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PROLOGUE

"The secret of Tarawera's sirength {(goes) back to the
days of the Arawa cance. Tamachoi was an atua, a nan-gating
ogre who lived on the flanks of the mountain. As the thermal
regions were occupied by the growing tribes of Te Arawa, unwary
travellers were snatched and devoured by Tamaohod.

. VWhen the news of these ambushes reached Ngatoro, the
far-travelled tohunge who had elimbed the bare heights of
Tongariro and who summoned the fire gods of Hawaiki, he made

a special expedition to Tarawera. The atus haé¢ no resistance
to off'er the skilled tohunga of Te Arawa. ligatoro asoended
the mountain and stamped with his foot until a huge chasn was
formed, Into this pit he thrust the cannibal demon, covering
hinm with the solid roek of the mountain.

Tamachoi lay sleeping through the centuries until
Tuhoto's prayers® or siuply the passage of time woke him from
his long slumbers. There came the night when he rose and
burst the mountain and laid waste all the land that lay at his

feet."

Legends of Rotorua uy A.W. Reed

*Tuhoto was the aged tohunga of Te Wairoa, held responsible
by the Maoris for the eruption.
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ABSTRACT
The Tarawera Volocanie Complex is situated on the scuth castern

side of the Ckataina Velcanio Centre, and is an association of rhyolite
domes, flows and tephrs, and basalt scoria.

Twelve rhiyolite domes are described, end using evidence
obtained from the good internal sections available, the general
structure of volcanic domes is discussed.

Tephra stratigraphy of the Tarawera-Rerewhakeaitu region is
a-mudmbym.tm-mnmmmmnhm;hm
fmmnwuoumhmmiud. A sequence of events for
the Kaharca eruption in about 1020 A.D. can be postulated. The
Tarawera eruption in 1886, however, was observed, and from the eye
witness accounts, together with prosent day field evidence, a detailed

account ean be written.

mmm«mmm«mmapmnm.
nmrdogtcnly. -nd in some cases petrochemically., Twelve new full
analyses; nine partial analyses of plagioclase, and eight partial
analyses of residual glass are given, and the relationship of these
is illustrated by variation diagrans.

m.wﬁm«meuumm:.oumetm
Cnphxmdi-mud, and a hypothesis for the ocourrence of the
twalmvpolhgin-.
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Plate 1. The Tarawera Volcanic Complex looking north east from Te Wairoa,
showing the three Late Domes of Wahanga (left), Ruawahia (centre),
and Tarawera (right). In front are Northern Lava Flow (left) and

North western Lava Flow (right),.




GERERAL INTRODUCTION




GERERAL INTRUDUCTION

General Setting

lount Tarawera is a voleanic couplex* in the Taupo Volcaniec
Zone (Healy, 1962, p.2). This zone oxtends NE frox Chakune to
White Island and includes a number of still active vclecanoes
(Fige1)s At the north west and south cast margins are extensive
sheets of ignimbrite, which were probably erupted from the zons

early in it_a voleanic history.

Four centres of aotivity can be distinguished in the zone

(Healy, 19&; Thompson, 1964.):

1. Tongariro Volecanic Centre

2. Taupc Voleanic Centre

3« laroa Volcanic Centre

4. Ukataina Voleanie Centre.
The voléanoos of the Tongariro centre are mainly of andesitic
oomposition, typified by those of Ruapehu, Tengariro and lgauruhoe,
while those of the Taupo, Karoe and (kataina centres are predonin-
antly rhyolite. lNorth of Ukataina, more andesite volcanoes oecur

at dount Zdgecumbe, Whale Island and White 1sland.

The Terawera Complex forms the ecuthern part of the Okataina

Volcanic Centre (Fig. 2) and is formed Ly the extrusion of successive

O ——. -

a— D= e ——— e . e i, —

* The terus 'Voloanic Complex' are used in this paper to deseribe a
series of voleanic features closely asscciated spatially, but of

differing composition and mode of extrusion,
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Pig. 2,

lap showing the distridution of the rhyolites of the Rotorua Caldera
and the Olataina Voloanic Centre ( After lealy, 1965, Fig, N = 2 ),
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rhyolite domes and flows of the Haparangi Series (Grange, 1937).
The last évent was the explosive eruption of bLgsalt from a fissure

aoross the mountein in 1886,

Zopography

The Complex forms a prominent topographic feature, rising
from relatively flat country on three sides and from Lake Tarawera
on the fourth, Thoundnlatiasowntrytotheeutisi}wtoﬁwrt.
above sea level, and this height is similar to that of the Rere-
whakaaitu basin to the south. | To the west the surface falls gently
to Lake Rotomahana (1098 f£t. above sea lovel), which is only separated
by a small rise from Lake Tarawcra (960 £t. above sea level),

B

The edges of Tarawera are in all cases steep, and scarps up to
500 ft. high ocour in places. From this level the most recent
velcanic extrusions rise steeply to forn comparatively flat platecaux
over 3000 ft. above sea level. Two topographic units can be
distinguished; one to the north west forums Wahanga Peak, and the
other, separated from Watiznga by a mariked tdepression, forms Ruawshia
and Tarawers Feaks, Ruawah.a Trig (3646 ft.) is the highest point
of the Complex.

A great figsure extends for four miles across these features.
It is more than 500 f£t. Geep and 1500 ft. wide in parts, and is
divided inte a number of craters, separated by 'bridges' of solid

rock. These provide econvenient places to cross the fissure. On




the south western edge of Tarawera peak 1s the Chasm. This is
surrounded by cliffs over 200 f't. high on three sides, and forms a

distinct feature on the side of the Complex, visible for many miles.

Previous Work
The first Zuropean to have visited Tarawera and the imnediately

surrounding area was a Rev. Chapran, & missionary from Rotorua. Ile
was friendly with the locel Haoris, and in Jume 1841 took

Dr. Ernst Dieffenbach on a tour across Lakes Rotomahana and Tarawera.
The latter recorded details of the irip in his book "Travels in lNew
Zealand” (Dieffenbach, 1843), and provided the first deseription of
the lakesand the Pink and White Terraces. He also noted that "when
we came into the Tera-wera (Tarawera) Lake, the shores became steep
anc rocky (trachytic). To our right there rose a curious mountain
consisting of several truncated cones and exactly resembling a fortifi-
cation as the upper borders of the cones were fringed all around with
perpendicular rocks. This hill is called 'Yotonui-Arangi'"
(Dieffenbach, 1843, p.384),  The description fits Tarawera, hence
the name is interesting. Translated it means 'the large islanc of
Rangi', an¢ this would fit with Diefrenbach's theory on the origin of
the lakes in the region. fle considered that they were the remains of
a former arm of the sea which had begome closed by uplifting of the
land. The name 'Eotonui-Arangi' was not used by later suthors, ané
its origin is unknown. It may have been a name given Ly some local

Haoris while others called it 'Tarawera'.




In 4804, lochstetter referred to Tarawera as an excellent
exanple of a plateau relic with the upper surface of both Tarawera
and forchoro defining "the original level of the district” (Fleaming,
159, translation, p.136). He recorded the presence of obsidian on
the mountain and thus was the first person to give a true indication
of composition. Hochstetter did not climb the nountain, however,
as tho Yaoris held it 'tapu’ (sacred) a.d mo European was allowed to
ascend. This 'tapu' was probably upheld until about 1872, when
Kirk managed tc get to the top and examine the flora. He deseribed
the ascent of Ruawahia as difficult "on account of its precipitous
character and the canger arising froum loose fragments of rock which
became cetached at the slightest toush® (Xirk, 1873, p.33h).

At this poriod the Pink and White Terraces were causing great
interest, and futton (1869), Abbay (1878 ) and others wrote on their
morphology and origin, but none mentioned Tarawera. In fact, it was
not until 48686, when the Tarawera eruption cccurred, that much direct
interest was taken in the nountain.‘ Then, between 1885 and 1868
some thirty papers and notes were written on the subjeet, of which
the most comprehensive were Ly ‘ieetor (1886), Hutton (1687), Smith
(18609 and Thomas (1868). They recorded many oye-witness acecunts
of the eruption, as well as useful descriptions of the mountain
beforehanc, and changes that toock place afterwards. Thomas (1888)
also briefly described the internal structure and composition of the
rhyclite domes. A full bibliography about the eruption is given in

Appendix 2,
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After 1886, interest waned, and the majority of papers were
of & review nature. Smith (1894) desoribed the state of the country
onmdmdrmmoltmminpo.ubhtowtb
mountain, butmorthhtbonl\ysigniﬁmtpapmrwthoun
thirty years were those of Bell (1906) and Park (1911), and neither
added much new information. Grange (1937), in 'The Geology of the
Rotorua-Taupo Subdivision' provided the mext advance in the study of
the Complex. He gave both an excellent general account of the 1886
eruption, and described the structure and composition of the rhyoclite
dml.nonngtorth‘ﬁrsttmthopnmofadeuolmthn
those of Wahanga, Ruawshia and Tarawers. Papers written since 1937
which refer to Tarawera have been on more general topios, and include
those of Healy, 1947, 1962, 19632, 1963b, 196ha ~ Ceneral structure
and mechanisms of the Taupo Voleanie Zone; Healy, Schofield and
Thompson, 1964 ~ Deseription of Geological Msp of Rotorua Distriet;
liodriniak and Studt, 1959 « Structure of the Taupo-Tarawera Distriet;
Thompson, 1964 - General desoription of the Taupo Volesnic Zome;
Clark, 1957, 1960a and Steiner, 1958 - Origin of the lavas of Taupo
Voleanic Zome; Ewart, 1965b - Rhyolite petrology; Vucetioh and
Pullar, 1963, 1964 - Ash stratigraphy.



