
and rounded (the glass having been “worn off"). Glassy
selvages are not present in highly altered ashes, (e.g. older
andesitic ashes of Taranaki c¢.> 70,000 yrs B.P.) and in these
cases the ferromagnesian minerals themselves maybe corroded
to varying degrees, (see Appendix IV, p.266)., This degree of
weathering of phenccrysts, however, has not been observed in
the scidic tephras under study. Further examples of contami-
nation problems are described under the section on titano-
magnetite chemistry and its uses for tephra identification

‘(p.HS).

Rerewhakaaitu Tephra comprises a phenocryst-poor pumice
(hypersthene assemblage) and a phenocryst-rich pumice (biotite:
+ hornblende + hyperstheane), the volumes of which are approx-—
imately equal (Cole 1970a, ¢c). The phenocryst-rich pumice
contains 8-10 times the amount of ferromagnesian phenocrysts
found in the phenocryst-poor pumice, thus the ferromagnesian
assemblage assigned to bulk samples is biotite + hognblende
+ hypersthene. This assemblage has been noted in bulk
Rerewhakaaitu Tephra samples taken near source (Cole 1970a)
and at localities 56 km (Palmer RdA, N94/542499)* and 145 km
from source (Mangetepopo Valley, N112/089823). The pheno-
cryst-poor tephra is thought to be primary, but it is
uncertain how much of the phenocryst-rich tephra is primary
and how much was derived from the existing phenocryst-rich
dome through which it probably erupted (Cole 1970d).

+ A1l grid references in this thesis are based on the national
%housan%-yard grid of the 1:63,360 topographic map series
NZKS L)




CHEMISTRY

Chemical composition is one of the most widely used means
of identifying tephra. As with ferromagnesian minerals a
number of factors must be kept in mind in selection of samples
end interpretation of data.

Bulk Chemistry

Chemical analyses of bulk samples are generally of little
help for correlation purposes because, as previously stated,
the kind and smount of primary minerals and detrital contami-
nants vary within a given deposit (both vertically =nd
laterally). For example, Lerbekmo and Campbell (1969)
studying a Canadian tephra deposit showed that incresse in
K20 and 8102 and decrease in NaZO, Ca0, lig0 and Ale3 with
distance from source is a reflection of the increase in glass
relative to crystal components. This being due to the lesser
density of the glass coupled with its capacity to occur in
the fullest range of perticle sizes. Element ratios are of
little use because of the non-linesr way in which most ele-
ments vary downwind from source. However, Ca/Sr ratios were
found to remain constant despite the change in provortion of
Ca-beering minerals downwind.

A number of chemical analyses of pumice lapilli and
blocks,or ash size samples were carried out for most of the
importent widespread New Zeasland tephras. The analyses were
carried out not so much for correlstion purposes as to detect
major chemical differences in cosrse near source, relatively
unweathered deposits. The analyses also enabled a study of
weathering of tephra deposits to see if with similar gize
grade, site and environmental cenditions the degree of
weathering of tephra within péleosols could be quantified in
terms of time.

According to Lipman (1967) silica-veriation disgrams for
bulk pumices and coexisting glasses generally show near linear
trends, although glasses show lower ‘i‘io2 and total iron than
bulk pumices of similer 8102 content, probably reflecting the
numerous phenocrysts of titenomegnetite. The rapid chemical
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analysis of fresh pumice blocks and lapilli is therefore a
quick way of showing major chemical differences that may exist
between tephras end indicates to what extent future work on
individual constituents of tephra (e.g. glass) may be profit-
able,

Bulk chemical analyses of some of the tephras being
studied have been reported by Berry 1928 (chalazoidites from
Oruvenui Tephra), Grange 1929 (%?lamaku Ash and Taupo Pumice,
pPlus numerous weathered tephras in present day soils or
within 50 cm of the surface), Grange 1931 (present day soil
forming and older tephras - mostly all weathered), Grange
1937 (Terawera scoria and Barthquake Flat Breccia pumice),
Ewart 1963 (glass from selected Taupo Subgroup Tephras),
Cole 1966 (TarawerahBasalt, Kaharoa, Waiohau and Rerewhakaaitu
Ashes) and Bwart 1969 (Puketarata Dome, erupted during the
same eruptive episode as Puketarata Ash - Lloyd 1972).

Results of bulk chemical analyses of fresh and weathered
tephras, analysed by X-ray fluorescence (X.R.F.) or atomic
absorption spectrophotometry (A.A.) or both (see Appendix I
for analytical procedures) are given in Table 4. With the
exception of some values of'K20, Ca0 and total iron, for
‘gimiler samples elemental values determined by X.R.F. and A.A.
are generally in broad agreement.

Analyses show that relatively fresh pumice samples of
Kaharoa (11841, 11842), Whakatane (11850, 11851), MNemaku
(11854 ), Rotoma (11855, 11856), iWaiohau (11860, 11861) and
Rerewhakeaitu (11870, 11871, 11872) Ashes, all erupted from
the Oketaina Volcanic Centre, contain similsr amounts of major
elements (Tio2 was not analysed by A.A., but values given by
Cole 1966 raenge between 0.11-0.26%, averaging 0.21%). These
tephras are less "basic® then Rotorua Ash (11864) which con-
tains less 8102 and KQO and more total iron, Mg0, Cal and ‘
TiOz, with slightly higher }nO. Taupo Subgroup tephras
(Grange 1929, analysis T 3968/2 and glasses from selected
phenocryst poor Taupo pumices, Bwart 1963) are also more "basic",
and can be distinguished from Rotoruaz Ash by their higher
total iron and In0 contents, and lower kgD and slightly lower
Ti0, contents. Puketarata Dome (P29115, Ewart 19269)
contains highey 910, and NgO than Taupo Subgroup beds and more
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Table 4, - Major element analyses of some fresh and weathered

<ce 44,000 yr B,P, acidic tephras erupted from the
Taupo Volecanic Zone. Anmalyses were carried out by
atomic absorption spectrophotometry (unless otherwise
indicated). Details of all sample localities are

given in Appendix IT,

Iist of Parker's Indices (P.I,s). [see p. 129].

118 = 67.2, 11842 = 71, 11851 = 67.2,
11860 = 64,9, 11862 = 56,8, 11863 = 43.3
11864 = 66,7, P28362 = 70,8, P29115 = 73.7,
11881 = 58,2, 11882 = 46,0, 11883 = 52,9,
1188 = 42.7, 11885 = €41, 11886 = 63,9,
11887 = 64.0, 11888 = 65.1, 11889 = 66.0,
11890 = 69.1, 11891 = 60,3, 11892 = 66,2,
11893 = 66.4, 11894 = 56,3, 11895 = 60.2,

11896 = 51.4, 11897 = 58.9, 11898 = 56.1,
11899 = 56,0, 11900 = 48.7, 11901 = 61.2,
11902 = 64.2, 11903 = 45.3, 11904 = 63,2,
11905 = 53.8, 11906 = 61.7, 11907 = 52,2,
141908 = 48,5, 11909 = 56.5, 11910 = 47.0,
11911 = 40,6.

average of 25 rhyolite lavas and domes = 70,9,

" " Taupo Pumice deposits = 71.3.
n " 17 rhyolitic ignimbrites = 69.5.
P29177 Dacite (Mt. Maungaongaonga) = VieSs
P2836) Weiteariki Igninbrite (glass) = 72.4.
Mt. Tavhara Dacite = 69.7,
P30427 Mangaone Lapilli member (bz) = 7245,

) f‘;

fa




$9°66  €8°00F  6M°00L  §9°66  16°66  2¢°66 ‘0866  09°66 Zie00t L166 on°66
€2*9 fheg 9t*9 gLz 69°2 20°¢ 98°¢ 26°9 04°S 29°¢ €o°¢
£0°0 oL*0 gko 90*0 lo*o Lo*0 90°0 80°0 -+ g0*0 80°0 60°0 - 80°0
= £0°0 100 - - - - - - 600 - (4] - 62°0
- zz'0  9z'0 - - - - - - 60 - €0 .= o
v2°z 152 882 12°€ L2°¢ lo*¢ ™Mz 4 g2°2 8z 2 52 0s°2 e 992
12 L6°2 22 80°% 2z 96°¢ 19°¢ “0°¢ 85°¢ Go*% zZl*y
okt EA A4 [ ot ghob 6171 624 86°L 1e° 894 gh L L6°b g3°t Loz 68"t
280 9¢*0 95°0 gt*0 gi*0 220 F{ 0] Mo Lg*0 65°0 840 A ao) Vi alo} L0
2194 4 a4 Cheg b Al A S5 L Hiez Le-c ez 69°2 Li*z i2°2 0z*z Li*e
g 9z HG€L 80°¢CL 9z 662t 2EML 969t G 9L6E T 0941 bl 0L*CL i€y
9 kL 092l w0l HGNL 123874 6LCL Ll 6%°G9 8529 9L*L9 86°69 2L 69 83° 1L Mol
8lgtt,  9lgt be LighH be 2LLE Ligit 0lgtt 69gLt 8984t 99844 998khe  G9B4L mwm:u oeLk o8t by
e e Yo AWy bV S N 5 Jy 33
2566 9%°66 L5766 . £2°66  LL'66  ti00b  €C*6E 6L°66  00°00L 1£°66  95°66 g6 £9°66 68°66
VAR 694 6£°¢ heg 8L*¢ 06°% 066 09°¢ e 82°2 AN €9°¢ %62 65°2
900 L0*0 00 Lo*0 90*0 90°0 o0 o0 80°0 90°0 90°0 90°0 90*0 90°0
og°h 85°2 20°¢ *0°¢ gk 0s°z 09°2 90°¢ LLe 20°€ £ie¢ 8e ¢ 8¢ 26"z
+ 852 g B¢ 00°% 88°¢ 89°¢ G ¢ s2*h 96°¢ g0 L6°¢ 88°¢ AR Sy
960 €0°} gkt bEet 90°4 zkl 0L L2 %" (o] N 26°0 L6*0 geet
a%°0 €20 %20 12°0 gt*0 [TAL) 620 €20 920 120 64°0 9t*0 140 €20
L€ 18°1 6L [ adt L0*} ghtL I I v 26" 92° e L0°L 90°4 (14"
gk M5l 5] 232k 9lzt GL*€L  gg*hL gLz 65°¢ 1 ghegt 6LCh (A3 gzt -Ggtzk
69464 bLo69 €62  olgL 28°EL  00°€L 6569 Hi¢L ob'2L  29t€L  ogtel  owgL ey 172
€ogLh 29841 19814 0984+ l9gLs 26641 9484t gagLL b ¢1-191 0G3tL SghE gLl (5 -181
RO L (G A Y £ L I = o v

TYIOL

I0Tsss
oyt
<

OTL

0%

oNazao

)
0%x

0" 2ds
S0l

%18

I0Tses
ouR

S0

%

0%
Ochoo )
0%
02
$o%0.0s
¢ Zry

0
Zo1s

%
*ON ZIIVE “H°0°A




%6°06 oh°66 6066  G%°66
§5°9 gy LEeg s
04°0 540) t4%0 t4 o] 600 60°0 110
- 9L°0 - 600 - L0*0 Lo
L G20 - €50 - Yo ™0
90 €9°1 -2 26°t Lz gLz 89°}
g6z L5°¢ gL 60°¢
22 0z*2 (At 9z°z 8°1 €81 68t
2L 2L*0 39°0 90 6410 (o] 1910}
€6°¢ 89°¢ LLeg én°¢ Lz 2Lz on¢
06%LL  GitBL grr9L GL'9L yzecy 05°¢h gLt
92°23 6"y 689 §5°S9  Sn°l9 96799 6L*"9
006+4 00 26841 B68LL,  L6gLL L6ghiy 96811,
A m._\ i /nﬁw (9
€856 26°66 6866 6866 w66 000t §8°66
b6y 682 86°¢ 96°¢ ™eg PN oz*%
0k°0 o+*0 600 60°0 bbeo 60°0 80°0
€62 g6z 8L 2 69°z 99°2 69°2 2Lz
L€ o*n (i 0y Kok o QL
of°t 92+ €6t 62°t 11} 9¢* L H5*L
o<*o 9z*0 62°0 20 *2°0 0£°0 Lzto
96°t { " €02 961 z8°1 29} Ly
63°¢C1 A g GL*Ct 9L*¢L VA MY BLC)
Lemvl  ofcL  oztiL cetel  zotzL  €CtuL iChuL
s6SEL 069t 8984t g8t 9ggit Segth 68944
g m 7/

100

%52
gt
620
16°t
89"k
60l

S6ghE

90°0

8t

80° L
K0
96°¢
8z 64
£2°29

ki)

28°66

"12°¢
60°0
50°0
6z2°0
95°2
09°¢
le°t
1£°0
g6°L
654t

369
Satie
£8°86

a9
90°0
$0°0
o
88"k
1
o°L
%0
§9°¢
£9°61
08°29

MBghhy

gt
50
Loz
861t

66°99

HeghL

Lo*0

g0°z

KA
g0
88°e
694
bL"99

fogiL

gL°66

85°6
60°0
L0*0
®Et0
0f°z
89°¢
€61
€€°0
w2
05°GL

2l
e hhy
9L°66

00°9
60°0
G0°*0
6£°0
g0z
e
(1"
20
82
G LL
26°69

60°0

(A4
e
g2°0
65 1
6z°¢Ct
€61

(15:11%

Lo%0

29

ghL
s¢°0
€6 ¢
zkoz
05°29

28t

cL°66
08°¢
ok*0
800
£z°0
89°2
e
zz't
(- Ade]
GGt
LiCh
hezl

T
(2)

gL°66
159
80°0
90°0
9o
29k
00°¢
L8
0
25 ¢
6002
1E*29

280kl

282

9z
Lz*0
Gt
ofr*gL
heel

2681

3 A

(1941
92°0
26t
L0°G}
29°0L

tegit

£2°66

€6°¢
60*0
90°0
120
bz
Ly
gL*L
Lz*0
6L
FA Y
GL*VL

268Lt
©h

breeg

09"
Lo
L0°0
82°0
L5z
€€
gl
92°0
96°1
gt
0563

I0Tene

ouR

mmmm .
OTL '

0%

oNdm.-

0%
031
nomoh-

ol

(0333

3

[-!

9

TVIOL

I0Tees

0wt
%%
%
0%

ONﬂzOQ
0%
0?1

%44
oty

%ots

%

*ON TIIRVS °A°N°A




£€2°66

£9°9
$0*0

26°0
18°z
88" b
95°0
082
29°ke
819

LI6HE
Muw*

o0

03°2

95t
%0
gz°'e
Le*sh
L0l

60644
2%
C,

90°00+
e ——ey
gLy
60°0
G600
82°0
£9°2
22t
62"}
9£°0
6+°2
2094
8L°69

6061,

2y

16°66
€0°g
80°0
80°0
o
62°2
16°2
(24"
A &¢]
VxAd4
g2 Ly
€6°99

Ol6Ey

)

EA ]

€0°2

92
98°0
92°¢
19 Gk
0o%°59

0611

‘PIUTWLINILD 30U =

eoueoRBIONTY fva~y £q posfTvue srlweg = x

0,000% = Ot WeaM30q UOTITUSY UO RECT ese

Axyemoyoudoxyoeds uoTydionqe oTmoje £q DISATVUT S84 02y e 3

09°00F 22°66  96°66  NL°66.  99°66  09°00F 2°66

g (1344 9% 29" 62°S (A | 6o°¢

LL*0 g0°0 9i*0 9t*0 FAR) zL°0 FA%0) ot*o

Lo*o - - - 10 - -

€9°0 - - - 9L"0 - -

Sl "z 68t 10°2 geot 98t fo°z 60°2

69°¢ 19°¢ L2°< £0°¢ 0% e ¢ G0

09°2 96°2 €62 (1504 26°2 06°2 9L%2 92°2

€6°0 89°0 6%°0 89°0 L0°L 16°0 L6°0 29°0

6L°¢ go°¢ Ly €8°¢ 1 6z*n €6°¢ 62°¢

66°94 8¢9k e°9t S AVA 8G9t €06k 60°GH Zheat
09°19 £6°99 66's9  L0°99 62*M9  06°99  8%°L9 66°99
MOE by - 9061 GOG kb Lo6Ly €06bb,  1O6HH 20644 66844
Wy ) Q) o) (la) (9)

€166
s
4100
40
250
60°2
85" ¢
[49r
19°0
1949
oL*gt
04°39

6684 by

q)

9

0%

°d 9 o Te3al e

Ql

‘ON TIINVE “A°N°A




8102 and K20 and'slightly less T102 than Rotorua Ash,

Rotorua Ash has similar contents of 5i0, and total iron,
but higher Nazo and Mg0O, and slightly less Ca0 than Oruanuil
Ash (11876) which is in turn more “"basic" than Mangaone
Lapilli Formation members (e) (11889), (da) (11886, 11887) and
(e) (11890, 11892, 11893) which are similar in chemical
composition to the younger Okataina Volcanic Centre tephras
(excluding Rotorua Ash). The older Mangaone Lapilli Formation
members (by) (11899), (by) (11902) end (a) (11905, 11906) are
dacitic in cowmposition. Rotoehu Ash (11908) is slightly more
"basic" than Rotorua Ash which is approximately similar in
composition to Earthquake Flat Breccia pumice (Grange 1937,
Analysis No. 3 P17485).