Plate 2,

Wahanga Dome from near the top of Ruawahia, The 1886 craters in

the foreground are walled by Kasharoa 'Ash' and Tarawera 'Ash',
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A, GENERAL GEOLOGY, STRUCTURE AND STRATIGRAPHY

GENERAL GEOLOGY
NOMENCLATURE

Yolesnic Domes:- The nomenclature of volcanic domes has been discussed

by Williams (1932a), who concluded that "the tern "dome® be restricted
to steep-sided viscous protrusions of lava forming more or less dome-
shaped masses around their vents®. Cotton (1944) preferred the ternm
'cunulofoue®, which Jaggar (1920) had used to distinguish rhyclite
extrusions fros basaltic 'domes'. This term is more explicit, but in
nost of the literature becomes ablreviated to 'dome’ and loses much of
its value. In this account the tern 'dome', as defined by williams,

will be used.

Willians (1932a) subdivided domes into three types:
a) Mug domes, which represent upheaved conduit fillings.
b) Endogenous domes, that grow essentially from expansion
within.
¢) Exogenous domes, built by surface extrusion usually from a
central sumnit crater.
This scheme is of doubtful value for fielé interpretation as most
domes are formed by a combination of processss. It doas, however,
provice a useful division for a theoretical discussion of the origin °
and structure of the domes. The tern 'plug dome' is extended from
¥illians' definition to cover any small stesp sided rhyelite mass
which remains in its sruptive vent and does not flow over the surface.
An exanple of this type of dome probally ocours at Lassen Peak,

California (Williams, 1932b, pp.323=6).

- 9 -




When a rhyolite lava flows from a vent, it may move with equal
facility in all directions and rotain a hemispherical shape. This
is the case at Galunggung, Java (Escher, 1920), and results in the
formation of & true 'dome'. In most cases, however, a tongue of
lava flows more repidly in ome direction, and forms a 'coulée’ (Putnenm,
1536).  An excellent example of such a feature is at Mono Craters,
California (Putnam, 1938). Sometimes this lava tongue continues to
flow for a ccnsideratle distance, and then resulis in a normal 'leva
flow'. All three types occur in the Tarawers Complex.

internal Structurei- The terninology used in the discussion of

internal structure is that used by talk (1948). In the riyoclite
domes, there are two main *primary' structures (i.0., those congidered
to have developed during the consolidation of the lave) - "flow
structures', due to novement of the lava from the vent to its final
cooling position, and a banding of au 'onion-siin' nature, which will
be called 'spheroidal banding' (p.30 ). Flow structures are either
'linear' or 'platy'. The former coours where the long axes of
erystals are oriented in the seme direction, giving 'flow lines'.

The latier is where platy minerals ocour; where there is a concentra-
tion of an elongate mineral in a particular band; or whers there is a
variation in vesicularity in different layers in pumiceous rhyclite.

These form 'flow layers', and they may or may not include flow lines.

Joints can be of several types (Lalk, 194&, p.27), of which

g L -




the most important in the oxtrusive rhyoclites are (4) Cross joints -
those perpendicular to primary structures; (2, Longitudinal joints -
parallel to primery structures; (3) Diagonal joints - which are at

an angle of abeut 45° to them.

Pyroclastic Rocks:- The nomenclature used in the detailed

deseription of pyroclastic rocks is that proposed by Wentworth and

Size of ejecta > 32 um : Bleocks

32 « 4 om

Lo

Lepilli

4 « 225 mm : Coarse ash

< +25 am 3 Fine ash.

in each ease; juvenile fraguents of material (i.e., those that are
thought to have cone fros the magma reservoir) are ‘essential’;
fragmonts of previously sclidified cognate igneous rocks are
'acoessury'; and fragments of non-cognate rocks, usually from an
earlier dome or pyroclastic shower are ‘ascicdental’.

The term 'ash' as a gemeral ters for p&roolutio rogks is
very nmisleading, as only a suall part of the debris is likely to be
of ash grade (by Wentworth and Williams' definition). A better
tern is Thorarinsson's (*95!..) tors, 'tephrs', and this will be used
where appropriate in this paper. Fer the desoription of the ejecta
of particular pyroclastic eruptione (e.g., Laharca Ash), the term
*Ash' has been firmly embedded irn the literaturs, and hence will be

rotained.

ignintrites:i- The terminclogy of ignimbrites has been confused for

- 11 -




many years. Marshall (1935, p.323) cefined ignimbrite as "any rock
thought to have been deposited from immense clouds or showers of
intensely heated, btut generally minute fragments of volcanic magma".
These ‘clouds or showers' he correlatec with the 'nuses ardentes’ of
Lacroix (1903, pe442-3). The torm “ignimtrite' thus covers two
importent petrographie roek types; ‘welded tuff' and 'non-welded tuff
or sillar'. Welded tuff refers to tuffs in which *individual
fragments have recained plastic enough to be partly or wholly welded"
(Yansfield and Ross, 1935, p.308), and sillar to tuffs "in which the
induration is primerily the result of recrystallisation and for those
in which the fragments have little cohesion” (Femner, 1948, p.683).
Bothtypeswoccnrinthesmﬂov:

'lahar' may be dofined in many ways. It was coined by van
Bemuelen (1949, p.191) for "a mudflow containing debris of angular
rocks of chiefly volcanic origin®, and as such the ter: covers block
flows whioch sweep down the gides of volcanie doues when locse debris
at the edges of domes beccmes oversaturated.

£ift:- The term 'rift' wes first used by Heetor (1886, p.3) for the
northern end of "The Great Fissure” and then by Smith (1894) to
Gesoribe "The Chasa®. Sinece this time it has been the term used
uost commonly to desoribe the whole line of oraters formed across

“ount Tarewera in the 1886 eruption.

'Rift' ean be definmed in many ways, one of which is "a narrow
cleft or fissure in roek® (A.G.I. Glossary, 1960, pes247). However,
tonsion is normally implied. Cotton (1594, Pe104, foctnote) notes

- 12 -




Fige 3o
Aerial mozaic map of the Tarewers Voleanic Cemplex, Rhyolite demes and

explosion craters are shown on overlay, All tephra is omitted, ( ILB,
The map and grid ere enly accurate to ndthin 1000 f't, on slopes ).
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that "'rift' does not necessarily imply a graben produced by trough
faulting. The term is more suitable for an open crack which is the

result of tension".

At Tarawera, there is good evidence that fault movement did
not take place at the surface during the 1886 eruption, as shower-
bedded Kaharoa 'Ash' passes undisturbed across the craters.
Furthermore, there is no evidence of tension at the surface. A fault
or fissure is indicated at depth by the alignment of the eruptive
centres, tut the main surface ri‘ectures are the elongated vents from
which the basalt lapilli were thrown during the eruption. The deep
'clefts', as between Ruawahia and Tarawera (domes) are a result of

explosions which occurred towards the end of the main eruption.

'Rif't' is therefore misleading in this context, and the term
(<8
'fissure' will Le used (as Ly Smith, 1886,,and Thomas, 1888) to
describe the whole feature. The individual centres of basalt

eruption and points of explosion will be called ‘craters'.

RAYOLITE DOMES

The Tarawera Volcanic Complex consists of twelve rhyolite domes
and plugs (Fig. 3) which can be divided on geomorphic and mineralogie
evidence into two groups:

(i) Barly Domes (in probable order of decreasing age)

Ridge Dome (?)
Western Dome
Rotomahana Dome

Rerewhakaaitu Dome and Flow
- 14 -

Pe——

BTG AR h fguen —nag

3 o

e R

-

. ¢




Southern Dome and Flow
Flateau Dowe and Flow
Bastern Dome

(ii) Late Domes
Crater Dome
Ruawahia Dome
Tarawera Dome
Wahanga Dome
Green Lake Plug.

The domes presumably overlie older rhyolites and ignimbrites
of the Ukataina centre. It is possible that earlier rhyolites were
erupted from Tarswera, but these, if present, are no longer exposed at
the surface. A flow which forms the lip of the Tarawera Falls
(N77/978012) could represent such a flow, but it is overlain Ly very
similar lava from the Haroharo Complex, and hence it is thought more
likely to be associated with this centre than Tarawera, and will not

be discussed further.

The positions of vents are always difficult to determine with
accuracy. In Scme cases (e.g., Ruawahia Dome) the lava appears to
have flowed from a definite crater, which is thus interpreted as the
vent. In perfectly circular domes (e.g., Bastern Dome) it is thought
to be in the cent’re, but in other cases the position is very conjectural.
In Pig. 3 the suggested positions of the vents are placed on: general
form of the domes; Jjointing, where this can be seen; and the domes'

relationship tc pyroclastic deposits, as the latter usually show their
- 15 =




source more clearly.