The major element compositions of pumice blocks and
lapilli therefore indicate that even though most are rhyolitic
in composition, they show differences which are likely to be
reflected in the chemistry of individual constituents.

Chemistry of Glass and Phenocrysts

If one constituent is common to all tephras, and can
be easily concentrated, then its chemistry can be compared
between samples of the same tephra and between different
tephras. Glass, plagioclase, hypersthene, ilmenite and
titanomagnetite are common to all tephras being studied and
are therefore the potentially most useful constituents for
tephra identification studies.

Glass

Glass chemistry as a distinguishing criterion is prefer-
red by most North American workers. However, the literature
is not always clear as to whether analyses reported are for '
pumice or glass only, or both with varying amounts of pheno-
cryst inclusions. In this respect the technique of Swith and
Westgate (1969) deserves special comment since their data were
obtained by use of an electron probe. The merit of this
approach is the degree of control, which allows, phenocryste,
microlites and bubbles to be avoided during analysis. An

[{®)
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apparent limitation of major element analysis however is
the influence of westhering, particulsrly in older samples.

Chemical analyses of glasses, méinly for minor and %trace
elements, from central North Island acidic tephras have been
reported by Lwart et 21(19682.) (Taupo Pumice, wWaimihis Lapilli,
Puketerata Dome, plus numerous domes from Okataina Volcanic
Centre which are considered to be co-magmatic with many
tephras erupted from that centre, i.e. Keharoa, Whakatane,
Mamaku, Rotome, Waiohau, Rerewhakaaitu and the three younger
liangaone Lapilli members), and licCraw end Whitton (1971)
(vhangamata Ash, Taupo Pumice and Rotorua Ash). Previously
published major element glass analyses from six of the tephras
being studied, together with pertisl glass analyses of three
further tephras are presented in Table 5.

McCraw and Whitton (1971) showed that the chemistry of
Whangamata Ash was similar to that of layor Island volcanic
rocks and different from Taupo Lapilli snd Rotorua Ash and
andesitic tevhra erupted from Tongariro and Egmont volcances.
Bwart et 2l (1968b) have also shown that the average llayor
Island pantellerite is markedly different in composition
than the average Taupo Volcanic Zone rhyolite. The absolute
values of similar rocks and tephras analysed by Bwart ef al
(1968a,b) and leCraw and Whitton (1971) generally differ, but
the trends indicated by the compositions are-compdrable.
Whangamata Ash ( end Mayor Island pantellerite ) when com-
pared with all Taupo Volcanic Zone acidic rocks 1is markedly
enriched in ln, Ga, Mo, 2Zr, Ti, Li, Cs, Be, Rb, total Rare
Earth Elements and highly charged cations;end depleted in Ba,
Sr, Mg, Ca, Sc, V and Cr, and is therefore chemically dist-
inctive. Taupo Pumice and Waimihia Lapilli when compared with
Okataina Volcanic Centre glasses contain markedly higher Ti,
Vn, Se¢, Zr, Mg, Sr and totel iron, glightly higher Ce and Na,
and lower Rb, Ba, K and Si. Glass from FPuketarata Dome
(tiarca Volcanic Centre) contains similar K, Rb, Ca and total
iron to glass from Okataina Volcanic Centre eruptives butb
differs in containing lower Sc, Zr, lg, Sr, Ne and Al, and Ba
values intermediate between those of glasses from Taupo and
Okataina Voleanic Centres. Within Okataina Velcanic Centre,
cummingtonite-bearing rhyolites (P28360 and P27580, the latter
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also contains calcic-hornblende) contains less Mg and to a
lesser extent Ca, Ee and V than calcic-hornblende—bearing
rhyolites.,

Using a semi-quantitative opticsl emission spectrographic
mathod the author compared glass chemistry from Oruanui Ash,
Taupo Pumice and Kaharoa Ash. Taupo Pumice and Kaharoa Ash,
showed relative differences previously described. Orusnui
Ash glass showed lower Mn, Ti, Ba, Mg, Sr, Ca and Zr values
when compared with Taupo Pumice, and higher lig and Ca, slightly
higher Ti and Zr, and lower Ba when compared with Kaharoa glass.

Glass chemistry therefore shows differences between
Whangamata Ash and acidic Taupo Volcanic Zone tephras, and
differences between Taupo Subgroup tephras, most Okataina
Volcanic Centre eruptives, Oruanui Ash and Puketarata eruptives.
Although work on glass chemistry of Taupo Volcanic Zone tephras
may be considered minimal, results to date show differences
generally similar to trends previously determined for whole
rock chemistry. Limited dats therefore show the potential
usefulness of glass chemistry in N.Z. for tephra identification.

Plagioclase

Because of, compositional variations in individual Pheno-
crysts due to complex oscillatory zoning which significantly
affect refractive indices,and problems of rapidly obtaining a
relatively pure sample (Zwart and Taylor 1969, Ewart 1969) ,
plagioclase is counsidered unsuitable for rapid tephra identifi-
cation. Despite these problems, plagioclase compositions show
a correlation with coexisting residual glass and the type of
ferromagnesian assemblage (Ewart 1969). Bulk plagioclase com-
positions (Bwart and Taylor 1969) show that hypersthene-bearing
Taupo Subgroup tephras contain higher Mg, Ca and teotal ironm,
and less Na and Ba contents than plagioclases from calcic-
hornblende + hypersthene—bearing Okataina Volcanic Centre erup-
tives. Biotite-bearing Puketarats Dome contains more Na, K, Ba
and Rb, and less Ca, Sr and totsl iron contents than plagio-
cleses from either Taupo or Okataina Voleanic Centres, and less
lig than Taupo Volcanic Centre plagioclases. Within the Okataina
Volecanic Centre.rocks, cummingtonite-bearing rhyolite (P28360
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and P27580) contains higher Na, K and Ba, and less Ca, Sr, lg
and total iron than calcic-hornblende rhyolites.

Hypersthene

Analyses of hypérstbenes from Mengaone Lapilli member
(?b), Taupo Subgroup tephras and Okataina Volcanic Centre
eruptives have been published by Ewart (1967b, 1971la) and
Ewart and Taylor (1969). Within Teupo Subgroup tephras Fe3+,
Ti and Iig decrease, and F92+ and in increase from oldest to
youngest members (Ewart 1967b, 1971a). Mangaone member ( ?b)
has higher Ca, lig and Al, and lower lin values than either
Teupo Volecanic Centre or Okataina Volcanic Centre rhyolitic
erupﬁizfs. Taupo Subgroup tephras have higher Ca, Sc and Ni,
and lees lin values than rhyolitic eruptives from Okataina
Volcanic Centre.

The refractive index dmin for hypersthenes of Taupo
Subgroup tephras (Ewart 1967b) is higher than those from rhyo-
lites of Tarawera Volcanic Complex in Okataina Volcanic Centre
(Cole 1970b). No exsolution structures have been noted opti-
cally in the hypersthenes and zoning appears to be uncommon
(Ewart 1967b). Swall exsolution structures of clinopyroxene
have, however, been observed (by electron probe) in hypers-
thene grains from Waimihia Lapilli (Fig 2). More work to
assess the amount and nature of the exsolution structures and
chemistry of their host crystals will have to be carried out
before the petrological significance of these grains can be
interpreted.

Augite

A major element analysis of augite from langaone member
(?b) is given by Ewart (1971a). 4n augite analysis from Taupo
Subgroup member 19 (Ewart 1967b) is regarded as being andesitic
contamination (ggg p./15) and this conclusion is borne out by
its similar chemistry to andesitic augites (BEwart 1971a).
Augite from the dacitic Mangaone wmember (%b) contains signifi-
- cantly higher amounts of Iin than is found in endesitic augites.




e

o

Fe across lower end of one of many clinopyroxene
- lamellae within orthopyroxene of Waimihia Tepilli (11847).
Iength of traverse line (upper ph is approximately

LO microns. Fhotographs taken &
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Amphibole

Calcic~hornblende analyses are given.by Ewart and Taylor
(1969) and Bwart (1971a). Analyses show that Puketsrata Dome
contains more total iron, Cr, Ni, Co, La, Ba snd K, and less
ligy, Sc, Ti, Sr and generaliy less Ca than calcic hornblendes
from Okataina Volcanic Centre eruptives.

Major element analyses of cummingtonite have been reported
by Ewart et a2l (1971).

The optic sign of cummingtonite appears to be variable.
In the tephras studied it is always -ve and this finding is in
agreement with the findings of Cole (1970v) for cummingtonite
in rhyelites of the Tarawera Volcanic Complex. Cummingtonites
described by Kuno (1938, 1950) from dacite eruptives of Hakone
Volcano, Japan and Nesmith et al (1967) from St. Helens Y ash
in North America have a +ve optical sign.

|
i

Biotite

Two major element snalyses veported by swart (1971a)
show that Puketarata Dome biotite contains more Ca and total
iron, and less Si, Al, Na and lig then biotite from an Okataina
Volcanic Centre lava.

Iron-Titanium Oxides

Bulk, titanomagnefite analysés of some Taupo Subgroup
members have been reported by Ewart (1967b). The Karapiti
Lapilli (mem. 25) typically shows lower ln and lig abundances
then younger members, and titanomsgnetite from member 19 has
higher lig and total iron, and lower Ti and Nn than any other
Taupo Subgroup member (gee p. 22/).

Electron microprobe analyses of coexisting titanomagnetites
and ilmenites from Rotoiti Breccia Formation, Rotoma Ash and
rhyolite domes withinm Okstaina Volcanic Centre,and four Taupo
Bubgroup tephras have been feported by Zwart et al 1971.
Titanomagnetite of tephras erupted from Okataina Volcanic



Centre have slightly higher total iron and slightly lower Ti
contents than domes, with V contents varying between samples.
By contrast, all ilmenites are similar in composition. The
general similarity of tephra and 'dome* iron-titanium oxide
chemistry from Okataina Volcanic Centre eruptives again shows
the general similar chemistry of many magmas erupted from this
centre, Cummingtonite-bearing rhyolites in Okataina Volcaniec
Centre (P30411, P30407 - Rotoiti Breccia Formation and P28360
— rhyolite dome) show generally similar titanomagnetite com-
positions to calecic-hornblende rhyolites although P28360 con-
tains lower Mg. Titanomagnetites of Taupo Subgroup when com-
pared with Okataina Volcanic Centre eruptives contain higher
Ti end Al, and lower V and total iron; and ilmenites higher
Ti and lower Mn.
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IDENTIFICATION OF NEW ZEALAND TEPHRA-
LAYERS BY EMISSION SPECTROGRAPHIC
ANALYSIS OF THEIR TITANOMAGNETITES

B. P. KOHN

Kohn, B.P. 1970: Identification of New Zealand tephra-layers by emission spec-
trographic analysis of their titanomagnetites. Lithos 3, 361-368.

Tephra-layers are used for correlating Late Quaternary deposits in the North
Island of New Zealand. A quick chemical method of tephra identification that
can be used as a check for field correlations is described.

Titanomagnetite, being found in all the tephra-deposits studied, being resi-
stant to weathering, and being easily extracted, was spectrographically analysed.
Seventy-one samples of titanomagnetite from fifteen widespread tephra-layers
ranging in age from 84-41,000 years B.P. were analysed for Ti, Mg, Mn, Ca, V,
Cr, Co, Ni, Zr and Cu using an optical emission spectrographic technique. It
was found that the ratios of Ti/V, V/Mn and Co/Mn used in combination, served
to identify each of the tephra-layers.

B.P.Kohn, Geology Department, Victoria University of Wellington, New Zealand.

The value of tephra (volcanic ash) layers as stratigraphic markers in solving
problems in Quaternary geology, paleopedology and archacology is widely
recognised (Thorarinsson 1944, 1949, Wellman 1962, Healy et al. 1964,
Powers & Wilcox 1964, Fryxell 1965, Wilcox 1965, Ruxton 1966, Pullar
1967, Momose et al. 1968, Ninkovich 1968, Pullar & Warren 1968, Vuce-
tich 1968, Vucetich & Pullar 1969). The advantages and disadvantages of
various field and laboratory techniques for correlation have been recently
reviewed by Wilcox (1965) and Smith & Westgate (1969).

In the field, stratigraphic position, thickness, and general appearance
enable tephra-layers to be identified in some sections, but in most sections
there are one more tephra-layers that cannot be identified with certainty.

Laboratory studies have included: (1) The determination of the ranges
and modal values of the refractive index of volcanic glass (Ewart 1963,
Wilcox 1965 and Steen & Fryxell 1965). (2) The phenocryst assemblage
and properties of the individual phenocrysts (Ewart 1963, 1966, Powers &
Wilcox 1964, Wilcox 1965, Nasmith et al. 1967, Westgate & Dreimanis
1967, Cole 1969). (3) The major and trace element composition of ash,
pumice or volcanic glass (Ewart 1963, Czamanske & Porter 1965, Wilcox
1965, Theisen et al. 1968, Smith & Westgate 1969). (4) The thermomagnetic
properties of the ferromagnetic minerals (Ewart 1967, Momose et al. 1968).
(5) The radiocarbon dating of organic matter associated with a tephra-layer.

Although determination of the refractive index of volcanic glass is a quick
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Table 1. The stratigraphic succession and ages of the fifteen Late Quaternary tephras studied.
All the tephras are from the North Island of New Zealand

Stratigraphically
Tephra Radiocarbon age inferred ages Reference to age
(years before 1960)  (not radiocarbon dated)
Tarawera Historic eruption in 1886
Kaharoa 930 + 70 Vucetich & Pullar (1964)
Loisels pumice 1,260 Wellman (1962)
Taupo lapilli 1,829 + 17 Healy (1964)
Waimihia 3,440 + 50 Healy (1964)
Rotokawau
Whakatane 5,180 4+ 80 Pullar (pers. comm.1970)
Mamaku 8,000 Pullar (pers. comm.1969)
Rotoma 9,000 Pullar (pers. comm.1969)
Waiohau 11,250 + 250 Cole (1969)
Rotorua 13,000 Pullar (1967)
Rerewhakaaitu 14,700 4 200 Vucetich & Pullar (1969)
Oruanui 20,500 + 430 Vucetich & Pullar (1969)
Mangaoni 26,300 + 700 Vucetich & Pullar (1969)
Rotoehu 41,000 (at 679, probability) Vucetich & Pullar (1969)

and easy method, it has not been found to be very useful in New Zealand,
because of the small range in refractive indices of glasses in most of the
major tephra-deposits (Wellman 1962, Ewart 1963, Ninkovich 1968). The
phenocryst assemblage of some New Zealand Quaternary tephra-deposits
is distinctive near their sources (Ewart 1966, Cole 1969), but isless distinctive
away from source (Wellman 1962). The major and trace element chemistry of
most widespread New Zealand Quaternary tephra-layers is very similar
(Ewart 1963, 1966, Healy et al. 1964, Ewart et al. 1968). The use of the
radiocarbon method for dating tephra-layers and the problems arising from
this technique have been discussed by Healy, Vucetich & Pullar (1964,
pp. 7-8) and Damon (1968).

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

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

Most samples were ground directly in an agate mortar; a few were broken
down in a jaw crusher and then ground in a Tungsten Carbide Alloy grin-
ding vessel on a “Tema’ mill. Titanomagnetite was extracted by hand magnet,
with the sample and the magnet immersed in acetone. Titanomagnetite
concentrates were purified by repeated magnetic separations under acetone,
the final concentrates being at least 98 9, pure. The titanomagnetites were
then mixed with four times their weight of a carbon-palladium mixture, the
palladium acting as a spectrographic internal standard. The elements 'Ij,
Mg, Mn, Ca, V, Cr, Co, Ni, Zr and Cu were determined on a Hilger-
Littrow spectrograph. Johnson-Matthey ‘Specpure’ oxides of the elements
listed above were mixed in a base of ‘Specpure’ Fe,O; (9 parts) and TiO,
(1 part). A set of standards was obtained by successive dilution with the
base. Spectrographic operating conditions are shown in Table 2. Thelines
Ti 3029, Mg 2781, Mn 2939, Ca 3158, V 3102, Cr 2677, Co 3453, Ni 3050,
Zr 3273, Cu 3274 and Pd 3027 were read. The analytical precision, expressed
as relative deviation, was -+ 89%,.