Zarly Domes and Flows

All domes and flows of the Early group are ecvered by rhyolitic
tephra, and towards the edges of the Complex are further masked by
vegetation. These tend to mask the domes and allow few exposures on
the tops. Most cuterops are thus found at their margins,

Ridge Dome:- Ridge Dome is the most poorly defined of the domes. Its
existence is postulated on the evidence afforded by one exposure.

There is some topographic expressicn, but this eould also be prodused
by a flow from "latean Dome. There is a difference in sineralogy,
however, whick makes this unlikely. It is completely covered by thick
tephra and vegetation, and the one exposure oceurs near the bottom of
the deepest gully on the north east side.

Viastern Dome:~ This is & small partly ercded dome (surface arca

<1 8q. 6l.) lying between Lakes Rotomahana and Tarawors. It eould
represent & flow from Rotomahana Dome, but like Ridge Dome & differing
nineralogy suggests it is a separate intrugion. The western margin is
steep, with several ¢liffs of rhyclite exposed, tut the eastern side is
cospletely obscured by later tephra.

Botomshana (Irecciated) Dome:= This dome is north sast of Lake Rotoma=
hana. It is partly covered by later domes, and hence its full extent
is unknown. lost of it is covered by thick vegotation and the only
€00d exposures are on the south wost side where the edge of the dome
foras & marked break of slepe (500 ft. high). In a 50 £t. oliff at the

= L5 =




end of pumice wash (N77/961907) two types of rhyclite are exposed,
which are intimately mixed together. The significance of this will
be discussed later,

Rerowhakaaitu Dose and Flow:~ Rerewhakaaitu Dome overlies the eastern
side of Rotomahena Dome, and the bulk of the lava from the extrusion
apparently flowed nothwards tc forw the asscciated Rerewhaksaitu or
North West,lava Flow. Thore is mo marked break of slope at the

castern side of the dume as it is surrcunded by a thick sequence of
tephra. The western sid forns o suall lobe or coulée which did not
reach the edge of the underlying dome., The Flow, made largely of
Ousidien, has & steep froant ( > 100 £t. high), but nearer the source
has been covered by tephra and more recent domes. Shallow gullies
oceur along its length, but debris has washed into these so that no
rock exposures ars found other than at the na thern wargin,

Southern Uome and Flowi~ This is the most south easterly extrusion

of the Complex, probably at the edge of the Ckataina Caldera (Fig. 2).
There is no topographic separation between the Dome and Flow, and the
division is arvitrarily made where the outerops at the margin change
froa pumiceous rhyclite to obsidian,

flateau Dooe and Flow:- Flatean Dome is the largest dome in the
Complex and has a surface area of over 4 8q. mls. (6 sq. mls. including
Flow). The edges of the domes could perhaps be regarded as noul;el
which moved northwards or southwards from the vent, curved towards

the east and partly ccalescec together. This is supported by the

~ 1 =




occurrence of obsidian on the southern and eastern margins of the dome.
The main flow (Plateau or Worthern Lava Flow) is to the north of the
dore and this forms a steep front (200-300 £t. high) at the edge of
Lake Tarawera. The centre of the dome is covered by the later Wahanga

Dome.

Eastern Dome:~ This is a small circular dome to the east of Plateau

Dome, with an exceptionally flat top and steep margins. It is covered

by tephra and vegetation, and the only exposures are around the southern

Gdgeu
Late Domes

The Late Domes are all considered to have been extruded during or
after the Kaharoa eruption in approx. 1020 A.D. (see p.58 ). They are
little eroded, and as they were largely covered by thick debris from
the 1886 eruption are void of vegetation (plate 1).

Crater Dome:- This dome has no surface expression, as Ruawshia and
Tarawera Domes have cocalesced arcund and partly over it, and the
remainder of the dome has been covered by the Tarawera Ash and Lapilli.
It can only be examinec in the deepest of the 1886 craters where a good

internal section is exposed.

Ruawahia Dome:~ Ruawahia Trig (3646 ft.) forms the highest point on

the mountain, and probably marks the site of the vent for the dome.

During its extrusion, the lava flowed north west and scuth to form the
well developed coulées. The dome is covered by the Tarawera 'Ash and
Lapilli, but is exposed both at the margins and on top of the coulses.

The central area may be studied in the 1886 craters which cut through
it. — 18 =




Terawera Dome:- This dome was extruced from a vent near the 'Chasm’,

and the lava flowed to the north west and south east te form two

7~
coulees similar tc those of Ruawahia. Many exposures of the dome
occur arcund the margin, anc there is a good internal section in the

Chasm.

Wahanga Dome:- Wahanga Dome covers a total area of about 1} sq. miles

anc has beeon extruded through the “lateau Dome. It appears to have

a central vent and to have flowed in three directioms. The two
scuthern lobes have been cut by the 1886 craters, and these provide

& good section frou which to study the structure of the dome (p.23 ).
The margins of the dome are very steep (800-1000 £t. high) with rugged
erags of rhyolite at the top, and large telus slopes below (Plate 2).
There are aisc a few crags on the top of the dome which are not

covered Ly the mantling Tarawera' Ash.

Green Lake lug ('laby Volcano' of Thomas, 1868, p.49):= This is a

small plug which forms a prominent hill at the castern end of Lake
Rotomahana. 1t has been well ex;yosed by the explosive formation of
Creen Lake Crater in 1680, which removed half of the plug, and produced
an excellent cross section (see Fig. 7). It appears to have pushed
through tephra and reachsd the surface to foru a rugged 'boss' 50 f't.
high.

EXZLOSICN_CRATERS

Two explosion craters are located on the edges of domes (Fige. 3).
Une occurs on the western side of Rotomahana Dome, and the other on the

eastern sids of Flateau Dome. Both have vertical walls of rhyolite,
- 19 -




and were probably formec soon after extrusion of the respective domes.
The material which must have been thrown out in each case is not
exposed at the surface, however, and hence the exact age of formation

is unknown.

The best known expleosion craters are those asscciated with the
18686 eruption, and these will be described in detail in a later

section (p.62 ).

- 20 -




2, INTERNAL STRUCTURE

Antroduction

The 1686 fissure cuts ascrcss several of the late rhyolite domes
of the Tarawera Complex, and henee the internal structure can be
exenined in more detail than usually possible. In the Early
Domes and Flows, however, the exposures are poor and more or less
restrioted to the margins. The main features examined in this study
were 'primary structures', and jointing. The former could normally
be interpreted visually in the field, but in some cases it was found
necessary to collect oriertated samples of the rook for a more
detailed investigation. These woere cut into blocks with five or
six smooth faccs (at varying angles to each other) and after examina-
tion with a hand lems the direction of any primary structure ncted.
The orierntation of Joint plancs was measured at a number of outerops
arcunt the margin of Wahange Dome, Lut elsewhore a visual inter-

i
pretation only was attempted.

“rimary Structures

"nw' structure is best developed in the olsidian lava flows
of the Complex, where alternate bands of black and dark grey glass,
and the developmert of lines of spheruvlites, produce 'platy’ flow
structure. This is horizontel in the ore cutorop visitle within a
flow (in the Chasa 177/937913) but near the mergins of flowe it
becomes irregular and often forms ‘'overfolds'. The flow layers
always appear to remain parallel to fracture planecs. In thin
seoction a microscepic platy flow structure can be seen with alternate

bands rich and poor in microlites (each tand < 0.5 mm in width).
- 21 =




Feldspars may show a weak lineation in the sane direction.

The flow structure in the domes is less well Geveloped, and is
only distinot in the more glassy portions of the margin. In the
pumicecus riyolite, whieh forms the outer ‘skins' of the domes, flow
lines can sometimes be recognized by altermate bands of sclid and
pusiceous glass (usually 2-3 mms. wide). This alsc gives a colour
btanding, as the former is usually darker than the puniceous glass.
Biotites conform with the banding as their platy surfaces lie
paraliel to it. Faldspar and quarts crystals show little evidence
of lineation.

The 'spheroidal banding' oceurs in the eentres of some dones,
and is nermally recognized by elongation of lines of vesicles;
preferred orientation of micas, with their flat surfaces parallel to
the leyering; and solour banding due tc alternating layers rich and
pocr in spherulites. (m a larger scale this banding ocan be seen to
be eoncentrie, and where it is possible to get a 3-dimemslional
interpretation, it appears to be conccrcant with the ‘onion-skin'

Joint pattern in the domes.

dointing

Jointing is widespread in the riyclite domes of the Tarawera
Complex. The joints range from small fractures which continue for
only two or three feet, to large joints which extend the height of
the deme. The surfaces ars usually rough, sxcept where they form
the walls of the 1066 eraters. In the lava flows they are usually
smoother than in the rhyolites.

The joints can be Lmd]gz divided into two types; straight




Joints, which bear little common relationship to flow structure; and
curved Joints, which may or may nou be related. ‘The straight joints
are norsally the shorter and occur perticularly arcund the margins of
the domes. They can sometimes be regarded as 'cross Joints' or
‘diagonal joints', but the type and direction usually variecs in any
one outerop. The curved joints cceur throughout the domes, and are

best developed near the centire.