Element and internal standard lines were read with a Hilger non-recording
microphotometer, the galvanometer deflections being transformed to X-
values, where X = } (optical density + Seidel density). Working curves
were prepared from the standards, using the technique described by Ten-
nant & Fellows (1967) in which plots of (1/y) (X internal std.)/(X element)
against log concentration are prepared for each element. Here v is the plate
gamma as calculated from predetermined relative intensities of a set of eight
iron lines in a pure spark spectrum.

Because of the complexity of the spectra, a fine grained high contrast
plate was desirable for maximum plate resolution. Ilford thin film half tone
plates proved good but have the disadvantage of varying plate gamma over
the wavelength range used, thus possibly invalidating the calibration method.
Hence several standards of suitable concentration were normally exposed
on each plate to check for working curve ‘drift’. Furthermore, two previously
analysed titanomagnetites from andesitic and dacitic lavas from the central

Table 2. Spectrographic apparatus and operating conditions

Spectrograph: Hilger-Littrow quartz and glass (E 478).
Electrodes: Anode — National Carbon Co. AGKSP graphite
4.4 mm o.d. ¥ 3.2mmi.d. x 5 mm deep.

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

No
Tephra Ti% Mg% Mn% Ca% Zr v Cr Co Ni Cu sam
analy
Tarawera scoria and ash 6.08 1.090 0.557 0.908 287 1247 72 28 73 14
Kaharoa ash
northern lobe 5.86 0.483 0.686 0.533 694 1372 49 33 43 27 1
south-eastern lobe 7.13 0.462 0.626 0.361 913 933 18 31 25 41
Loisels pumice 6.28 1.300 0.468 0.828 36 978 4 103 175 101
% Taupo Lapilli 13.10 1.070  0.615 0.498 67 638 135 17 27 24
¥ Waimihia Formation 14.30 0.751 0.558 0.459 328 720 140 25 33 38
Rotokawau ash 7.97 0.550 0.570 0.275 304 2061 210 84 72 45
‘Whakatane ash 6.13 0.576 0.597 0.280 1003 1190 45 33 31 26
Mamaku ash 5.34 0.590 0.537 0.312 841 1325 115 48 33 40
Rotoma ash 5.78 0.591 0.656  0.197 688 1504 47 40 22 41
‘Waiohau ash 5.97 0.629 0.537 0.149 813 1710 65 35 27 23
Rotorua ash 5.75 0.950 0.583 0.338 447 2400 140 51 44 42
Rerewhakaaitu ash
phenocryst-rich 5.66 0.362 0.602  0.381 660 1852 148 36 34 28
phenocryst-poor 4.52 0562  0.520  0.415 780 1355 50 37 27 38
Oruanui Formation 7.36 0.723 0.464  0.275 304 2666 274 71 80 41
Mangaoni Lapilli
(beds C and E) 5.38 0.789 0.641 0.200 866 859 10 15 13 37
Rotoehu ash 4.56 0.640 0.620  0.291 484 2194 60 58 37 36

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

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

Results

After studying X-values and absolute values of all elements analysed, a
number of methods were tried to distinguish different tephra-layers. It was
found that the ratios of X-values for Ti/V, V/Mn and Co/Mn were the most
useful. Results are shown graphically in Figs. 1 and 2.

Rerewhakaaitu tephra comprises a phenocryst-rich and a phenocryst-poor
pumice (Cole 1969) which are plotted separately (10A and 10B) and occupy
separate fields in Figs. 1 and 2.

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

% T recorded as Tioa.‘/‘?-
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Fig. 1. Diagram of X’ values of titanomagnetites from fifteen numbered New Zealand tephras
showing Co/Mn ratios plotted against V/Mn ratios. X’ is the antilog of an X ratio. Each
tephra is represented by a dot showing its mean value, by a shaded area that includes 68%
(1 s.d.) of its plotted points, and by an outer line that includes 90%, (1.645 s.d.) of its
plotted points. Only two samples were taken for tephras 4, 6, 8, and 9, and for these the
shaded area gives the mean deviation and not the 68%, value (1 s.d.).

1A = Kaharoa northern lobe, 1B = Kaharoa south-eastern lobe, 2 = Taupo lapilli, 3 =
Waimihia, 4 = Rotokawau, 5 = Whakatane, 6 = Mamaku, 7 = Rotoma, 8 = Waiohau,
9 — Rotorua, 10A = Rerewhakaaitu phenocryst-rich, 10B = Rerewhakaaitu phenocryst-
poor, 11 = Oruanui, 12 = Mangaoni, 13 = Rotoehu.

shows a northern and a south-eastern lobe. Figs. 1 and 2 show that the
titanomagnetite composition of the two lobes is different.

Except for a slight overlap between the northern lobe of the Kaharoa ash
and the Whakatane ash at the 90 9, confidence level in Fig. 2, all tephra-
layers are distinguished when Figs. 1 and 2 are considered together. It should
also be noted that the other elements analysed provide an additional check
(see Table 3). Zr however is of limited value as it varies quite markedly in
some tephra-deposits and becomes depleted in all samples from paleosols
and swamps.

The Tarawera tephra comprising black basaltic scoria and ash and the
Loisels Pumice which is distinctively banded were not analysed in detail,
as they can both be readily distinguished in the field.
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Fig. 2. Diagram of X' values of titanomagnetites from fifteen numbered New Zealand
tephras showing Co/Mn ratios plotted against T4i/V ratios. Description of the diagram and
tephra numbers are identical to those given for Fig. 1.

Conclusion

It has been shown that fifteen important Late Qaternary tephra-layers from
the North Island of New Zealand can be distinguished by their titano-
magnetite composition. The technique is reasonably rapid and titanomagne-
tite from seven samples can be separated, purified and analysed in triplicate
in three days. As titanomagnetite is not readily weathered the method can
probably be extended to older and more weathered tephra-deposits. A
further probable application is in correlating all the products of a single
eruptive episode — tephra, lava, ignimbrite etc.
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Important pupers dealing with tephrs identification which
have been published or come to the author's notice since Kehn
(1970), ere:

tephrochronoclogy reviews (Xobayashi 1969a,b), thermo-
magnetic properties of ferromagnetic minsrals in pumice
(Kobzyashi and liomose 1969, liomose and Kobayashi 1972),
applications of instrumental neutron activation analysis
(Harwerd and Youngberg 1969, Hawward and Borchardt 19715
Borchardt and Harward 1971, Borchardt et al 1971, Borchardy
ég_gi 1972, Randle et al 1971), petrographic and chemical

R iy

applications (Izett and Wilcox 1968, Izett 1969, Wilcox et sl
1970, Izett et al 1970, Izett et al 1970, Izett et 2l 1971,
Binns 1972a,b), microprobe analyses of gless and iron-titanium

oxides (Smith et al 1969, Westgate et al 13870, Lerbelkmo and

Smith 1972, Westgate 1972) and fission-track dating of glass

shards (MacDougall 1970, Boellstorff 1972).
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Since the averaged amnalyses of 71 titanomagnetite
analyses were presented by Kohn (1970), a further 300 analyses
on a total of 36 tephras have been carried out. These
additional analyses have shown that the matrix of titano-
magnetites being studied does not vary markedly, and that
emulsion gamma values can vary between different batches of
photographic plates. As plates were calibrated individually
for gemms. and as standards were exposed on each plate to
check for working curve drift, when comparing titanomegnetite
compositions, absolute values are now preferred to X' values.

411 titanomagnetite analyses are given in Appendix II
and averaged results (i; s.d.) for 211 tephras are given in
‘Table 6.

Most tephras can be distinguished when differences in
ferromagnesian assemblage, titanomagnetite chemistry and to a
lesser extent fresh pumice chemistry are used together (rig
3). The use of dominant ferromagnesian assewmblages allows
morve definite identification of sowe tephras, which were not
always clearly distinguishable when using only titenomagnetite
X* values (Kohn 1970).

The most useful elements in titanomagnetite for identi-
fication are Ti, V. and Cr and less importesntly Zr, Co, and
Ni. Of these elements, V and Cr are the most useful because
they occur in apprecisble amounts end cover a wide range of
concentrations, V. ranging from 400-4,000 ppm and Cr 10-450

pPpme.
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B. APPLICATIONS AND LIMITATIONS OF TEPHRA IDENTIFTCATION
METHODS -~ SOME CASE HISTORIES ARD MISCELLANEQUS STUDIES

Introductory Statement

In order to test the suitebility of methods for tephra
identification outlined in Fig 3, a number of studies or case
histories have been carrvied out.

Some of the studies have been carried out jointly. 1In
all cases, the writer's part in these studies has been primer-
ily concerned with the sections on tephra identification
and the interpretation of these data.

Studies carried out jointly are outlined below, and an
indication is given of the share of the work carried out by
each of the auvthors:

1) Air-Fall Tavpo Pumice, Kzharoa Ash and Sea-Rafted Taupo

and Loisels Pumice, East Coast North Island, New Zealand.

The laboratory study described in this section was under-
taken entirely by Kohn and forms part of a manuscript which
will be combined with detailed field studies by liessrs. W.A.
Pullar and J.E. Cox, N.Z. Soil Bureau. .

2) Asheg, Turbidites and Rates of Sedimentation on the

Continental Slope off Hawkes Bay.

Collection and description of cores was completed by
Dr K.B. Lewis, N.Z. Oceanographic Institute. Ash ig@entifi—
cations and conclusions drawn from them by Kohn. The section
forms part of manuscript submitted to N.Z2.J. Geol. Geophys.

More detailed descriptions of sediments and forswinifera can
be found in Lewis (1971).

3) The Stretigraphic Significance of a Dated Late
Pleistocene Ash Bed, Near Amberley, South Island, New

Zealand.

This section forms part of a manuscript to be combined
with detailed field and pedological studies by Lr C.G.
Vucetich, Victoria University.
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4) Relation of the Earthquake Flat Breccis to the Rotoiti
_Breccia, Central North Islsnd, New Zealand.

Nairn was responsible for most field studies and collection
of about 50% of samples for laboratory work; Kohn analysed
titanomagnetites, and the results independently confirmed
previous conclusions made by Nairn (1971). Sites described,
have 8ll been examined by Kohn.

- Two co-authored manuscripts dealing with tephrochronology
are presented in Appendices III and IV, These studies form
parts of Ph.D. studies undertaken by lessrs. Topping and
Neall (Victoria University) respectively. Kohn's part in
these studies was to assist in collection of samples, apply
identification techniques and write at least 50% of each

~ manuscript.

5)  Appendix III - Rhyolitic Tephra larker Beds in the
Tongariro Area, North Island, New Zesland.

For this work Topping collected samples for 140 dating,
- mapped andesitic tephras and collected most samples from the
Tongariro Area for laboratory work; Kohn collected some
samples and analysed all titanomagnetites. TFerromagnesian
mineralogical determinations and final identifications were
made jointly. An appendix of reference sections measured by
Topping, included in the final manuscript submitted to N.Z.J.
Geol. Geophys. is not given here.

6) Appendix IV - Identification of Late Cuaternary Tephras
~Dating Taranaki Lahar Deposits.

Neall established the stratigraphic column with 14C dates
(Neall 1972), studied the mineralogy and collected 75% of
samples. Titanomagnetite analyses snd some tephra collections
were made by Kohn; interpretation of data and conclusions
were derived jointly.




1. HOLOCENE AIR-FALL TEPHRA AND SEA-RAFPTED PUNICE,
' EAST COAST, NORTH ISLAND, N.Z.

Introduection

In his cozstal reconnaissance of the North Island of
New Zealand, Wellman (1962) established the following tephra
and sea-rafted pumice stratigraphy from the northern and
eastern psrt of the island.

Kaharca (air-fall) 930+ 70 yr B.P,

Loisels Pumice (= dark grey,

very gray and black in this study) c. 1250 yr B.P.

Light coloured Loisels Pumice

(grey Loisels Pumice in this study)c. 1250 yr B.P.

Ohui Ash (air-fall) ¢. 1450 yr B.P.
Taupo Pumice (sea-yafted) c. 1800 yr B.P.
Taupo Pumice (air-fall) 1840 + 50 yr B.P.
Leigh Pumice (seanrafted) c. 1950 yr B.P.

The air-fall tephra stratigraphy, however, is not in
accord with that obtained by Vucetich and Pullar (1964).
Ohui Ash which was noted by Wellman, particularly at
Onewhero Bay, Northland; north end of Opoutere Beach,
Coromandel (type locality) and at Wainui Rd, Ohiwa Harbour,
Bay of Plenty was not recorded by Vucetich and Pullar (1964).
A probable terrestrial limit of Ohui Ash is shown by Wellman
(p. 34) to stretch from Onewhero Bay in the north to near
Taupo and Wairoa in the south (see Fig 4 for all localities
described in this study).

The purposes of this study are to determine whether Ohui
Ash is a valid tephra formation and to re-examine the age of
the sea-rafted Loisels Pumice in the light of 140 dates
determined since Wellman's (1962) paper.

Air-Fall Tephra

Air-fall tephra stratigraphy in coastal and inland
sections from Lake Poukawa %0 Waihi Beach is well documented

(Green and Pullar 1960, Wellman 1962, Vucetich and Pullar 1964,




Matai Bay -
&\_/_thfuwh{whi ’

3 Onewhero

Otakairangi ® g ~\WHANGAREI

eMangawhai

Coromandel
Peninsula
‘o Maohinapua
Hot Water
o Opoutere Bay of Plenty
Ngateae ‘g ® Mayor Is.
Whiritoa"dwiaini /ewhite Is.

W\:mwoo;mpe

Waiotahi' Ohiwa ¢ Cooks Cove
Hbr. ei Loisels

; GISBORNE g © Tatopouri
WTOUPO 9 Orongo

L. Poukawa @

160 - kms

Fig,

-~ Map showing location of sampling sites for

study of coastal, sea-vafted pumice and
- air-fall tephra,

4
4




&

Pullar 1967, Pullar and Pemhale 1970, and Pullar and Selby
1971). Individusl tephra have now been confirmed by mineral-
ogical examination (Table 7).

North of Waihi Beach, Kaharoa Ash and Taupo Pumice have
now been identified. Kaharoca Ash was correlated at a number
of coastal sections, @nd in near-coastal swamps (Table 7, Fig
4). Identifications were made on the presence of abundant
biotite in the ferromagnesian assemblage. Confirmation of
these identifications by other methods came from a 14C date of
850 + 50 yr B.P. from peat enclosing a biotite-bearing ash at
Otakarangi Swemp, Whangarei (J.E. Cox pers.comm.) and a
titanomagnetite composition, similar to the Kaharoa average
(Table 6) from a biotite-bearing ash at Te Arai Point,
Mangawhai, Northland (Table 7). No other biotite-bearing
ashes examined from sections north of Waihi Beach contained
enough titanomagnetite for chemical analysis. Taupo Pumice

was identified mineralogically from a swamp at Ngatea (Table

7) and possibly at Onewhero Beach.

For correlation purposes Wellman's section 22 at Wainui
Rd was the most important on the coastal strip bordering Bay
of Plenty. At this section Wellman's sea-rafted pubice and
tephra stratigraphy is abbreviated as follows:: :

Loisels Pumice (dark grey) (sea-rafied)

Loisels Pumice (grey) (sea-rafted)

?0hui Ash (air-fall)

?Taupo Pumice (sea-rafted)

This section on a low bank bordering Ohiwa Harbour has
now been destroyed, probably by high sea levels generated by
the Chilean earthquakes in 1960 (W.A. Pullar pers. comm.).

Wellman (p. 52) also discussed stratigraphy at nearby
sections on the southern side of the spit at Port Ohope on the
northern side of Ohiwa Harbour. He mentioned Taupo Lapilli
overlying stumps on the floor of the harbour. The same site
was later examined by W.A. Pullar (pers. comm.) who noted
sea~rafted Loisels Pumice (dark grey) end sea-rafted Loisels
Pumice (white end grey) overlying air-fall lapilli thought %o
be Taupo Lapilli by W.A. Puller. However, upto 50% of the
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ferromagnesian assemblage of this sir-fall lapilli contains
calcic—~hornblende and biotite. This assemblage suggests
correlation with Kaharoa Ash and not Taupo Pumice. All pumice
lapilli examined for ferromegnesian mineralogy in this study
were gieved, and then placed in an ultrasonic vibrator fo
remove any loose adhering and grain conteminants,

In his sections 20 and 21 at Opape end Waiotahi estuary
respectively, Wellman has tentatively correlsted an air-fall
tephra with Kaharoa Ash. This correlation is probably sub-
stentiated by the abundance of biotite in tephra taken from
peat swamps nesr Opape and waiotahi. At nearby section 22
(Wainui RA) however, Wellman introduced Ohui Ash, presumably
because it underlies Loisels Pumice, but this tephra is now

/ considered to be Ksharoa Ash. As this section has been
destroyed there is no way of checking the Ohui Ash/Kaharoa
correlation.

At the type locality for Ohui Ash - the north end of
Opoutere Beach - grey and derk grey Loisels Pumice overlies an
sir-fall lepilli (=Chui Ash). Samples of Ohui Aish from the
type locality at Opoutere Beach were collected independently
by He.W. Wellman and the writer. A sample of air-féll Japilli
from a pearby swamp (&t Savege's Farm, Fig 4) was also
examined. The ferromagnesien assemblage of these tephras
contein hypersthene plus small amounts of augite. Titano-
megnetite analyses of the same samples (Table 8) show that
they are similar to the aversge Taupo Pumice titanomagnetite
(Table 6). To check for possible contamination of the lapilli,
ferromagnesian assemblage and titanomagnetite snalyses were
determined from two samples of sand associated with lapilli
at Opoutere Beach. The ferromagnesian assemblage contains
upto 40% of rounded and smoothed grains of cai@c-hornblende
(not seen in air-fall lapilli) and the titanomagnetite
analyses (Teble 8), contain higher amounts of lig, V, Cr, Co
and Ni than the titanomagnetite of air-fall lapilli. These

data indicate that samples of lapilli examined were not con-
taminated by sand grains after cleaning treatment and this
suggests that the finding of hormblende in Ohui Ash at
Opoutere Beach by Challis (apyendix in Wellman 1962, p. 92)
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was probably due to contamination by sand. No Kaharoa Ash
was seen at Opoutere Beach.

At Onewhero Beach, Northland, a biotite-rich, fine, light
yellow ash (= Kaharoa Ash) found in a reat swamp just behind
the beach (Teble 7), undoubtedly correlates with Wellmen's
Ohui Ash (section 37, p. 60) at an adjacent site.

Refractive indices of glass from Ohui Ash (Wellman, p. 97)
range from 1.501-1.503. These values are typical of rhyolitic
glass from tephras erupted from the central North Island and
Support an origin for "Ohui Ash" from Taupo Volcanic Zone.

The air-fall Ohui Ash of Wellman (1962) at Wainui R4 and

,/Onewhero Beach is thus probably Kahsroa Ash, and that at

Opoutere Beach is unequivocally Taupo Pumice.

Loisels Pumice

The validity of Ohui Ash as s separate tephrs is directly
related to the sssumption that it is older than “primasry"
Loisels Pumice deposits. Data presented however, shows that
Ohui Ash at different localities maybe either Kahsroa Ash or
Taupo Pumice. This finding, together with 14C.dates which
have come to hand since Vellman's (1962) paper, have prompted
& critical re-examination of the age of Loisels Pumice.

Wellman makes a distinction between primary sea-rafted
Loisels Pumice which came on to the shore suddenly and in
abundance at the time of the eruption and reworked pumice that
was deposited later.

Primary Loisels Pumice. According to Wellmem (1962, p. 79)
typical Loisels Pumice is dark grey when wet and medium grey
when dry. ‘Primary' Loisels Pumice deposits contain dark grey
bumice, often banded (dark and light grey = vWellmen's derk

grey pumice) and a non-banded light grey pumice. This pale
coloured pumice was considered by Wellmen to have been erupted
from the same source znd simultaneously with the banded variety.

Based on mineralogy and texture of pumices dredged from neer
the summits of five sezmounts in the vicinity of wWhite Islend,

o0




Bay of Plenty, Duncan (1970b) suggested that this group of
seamounts may have been the source of the Loisels Pumice.

The ferromagnesian assemblage of both types of Loisels
Pumice contains hypersthene + augite. Titanomagnetite analyses
of the banded pumice are given in Appendix II while those for
the light-grey veriety in Table 8. The wide renge of some
elements in the banded Loisels (especially V and Cr) is
probably due to the varying contributions of dacite (lighter)
and andesite (darker) within samples analysed. The titano-
magnetite analyses of the light-grey pumice show generally
higher values for Cr and lower values for Mg, V, Co and Ni
than in the banded Loisels Pumice. The light-grey Loisels
Pumice shows almost identical composition to Taupo Pumice

'(Table 6 and Appendix II). This pumice is therefore con-
sidered to be sea-rafted Taupo Pumice.

Wellwman (p. 79) noted primary sea-rafted Loisels Pumice
at Opape and Waiotahi Estuary (sections 20, 21) all of which
were overlain by tentatively identified Kaharos Ash. The
sections at these sites have since been destroyed by natural
processes so that the presence of Kaharoa Ash cannot be con-
firmed. The only other place where primary Loisels'Pumice was
found by Wellman in central Bay of Flenty was at Port Ohope
where underlying air-fall lapilli appear to be Keharoa Ash
rather than Taupo Pumice. ILoisels Pumice would thus appear to
be older than Kaharoa Ash at Opape and waiotahi, and younger
at Port Ohope.

During the course of archaeological excavations at Orongo
Bay, near Gisborne (Fig 4) (Pullar and Green 1960), a thin
white discontinuous ash was noted by W.A. Pullar (pers. comm.)
to overlie primary Loisels Pumice. This ash appeared to be
8imilar to biotite-rich ash seen at Ormond, on the Gisborne
Plains (Table 7). A re-examinstion of the Orongo Bay section
by W.A. Pullar (pers. comm.) in 1973 however, indicates that
Kaharoa Ash is not present.

Secondary Loisels Pumice. Secondary Loisels Pumice is often

associated with other types of pumice. Small quantities of a
light-grey weakly-banded pumice (11934, Table 8) and a black

d
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Pumice, are associated with Loisels Pumice at Hot Water Beach
(Fig 4). ©Pumice (11934) contains a hypersthene + augite
ferromagnesian assemblege, and differs in titanomagnetite
composition from Loisels Pumice and Taupo Volcanic Zone
tephras (Table 6). Hence, these pumices are considered by the
author to have been erupted from s source outside Taupo
Volcanic Zone. They were probably carried to the east coast
North Island in a similar way to the South Sandwich Island
pumice, which was recently deposited on New Zealand beaches
(Coombs and Landis, 1966).

It is probable that the presence of other types of
pumice associated with Loisels Pumice (derk grey and light
grey varieties) are indicative of secondary Loisels FPumice
deposits.'

Age. At Hot Water Beach, east coast of Coromsndel Peninsula,
Leahy (1971) reports 14, dates of 421 + 40 yr B8.P. (NZ 1169)
and 484 + 79 yr B.P. (82 1170) for charcosl above Loisels
Pumice, and at liahinapua Bay, Coromendel Peninsula; Golson
(in Green 1963) reports a date of 640 + 50 yr B.P. (IZ 354)
for charcoal below Loisels Pumice. At latai Bay, levrita,
Northland, charcoal benesth Loisels Pumice is dated at 799 +
40 (N2 396) (Wellwan pers. comm.). At Cooks Covey, 40 km NE of
Gisborne (type locality for Holocene) charcoal above Loisels
Pumice is dated at 519 * 41 yr B.P. (NZ 631) and totara logs
under Loisels Pumice at the base of the section at 925 + 46
(82 651) (Y4C astes from Wellman, pers. comm.).

Loisels Pumice at Hot Water Beach, although occurring in
abundance, coexists with other types of pumice and occurs in
én archaeological occupation layer, it is therefore probable
that this pumice is reworked or was put there by'man. Loisels
Pumice at Iahinapua and Liatai Bay is also secondary (iWellman
1962). However, st Cooks Cove, Loisels Pumice is considered
to be primary, as is Loisels Pumice at Onewhero Beach, Horth-
land (Wellman 1962) where it probably overlies Kaharoa Ash
(= Ohui Ash).




Leigh Pumice

At Koaiti Beach, Pataua, Northland a light brown pumice
with large vesicles (11936, Table 8) underlying dark grey
Loisels Pumice is correlated with the Leigh Pumice (wWellman
1962). This pumice contains a hypersthene + augite ferro-
magneaian assemblage and differs in titanomagnetite composi-~
tion from other sea-rafted pumices or Taupo Volcauic Zone
tephras (Table 8). Leigh Pumice may have been erupted from
the seamounts around White Island (Duncan 1970b).

Conclusions

1) Air-fall Ohui Ash of Wellman is probably Kaharca Ash at
Wainui Road and Onewhero Beach, and is definitely Taupo
Pumice at Opoutere Beach (Ohui Ash type section).

2) Grey Loisels Pumice is sea-rafted Taupo Pumice.

3) Available data still does not resolve the relationship
between primary Loisels Pumice and Kaharoa Ash. Sectiouns
indicating an age older than Ksharoa Ash for the first in-
coming of Loisels Pumice have now been destroyed by natural
processes. There is, however, much evidence to support the
age of primary Loisels Pumice as being post-Kaharoa Ash, but
this supposition will only become certain when more 140 dates
for the first incoming of Loisels Pumice are available.




ASHES, TURBIDITES AND RATES OF SEDINENTATICN ON THE CONTINENTAL
,SLOPE OFF HAWKILIS BAY

Introduction

Over the last c. 44,000 yrs B.P. several rhyolitic tephras
have thickly blanketed the topography of Hawkes Bay Jend
District (Fig 5). Two of the most conspicucus sre the Waimihic
Lapilli, 0.3 m thick at Napier (Vucetich snd Pullar 1564 ) and
the Oruanui Tephra which is about 1 m thick at Napier
(Vucetich and Pullar 1969). Both were erupted from the Lake
Teupo Volcanic Centre, Toupo Volcanic Zone (Fig 1) and were
blown eastwards to Hawkes Bay. The tephras were also carried
further eastwards and are now identified in piston cores taken
from the sea-bed to the east of the Hewkes Bay coast.

In general, detrital sediments on the seabed off Hawkes
Bay become finer offshore (K.B. Lewis pers. comm.) but the
presence of coarse sandy layers, in some of the piston cores
indicate alternative methods of offshore deposition during the
late Quaternary.

Collection of Cores

Eighteen piston and seven gravity cores were collected
from the continentzl slope (Table 9; PFig 5) at depths ranging
from 1,150 to 2,469 m, by Dr K.B. Lewis (Oceanographic Insti-
tute) during N.Z. Oceanographic Institute cruises Turnagain I
and II. The cores were subsequently described by (Lewis 1971)
and samples of ash from them were given to the author for
identification.

The piston cores, the longest of which was 2.8 m in
length, were collected in 50 mm internal dizmeter steel pipes
and the gravity cores were collected in similer pipes with
plastic liners. All cores were extruded when wet and exsmined
when dry. '

Description of Cores

The cores consist mostly of pale grey mud with conspicuous
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Core NZOI Latitude Longitude Depth Corer
No. Sta, S E (m) type
1 F637 39°41° 177°59" 1010 short gravity
2 F670 - 39°51°" 177°52" 1291 piston
3 F684 40°00" 177°36" 1357 gravity
4 F683 40°08"' 1772322 1646 piston
5 F671 40°02° 177°50" 1162 piston
6 F632 40°13" 177°45" 2127 ‘piston
7 F690 40°19° 177°26" 1726 gravity
8 F721 40°22" 177°16' 1536 gravity
9 F681 40°23" 177°33? 1936 piston
10 F595 40°36" 177°29°* 1814 piston
11 F673 40°11" 17751 1419 piston
12 F676 40°21" 177°43" 1650 short gravity
13 F680 40°29°' . 177°39"' 1606 pistan
14 F674 40°14" 177°54" 2136 piston
15 F679 40°22" 177°65" 2329 piston
16 B885 40°25" 176°56" 1150 piston
17 F597 40°456" 177°18" 2019 piston
18 F596 40°44" 177°25° 2116 piston
19 F594 40°56" 177°14" 2063 piston
20 P593 40°54" 177°28" 2176 piston
21 F592 40°50" 177°42" 2432 piston
22 F678 40°33" 177°50" 2195 short gravity
23 F677 40°44" 177°53" 2012 short gravity
24 F591 40°53" 177°53" 2400 piston
25 F590 40°59" 177°59" 2469 piston

Table 9. - Position of cores from continental slope.







Fig., 6, - Diagremmatic sections of cores from the northern
part of the study area showing Taupo Pumice (Tp),
Waimihia ash (¥m), Cruanui Ash (Or), Mangaone
Lapilli Formation member (c) (1n°) and Rotoehu
Ash (Re). Black is airfall ash, broken line is
muddy ash, vhite is detrital mud and sand,

1 = dark sandy layer, 2 = dark grey sand with
either no burrows or large burrows, 3 = dark grey
mud with small burrows grading up to 4 = pale
grey mud. p = pumice in mud; a = ash.

Scales show depth in core in metres and rates of
deposition of sediment overlying Waimihia ash

from depth to Waimihia ash.

Diagrammatic sections of cores from southern part
of study area where turbidites (1,2,3) are common.
Notations are similar to those for Fig. 6. ‘
Percentages to left of each =mection are percentages
of sediment coarser than 0.C64 mm,

7 indicates those analysed samples with significant
proportions of shallow water foraminifera in the

sand fraction.
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excepbion is 0.34 m thick (in core 6, see Fig 8 A) and consists
of a basal layer about 0.0l m thick of moderately coarse,

white ash and many overlying bands that grade upwards from
coarse ash to fine ash. Some of the overlying bands are dis-
celoured by detrital material. The coarse ashes consist

mostly of fine send-sized, clear glass shards and a few
euhedral heavy mineral greains. Fine ashes consist almost ex-
clusively of silt-sized shards.

Correlation and Identification of the Ash Beds

The ashes can be correlated among cores in the study area
and with dated tephra horizons on lsnd. - |

Correlation is relatively simple where tephra strati-
graphy in each core is the same. The two youngest horizons,
a band of pumice-rich mud and an ash below it can be traced
over much of the study area (Figs 6,7), both remaining at
similar relative distances below the sea-bed. At some of the
deeper stations there is no pumice and the ash is thin or
absent, making correlation doubtful.

The Waimihia ash (c. 3,400 yrs B.P.) is the youngest ash
that forms a clearly recognisable layer on the adjacent main-
land (Vucetich and Pullar 1964) and is likely to correspond
to the youngest, well defined, layer offshore, that is the one
below the pumice-rich muvd. This correlation was tested by
examining the ferromegnesisn assemblzge and chemical content
of the titanomagnetite from the ash using the method described
on p. 35. Fifteen samples of the esh, nine from cores (Core
Nos 2,5,6,7,9,14,18,20 and 25), two from Holocene besch depo-
gsits at Waimarama and Keirakeu on the adjacent land and four

from known Waimihia Lapilli deposits, were examined. The
ferromagnesian sssemblage of all the samples consists of
hypersthene + traces of augite, This assemblage is identical
to that found in Weimihia Lepilli in the Teupo area (Ewart
1963). Sufficient titenomagnetite for chemical analysis was
extracted from six of the core semples and all samples on
shore. Results are presented in Teble 10. The results show
that the titenomagnetites from the core samples have rela-
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Mg, 8. = Fhotographs showing segments of cores. A : core

P

6, at depth in core of 0,82 - 1.20 m, showing
bedding, including graded-bedding, in thick layer
of Vaimihia ash; B : Core 17, at depth in core
0,56 = 0.€0 m, showing parallel and current
bedding in sandy layer. C : Core 20, at depth in
core of 1,09 - 1.23 m, showing parallel and
contorted bedding in sandy layer: below sandy

layer is pale grey mud, above sandy layer is dark

mud with small (and large) burrows. D : Core 22,
at depth in core of 1.13 - 1.4 m, showing ideal
cycle of sedimentstion; from base, 1 = sandy layer,
2 = dark grey mud with large burrows, 3 = dark grey
mud vith small burrows, 4 = pale grey mud, a = ash;
there is a similar cycle, without 2, above the ash,
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tively high titenium, chromium and zirconium values and low
vanadium and cobalt values and are therefore similar to those
from positively identified Waimihie Lapilli onland (Table 10)
and different {rom those from other widespread ashes (Table 6
P. 3% ). The zirconium value which are generally > 100 ppm,
identify the tephra as Weimihia vather than Teupo Pumice,
which is similar both chemicelly end mineralogically but gene-
rally contains <100 ppm zirconium (Tables 6 and 10).

Titanomagnetite from the uppermost ash in core 25 contains
anomalously low titenium and high nickel but it is otherwise
similar to Waimihia Lapilli. The band of pumice fragments that
lies about halfway between i/aimihis ash and the seabed can be
reasonably supposed to be about half the age of the VWaimihia.
ash, i.e., about 1,700 yrs B.P. It is therefore correlated
with the c. 1,800 yrs B.P. Taupo Pumice Formation (Healy 1964).
A sample of pumice from core 9 did not yield enough titeano-
magnetite for chemical anaiysis, but the presence of hypers-—
thene as the only ferromagnesian mineral is consistent with
its identification as Taupo Pumice.