In the lava flows the pattern is obscure. On a small scale,
fractures (3-5 ft. in length) are parallel to the flow structures,
but on a larger scale, cross or diagonal joints are probably more
comzon. In a few outerope at the fromnts of ths Northern and North
Western lava flows, smooth eliffs of obsicdian occur, togsther with
large rectangular blooks of the sawe lava whioh appear to have fallen
from them. This suggests that there mey be major joints parallel
to the fronts of the flows, which causec their instebility. Such
Joints eould correspond to the vertical tension fractures found in
the fiows sssceiated with the White Hill Dome, Ascension [sland (Daly,
1925, pe35).

Domes of the Tarawers Complex

Wahanga Dome
Wahanga Dome is considered from its external fora to have been

extruded from a central vent and flowsd cutwards in three lobes. The
1686 fissure hes cut acroes the southern two of those lobsa, and the

resultant exposure provides the hest eross section in the Complex.,

Platy flow strueture ean be recogniged in some of the craggy
- D




Pige b

Crag of puniceous rhyolite on top of Vahanga Dome (N77/972947) showing
flow loyers dipping st 90° - 90°,

Fige 5e

'‘Onion-skin' structure in Wahanga Dome as seen in the north wall of the
1886 crater on the south side of the deme, Height of seetion ~ 300 £,
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0 1000 2000 feet

Fig. 6, Orientation of Flow Layers on Wahanga Dome, Note how dip may

vary within one outcrop.



outcrops at the margin and on top of the dome (Fig. 4), where the
rhyolite is not covered by basalt lapilli. It is usually vertical
or dipping steeyly into the dome. Fig. € shows the average orienta-
. tion of the flow layers in any one outercp, and it is epparent from
the western part that there is a slight tendency for them to fan
outwards. This is comparable to the fors of the Main and Hreached
Domes, Teuharas, cescribed by ilewis (1960, p.22, Fig. 9). There is
froquently, howuver, a tendency for this '"famning’ to occur within
individual outcrops (as at the northern margin of the deme) and it
is considerec that the present orienmtation of the bending is largely
8 result of fauiting and 'rafting’ of the surface blocks of lava on
the viscous interior of the dome.

in the exposure formed by the 1885 fissure, the main features
are very different. True flow structure (of the type found around
the margin) eannot be recognized, and instead spheroidal banding
conceniric with the ciroular jointing is found (Fig. 5) Iy
extrapolation, this Mﬁng must encirele the vent rather than emerge
from it, and thus it sust be at right angles to any flow structure.
At the base of the dowe the rhyolite is breeciated and forms a coarse
agzlomerate. This is also the case at the outer margins where blocks
form a steep btreccia front, typical of that associated with rhyolite

domes of this type.

Buawahia Dome
Ruawehia (iffers fron Wahanga Dome in the development of larger
ooule/en. These flow north west and south west from the assumed vent

tencath Ruawahia Trig. The pumicecus rhyclite exposed on the top and
- 26 -




Fige 7. Green Lake Plug from east side of Green (Crater) Lake, Height
of section =160 ft,




margin of the dome and ewl;eu resentles that of Wahanga, but from a
distance the crags at the margin aprear separated by vertical joints.
They may thus coupare with the Watchman Plow of Crater Lake, CUregonm,

described by Williams (1942, p.id)e

In the section exposed by the 1886 fissure through the centre
of the dome the rhyolite is Lloeky with no apparent consistency of
Joint directions. In the castern face of Ruawshia (at the western
end of the wide part of the fissure) a slightly later rhyolite dyke
cuts vertically through the main lava. It is of the same composition,
but can be distinguished by jointing norwal to the edges (Flate 3). It
appears to reach the surface and forn a small 'flow' about 50 £t. long.

Green Lake Flug

This small extrusion is less than 100 Yyards in diameter and
200 ft. in height. The explosion in 1886, which formed Green (Crater)
Lake has destroyed the western half of the plug, but provided a megnifi-
cent section through it. The top, like Wahanga and Ruswahia Domes,
has blocky crags, but they are agglomeratic, and little consistent
flow banding can be measured. The outer msrgin is steep, the plug
baving pushed through coarse unwolded igniambrite of Ksharoa age (Fig. 7).
A small talus fan spreads out at the top. Jointing is parallel to the
margin, and in the centre there is a small oylindrical "boss' with a
smooth perimeter. This is thought to be comparable to the dyke in
Ruawahia in that it represents a late stage intrusion within the plug.

Discussion
Internal Structure

From the previous descriptions of the Tarawers domes, an
- 28 -




B)

c)

Fig. 8.

Diagrammatic cross seetion of a rhyolite dome and coulée frem
evidence on Tarawera,

Cross section of a deme (Putnam, 1938, Fig.15) from evidence in
the Caldera, Mono Craters, California,

Colour banding formed in plaster of paris, after it had been
extruded through a small aperture (after Reyer, 1888, Fig.8)).
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idealized internal structural model can be produced. Variations from
this cocur ascording to sise and type of lava within individual domes,
but it will serve as a basis for general discussion on the origin and

mode of extrusion of rhyclite domes.

The '"spheroidal banding' and econcordance 'onion-skin' jointing
at the centres of Wahanga and Crater Domes occur in many other parts
of the world. The banding has also been produced experimentally by
Reyer (1888) who squeesed plaster of paris with various colouring

matters in it through a nerrow eperture (Judd, €86, p.125).

At the margins, the joints are irregular, although approximately
straight and probably tensional. Frimary structures in this position
are represented by flow layers 'fanning' out from a contre. The
orags of rhyolite (20-30 ft. high) at the tops of the coulees are
possitly a result of minor faulting, which pro«haéed & series of small
*horsts' and "grabens' on the extrusions. Such fcatures have elso

been found by Tanakadate (1917) at Tarumai, Japan.

This model, together with the block fronts develeped at the
margins of the domes and ooul‘es, is shown in Fig. 8, where it is
compared with Reyer's experimental model, and a small genoralized
obsidilan dome, based on one exposed in the Caldera at lMono Craters

(Putnam, 1938, p.79, Fige 15).

Inferred liode of Growth

Willians (1932¢ has summariszecd the structure and suggested
eruptive histories of many domes around the world, and from his

account it is apparsnt that their structure is dependent largely on
- 30 -




the compesition and viscosity of the lava, and its mode of extrusionm.

The formation of most domes is preceded by an explosive phase.
This may be of local significance, simply clearing the vent before the
main extrusion (e.g., before Crater Dome), or it may be very much more
extensive, and produce a widespread ash shower, as occurred before the
extrusion of Ruawahia Dome. Thi: phase presumsbly results from a high
volatile content at the top of the magma reservoir. Afterwards less
volatile rich magma moves to the surface through the vents produced by |

the earller activity.

Once the lava has reached the surface, the two factors previously
mentioned decide its histery. If the lava is highly viscous, as
with moat rhyolites, it fills the ash erater to form a plug, or a
steep sided dowme. In gome cases there is sufficient fluidity to form
a short cculbe, as at the Hono Craters, California (Putnam, 1936,
pr.6€-£2).  If the viscosity is lower (e.g., in dacites or trachytes)
flows usually forw, and these are common in Ascension Island (Daly,
1925) and in the Creter Lake, Oregon region (Williams, 1932). Compo-
sition, and hence viscosity, cannot be the only factors involved, as
at Tarawera the domes assoclated with lava flows, and those without,
have similar silice contents. Shaw (1963) has shown that variation
in water content affects viscosity, anc this could be a controlling

factor at Tarawera.

The lava forming the domes may build up in an exogenous or and
endogenous manner, and these will ecach procduce a different structure.

in the former case the central opening must be maintained and the lava
- 31 -




built up leyer by layer. This mechanisa is envisaged by Lowis (1950,
P.30) for the Hain and ireached Domes of Tauhara, and is presusably the
way in whioh the small obsidian dome exposed in the Calders at Mono
Craters formed (Putnau, 4938, p.01). At the other extreme, new
naterial extruded pushes earlier material outwards by internal expansion
(endogenous growth). This causes strain, rormal to the movement of the
lava, and results in strain fractures. Shese promote the formation of
spherulites along the length, henocs the spheroidal banding. Sueh a
mechanisn is most likely to be found in highly viscous lava which is
erupted through a very narrow vent, especially if it accumulates under
a thin cover of older material. This is thought to have ocourred at

Divide Peak, Lassen region, California (Williams, 1929, p.293).

in most cases, as Williams (1932¢ p.143) pointed out, it is
prcbable that Loth forms of growth have occurred during the formation
of the dome. During the early stage, blocky lava is erupted exo-
genously, but as this extrusion becones larger, new lava tends to
push this upwards and outwards (i.e., it become endogeneous). Fissures
develop on the top surface as a result of the oxpansion, and blocks
fall between tho others as wedges. If a fissure is particularly

large new lava may reach the surface to form a short atubby flow.

The lineation of micas parallel to the sphereidal banding
cannct be explained simply by outward expamnsion, but if any lateral
movement of ithe lava tock place during the endogencus growth, the
wineral would probably show some orientation, This could occur
during eooling, as a certain amount of settling of the dome is

thought to take place. Tanakadate (1917, p.97) considered this to
- 32 -




be about 5-10 per cent of the total volume, He suggested that the
original shape of this type of dome is hemispherical and that the flat

top, as on Wahanga Dome, is a result of coatraction.