In eight of the longest cores from the lower continental
slope there are layers of muddy ash, muddy pumice and clean
white ash beneath the Waimihia ash. A meximum of three such
layers occur in core 15. The first ash stretigraphically
below the VWaimihia ash is a clean white ash in cores 4,19,21,
24 and 25 and is a mixture of mud end ash in cores 9,10 and 15.
In six of the eight cores this ash is between 5 and 7 times
deeper below the sea-bed than the vWaimibia ash,and assuming
constant rates of sedimentation, may be supposed to be between
5 and 7 times older; that is between 17,000 and 24,000 yrs
BsP. It is, therefore, correlated with the c¢. 20,500 yrs B.P.
Oruanui Ash which forms the second oldest distinct tephrs layer
in southern Hawkes Bay Land District (Vucetich and Pullar 1969).
samples of this ash from cores 21 and 24 were exemined. Both
samples have a ferromagnesian assemblage of'hypersthene +
calcic-hornblende, which is typical of Oruwanui Ash on land
(Tfable 3). In two of the eight cores the ash is only about
three times deeper than the Waimihia ash, but is still con-
sidered to represent Oruanui Ash. It is probable that rates
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of sedimentation have not been constant at these two sites.
None of the ash layers beneath the Waimihia ssh contain suffi-
cient titanomagnetite for chemical analysis.

There is an esh-rich layer underlying Orusnui Ash in
cores 9 and 15. It is estimated, from its relative depth to
the depth of the waimihia ash, to be about 28,000 to 30,000
yrs B.P. and is correlated with the c. 30,000 yr old Mangaone
Lapilli Formation, member (c¢) (Pullar and Heine 1971) which
forms a relatively thick layer on the adjacent land. The ash
in core 15 contains a ferromagnesisn assemblage of hypersthene
+ calcic-hornblende, which is characteristic of the three
youngest members of the Mangacne Lapilli Formation, members
(c¢), (d) and (e). UlNembers (d) and (e) are younger than the
estimated age of the ash, member (d) being 26,300 + 700 yrs

. B.P. (N.Z. 867, Vucetich and Pullar 1969) and member (e)
yoﬁnger.

An older ash occurs in cores 5 end 15. It is estimated
from its depth relative to the depth of Waimihia ash to be
about 38,000 to 46,000 yrs o0ld and is correlated with the
Rotoehu Ash member of the Rotoiti Breccia Formetion (Nairn
1972). The Rotoehu has been “7C dated at 44,200 + 4,300 yrs
B.P. (67% probability) and >43,700 yrs B.P. (95% probability)
(N.z. 877, Pullar and Heine 1971) and forms a thick and
distinctive tephra layer in Hewkes Bay (Vucetich and Pullar
1969). The ferromagnesian assemblage of the ash in core 5,
which does not contain ash of the Oruanui and Mangaone Forma-
tions, is predominantly cummingtonite with minor amounts of
hypersthene + calcic-hornblende. The presence of cumming-
tonite as the dominant amphibole is characteristic of Rotoehu
Ash (Table 3).

Rates of Sedimentation

On the continental shelf off Hawkes Bay, Holocene rates
of deposition have been estimated from the depth of burial of
dated seismic reflectors (Lewis in press). On the continental
slope Holocene reflectors are absent but the top of the
Waimihia ash, which is present in all cores, forms a convenient
horizon from which rates of sedimentation may be calculated.




The thickness of sediment overlying Waimihia ash ranges
from 1.21 m in the Madden Depression‘to Zero on some submarine
highs. Thus late Holocene rates of sedimentation range from
0.36 m/1000 yrs to zero. '

Sediment above the VWaimihia ash is generally pale grey
mud, but in four cores (nos. 6,16,17 and 25) from four differ-
ent depressions it includes dark sandy layers. In core 16
from the Madden Depression there are nine sandy layers above
the ash, so thet on an average, one sandy layer is deposited
there about every 400 years. 1In core 17 from the Porangshau
Depression, which is downslope from the Madden Depression,
there are only two sandy layers above the Waimihia ash. In
core 25, from the Hikurangi Trench, there are two dark, coarse
gilty layers above the ash that is tentatively identified as
being Waimihia ash. If the ash in core 25 is Waimihia ash
then the rate of deposition is about 0.15 m/1000 yrs which is
high for a core so deep and so far from land; the rate in
adjacent core 24 being only 0.02 m/1000 yrs.

In core 16 the nine dark sandy layers and their over-
lying dark silts constitute more than half of the total
volume of sediment. Pale grey mud is deposited most rapidly
in the Paoanui Depression at a rate of 0.23 m/1000 yrs, the
Paoanui Depression being on that part of the continental
slope closest to the large rivers of Hawkes Bay.

Mode of Deposition of Ash and Sediment

The Waimihia ash blankets the topography on land and
beneath the sea. Unlike all other types of sediment except
animal skeletons, it is deposited on submarine highs and in
submarine depressions. It is considered to have fallen on
the sea and settled through the water column to its present
resting place. At places where the ash formed a layer more
then about 0,02 m thick, it apparently destroyed the local
infauna because the ash is preserved as an undisturbed white
layer. At places where the ash was thin, animals mixed it
with mud so that white ash is preserved only in burrows.
The only evidence of redeposition of the ash is in the
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Paoanui Depressioa where it is overthick and contains numerous
slightly muddy graded beds (Fig 8 4).

The mode of deposition of sediments has been described
by Lewis (1971). Of perticuler interest sre the layers of
sandy sediment, some of which are current bedded, indicating
that swift flowing currents have crossed the floors of the
depressions in the southern part of the study area. The
currents have affected depressions in a zone 2t right angles
to the trend of the continental slope and therefore are
unlikely to be deep ocean currents. They have deposited coarse
detrital sediment including tests of shallow water foraminifera,
in flat-floored depressions and aprear to be correlated with
channels that are incised into the outer continental shelf and
upper continentsl slope. The layers of sendy sediment are
thus considered to have been deposited by turbidity currents.

Since deposition of the Waimihia ash 3,400 yrs ago, nine
turbidity currents have spread over the liadden Depression and
two have reached the Porangahau Depression and probably the
Hikurangi Trench. It is likely that the turbidity currents
were triggered by earthquakes; at least three major earth-
quakes that resulted in massive crustal movements, have occur-
red in southern North Island during the last 3,400 yrs (Wellman
1969). Prior to the deposition of the Waimihia ash many
turbidity currents descended to the Akito Depression and %o the
channelled Hikurangi Trench.

Conclusions

A% Taupo Pumice and ashes of the Waimihia, Oruanui, KMaengaone
Lapilli and Rotoiti Breccisa Formations can be traced more than
100 km seaward off the Hawkes Bay coast.

2 In depressions on the continental slope the Waimihia ash
has been buried by pale "hemipelagie" grey mud at rates ranging
from 0.02 to 0.23 m/1000 yrs.

3 In depressions downslope from the channels off the Poranga-
hau River Waimihia ash has been buried partly by grey "“hemi-
pelegic" mud and partly by dsrk turbidite layers. Nine turbi-
dite layers overlie the ash in the MNadden Depression where the
total rate of deposition is 0.36 m/1000 yrs and two turbidite
layers overlie the ash in the deeper Porangahau Depression and
Hikurangi Trench.
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3e THE STRATIGRAPHIC SIGNIFICANCE OF A DATED LATE PLEISTOCENE

ASH BED, NZAR AMBERLEY, SOUTH ISLAND, NEW ZBALAND.

Introduction

A 4-8 cm thick white rhyolitic ash layer located 1 km
north of the mouth of the Waipara River, Lat. 43°82's; Long.
172%47.9*E (near Amberley, South Island, New Zealand, Figs 9,
10) was described and named Tiromoana ash by Carr (1970).

The ash layer does not extend for more than 100 m continuously.
Garr (1970) considered that the ash was preserved by colluvium
(Loess) at this locality and was not preserved anywhere else
on the coastal plain because there was little or no sediment
accumulating at other sites. The colluvium containing the

ash was inferred by Carr (1970) to be Oturian - early Otiran
in age (see Table 11). The age range of the ash was there-
fore considered to be probably older than 44,000 yr B.P. (the
age of the oldest more widespread late Pleistocene rhyolitic
tephra described by Vucetich and Pullar 1969) and younger

than 270,000 yr B.P. (the age of the youngest rhyolitic ash
preserved in deep-sea cores taken east of New Zealand,
described by Ninkovich 1968).

A semple of the Tiromoana ash was received for identifi-
cation from Hr. G. Warren, N.Z. Geological Survey, Christ-
church, because the general age velationship indicated that it
may correlate with central North Island rhyolite tephras.
Subsequently the author accompanied by lessrs. C.G. Vucetich
and R. Howorth visited the Amberley site, examined the
stratigraphic context of the Tiromoana ash and collected
further ash samples.

At the sampling site the fine-grained unbedded ash,
4-8 cm thick, was found to contrast in colour with olive-
brown, massive, fine sandy sediment of similar particle size
to the ash. The lower contact is sharp and the upper contact
is gradational over 1-3 cm (Fig 11). Because the sediments
containing the ash stand in massive columnar form (Fig 12)
and have the particle-size cheracter of undated loess deposits
identified elsewhere within the Amberley area, they are con-
sidered to be loess. Subsequent fieldwork has failed to reveal
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STAGES OF CCOLING AND COLD

(New Zealand) (United States)

Otiran - Wisconsin
[ Vaimean Tllinoian
Waimaungan Kansan

United States.

ral

STAGES CF WARMING AND WARMTH

(New Zealand) (United States)

Aranuian

Oturian

Terangian

Holocene

Sangamonian

Yarmouthian

Table 11. -~ late Quaternary stages: New Zealand and Central
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Fig, 11. = COruanui Ash enclosed by loess 2 in Gully 1

(S68/154035 - 196L) at Teviotdals, The ash
is 4-8 cm thick and has a sharp lower contact
and a diffuse upper contact, Pen-knife is

10 cn Jong.

Loess 2 enclosing Oruanui Ash (ou) in Gully 2
at Teviotdale, Photograph taken, looking
southwards across Pegagus Bay, shows Post-
glacial marine cliff (upper middle) and Post-

glacial transgressed surface (upper left




Tiromoana ash elsewhere within the study area (Fig 10),
despite the presence of thick deposits of undeted greywacke-
source loess (Birrell snd Packsrd 1953, Raeside 1969 and

N.Z. Soil Bureau Bulletin 27, 1968). The dating of Tiromoana
ash at Amberley would allow correlation of the enclosing
loess deposits over a wide area. Therefore studies on the
acsh included application of several correlation technigues
and detailed examination of the depositional sequence.

Age and Jdentification of the Ash

The ash comprises about 90% glass shards, 9% terrigenous
peterial (including quartz) and approximetely 1% plagioclese
and heavy minerals. The glass shards have a refractive
index of 1.499 and generally range in size from 0.05-0.15 om
with a meximum of 0.25 mm. The rhyolitic nature of the glass
is confirmed by its chemistry (Table 12).

The recent development of the fission-track method
(Fleischer and Price 1964a) offers the geologist a new
inexpensive tool for dating minerals and glasses. This dating
method was therefore used to try and determine the age of
glass shards from the Tiromoeana ash.

Pission Track Dating: The technique used for fission-track

age determinations is described on p. 64,

The fission-track age determined from glass shards of
Tiromoana ash required approximately 60 man-hours. The
longer than usual time taken for the age determination was
required because of the relative youthfulness of the ash and
low concentration of uranium in the glass. Although 2.92 cm®
of glass surface was scanned for spontaneous fission tracks,
accuracy end precision would have been improved if a larger
area of glass had been examined. But it was necessary 1o
make some concession to the accuracy reguired in order to
spare the extra time end trouble involved.

The age of glass shards in the Tiromosna ash is 24,000
+ 8,900 yr B.P. (Table 13). This falls within the age renge
of late Pleistocene tephras erupted from the Taupo Volcanic
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8102 Th.G3

A1205 s 11,75

'1-‘020} 1.27

¥g0 0.13

Ca0 1,41

Nazo L.28

5(20 2,95

'1'102 0.12

P205 0.02

¥n0 0.07

4 . #2053 L.81

|

TOTAL 100,60

. - * Total Fe as Fezoj. .
‘ - *# Loss on ignition between 110°-1,C00°C. '

Table 12, = Chemical analysis of glass shards from Tiromoana
ash, All elements except Na20 were analysed by
x=ray fluorescence using the method of Nerrish
and Hutton (1969). Na,0 was analysed by atomic

absorption spectrophotcmetry,

SAPLE NO, ETCH TIME AREA SURVEYED SPONTANEOUS FISSION *INDUCED TRACK FISSION-TRACK

(secs.) (cmz) IRACKS COUNTED DENSITY ez ()
( h‘ack/mz )

+541879 8 2,92 12 12,750 (= 2.63) 24,000 ¥ 8,900

*For a neutron dose of 1.22 x 1012 (2 €35) (neutron dersity x velocify x time),

Decay coustant for 239y fission = 6,85 x 10717 1,
£ w

**Sample is housed in the petrological collection of the Geology Lepartment,
Victoria University. ’

Table 13, -~ Fission~track data and age of glagss shards from

Tiromoana ash,
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Zone (Fig 1) described by Vucetich and Pullar (1969). Three
of these tephras were widespread enough and fall into the
general age range to possibly correlate with Tiromoana ash.
These are Oruanui Ash, langsone Lapilli Formstion member (ec)
and Rotoehu Ash of the Rotoiti Breccia Formation. Radio-
carbon ages for these tephrés are given in Table 2. Oruanui
4Ash has been identified near Wellington (Fig 9) by Vucetich
and Pullar (1969) and this ash was provisionally correlated
with Aokautere Ash (Cowie 1964 2nd Rhea 1968) which is wide-
spread in the southern North Island. The most southerly
localities that Mangaone Lapilli Formation member (c) and
Rotoehu Ash heve been found at, are at Napier (Fig 9) and in
offfshore cores some 190 km SE of Napier (ggg P. 55 ).

The ferromagnesian assemblage of the Tiromoans ash was
examined with particular note being taken of phenocrysts with
attached glass (likely to be non-contaminants). The

assemblage contains hypersthene + calcic-hornblende + traces

of augite which is similar to that of Orusnui Ash and

langaone Lepilli Formation member (c) (Table 3), but different
from that of Rotoehu Ash which comprises mainly cummingtonite
with lesser amounts of hypersthene and minor calcic-hornblende
(Table 3)..

The 140 age range of Oruenui Ash is similar to the
fission-track date for ash at Tegiotdale, and together with
the widespread extent and ferromagnesian assemblage of the
former, it is probable that the two ashes are correlatives.

It has previously been shown (Kohn 1970, and Table 6)
that most widespread rhyolitic tephras erupted from Taupo
Volcanic Zone over the last 44,000 yr B.P. can be identified
by the distinctive composition of their titanomagnetites.
Thus, having shown the age limits of Tiromoana ash, a study
of its titanomagnetite was undertaken to try and confirm
correlation with Oruanui Ash.

Titanomagnetite Anslysis: Initially, a bulk sample of

titanomagnetite from Tiromoana ash was analysed by optical

-emission spectroscopy (Table 14, No. 1). ihen compared with
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titanomagnetite analysed from the three rhyolitic tephras which
are possible correlatives (Table 14, Nos. 3-5), the analysis
of titanomagnetite frow Tiromoana ash shows higher Cr, Co and
Ni, thus indicating a more basic composition. Quartz is
present in some rhyolitic ashes in the central Nerth Island.
But the relatively high amount of guartz (snd terrigenous
material) is considered to be high for a tephra sowme 565 ko
from source. Thua, there may have been some post-depositional
contamination of the ash (probably from enclosing loess). The
basic nature of titanowmagnetite from the enclosing loess
(Table 14, No. 2) further indicates contamination of the
Tiromoana ash, thus invalidating any correlations made by bulk
titenomagnetite analysis.

In order to look for contaminants, homogeneous titano-
magnetite grains (both discrete and enclosed by gless and
orthopyroxene) were extracted frowm Tiromoana ash, and Oruanui
Ash (from three localities) and analysed by electron microprobe
(by ¥Mr P.R. Kyle, Victoria University). Results are presented
in Table 14 (Nos. 6 and 7). The microprobe analyses show that
the titenomagnetite cowposition of the average (+ 1 s.d.) of
10 analyses of Oruanui Ash (Table 15) is almost identical to
the average (+ 1 s.d.) of 13 analyses of titanomegnetite from
Tiromosns ash. These analyses differ from titanomagnetites
from pumices of Rotoiti Breccis Formation and Mangaone Lepilli
Forwation member (c) (enalysed by both electron microprobe and
optical emission spectroscopy - Table 14, Nos. 4, 5, 8 and 9)
which have distinctly lower Ti, V and Cr and higher kin con-
tents. Titenomagnetites teken from tephra and analysed by
optical emission spectroscopy may be compared with those anal-
ysed by electron microprobe for most elements (Teble 14). But
a2 valid comparison of Si, Al and lig from bulk samples is not
possible because of difficulties in removing impurities such
as glass and orthopyroxene.

In order to test homogeneity of grains and range of
elemental levels, electron microprobe scans covering 50-200
microns across grains for Ti, Mg and Cr were carried out on 64
grains of Oruanui Ash titenomagnetite amnd 70 grainms of

Tiromoans ash titanomagnetite.




Table 1k, - Analyses of titanomagnetites from Tircmoana ash,
loess enclosing the ash, COruanui Ash, Vangaone
Lapilli Formation, member (c), and Rotoiti PBreccia
Formation, Locality numbers refer to numbers in
2 Fig. 2

*Numbera prefixed by "P" belong to the petrological
collection of the New Zezland Geological Survey,
Rumbers with no prefix belong to the petrological
collection of the Geology Department, Victoria
University (see Appendix II for details of sample
localities),

Sarple Hos., 1=5 were analysed by optical emission
spectroscopy using procedure and operating conditions
described by Kohn (1970). .

Sample Nos, 6-7 ard 10-11 vwere analysed by lr. P.R, Kyle
on the electron microprobe snalyser of the Geology
Department, Otago University:; using procedures and
conditions deseribed by Kushiro and MNakamura:(1970)
with the exception of gpecimen beam current which
was 0,02 A, |

Sample No. 8 is a previously published analysis
(Bvext et al 1971).

Sample Mo, 9 was anslysed by Dr. C.P. Weood with the
electron microprcbe analyser of the N.Z. Ceological
Survey using procedure and conditions described by
Carmicheel (1967).

-; not determined.
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Approximately 85% of all the titanomagnetites scanned are
chemically similar. Averaged snalyses of these grains (Table
14; No. 6 -~ average of 10 analyses and No. 7 - average of 13
analyses) show relatively large standard deviations for
titanivm iron and vanadium. This titanomagnetite is considered
to be typical of Oruanui Ash.

Approximately 5% of the grains scanned were exsolved.
The remaining 10% comprised grains which were more basic in
composition then the typical grains. Analyses of these basic
grains in Orvanui Ash and Tirowoana ash are given in Table 14
(Nos. 9 and 10). These homogeneous, basic grsains are considered
to be xenocryste, which were incorporsted in the Oruwanui Ash
during its eruption. Scans of a swall number of xenocrystic
titanomagnetite grains from Tivomoana Ash show higher Ti, lNg
and Cr. Jince grains of this composition do not occur in
Orusnui Ash they are considered to be local contaminants, and
their presence explains the high Cr, Co and Ni values in the
bulk analysis (Table 14, No. 1).

- On the basis of the rhyolitic nature of the glass, the
fission-track date of the glass, ferromagnesian assemblage and
electron-microprobe analyses of titenomagnetites, Tiromoana
ash at Teviotdale is almost certainly the c. 20,000 yr B.P.
Oruenui Ash.
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The Devositional Seqguence at Teviotdale

The following stratigraphic column ié described from the
sampling site for Tiromoana ash in Gully 1 (Fig 10).

STRATIGRAPHIC COLUMN - GULLY 1 TEVIOTDALE

(A) 0.15 m dark brown silt loam, friable, moderately deve-
loped granular and cruwmb structure; indistinct
lower boundary,

(BL) 0.10 m brown (10 YR 5/3) silt loam, friable and firm,
weakly developed granular and cruml structure,
few fine strong brown motiles; distinct lower
boundary,

"(B2) 0.20 m browm (10 YR 5/3) flne, sandy clay loam; vari-
' coloured with fine to coarse distinct 7.5 YR 5/4
and 4/6 mottles, very firm, strongly developed

J blocky structure, distinct lower boundery,

(C1) 0.25 m olive brown sandy loam (2.5 YR 5/4), (ILOESS 2),
firm, massive merging to less massive fine sandy
loam, indistinct lower boundary,

(C2) 4.20 m olive brown fine sandy loam (LOESS 2); massive,
weakly developed fragmental blocky structure,
white CaCo3 flecks throughout and increasing with
depth, indistinct regular boundary,

0.07 m white ash, massive, non-banded, with upper half
very lightly stained olive brown, lower contact
is sharp but with amplitude of 0.5 cm
Tiromoana ash.

1.50 m olive brown fine saendy loam (LOESS 2), distinct

boundary,

0.25 m greywacke gravels, subrounded, moderately
weathered, distinct boundary,

4,52 m olive brown, fine sandy loam (LOESS 2), for gravel
lenses 10-5C cm thick,

0.15 m olive yellow sands,

0.05 m olive brown fine sandy loam, flecked dark brown,
massive (weakly developed paleosol), distinct
lower boundary,

1.0 m olive brown sandy loam, (LOESS_ 1), faint brown
mottling, pale, distinct lower boundary,

()
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1.0 m olive brown silty clay, blocky structure, weak
paleosol character, distinct boundary,

2.0 m greywacke gravels, subrounded, weakly-moderately
weathered,

3.0 m olive silty clays, blocky, weakly bended, strong
paleosol character, diffuse lower boundary,

2.0 m mpultiple bedded silty clays, olive with many
prominent 0.20 c¢m thick lignite bands, sharp
lower contact,

2.0 m at least, pebble sands, weakly indurated,
slightly cemented (Oturien marine sands),

— pajor unconformity marks marine benching on
Kiiocene shelly limestones.

The section described at the sampling site for Tiromoana
ash in gully 1 is illustrated in Fig 13 b. The sequence of
beds in longitudinal section Fig 13 a,varies from the gully 1
section mainly in the lensing of basal finely banded silty
clays with lignite bands, and the presence of gravel stringers
in the upper part of the section. The gravel stringers
thicken to the NW (Fig 13 b) and this clearly shows the form
of these colluvium fans. The source of the gravels.is the
appreciably thick outwash gravels (Waimean) cliffed during the
presumed Last Interglacial high sea level; the source of the
fine silty and silty clay sediments is partly colluvial and
partly primarily agi:&a material (loess). The source of the
upper fine greined sediment, previously established to be
loess, is to the westward and to windward. Preservation of
the ash at Tevioetdale is attributed to special site conditions
to leeward of the Waimean terrace (lacking loess cover) from
which the ash was redistributed and concentrated, and rapidly

covered by loess.

Discussion

The 20,000 yr B.P. Oruanui Ash provides a major time
plane in proving the depositional sequence in the many gully
sections exposed at Teviotdale. The ash provides the means
to apportion time to deposition and soil development within
the sequence. The base of the post-~vWaimean depoéitional
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sequence at Teviotdale vrelates to pebbles and sands exposed
following the Oturian transgression at c. 80,000 yr B.P.
Accordingly at the section (Gully 1) the 5 m thickness of
sediments above the ash is assigned to & 20,000 yr period and
the 11 m thickness below the ash is assigned to a c. 60,000
yr period.

The preservation of Oruanui Ash within Leess 2 decleres
a late Otiran loess period for which about two-thirds of the
loess thickness is below the ash and one third.above. The
relative thickness of the twe loess beds each of similer
morphology is not thought to imply corresponding pericds of
accumulation. The omset of the loess phase is linked with
the Kumara Glacisl Advance 2.1 (23,000 yr B.P.) and the close
of the loess periocd with the lster Kumara Glacial Advance 3
(14,000 yr B.P.) (Suggate snd Mear, 1965). It is also linked
with the Ohakea loess of Manawatu c. 25,000 to 12,000 yr B.P.

(D. lfilne, pers. comm.); +the Late Otiran accelerated erosion

c. 24,000 to 22,500 yr B.P. of the Taupo Volcanic Zone (Vuce—
tich 1973), and subsequent deposition of "tephric-loess"®

with high glass content, between the 140 dated Oruvanui Ash
(c. 20,000 yr B.P.) and Rerewhakssitu Ash (ce 14,709 yr B.P.)
(Vucetich and Pullsr 1969).

Non-calcareous - Loess 1, with a weakly developed paleosol,
is thought to be older than 35,000 yr B.P. and is thus a
probable correlative of Tini Loess (Fleming 1972); it is also
probably related to the 37,000 yr B.P. stadial of Brodie (1957).
The significance of & 15 cm thick lense of well sorted (?beach)
sand at the upper contact of the paleosol is not known.

In the lower part of the section, the presence of peats,
together with the strong paleopedogenic character of the silts
and clays, end the absence of gravel stringers, implies a
reriod of slow accumulation during an interstadial,

The ash at Teviotdale is the only known occurrence to date
of Oruanui Ash in South Island. A4s the Oruanui Ash identifies
late Otiran loess at Teviotdale, similar loess deposits with-
out ash-layers, in the study area com now be dated. A further
important role of Oruanui Ash at Teviotdale is in strengthening
correlations of late Otirsn deposits between the North Island

and Canterbury.
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RELATION OF THE BEARTHQUAKE FLAT BRECCIA
TO THE ROTCITI BRECCIA,
CEZNTRAL NORTH ISLAND, NEW ZEALAND.

I.A. Neird and B.P. Kohn
Geology Department, Victoria University of VWellington

ABSTRACT

Tephra correlations demonstrate that -the rhyolitic
pyroclastic flow and airfall deposits of the Larthquake
Flat Breccia Formation were erupted immedistely
following the eruption of the Rotoiti Breccia Formation
at radiocarbon date 41,700 + 3,500 yrs B.P. (NlZ1126).
The two eruptive centres were 26 km apart. A wide-
spread airfall tephra accompanying the eruption of the
.Earthquake Flat Breccia has previously been regarded
as part of the Rotoehu Ash component of the Rotoiti

Breccia Formation.

All the field correlations are confirmed and
others are directly established by the distinctive
chemical content of titanomagnetites in the pyroclastic

deposits studied.

INTRODUCTION

The Earthquake Flat Breccia Formation (Healy
et al, 1964) is a thick, unwelded, biotite-rich,
rhyolitic ash and pumice deposit, covering 110 km2
surrounding Barthquake Flat (Fig 1). The formation

consigts of many pyroclastic flow units with inter-

¥Present address: N.Z. Geological Survey, P.0. Box
499, Rotorua.
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bedded and mantling airfall pyroclastic units, erupted
from a 5 km line of explosion craters, of which Earth-
gquake Flat is the largest.

Ages proposed for the Harthguaske Flat Breccia are:
Grindley (1959) less than 50,000 years, and Thompson
(1968a) about 20,000 years.

The Earthquake Flat Breccia deposits have been
congiderably faulted and have also undergone consider-
able erosion. The date of deposition is thus important
in determining rates of faulting and erosion, as well
as the position of the formation in the stratigraphic
sequence of the Central Volcanic Region.

STRATIGRAPHY

The late Pleistocene tephras (airfall pyroclastics)
of the central North Islend have been described and
mapped by Vucetich and Pullar (1969). Radiocarbon zges
have been obtained for many of these tephras, and
these now provide veluable time planes for the dating
of other deposits.

The Mangsone Lapilli Formation and the Rotoehu
Ash of the Rotoiti Breccia Formation (Vucetich and
Pullar, 1969) are widespread tephra deposits, found
critical for dating the Barthquake Flat Breccia Forma-
tion. The Mengaone Lapilli Formation comprises five
members (a) to (e) in order of eruption (Vucetich and
Pullar, 1969). Paleosols developed at the contacts
between members indicate time intervals between the
eruptions. Rotoehu Ash, underlying the liangaone
Lapilli Formation, is the widespread tephra associated
with the Rotoiti Breccia pyroclastic flow eruptions
(Vucetich and Puller, 1969). It consists of airfall
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pyroclastic units which underlie, are interbedded with,
and mantle the Rotoiti Breccia flow deposits (Nairn,
1972). The Rotoiti Breccia Formation (Rotoiti Breccia
and Rotoehu Ash) is considered to have been erupted
from Haroharo Rhyolite Complex (Fig 1) some 26 km
north-east of Earthquake Flat.

Vucetich and Pullar (1969, p. 813) were unable to
fully establish the relationship of the late Pleisto-
cene tephra column to the Earthquake Flat Breccia,
but the lisngesone Lapilli (member unspecified) was
found overlying the breccia with apparent unconformable
contact.

In recent examination of preserved original sur-
faces of the Easrthquake Flat Breccia fans, several
sections were found where liangaone ILapilli member (a)
conformably overlies moderately developed paleosols
on the mantling tephra unit of the Earthquake Flat
Breccia. An examplé of such a section at Tumunui
Road is shown in Fig 2. Rotoehu aAsh was not found in
these conformably mentling seguences, although it 1is
present at higher elevations on Kakapiko rhyolite
dome (N76/744953), and ot laleme Road (N85/598781)
near Ohakuri (see Fig 1). At Haumi Stream - Waimengu
(N85/869857), a rare exposure of the base of the
Barthquake Flat Breccia shows it to overlie a 7 m
thick pisolitic breccia without a weathering or
erosional breask at the contact. The pisolitic breccia
is enclosed within shower-bedded pyroclastic units
similer to, and here correlated with, the basal and
mantling tephra units of the Rotoiti Breccia Formation
- units which largely comprise the Rotoehu Ash.
Furthermore, in the Rotorua ares, cummingtonite has
been found only in deposits erupted from Ckataina
Volcanic Centre and is the distinctive mineral of the
Rotoiti Breccia (Ewert, 1968, p. 528). Cummingtonite

was identified by X-ray diffraction analysis of heavy



mineral separates from the pisolitic breccia. The
lack of an erosional or wezthering break between the
Earthquake Flat Breccis and the underlying pisolitic
breccia (Rotoiti Breccia), indicates that ho signifi-
cant time interval sepasrated the Barthguake Flat and

Rotoiti eruptions.

A similar relationship between Rotoehu Ash and
the Earthquake Flat Breccia has been recently exposed
in a more accessible section 4 km south of the Hemo
Gorge on the Taupo-Rotorus Highway (NT76/727959, Fig 3).
The section is described as:-— ‘

Rotorua 3 m brown ash (Holocene).
Sub-group

eroded top.

Earthquake 3 m ash and la2pilli flow unit,
Flat containing abundent biotite.
Breccia O. 3 m shower-bedded coarse ash

- airfall tephra unit.
O. 3 m grey fine ash.
sharp, uvnweathered contact.

0.15 m shower-bedded grey medium ash.

3 m poorly stratified, pisolitic
yellow fine ash.

O. 3 m shower-bedded coarse ash snd

lapilli.
Rotoehu + 0.25 m shower-bedded grey ash.
Ash 0.15 m finely bedded ash.

50 mm brown coarse ash.
30 mm cream fine ash
70 mm grey medium ash.
sharp contact.

Breccia carbonaceous paleosol on
assocliated with 1 m exposed ash and block flow unit.
Kakapiko

rhyolite dome Base of section

K9




Fig, 2. - Mangaone Lapilli member (a) in (a)] conformably
overlying palsosol (pal) developed on mantling
tephra unit of Earthquake Flat Breccis Formation,
Tumanui. Road (1MN85/722887).

1
-
-

ig. 3. - Darthquake Flat Breccia (ea) overlying Rotoehu
ish (Re) without time bresk, Taupo-Rotorua
Highway, 4 kn south of Hemo Gorge (N76/727959).
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CHRONOLOGY

The Mengaone Lapilli Formation member (c) has been
radiocarbon dated at 30,100 + 1,300 years B.F. (Nz868,
T,L. Grent-Taylor pers. comm., Fullar and Heine, 1971).
Paleosols developed on underlying members (a) and (b)
indicate +that member (a) is somewhat older then this
date. The Rotoiti Breccia Formation has been dated at
>41,000 yesrs B.P. (67% probability, IZ643, Thompson,
1968b) and at 44,200 + 4,300 years B.P. (674 probability,
NZ87T, Grant-Taylor end Rafter, 1971). No time breaks
arc present within the Rotoiti Breccia Formation (Nairm,
1972) and the radiocarbon ages also date the widespread
Rotoehu Ash,

f A wood sample taken from the paleosol beneath the
basal tephra of the pisolitic breccia at Hauml Stream
gave a radiocarbon age of 41,700 + 3,500 years B.PF.
(N§z1126 T.L. Grant-Taylor, pers. comm.). The simila-
rity of this sge to those already obtained for-the
Rotoiti Breccia is further evidence for its correla-
tion with the pisolitic breccis.. As no erosional or
weathering bresk occurs at the upper contact of the
pisolitic breccia, the radiocarbon age also dates the
overlying Earthquake Flat Breccia deposits.

WIDESPREAD AIRFALL CCHPONZHNT 1

Shower-bedded tephra units, which are intercalated
within and mantle the Earthguake Flat Breccia flow
deposits, have a widespread distribution beyond the
limits of the flow breccis and provide an independent
check of the stratigraphic relationship between the

Sarthquake Flat Breccia and Rotoiti Breccie formatilons.