During the periods of growth and cooling, gas accumulates within
the dome, and this wherever possible escspes through fissures. If it
is unable to dc this, pressures will be built up, until the volatile
pressure is greater than the strength of the rock, and an explosion
w11l ocour. This is the mechsnisz that probably fermed the explosion

vents at Tarawera (marked on Fig. 3).

Host of the domes at Tarawera are thought tc have formed by the
mode of growth described. Wahauga and Crater Domes, with their visible
'onion-gkin' structure and Zastern lome, are the necarest to true
endogeneous domes, end as such were presunably extruded through e
narrow vent. Ruawahia and Tarswera Domes started in the same manner,
but during the formation of the coulées, considersble fracturing of the
upper surface must have oceurred, and 'dykes' like that visible in

Ruawahia Dome would be able to reach the surface.

Flug domes, such as Green Lake Plug, probatly have a different
mode of crigin., The vent is almost the same sise as the extrusion,
and the lava probably rises in a near solid condition. This produces
suooth margins on which stristions can now be seen (e.g., Lassen Peak,
California; Williams, 1929). In many ceses these extrusions congeal
under sedimentary deposits at the botton of craters (as at O-usu,
Japan; Tanakadate, 1930, p.597) and become pushed wp by the slow
continual extrusion of the lava.
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2o TEHRA STRATIGRAPHY OF THE TARAWERA-HEREWHAKAAITU REGION

INTRODUCTION

The Holoecene tephra showers of the Rotorus-Gisborne region have
been discussed by Vucetich and Pullar (1964). They have described
sections in the region and by their correlstion have suggested
approximate sources for the deposita. The present study useg their
section at Democrat Road, Rercwhakaaitu (Vucetich and Puller, 196k,
PP.66=67) as a standard and by more detailed correlation in the
Tarawera-Rerewhakaaitu region (;ae General Map in pooket at back of
thesis), shows loesl veriation in the siratigraphy end structure of
the deposits. Four 'Ashes' are regarded as having their scurece in
the Tarawera Volcanic Comolex, and these are described in more

detall.

Methods of Correlation

The stratigraphioc column of tephra in the Tarawers-Rerewhaksaitu
region is shown in Table 1, with available 14C dates. Individual
sections are shown in Fig. 9 (in pocket at back of thesis) and isopach

maps are drawn for the Xsharoa and Tarawers 'Ashes' in Fige.10 and 11.

individual formations may be recogmized by: distinetive
lithology; presence or absence of a buried scil; and mineralogy.
The lithology changes bLoth with distance from the vent, and, as many
air-fall eruptions are directional in their ares of depesition,
laterally arcund the vent also., DIuried soils are useful in distinguish-
ing older tephra from the Kaharca 'Ash' particularly near the vent
where lithology may be similar.

Fineralogy is of limited use in the field but may be the
- %7 &




Fig, 12,

Shower bedded Waichau *Ash' in the walls of a pumice wash (W77/96491L).
Suceeeding tephra fills the gully cut into the top of this 'Ash’,

Fige 13.

'Leach sane' at the top of the Taupo 'Ash® in Gavin Road, Rerevhaknaitu
(1e6/999825).
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deeiding factor on later sxamination in the laboratory. It is
particulsrly useful when only a small seotion is available with no
characteristio lithology and no distinet soil. The Rerewhakasitu
‘Ash' ig mineralogically distinotive in that it contains twe types

of punice; one rich and the other poor in phencerysts. Most tephra
eontains punice of one type only.

Zeatures of uried Soils
Baried soils are formed during the time between successive
eruptions in which weathering ean take place and vegetation grow,
The soil may, in some cases, be poorly developed or even absent, and
the division between formations now represented orly by an erosicnal
break. This ocours particularly st the top of thick tephra deposits
| where presumably all vogetation has been killed, and sheet erosion can
take placs. An example in the Tarawera-Rerewhakaaitu region is the
Faiohau 'Ash', where frequent depressions eut into the shower bedded
tephra. These have become fillec with tephra from more recent

eruptions (Fig. 12).

Other formations have dark brown 80il horisons and meny of
these contain charoocal within the top 1-2 ina. Sueh soils are
usually followed by a thiok sequence of ash, indicating that the
falling tephra came from a nearby source, This factor would also be
hiecessary to provide the heat to form the charccal. An example of
this relationship occurs at Gavin Road, Rerewhakaaitu (n86/999625)
where the soil of the Rotorua 'Ash' contains charcoal and is followed
by a thick succession of Waichau 'Ash' from a vert on Tarawera.
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If only a small emount of cool tephra is ceposited from a
distent scurce (e.g., the Rotorua 'Ash' at the above locality) only
very low vegetation becomes affected ang larger trees survive. 7This
causes the new tephra to become incorporated in the socil of the
previocus deposit, and it is then diffioult to distinguish between the

two eruptive unite,

About 1 inch below the top of the Upper Taupo Member is a fine
grey ash, 36 ins. thick in the Rerewhakasitu region (Fig. 13). This
is within the buried soil of the Taupo 'Ash' and has the same nineralogy
and age as this 'Ash' (by 44C dating). 1t is thus regarded as &

‘leach' zome where hurus has been removed af'ter burial (Vucstich,

pers. comm,),

The scil of the Kaharca 'Ash’ is particularly dark, due to small
basalt lapilli from the carly stages of the Tarawera eruption. These
became incorporated in the "Ash’ to give it the mppearance of containing
mueh charccal.

Tephrs below Rerewhakaaitu tAsh'

The sequence of tephrs shown in Table 1 mantles different deposits
in different places. To t;:e south of Lake Rerewhakaaitu, at Democrat
Roac (1i86/932825) end Gavin Road (86/999625) the Rerewhakasitu *Ash’
lies on an undifferentiated brown 8ilty ash, which Vucetich ané Pullar

(1963, pe65) call the 'Pinkish-brown' beds. On the other side of the
lake, however, the Rerswhakssitu 'Ash' lies directly on ignimbrite and
the 'Pinkish-brown' beds must have been erocded. Vucetich (pers. comm.)
thinks this ocourred during a period of colder olimate with perheps

higher rainfall,
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DESCRIPTLCH UF THPHRA ERUPTED FROM THE TARAWSRA VOLCANIC COMPLEX

In the cdesceripticns of the tephra, the type or representative
sections are taken in the Rerewhakaaitu region as individusl 'Ashes®,
are usually 4=6 ft. thick there. This thickness is convenient for
examining vertical variation in lithology and also provides a useful
nean for comparing varlation in lithology ercunc the vent. Towards
the scurce the thickness increases until complete sections are rare,

and this is where mineralogy is most impertant for correlation,

Herewhaxaaitu 'Asgh’
The type section of the Herewhakasitu 'Ash' (Vusetich and
ullar, 1964, p.57) is in Democrat Rosd, Rorewhekacitu (1:86/93452%)

where the following sequence oecurs:

B,

Dark Lrown greasy ash, sowe pumice
fragrnents 2 ems. diameter

(Rotorua 'Ash') 6
Indistinet junction e
Light=dark drown ash with pumice

fragments up to 5 oms. diameter =15
Shower beddad coarss ash, fine ash

and lapilli 21=30
PDistinet lapilli band 3=5
Shower bedded coarse ash and lapilli 10-15

Undifferentiated '"Pinkish-brown' beds

In the pumice washes on the south side of Tarawera, the
Rerewhakaaitu 'Ash' is very thiok (at N77/96491k it is over 200 ft.
thiek), weakly shower bedded, and contains many blocks of pumice and
partially expandec obsidian over 20 cas. in dismeter. These blocks

occur in a metrix of medium - _copyse ash. The top of the 'Ash' is




sxtensively gullied, and thig probably took plase socn after the
oruption, The gullies partially filled with debris from the
Horewhakaaitu 'Ash' and then later became filled with the Weiohau
‘Ash’,

The lapilli and bloocks sre of three types; obsidian, purice
with a high crystal contant, and pumice with a low crystal content,
This assemblage is most important for correlation near the vent,
it also suggests comhﬁm with Rotomahana and Rerewhaksaitu Domes
(see p. 93 ) and it is probable that the Rerewhaksaitu 'As:' was
erupted from the same vent as the Herewhakasitu Dome. The increase
towards this site, and maximum thickness at N77/964914 tend to
confirm this. A few blocks (max., diameter 20 oms.) of hornblende-
quartz-dacite ars found in the Rerewhaksaitu ‘Ash', and these are
regarded as most lmportant, Full petrographic and petrogenetic

descriptions will be given in the relevant sections.

Haiohau 'Ash'

The Waiohau 'Ash' was named by Vucetich and Pullar (1964
P.55) from the thick deposits in the Walchau district. The type
section is, however, in Demoorst Road, Rerewbakesitu (1186/93482)

where the fcllowing segquence oocurs:
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Thickness

(in inches)
Dark brown sandy uh with some
charcoal {Taupo ‘Ash Sequence?) 12
grading down into lighter ———
coloured ash with a few pumice
lapilli and some obsidian 9
Shower bedded pumice and cbsidian
dominent, some rhyclite 12-27
Shower bedded coarse and fine ash 15
Loose pumice lapilli grading up =10
into ash
Cbsidian lapilli band 1
Pumice lapilii 2
Pale yellow 'greasy' ash becomi
lighter downwards (Rotorua 'Ash' 2

The Waiohau 'Ash' also thickens towards Tarawera, and in the
punice weshes (I77/964914) is over 50 ft. thiek (Fig. 12). Shower
bedding is ubiquitous. At H77/965915 the base of the Waichsu 'Ash’
is in a shallow gully cut into the underlying Rerewhaksaitu ‘'Ash’
and about 6 ins. above the base small cherred logs occur. These
presumably represent trees that were growing on the Rerewhaksaitu
'Ash' and were Gestroyed by the Waiohsu eruption. Onme sample has
been dated by radioccarbon method as 11,250 + 250 yrs. before 1960

(Table 1).

The top of the deposit is slways strongly gullied, and in the
Rerewhakeaitu basin the depressions are filled by a brown loamy ash
which Vucetich end Pullar (1964, p.s6) regard as Teupo'Ash' Sequence
Members 16-18. On the southern side of Terawera where the gullies
are larger and deeper the entire succeeding tephra sequence,
except for the Kaharoa, may be found in them.
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Fige 1he

Unwelded ignimbrite of "Waichau® ege, exposed by the treck up the
south side of the mountain (N77/981906),

Hg. 150

Two unwelded ignimbrite units of 'Kaharca' age, exposed in the walls
of the main pumice wash to the south of the mountain (NB86/963898),
Length of hammer shaf't =15 ins,







In a large soction beside the track from Rerewhaksaitu to the
top of the mountain (K77/981906) is an unwelded ignimbrite deposit
or sillsr wiich is comsidered by its position in the tephra sequence
to be of Waiochau age. This shows incipient banding with veriation
both in colour and in grade of the tephra, both shown particularly
well when the exposure is wet (Fig. 14). The main feature is the
presence of large blocks of obsidian in verious stages of expansion,
providing a useful index of temperature.

The exsot scurce of the Waiohau 'Ash' is unknown. The
thickest sections are in the pumice washes tc the south of Tarawera
Dome, and it mey be that a shallow deprossion with a tephra rim found
ot top of Rerewhakeaitu Dome (N77/953914) represents the eroded remesins
of the original Waichau 'Ash' cone. lHowever, as this has now been
partially filled with Ksharca and Terawersa deposits this cannot be
certain.

Haharoa 'Ash'

'Kaheros Shower' is the nsme given to the parent meterial of
the 501l at Zaharos end north of Dotoiti (Grange, 1929) with the type
section taken as (14 Taurenge Road, Faharoa. This has "9 ins. of
white pumicsous rhyclite ssh (carionacecus et top) with texture of
fine gravelly sand (Keheroa Shower) overlying 1 ft. of ésrk brown
pusice with basic meterial (Rotokaweu Shower)® (Grenge, 1929, p.224).
Vuoolich and Puller (1964, p.48) later changed the name to Xaharos
'Ash',

Grange's type section is of little use in the present study
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because of its distance from the source, and a representative seection
has been taken at Gavin Road, Rerewhakaaitu (n86/999625), The
Se¢quence at this locelity is:

Thickness
(in inches)
Husus stained sand and ash - few
Tarawera lapilli 12«15
Fine ash, yellow brown soil at tep é
Fine and coarse ash alternating
with white pumice lapilli, some
rhyoclite, obsidien and andesite
(2 units) 20
Fine ash 2
Showor beddad coarse ash and lapilli,
a few thin bands of fine ash 1%

Fine and coarse ash altcrnaling with
white pumice lapilli, some rhyolite,
obsician, and andesite (3 main units) 22

Pine grey ash 2
Croasy yellow brown sandy ash
(Taupo Ash Sequence) 9

The lithology of the iaharoa 'Ash' changes markedly both around
and towards the mountein. The thickness decreases rapidly to the
south west, until in the section at H86/934524 it is absent {Fig. 10).
Northwards it increases again and at Prettis Road, Rerewhakaaitu
(1¥86/942853) there is the following section:

Thicxkae
(in ineches
Tarawera lapillii 4

Flack ash grading downwards into dark
Lrown agsh &

Coarse ash with thin bands of punice,

rhyolite and ousidian 2
Pamice lapilli 4
frown greesy ash (Taupo) > 6
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Towards Taerawera the Xaharca 'Ash' thickens, and several
unwelded ignimbrites appear in the sequence. About 18 f't. of
Faharos 'Ash' is oxposed in & section by the track up the mountain

from Rerevhakeaitu (n77/981906)

Thi
(in inches

Banded coarse and fine basalt
lapilii (Tarawera 'Ash') 12-36

Shower bedded ash and lapilli
(Pumi“' Oblidiln. m°1lte ¥
andesite) 6=2ly

Fine-cosrse pink ash, unsorted,

with a few tlocks up to %0 mms.

diameter. Some current bedding at

top, probably due to wind action.

One large log of charred wood

(Unwelded ignimbrite deposit) 4B-72

Coarse lapilli and blocks of
puaice, rhyoclite, obsidian and

andesite 12
Fine-medium unsorted ash (unwelded

ignizbrite -~ as atove) 5l
Coarse lapilli and blocks up to

/5 mms. diameter 12-48

Shower bedced coargse-fine ash of
pumice, rhyclite and obsidian

(b main units) 2k
Coarse lapilli and blocks, mainly

punice 9-12
Fine-mediun ash 9-15
Coarse ash 5

Dark brows ash for top 3 in., then
fine grey esh (Toupo) > 6

The unwelded ignimbrite deposits (Fig. 15) are of local extent
(Pig. 11) and are very similar to those surrounding rhyolite
voleanoes in Japan (Aramaki, pers. ooms.), They thicksn towards

Ruawahia Dome, and the site of this dome is eonsidered to be the
= UT =




Pig. 16,

Lahar breceia of "Kaharoa' age, with blocks of pumiceous rhyelite
probably derived from Ruawahia Dome,

Fige 17.

Post-Kaharoa 'gully infill' deposit to the right of phetegrerh, and
a thick section of Walohau "Ash' to the left, Hedght of latter
seotion A« 100 ft,
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source for the Kaharca deposits.

To the north cast of Lake Rerewhaksaitu there are nany loose
blocks of riyolite on the surface, some 13 motres in diameter,
These are enlirvely pumicecus riyolite, identical tc that of the lLate
Uomes.  ihbere tae blocks oocur in a breccia (¥ig. 16) the matrix is
rhyolitic and of ash grade. The origin of these blocks and the
urwelded ignimbrites will be discussed in the section con the Xaharca

eruption (p. 62),

After the Kaharoa eruption the thick pumice deposits to the
south of the mountain were extensively eroded to form gullies similay
to the present day 'pumice washes'. These gullies later became
fillec with debris derived from the Zaharca tephra, to form 'gully
infill' deposits (Fig. 47). These have made corrclation of the
tephra very difficult in the region.

The Ezharoa 'Ash'aend associsted ignisbrites are largely
composed of pumice, but there are also blocks and lapilli of obsidian,
rhyolite, granodiorite and various basic rocks. The granodiorites
resemble rhyolite closely when coatec with ash and are difficult to
distinguish in situ. Most samples desoribed come from the ‘gully
infill' deposit. The basie rocks include andesite, pyroxenite and
eucrite, and these, with the grenodiorite, will be discussed in
deteil in the section on petrography.

The erupticn has Leen dated Ly radiocarton method from a
charred log within the Kaharoa'Ash, This was found 3 ins. above the
base of a section at Northern Boundary Rd., Xaingsroa Forest, and
gives an age of 930 % 70 years Z‘éfm 1950 (N.Z. 170, Grant-Taylor




Fig. 18,

Shower bedded Tarawera "Ash', Vertical seetion in gully %o south west
of Ruawahia Deme (K77/964922), ¥ ~ fine bends ; C = coarse bands,

Fige 19.

Tarawera 'Ash' in gully to the south of Wehanga Deme (NTT'/‘BBJBM).V
mmwenwomawummmm'

- 50 -







and Rafter 1963, p.140).

Tarawers Formation
The Tarawers Formation consists of the Tarewesra 'Ash' and the

Rotomahans ¥ud (Vucetich and Pullar, 1964, p.48). The former was
erupted from the craters on Tarawera and during the later stages of

the eruption, the Rotomahans Mud from Lake Rotomahana.

The Tarawera 'Ash’' was deposited in a wide sector from
Tauranga in the north west to Tolaga Bay on the east coast (Thomas,
1888, frontispicee) but it can now only be identified in a more
rostricted area (Vucetich and Pullar, 1964, Pig. 37), providing an
example of how detectable limits of tephra decrecase with time.