Shower-bedded Rotoehu Ash st Laleme Road (1185/598781),
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21 km south-west of Barthguske Flat, is overlain by
0.9 m of pinkish-grey ash (Fig 4) containing abundant
biotite -~ the distinctive mineral of the Eerthguske
Flat Breccia Formation. The contact between the two
deposits is sharp, without erosionzl or weathering
break. The biotite-rich upper ssh is here correlated
with tephra units of the Eerthquske Flat Breccia
Formation, zlthough previously regarded as part of the
Rotoehu Ash (Vucetich end Pullsr, 1969, p. 791, - Fig 4).
This correletion is supported by X-ray diffraction
eanalysis of heavy mineral seperates from the biotite-~
rich ash, which has an identical compositicn to

samples from the Eerthauake I'laet Breccia flow deposits,
and differs from Rotcehu ash in the absence of
cuneingtonite. Biotite-rich tephra overlies shower-
bedded Rotcehu Ash in further sections at Butcher

Roed (N85/751669) near liihi (gec Fig 1), and at

Murupsra (86/125658). Again no weathering or erosional
break is appsrent between the oeds at these sections.

The name "Rifle Range ash" is informally uvsed for

the biotite-rich tephrz, a name taken from the, north-
ernmost crater in the Zarthguake Flat Breccia source
erea, where thick mentling airfell pyroclastics are

exposed.

IDERTIFICATICR COF PYRCCLASTIC DEPCSITS
BY CHEKICAL ANALYSIS OF TITANCHMAGIETITES

The use of chemical analysis of titenomagnetites
as a rapid method of identification of Late yuaternary
tephras from the Taupo Volcanic Zone, end thus as a
check for field correlations, has been described by
Kohn (1970). Titenomognetites were seperated from
samples taken from member (a) of the langaone Lepilli
Formation, and from pyroclastic airfall and flow units

within the Iazrthquake Flat Breccia and Rotciti Breccila

)

by S



Pig, 4. - Tephra sequence at Maleme Road (NNE5/558781).
Mangaone (a) [¥n (2)] overlies a paleosol
(pal) developed on bictite-rich "Rifle Range
ash" (Ra). Hammer head rests at contact of
"Rifle Range ash" and Rotoehu Ash (Re),

overlying brown ash beds (ba),




deposits. Samples were extracted by hand magnet snd
concentrates were purified by repeated msgnetic sepa-
rations under acetone. The titenomsgnetite samples
were then snalysed by means of an opticaliemission
spectrograph, using the methods described by Kohn
(1970). The location of sample sites, and results of
analyses are given in Table 1.

The results show that the composition of titano-
magnetite does not very greatly either vertically or
laterslly within any one formation, and that the
shower-bedded airfall and unstratified pyroclastic
flow units within any one formstion have similar
titanomagnetite compositions despite the different
mechanisms of deposition. Analysis of titeanomagnetite
from the airfall unit mentling the Rotoiti Breccisz at
Paengaroa demonstrates a similar composition to that
of the underlying Rotoiti Breccia deposits. This
mentling airfall unit contains small smounts of bio-
tite (Nairn, 1972), a mineral not previously described
from the Rotoiti Breccia Formetion (cf Bwart, 1968).
Despite the change in mineralogy within this formation,
the titanomagnetite composition remsins vnchanged.

Differences in the composition of the titanomegne~-
tites of the three formations studied is shown in
Table 1. The lMangaone (a) titenomagnetite has higher
venadium, chromium, cobalt and nickel contents znd &
lower mangsnese. content than titanomagnetite from
the other two formations. The Earthquake Flat Breccia
titanomagnetite differs from that of the Rotoiti
Breccia in having a higher chromium content (usually
greater by a factor exceeding two), and a lower
magnesium and manganese content. Calcium and zirconium
are cuite variable within the titanomagnetite of any
one formetion, this being due to minute apatite and
zircon crystals which could not be removed in the

purification process.
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Further samples were taken from the pisolitic
breccis which underlies the Zarthgquake Flat Breccia
at Haumi Stream, snd from deposits of the proposed
"Rifle Renge ash"™ at lialeme Road, Butcher Road, and
lurupara. Titanomagnetite snalyses (Table 1) support
the identification of "pisolitic breccia'" as Rotoiti
Breccia, and also the correlstion of the Rifle Range
ash deposits with the Barthquake Flat Breccis. A
further chemicel identification of Rifle Range ash
was unexpectedly made in a sample from the top of
Rotoehu 4sh at wWaihue Beach (N115/689868 - 14 km
south-west of vairoa, Hawkes Bay).

Titanomagnetite eanalysis a2lso invariably confirmed
the field identification of liangaone Lapilli member (a).

DISTRIBUTION OF RIFLE RANGS ASH

The widespread nature of Rifle Renge ash is
demonstrated by its presence a2t Butcher Road, lialeme
Road, Hurupera, snd wWaihus, all localities where the
field identifications have been confirmed by titano-
magnetite enalysis. Rifle Renge ash is 0.6 m thick
at lialeme Road end at least 0.68 m thick =t Lurupera,
these sections being sited 21 km south-west and 35 km
south-east of Zarthquake Flat respectively; and is
estimated at 0.3 m thick at aihus Beach 120 km south-
east from source. These sections indicate that the
bictite-rich Rifle Range ash has a widespread, if
previously unsuspected, distribution. The absence of
Rifle Renge ash in sections et Roydon Downs and
Paengaroe, 48 km to north of Zarthquake Flat, and from
Hairini (near Tsurengs, see Pig 1 end Table 1) 60 km
north-west of source indicetes a strongly directional
fallout pattern to the south-east. This pattern is
common +to many other tephras erupted from the Taupo

Volcenic Zone.
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SULIIARY

The stratigraphic and chemical evidence demon-—
stretes that the Zarthguake Flat eruptions immediately
followed those of the Rotoiti Brececia, at c. 42,000
yesrs B.F. radiocarbon age. Videspread biotite~rich
tephra showers (Rifle Range &sh) accompanied the
Berthquake Flat eruptions, and these have previously
been regarded as part of the Rotoehu Ash. The fall-
out pattern of the Rifle Range ash appears to be
strongly directional to the south-east.
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5e MISCELLANEOUS STUDIES

Vanadium Contents of Titanomsgnetite from Xaharoa Tephra and

llangaone Lapilli

Titanomagnetites analysed from samples taken vertically
through three sections (Fig 14) of multiple shower bedded
Kaharoa Ash on Mt Tarawera (Nos.* 10-14), et Northern Boundary
Rd, (Nos. 15-21) and Matahina Rd(Nos. 25, 26) shew a general
upward increase of V contents. The isopach map of Kaharos
Ash shows a northern and a south-eastern lobe (Vucetich and
Pullar 1964) and it was largely on the besis of V content that
Kohn (1970) showed that the titenomagnetite composition of the
,Lobes was different. Beyond Murupara (Fig 1) on the axis of
the south-eastern lobe, Kaharoa Ash loses its multiple shower-
bedded nature and V content of titanomagnetites (Nos. 22, 23,
24, 27, 36) is invariably similar to those titanomagnetites
éampled from basal tephra at near source sections sampled
vertically. Titenomagnetite sampled from basal Kaharoa Ash
at sites north of Mt Tarawera (Nos. 29, 31) contain V abun-
dances similar to those of the middle and upper partq of
Kaharoa Ash elsewhere.

The above data indicate that the first eruptions of
Kaharoa Ash were erupted to the south—east. This finding is
also supported by the low V contents of the first erupted
lava (Crater Dome - Table 16) durlng the Kaharoa eruption (Cole
1970 d).

Mangaone Lapilli Formation members (c) and (e) show
similar general trends. In thick, presumebly near source
deposits V contents of basal titenomagnetites (Nos. 26T, 27X,
274 and 278, 286) show a general upward increase. Mangaone
member (c) titanomagnetites sampled at distal localities to
the SE of the presumed source (Vucetich and Pullar 1969) also
contain lower V (Nos. 288, 291). This data indicates that,
as with the Kaharoa eruption, the first eruptions of the
Mangeone (c) episode were the most violent and deposited
tephra over a widespread arvea to the east and south-ezast of
source.,

& 3
Nos. in Part 1 refer 4o analysis nos. in Appendix II.
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Taupo Sub-Group Member 16

According to Healy (1964), Taupo Sub-group member 16,
enclosed by the “4¢ dated Waimihia Lapilli (c. 3,400 yr B.P.)
and Taupo Sub-group members (Tsg.) 17-18 (Opepe Tephra,

c. 8,850 yr B.P.), contains five subdivisions labelled a-e

with increasing age. Healy considered that Tsg. l6a, contained
a paleosol in the upper part, as did I'sg. 16 ¢, and Tsg. 16 e.
This indicates that Tsg. 16, in fact contains the products of
three different eruptions (grouped as 16 ay by, 16 ¢, d and 16 e).
Ewart (1963) noted appreciably higher calcic-hornblende contents
in Tsg. 16 (especially in the upper part) when compared with
other Tsg. members, and on the basis of this minerzalogy he
concluded that Tsg. 16 was not erupted from the north-esstern
Lake Taupo arez (Ewart 1964).

An examination of the Tsg. 16 tephras at Iwatahi Gully
(Pig 1, Appendix III) 22 km SE of Taupo (N103/735200) showed
the following sequence:

Weimihia Formstion
Tsg 16

a 5 cm dark grey brown ash, paleosol, with charcoal fragments
b 10 cm pale grey ash and fine lapilli, sharp lower contact,
c i 7 cm dark greyish brown ash, paleosol,
a 15 cm pale olive coarse ash,
15 cm  brown ash, paleosol, with charcoal fragments,
e 2 cm pale yellow fine ash, "cream-cakes",

Opepe Tephra

Samples for mineraiogical and chemical analysis were col-
lected from Tsg. 16 b, d and e at Iwatahi.

The ferromagnesian assemblage of 16 b and e contains
abundant calcic-hommblende in amounts > hypersthene, and that
of 16 d contains nearly all'hypersthene with rare augite and
calcic-hornblende. The zbundsnce of calcic-~hornblende in 16 b
and e sSuggest correlation with the Whakatane and Rotoma Ashes
respectively, and that of 16 d with the Loke Taupo Volcanic
Centre source Hinemaiaias Ash (§22~Tables 2 and 3). Titano-
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magnetite analyses of the three tephras 16 b (No. 120), 16 4
(No. 130) and 16 e (No. 154) confirm these correlations. A

further titanomagnetite snalysis from an ésh, 7 cm below the
base of the Waimihia Formation at Collins FParm (N103/622142)
(Ho. 121) is also similar to Whakatane Ash and contains the

slightly higher than average Cr contents slso found for this
tephra at Iwatahi Gully.

At Iwatahi Gully, the identification of Rotoma Ash rether
than Mamaku Ash is supported by the high calcic-hornblende
contents (60% of the ferrowagnesisn sssemblage) and also.by its
known relatively widespread distribution (ggg isopachs Vucetich
and Pullsr 1964 and Appendix III p. 244).

Radiocarbon ages (Table 2) for the eruption of the three
tephras forming Healy's Tsg. 16, also confirm the established
stratigraphy.

The Age of Puketerata Ash

Puketarate Dome in Maroa Volcenic Centre (Fig 1) is the
source of a grey rhyolitic tephra named Puketarata Ash (Lloyd
1972). The tephra is believed to have been deposifed sub-
aerially by eruptions which preceded and accompenied the
grovwth of the dome, and an isopach map showing its distribu- ‘
tion is given by Lloyd (1972). Puketarata Ash was assigned an
approximate age of ¢. 10,000 yr B.P. by Lloyd (1972), while
Vucetich and Pullar (1969, p. 795) showed it to be older than

Karapiti Lapilli but younger than Rotorus Ash.

At a section 6 km SW from source at Palmer RA (Fig l,ﬁquwkj
N94/542499), 50 cm of Puketzrata Ash is enclosed by two
rhyolitic tephras each approximately 20 cm thick. Puketarata
Ash is identified by its biotite + calcic-hornblende + hypers-
thene ferromagnesian assemblage (each mineral present in
approximately equal amounts) and its titanomagnetite chemistry
(Nos. 220,221), both of which are similsr to Puketesrata Ash &t
the type locality (Nos. 222, 223).

The ferromagnesian assemblage of the overlying rhyolitic
tephra contains dominantly hypersthene with lesser smounts of
calcic~hornblende, and traces of augite and biotite, while that
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of the underlying tephre is dominated by biotite with minor
amounts of hypersthene and traces of calcic-hornblende.
Titanomagnetite analyses of the tephras (above Puketarata Ash,
Nos. 216, 217, 218 - three different grade sizes and below -
No. 235) are given in Appendix II. The data indicate that
Puketarata Ash a2t Palmer R4 is overlain by Rotorus Ash

(c. 12,500 yr B.P. see Appendix III, p.25() and underlain by
Rerewhakaaitu Ash (c. 14,700 yr B.P.).

At two sections in the Tongariro Region a rhyolitic ash
below Rotorua Ash and above the andesitic Rotoaira Lapilll
(Y4c aatea at 13,800 + 300, NZ 1559, Appendix III, Table 2) is
considered to be Puketarata Ash (Appendix III, p.253). The
14C date of Rotoaira Lapilli nerrows, the age range of the
eruption of Puketarata Ash to >12,500 yr B.P. and <13,800 yr
B.P.

From its relative stratigraphic position to the two
'enclosing dated ashes in the Tongsriro Region, Puketarata Ash
is assigned an age of c¢. 13,500 yr B.P., and this age dates
the last known rhyolitic activity from laroa Volcenic Centre.

Waitahasnui Breccia

Grange (1937) proposed the name Waitshsnui Series %0
include a succession of “pumice breccias and tuffs" east of
Lake Taupo, at Waiotapu and north of L. Rotoiti. Beck and
Robertson (1955) applied the name VWaitahanui Breccia to the
deposits east of L. Taupo; Thompson (1959) suggested that the
name Weitahanui Breccis should be restricted to this usage and
that other names should be proposed for the deposits at
Waiotapu and north of L. Rotoiti. The deposits "et Waiotapu"
were subsequently renamed Earthquske Flat Formation by Grindley
(1959). Later Healy et al (1964) proposed the name Rotoiti
Breccia to include deposits in the vicinity and north of L.
Rotoiti, thus leaving the name Waitahanui Breccia restricted
in the sense proposed by Thompson (1959).

Most vwaitahanui Breccia in ereas to the north, east and
south-east of Lake Taupo is thought to correlate with Oruanui
Breccia c. 20,000 yr B.P. (Vucetich and Pullar 1969 and Vucetich
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pers. comm, ). General confirmation of this correlation comes

from: (a) the mapping of Waitahanui Breccia which is shown to
be younger than Tauhara Dacite (K-A dated at 31,000 + 0.003 yr
BeP. = Stipp 1968) and older than the Tsg. tephras near Taupo
(oldest c¢. 9,800 yr B.P.), (Grange 1937, Thompson 1959,
Grindley 1960, 1961, Baumgart 1954 and Healy 1964, 1965),

(b) titanomagnetite analyses from a tephra flow near Turengi
(p. 235) (Nos. 264, 265): a chalazoidite-bearing tephra under-
lying Taupo Sub-group tephras near Taupo (No. 246) and
"Weitahanui Breccia" near vwairskei (Fig 1) (No. 266) show
similar chemical composition %o titanomagnetites from Oruanui
Formation (Appendix II). Of further interest is the correla-
tion of Oruvanui Pormation with a sample of Wairakei Breccia
(P30399, No. 266 a). The similar titanomagnetite composition
of these deposits supports the provisional correlation of
Oruapnui Formation with Wairakei Breccia made by Vucetich and
Pullar (1969). All tephras sampled for titanomagnetite, also
contain ferromagnesian assemblages similar to Oruanui Formation.

Waitahanui Breccia in the vicinity of Weitahanui Valley,
east of L. Taupo, underlies Waimihia Formation (Tsg. 14,
Healy 1964, p. 36) and titanomagnetite analyses (Nos. 96-98)
from these tephra-flow deposits indicate that they are differ-
ent from those correlated with Orusnui Formation. The data
indicate that they were probably erupted during the same
eruptive episode as that which deposited the Waimihia Formation.
This correlation is supported by the finding, in the tephra-
flow deposits of a hypersthene ferromagnesian assemblage and
distinctive grey and grey-and-white banded pumice, both
characteristic of Weimihia Lapilli (ZEwart 1963).