Near its source the Tarawera 'Ash' is shower bedded (Fig. 18)
with coarse lapilli units separated by a basaliic ash. The lapilli
increase in size towards the mountain until arounc the craters large

blocks of scoria (max. diam. 20 cms.) occour. In the sootion exposed

in a gully to the south of Wehanga Dome, the following sequence ocours:

g,

blocks of pumiceous rhyolite up to

30 cms. with some bLasalt 36
Basalt with a few blocks of rhyolite 60
Basalt and rhyolite (max. sige

10 cms.) 12
Kaharoa 'Ash'

Further from the source, small fragments of rhyolite occur throughout,

and are not concentrated in any position in the sequence.

On the north and west side of Lake Rerewhaksaitu, the Tarawera
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'Ash' grades up into the Rotomahana ¥ud with a few basalt lapilli in
it (e.g., Irotts Road, NB6/942853), Further north west the Terawera
'Ash' disappears and Rotomshana Mud bLecomes the only member preseat
(Fig. 11).
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TAELE 1 - SUMMARY OF TEFHRA STRATIGRAPHY IN THE TARAWERA-REREWHAKALITU

D e T T P—

FORMATION
(Eruption)

TARAWERA

EAHARCA

TAUPG

WAIKIHIA
WHAKATANE

ROTCHA

" WALCHAU

ROTCRUA

REREWHAKAAITU

REGION

MENMBER

Rotomahana Hud
Tarawera ‘Ash’

Upper Taupo

Punice

Taupo 'Lapilli’
Rotengaio ‘Ash’
*Putty Ash®

Brown greasy
ash (tas,
16-187)

14C ages (years ,
vefore 1960) SAARSy

Eruption in 1886

Vucetich & Pullar

940 £ 70
(1964, p.45)
1770 * 80 Healy (19G4q p.42)
1830 (approx.) " (19Che. pe37)
© 330%50  Hoaly (196ke pe36)
8860 + 1000 Healy (19643
11,250 £ 250 Unpublished Analysis.

N77/542

Undifferentiated pinkish-trown ash or loam.
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TADLE 2 - SUMMARY O GEULOGICAL HiISTURY

AGE

(1‘06 d‘“., JTrs.

before 1960)

Eruptiion on
June 10, 1886

930 £ 70

11,250 * 250

16,000 (?)

ERUPTION

TARAWERA

KAHARCA

WAIOHAU

REREWHAZAATTU

- 5l -

DEPOSIT

Rotomahana Hud

Tarawere 'Ash and
Lapilli’

Green Lake Plug

Wahanga Dome
Ruawahia Dome
Tarawera Dome
Kaharoa 'Ash'
Crater Dome

Faiohau 'Ash'

Eastern Dome

Plateau Dome and
Flow

Southern Dome
ant Flow

Rerewhakaaitu
Dome and Flow

Rerewhakaalitu
'A..h'

Rotomahana Dome
Western Dome

7?7 Ridge Dome

PROBABLE VENT
SUURCE

Lake Rotomahana

Fissure from
N77/932912-990950

N77/933905

KT7/975945
N77/965932
K77/947920
77/965932
N71/955915

W77/953914

N77/048945
IT7/975945

T77/005912

N77/955915

N77/955915
N77/920912

M77/992918




k. ERUPTIVE HISTCRY

The sequence of events in the history of the Tarawera Volecanie
Complex is shown in Table 2. The early events are speculative as
key features are often covered by more recent debris, bui events in
the Kaharve eruption can be established with more certainty. Good
exposures make it easler to establish relative positions of domes
and tephra. The Tarawera eruption is well known because of eye=
witness esccounts, ard the possibility of comparing these stories

with present field relationships.

For oonnn.tem;.o, the eruptive history is divided into three
parts; early eruptions, Zaharoa eruption, and Tarawera eruption.
These ecver all except the formation of Ridge, Westernm and Roto-
mahana Domes, the ages of which are earlier than any pyroclastic
eruption from the mountain. Ridge Dome is regarded as the earliest
dome now exposed in the Complex because of the thick cover of tephra,
a.d lack of topographic expression. Rotemahana Dome underlies the
Rerewhakaaitu 'Ash', and must therefore be earlier than the 'Ash'.
Festers Dome has e similar degree of erosion and petrography to

Rotomahana lome and is regarded of similar age.

EARLY ERUPTIONS

Iwo pyroclastic eruptions can be distinguished in the early
history of Tarawera, and these provide useful reference events for
distinguishing relative ages of the rhyclite domes.

1. Sruption of the Rerewhaksaitu 'Ash', accompanied ty the
formation of Rerewhakeaitu Dome (Réwhakesitu Eruption).
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Fig. 20,

Diagrammatic oross section of Rotomahana and Rerewhakeaitu Domes,
showing probable sequence of events during the Rerevhakanitu eruptien,
1. Extrusion of Rotomechana Dame
2, Hxplosive eruption of Rerewhakaaitu 'Ash'
3, Extrusion of Rerevhakeaitu Dome (incorporating seme of
the earlier rhyolite),
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2. Eruption of Waichau 'Ash' (Waichau Eruption).

Rerewhaksaitu Eruption

It is not certain how long Rotomahans Dome had been formed
before the Rerewhakaaitu 'Ash' was erupted. It may have been
thousands of years, or may have been the first event of the Rere-
whakaaitu eruption. From its general morphology tho former is
suspected. However, when the Rerewhakasaitu 'Ash' was erupted, it
scems very likely that it was extruded through the same vent as
Rotomahana Dome. The 'Ash' is charaocterized by two distinet types
of tephra, one rich in phenocrysts (and comparable to Rotomahana
Dome) ard the other poor in phenoorysts (like Rerewhaksaitu Dome ).
it may be that the phenceryst-rich tephra was the earlier dome
material, blown cut during the eruption, but the high percentage
of this tephra in the deposit, and the large blocks of it near the
scurce suggest that the reservoir of the Rotomahana Dome lava was

still able to supply ejecta during the Rerewhakasitu eruption.

This explosivse phase wes followed by the formation of the
Rerewhakaaitu Dome, which flowed in two directions; a small lobe
or oonle/a to the south west, and a larger flow to the north. It
perhaps represents the final stage of eruption from the vent.
Fige 20 gives a diagrammatic cross section across this eruptive
centre,

The other domes which could be related to the eruption are
Southern Dome and Flow, wheek—ase gimilar in composition to Rere~
whakaaitu Dome and Flow; Plateau Dome and Flow, and Eastern Dome.

It is impossible to relate the domes to one another, as they are
w BT o=




all geographically separate. However, Flateau Dome is directly
overlain by Weichau 'Ash' and hence must be betwoen 'Rerewhakaaitu'
and 'Waiohau' in age. [Eastern Dome i: 80 similar in form and

ccmposition to Plategu Dome that it is alsc regarded as of this

2gcCe.

Heiochau Eruption
The Waiohau eruption was probally of explosive nature only,

as no domes can be directly related to the tephra. The exact site
of the vent is unknown, Lut the most likely position is on Rere-

whakaaitu Dome at N77/953914 (see p.L5 ).

KAHARCA ERUPTION

The Kaharoa Eruption occurred about 1020 A.D. (Crant-Taylor
and Rafter, 1963, p.140) and produced extensive pyroclastic deposits
and the prominent rhyolite domes of Tarawera, Ruawahia and Wahanga
(Flate 1). The sequence of events established is comparable to
eruptions witnessed in historic times such as that of Nt. Lamington,
“apua, in 1951 (Taylor, 1956), and appears to be fairly stancard for

rhyolite eruptions.

The first event was explosive, producing a 'cone' of coarse
blocks around the vent. This breccia is exposed in the moat between
Tarawera anc Rerewhaskaaitu Domes, where it is 20 ft. thick. It is
composed mainly of large blocks of devitrified rhayolite, which
probably came from the earlior domes. It is thought to represent
debris ejectod during initial clearing of the vent before the main
eruption. This is equivalent to the preliminary explosive phase
deseribed elsewhere by Perret g18955). Putnan (1938), and Tayior (1958).




The first lava extrusion was probably the formation of Crater
Dome. FEvidence of flow structure (p.33 ) suggests that this dome
was extruded quietly, probably without affecting much of the surrcund-

ing area, and perhaps Just filling the newly formed breccia 'cone'.®

Shortly af'terwards, the main pyroclastic eruptions occurred.
The tephra came from a vent to the east of Crater Dome and the site of

this is now marked by Ruawshia Trig and the wide part of the 1886
fissure immediately to the east (Plate 3). The short time between the
two events is indicated by thermal alteration of the tephra directly
above the dome, as a result of gases emanating from it. Alternating
with the vulcanian type eruptions were nue/el ardentes, which flowed
to the south, east, and probably the north side of the newly formed
‘cone', These are now exposed in the sections along the track up the
south side of the mountain, anc¢ in the gully to the south of Wahanga

Dome.

This explosive phase was followed by a sccond series of dome
formations, producing Tarawera and Ruawshia Domes. The lava of
Ruawshia Dome probably came up the pyrocalstic eruptive vent, and
caused hydrothermal alteration of the tephra at the top (Fig. 22).
It broke through the side of the 'cone', ard flowed in two coulécs,
to the north west and south west, in a similar manner to the example
at lonc Craters (‘utnam, 1936). Tarawera Dome must have been

extruded at approximately the same time as Ruawshia Dome, as the
eoul;ea of the twc domes have coalesced arcund Crater Dome.