Data therefore show that most of the Waitahanui Breccia
as defined by Thompson (1959) and mapped by Grindley (1960,
1961) is part of the widespread Oruanui.eand Weimihia Formations.
If futqre mapping, particularly between Waitahanui Valley end
Turengi sustains the previous correlations, then the name
Waitahanui Breccia (a 'bag-namet) will either lapse or have to

be redefined.
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Orusnui_ Formation, Yellow Grey Tephra and Aokautere Ash

. The name Oruanui Formation was first used by Vucetich

and Pullar (1969); they subdivided the formation into two
members, Oruanui Breccia asnd Oruenui Ash. At the type locality
on the wairakei-Putaruru Highway (N94/523521) the following
abbreviated sequence was described (Vucetich and Pullar 1969):

3.38 m
1.82 m

2.13 m

l.52 m

‘0.76 m
0.43 m
0.33 m

1.68 m

Holocene tephra.

llokai Sand (reworked Oruenui PFormstion deposits).
Oruanui Formation

pale brownish grey massive ash, and

pumice lapilli tuff, minor rhyolite and \ Oruanui Brecci
andesite lapilli.

pale olive fine ash (slippery silt)
weakly'shower—bedded and studded with

chalazoidites upto l.3 cm across.

sharp boundary .~ Oruanui Ash
grey shower-bedded ash, massive,

pale yellow shower-bedded ash

pale yellow shower-bedded lapilli

sharp boundary E

?Mangaone Lapilli Formation

In mapping a section at Tumunui R4 in the Earthquake Flat
area (N76/733905), Naira (1971) recognised the following
abbreviated sequence:

2.77 m

0.90 m
0.65 m
0.32 m
0.025m
0.01 m
0.025m
0.45 m

Holocene tephra

eroded to and some loess

Okareka Ash

Te Rere Ash with some loess in upper part
pink grey fine ash with chalazoidites
white fine ash

white fine to medium ash Oruanui
white fine ash Formation
loose roughly bedded yellow reworked ash
containing biotite, quartz and Loess

feldspar - thickness variable




~

0.25 m olive grey fine ash
"yellow-grey

tephra®

0.15 m yellow and white medium ash

0.05 m yellow and white fine ash
sharp contact

1.73 m Mangsone Lapilli Formation

At other sections between the Tumunui RA ares and the
Oruanui type section to the south, the "yellow grey tephra" ig
separated by lcoess or by a weak paleosol from the overlying
fine shower-bedded base of the chalazoidite bearing Oruanui
Ash, end is underlain directly by the upper Mangaone Lapilli
members. This evidence strongly suggests that the "yellow-
grey tephra"™ is correlated with the massive grey ash znd basal
shower-bedded yellow ash and lapilli of the Oruanui Formation
at the type locality.

Although not specifically described at the type section,
a 9 cm thick finely shower-bedded ash is intercalated between
the chalazoidite-bearing ash and the underlying massive grey
ash. The 9 cm bed wedges-out laterally and appears to have
been deposited on an eroded surface, thus indicating a time
interval between the "yellow-grey tephra" and overlying shower-
bedded tephra. The finely shower-bedded tephra is a distinc-
tive deposit and forms the basal bed of the Oruanui Formation
over a wide area (e.g. Tumunui Rd section), suggesting that
this bed has been largely eroded at the type locality.

The Oruanui Ash should thus be redefined to include only
the chalazoidite ash and its finely shower-bedded base at the
present type locality, and that a new type locality, less
eroded, be designated. The underlying "yellow-grey tephra"
previously mapped as part of Oruanui Ash on the basis of inter-
vening time, different lithology and different distribution,
was considered by Nairn (1971) to be a separate formation.

The lowest shower-bedded ash and lapilli of Oruanui Ash
at the type section was provisionally correlated by Vucetich
and Pullar (1969) with Aoksutere Ash in the lanawatu District
(Cowie, 1964). This provisional correlstion implies that
Nairn's "yellow-grey tephra" is alsc equivalent to Aokautere
Ash. The stratigraphic sequence of Aokautere ash (and Oruanui
Ash) consists of shower-bedded tephra conformably overlain by
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chalazoidite~bearing ash., Stratigraphy therefore shows that
most if not all of the Aokautere Ash is probably equivalent to
Oruanui Ash (i.e., above the 0.76 m grey ash), but that at the
type locality wmost of the shower-bedded base has been eroded.

Oruvanui Formation has also been correlated with Wairakei
Breccia (see p./06); +the latter being defined, from a drill-
hole in the Viairakei Geothermal Field by the first incoming of
chalazoidites (Grindley 19652 ). The upper chalazoidite beds of
the Wairakei Breccia are probably associated with later tephra-
fall beds which were deposited towards the end of the Oruanui
eruption, but as the Oruenui Breccia is invariably eroded
these beds are not now known to be preserved above surface.

It is probable that these later erupted air-fall beds also con-
tributed to the upper part of the Aokautere Ash nearer source,
much in the same way as air-fall beds underlying, intercalated
with and overlying Rotoiti Breccia all contributed to the
Rotoehu Ash beyond the extent of the tephra-flow deposits
(Nairn 1972).

The stratigraphic relationship of Oruenui Formation,
"yellow-grey tephra"™ and Aokautere Ash is shown in Fig 15.

The ferromagnesian contents of Oruanui Formation, "yellow
-grey tephra and Aokautere Ash are similar (Table 2).

Titanomagnetite compositions for Oruanui Breccia (Nos.
264-266), Oruanui Ash (Nos. 244-251, 253, 254), Aokautere Ash
(Nos. 256-263) and "yellow-grey tephra® (Nos. 241-243, 252)
analysed by optical emission spectroscopy are given in Appendix
II and those for the same formations analysed by electron
microprobe in Table 15. iith the exception of the upper massive
grey ash which is more basic, and the generally higher Cr values
in chalazoidite beds frow Oruanui Ash and Aokautere Ash, all
titanomagnetite compositions ere similar. The more basic com-
position of titanomagnetite from the upper part of the grey
ash (No. 243) may be due to contemination of this bed during
the time interval between the "yellow-grey tephra"™ and Oruanui
Formation eruptions,

The stratigraphic, mineralogical and chemical evidence
indicate that the Aokautere Ash is a distal correlative of
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Table 15. - Klectron micro-prcbe analyses of titanomagnetites

from Oruanui Ash, Ackautere Ash and "Yellow-Crey
Tephra". Analyses by Mr. P.R. Kyle (using the
electron microprobe analyser of the Geology
Department, Otago University - sec Table 14 for
operating details),
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Oruanui Ash, (i.e. tephrs above the grey Vved at the present
Orvanui Formation type locality). It is slso probable that
tephres associated with Oruanui Breoccia erupitions also contrie
bute to £ kautere Ash, but these appeaf to have bheen eroded.

Correlation of Tephra end lava of the Same Eruptive Episode

It was suggested by Xohn (1970) that a probable applica-
tion of using titanomegnetite chemistry was in correlating all

the products of a single eruptive cpisode,

Results for titenomagretite analyses of tephra-fall and
tephra~flow deposited during the saswe erupiive episods are
given in Appendix II. Tephra-flows of Kasheroa (No. 34),
Waimihia (Nos. 96-98), Ovuanui (Nos. 264-266), Barshqueke Flat
Breccia (No. 321) and Rotoiti Breceia (Nos. 338-343) eruptions
all contain comparable titonomagnatite compositions to those
of theiy tephra-~fall corrvelatives.

Table 16 shows titanomagnetite analyses from levas (douwes)
extruded during the same eruptive episode as some tephras.
With the exception of Puketevata Dome (Iloyd 1972), all lavas
studied were erupited from It Tevawera (Fig 1), where lavas
and their tephramcarfelatives are kuown (Cole 19704),

The data in Table 16 confirms previcus correlations (gee
Table 6 for aversged tephra~Tfall znalyses). The relatively
higher V values confirm thot Platscon Dome 2nd Waiohou Tephra
were erupted during the Jalohauw evuption (Cole 19704). OFf
rarticular interest is the lower V content of Crater Dome which
was the first lava exztrudced during the Kahsroa eruption. This
finding confirws the interpretetion of previous datsa Lrom
earliest Kaharca Tephra which wes arupted inmamediately after
the extrusion of Crater Domo.

The evidence presented shows that in the eruptions studied
all the products (tephra and lava) of a volcanic episode have

comparable titsunomagnetitec composition deepite their differing

mechanisms of deposition.
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sources of Tephra Contamination

Titanomagnetite analyses of samples faken from the upper
parts of rhyolitic tephras or from within psleosols show that
ma2uny are contaminated by andesite. Of particular interest is
titanomagnetite taken from Tsg. 19 (the top of Poronui Tephra
- Vucetich &nd Pullsr 1973) at four localities. The snslyses
of the titanomagnetites (Nos. 177-180), as well as titano-
magnetite taken from the paleosol of underlying Karapiti
Lapilli (No. 192) are andesitic in composition (ggg Table 17
for andesite titenomagnetite analyses). The presence of
andesitic tephra (identified as Poutu Lapilli - Appendix III)
explains the snomalous (more basic) mineralogy and chemical
composition of minerals found in Tsg. 19 by Zwart (1963, 1967b,
197la). The ahdesitic composition of titanomagnetite from
Tsg. 26 (Nos. 193-195) also explains the more basic mineralogy
(more augite) of this deposit found by Ewart (1963).

Andesitic contamination of the palecsol of Waichau Ash
(No. 207) in the Opotiki ares (Fig 1) and in the finer grade
size of Rerewhaksaitu Ash (No. 230) in the Nt Tarawera asrea,
is indicated by the more basic couposition of their titano-
magnetites. Titanomagnetite samples from the psleosols of
Mangaone Lapilli Formation members (c) (No. 283).and (e)
(No. 269) show more basic values than those sampled from lower
pumice blocks and lapilli. The Cr values of the titanomagune-
tites taken from the paleosols are not high enough to suggest
andesitic contemination. However, the values are similar to
the older more-basic liangaone Lapilli mewbers which could have
been reworked and deposited in the paleosols as tephric loess.

Titencmagnetite from the paleosol of Rotoehu Ash (No. 250)
at VWaipaos near Gisborne (Fig 1) has a composition typical of
the immediately overlying Mangsone Lspilli member (c). This
indicates langaone member (c¢) has contaminated the paleosol
of Rotoehu Ash, The lack of titanomagnetite characteristic of
the older hangaone members in the Rotoehu paleosol implies
that these tephras can be represented in the Gisborne area only
in small amounts.

The presence of contamination in rhyolitic-tephra paleo-
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sols, by locess and from overlying tephra, and especially by
andesitic tephra (from Tongariro Region not from Mt Lguont
area, c.f. Table 17 and Table 2 - Appendik IV) indicates that
care must be taken in attenmpting any weasthering or paleo-
pedological studies of these buried soils.
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6. THE RSLATIONSHIP BETWSSN RHYOLITIC AND ANDESITIC
VOLCANISH OVER THY PAST e. 10,000 YRS

Rhyolitic tephras from Okataina, Maroa and Lake Taupo
Volcanic Centres have been identified within the Tongariro
Region (Appendix III). The distribution of these tephras
through time and their relationship to major andesitic tephras
is ahown in Table 1, Appendix III.

Tephras erupted from Okataina and Maroa Volcanic Centres
appear to be unrelated to andesitic volcanism. But eruption
of the older Taupo Subgroup tephras appears to be related in
time to andesitic eruptions.

Stratigraphic Evidence The most widespread and persistent
andesitic tephra beds, Poutu Lapilli and Te Rato Lapilli, each
comprise several lapilli units erupted over a very short periocd
of time (approximately 9,740-9,780 yr B.P.) mainly from the
Tama Lakes region of Tongariro (Fig 1, Appendix III). This
activity almost coincides with deposition of Karapiti Lapilli,
Papanewtu Tephra and Poronui Tephra, and extrusion of Kuhurua

Done,

The frequency and duration of andesitic tephra eruptions
decreased sharply about 8,250 yr B.P. (W.W. Topping pers. comm.),
some 600 yrs after eruption of Opepe Tephra. This decline in
andesitic volcanism allowed a +thick paleosol (Papakai Tephra)
to develop over a pericd of approximately 3,400 yrs (Topplng
1973). This is the only obvious paleosol in andesitic tephra
sections north of Tongariro above Oruanui Formation.

Whakatane and Rotoma Ashes erupted from Okataina Volcanic
Centre undoubtedly resched Tongariro but because they were +thin
and deposited post-8,000 yr B.P. they were incorporated into
the developing soil (Papakai Tephra) and are therefore no longer
preserved as discrete layers. Hinemaiaiz Ash was erupted
¢. 6,000 yr B.P. from a source about 60 km further south than
the two Okataina-source tephras and its greater thickness
allowed it to be preserved as a discrete layer.

About 4,800 yr B.P. andesitic volcanism began again with
extensive activity from Ngauruhoe aznd Red Crater (Topping 1973)
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and eruption of tephra from these vents together with that

from Ruapehu (ggg Fig 1, Appendix III for localities) has con-
tinued to the present day. Deposition of this andesitic

tephra in the Tongariro area has been interrupted by the

larger rhyolitic Waimihia Lapilli and Taupo Pumice, and smaller
Whakaipo Tephra and Mapara Tephra eruptives from the Lake
Teupo Veolcanic Centre.

Periodicity of the Taupo Subgroup tephras is shown in
Table 2. The eruption of Hinemeiaia Ash from Lake Taupo
Volcanic Centre c. 6,000 yr B.P. does not support the sugges-—
tion by Ewart (1964) that a 5,000 yr quiescent period preceded
eruption of the Weimihia Lepilli.

Chemical Evidence Titanomagnetite and ilmenite are generally
the first minerals that co-precipitate from the magmas under
study (Ewart 1963). Hlement concentrations within the titaeno-

magnetites probably therefore reflects the availability of
elements which can be favourably incorporated into the lattice

. o ] Composihion ,
making them sensitive recorders of changes in magma den

$ien.

Titeanomagnetite analysed from all formations of the Taupo
Subgroup (Appendix II) show two groupings which are considered
to reflect differing compositions of magmas, the older group
comprising Kerapiti Lapilli, Poronui Tephra and Opepe Tephra,
and the younger group comprising Hinemaisia Ash and younger
tephras. These two "magmas" are also grouped on the basis of
vesicularity of pumice, the chemistry of their glasses, and
pressure conditions under which they were erupted (older
magma at 1,000 Kg/cmz, younger magma at 2,000-3,000 Kg/cmz}
(Ewart 1963).

Titanomegnetites from andesitic tephras and associated
lavas erupted over approximately the last 20,000 yrs from
Tongariro and Ruapehu have been analysed (Table 17) and these
also fall into two distinetive groups. Flots showing the two
groupings for rhyolites and andesites are shown in Fig 16
(venzdium v's chromium) and Fig 17 (nickel v's cobslt). The

‘older andesitic grouping is represented by tephra snd lavas

older than Okupata Tephra e¢. 10,000 yr B.P. (see Table 1,
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Fig. 17. - Plots of Ni versus Co cocmpositions of titanomagnetites

from the rhyolitic Taupo Sub-group tephras (upper
diagram) and andesitic Tongariro Sub-group tephras
and lavas (lower diagram),
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Appendix III).

Changes in composition of titenomagnetites suggest that
tephras'erupted from Tongavriro Volcanic Centre within the past
c. 10,000 yr B.P. crystallized from a "less-basic" andesitic
magma. The first eruptions of this new megma (oldest analysed
- Te Rato Lapilli, gee Table 17) were the most voluminous and
widespread (Topping 1873) and were very closely associated in
time with the eruption of the Karapiti Lapilli end Poronui
Tephra (Appendix IXII). The older rhyolitic eruptions ceased
about 8,850 yr B.P. approximately 600 yr before andesitic
tephra accumulation dropped sharply. Some 2,000 yrs later,
rhyolitic tephra of different composition was produced in the
Taupo area with the eruption of Hinemsiaia Ash.,

It has been suggested by Ewart (1964) that an initisl
build-up in vapour pressure was responsible for each eruptive
sequence of the Taupo Subgroup, although this wes not neces-
éarily the triggering mechanism. It is here suggested that
the upwerd movement of andesite magma of new composition and
ite initial relatively violent eruption c. 10,000 yr B.P. may
have provided the trigger for eruption of the oldest Taupo
Subgroup tephras. The periodicity of subsequent rhyolitic
eruptions is considered to be controlled by incresse of vapour
pressure over confining pressure or by the vise of acid msgma
in response to regional subsidence (Ewart 1964), with the
intermittent “"small-scale" sndesitic volcanism having no signi-
ficant effect on the timing of eruptions.



Te WEATHERING OF TEPHRA

Introduciion

The principal changes occurring during chemical weathering
of the acidic tephras being studied are decrease of silica and
mobile cations and increase in hydroxyl water (water of hydra-
tion above llOOC, denoted as loss on ignition L.O.I. in Table
4). In terms of increase in degree of chemical alteration,
Ti, FPe and Al increase, lig does not show a noticeable trend
and Ca, K and Na decrease. Solubility is one of the major
factors affecting the accumulation or removal of an element
during weathering. Ionic potential (I.P., defined as the
ionic charge of an element divided by its ionic radi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>