*It would be possible from the occurrence of this dome for it to have
been formed late in the sequence of events as sn intrusive dome
under the Kaharce 'Ash', but the manner in which Ruawshia and Tara-
wera Domes coalesce around it and the comparatively localised
nature of the thermel alteration in the overlying tephra makes

this unlikely.
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Fig, 21,
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Explosive eruption of accidemtal Ylocks of rhyolite,
Extrusion of Crater Deme,

Explosive eruption of Kaharea 'Ash' (coarse bands represent
unwelded ignimbrites),

Extrusion of Ruawahia and Tarewera Domes,

Extrusion of Wahanga Dmme,
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Fig, 22, Rhyolite of Ruawahia Dome filling the earlier Kaharoa 'Ash'
vent (N77/965931).




The formation of Ruawahia Dome was sccompanied or immediately
followed by s lahar pouring down the southern side of the coulse, to
flow between the older Plateau and Rerewhakaaitu Domes and spread out
into the Rerewhaksaitu basin. It is this deposit which accounts for
the large pumiceous rhyolite Llocks to the north east of Lake Rere=-
whakaaitu,

Wahanga Dome may have started to ccme up before the end of the
pyroclastic eruptions as there is some riyolite beneath the tephra in
the 1886 crater on the south side of the dome, and this appears to
have flowed as a block bed a short distance (100 yds.) to the south.
fowever, the main development was later, following the pyroelastic
eruption. The lava is thought tc have asoended quietly, probably
through the old vent of the Flateau Dome, ancd was not accompanied
by any air fall tephra.

The main events of the eruption, in the proposed order of

developnent are show diagrammaticelly in Fig. 21.

TARAWERA ERUPTION
The Tarawera eruption occurred in the early morning of
June 10, 1886. It was the first major eruption in New Zeeland to
be witnessed by Ruropeans at close hand, and hence created great
interest. The hot springs had atiracted many people, both
European anc Naori, to live in the Rotorua region, and the Pink and
White Terraces of Late Rotomahana were visted by many tourists. It
Wwas fortunate on this account that the erupiion occurred during the
winter or there might have been many more fatalities than actually

occurred. - 62 -




Zreliminary indications
Smith (1886d, Hutton (1687) and Thomas (1868) each record

many small instances which they regarded as prelinminary signs of

the eruption., Most are unlikely to be significant, but three
features are of interest. It scems provable that there was slightly
more activity in Lake Rotouahana during the previous year (although
Grange, 1937, disagrees with this) and in November 1885 the White
Terrace geyser rose to a height of 150 ft. » which was the highest
ever recorded (Trhomas, 1888, p.28). Smith (1886q, p.20) also records
that the hot springs of ths Edgecunbe-Te Teko region were more

active than usual, and the temperature of the water higher, for

some time prior to the eruption. The best substantiated event

Was a wave or selche over 1 ft. high on Leke Tarawera on June 1
(Smith, 1886¢ pe2h, and Thomas, 1888, p.29), recorded at both Te
Fairoa and Te Ariki. This was probably caused by an earthquake,
although none were recorded on the date. Each of these happenings
could be taken as a preliminary indicstion, but it is unlikely that
anyone woulé have predicted an eruption from them. The apparent
lack of earthquakes until just before the eruption seems surprising,
bul as sensitive equipment was not available at the thg, minor

earthquakes may have gone unnoticed.

¥ain Eruption
The first well substantisted indications of activity were at

P030 hrs. on June 10, when s series of earthquakes commenced.
These were woak at first but became stronger and culminated in the
first eruption, at about @130 hrs. from Wahanga dome. There is
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MOUNT TARAWERA IN ERUPTION, 1886, NZ

Fig. 23, Artists impression of Tarawera eruption during the main phase

\ AL >
(0230 - 0330 hrs.), as seen from near Te Wairoa,




some Cisegreement on the time of this first outburst, largely because
the nearest surviving observers were at Te Wairoa, & miles north west
of Tarawera; Rotorua, 14 miles north west; end Calatea, 16 miles
south east. Smith (1886e p.27) and lector (1866, p.1) record the
start as about 0210 hrs., at which time an enormous cloud of smoke and
vapour was observed from Te Wairom. Hutton (1867, p.181) records the
eruption as starting at 0115 hrs., and Thomas (1688, p.30) at 0430
hrs., both recording the eruption of Tarawers itsclf as about 0210
hrs. The lattor accounts seem to it the present cay fleld evidence,
and it seems likely that Smith and Hector's scurces of information
missec the early activity because of the hilly country between Te

#airoa and the mountain.

Hutton (1687, p.181) notes thet "only a small cloud was seen,
which appears to have subsided and all was again quiet. At 1.45 a.m.
(045 hrs.) the main eruption commeneced with a roar from Ruawshia,
anc a black eclumn glowing with reflections from red hot rocks blew
straight upwards. At 2.10 a.m. (0210 brs.) a viclent earthquake
occurred and Tarawera dome exploded with a ceafening noise, sending
up a broad steam colurn"., This cclumn was calculated by Williams
(1886, p.380) to be over 6 miles high. Iy 0230 hrs. the whole
length of the fissure was in eruption and Fig. 23 gives an artists
iopression of the sight from near Te Wairoca.

The act.vity on Wahangs and Ruawahia became more phreatic at
about 0330 hrs. and the series of viclent earthquakes recorded
probably reflect great explosions on the mountain during which

large blocks of' rhyolite were ejected. At the same time Rotomahana
- 65 =




Fige Zhe

Basalt dyke exposed in the crater on the south side of Wahanga Deme
(W77/975942) . The rhyoclite has been vitrified on each side of the dyke,

¥ige 25

Basalt dyke cutting through mascive riyolite, exposed in the "bridge’
south west of Ruawahia Trig (N77/963928), Width of dyke —~ 30 £%,
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burst into eruption, throwing out a cclumn of steam higher than that
frou Tarawera (Hutton, 1887, p.181). It was a phreatic eruption but
the explosions were charged with the sof't lake sediments of the
previous Lakes Rotomahana and Rotomakiriri, es well as volcanic rock
which had been intensively altered by earlier thermal activity to
form the Rotomahana Mud,

The eruption was largely over Ly 0530 hrs.

The resulis of the eruption can be seen today along the
eruptive fissure, and in discussing these features it is convenient
to divide the eruption into two stages; an early stage from 0130 hrs.
to 0330 hrs., end a later stage from 0330 hrs. onwards.

Zerly Stage

In the crater on the south side of Wahanga Dome there is a
suall basalt dyke exposed (Fig. 24). It is approximately 3 ft.
across, has & chilled margin on either side and probably represents
the feedor for the first eruption. A high emplacement temperature
is indicated by the large numbers of highly vesiculated and partly
molten rhyclite block inclusions. The small initial volume of
material ejected relative to the later phase cculd be related te

to the small size of the dyke.

To the south west of Ruswahia Trig, the eruptive fissure was
probably about 30 ft. wide, and this can now be seen in a ‘bridge’
at 1i77/963928 (Fig. 25). At this place the dyke has a more
complex form. The margin has chilled against the rhyclite, and at
the same time has melted the rhyclite at the contact to forn a
glass. Towards the centre a series of 'flows' can be 1dsntifiod,

each chilled against the previo& one and beecoming mere scoriaceous




towarcs the centre. This could represent a simple multiple dyke,
but as the lava 'blankets' the riyolite on sach side of the fissure
above the dyke (see Fig. 24) it seems more likely that the lava
reached the top of the fissure and then flowed back into the wvent
before eooling. This is comparable to eruptions witnessed in
liawaii (Peck, pers. comz.). The inorease in width of the Pissure
compared with that on Wahanga Dome would account for the increased
volume of basalt seen to come from Ruswahia,

The explesion from Tarawers Dome is now represented by broad
craters at the south western end of the main fissure. The sides of
the craters are completely covered by scoria, and a large vclume of
material appears to have been ejected. The scoria from these explo-
sions must have been very hot when erupted, as it weldec together on
the sides of the vents and formed small 'flows’ which moved a short
distance away from the centre’of eruption. These can now be seen
as s0lid layers in the lapilli at the sides of the craters, and
probably account for the oye-witness descriptions of lava flows
coming from the eraters during the eruption,

Late Stage
The highly explosive nature of the activity from Wshanga and

Ruawahia (which started atout 0330 hrs.) is clearly shown by the

deep oraters on the two domes. These have vertical walls of

rhyolite with & fow indications of the basalt. It is also

reflected in the large numbers of rhyclite boulders (uwp to 6 ft.

in diameter) in the upper part of the Tarawera 'Ash’ surrounding

the figsure. The Chesm also probably became explosive at this
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stage of the eruption, as it has siamilar features to the Wahanga

and Huawahia end of the fissure.

The reason for the change to phreatic activity is unknown.
It occurred at the sase time as Lake Rotomahena burst into violent
phrestic eruption, so the explosions from the Chasm could have been
ceused by cold water draining from Lake Rotomehana into the eruptive
fissure. This scurce of water camiot be invoked as a cause of the
exylosions from Wahanga and Ruawahia, however, as activity on Terawera
Dome (which is between the Chasm end Ruawshia) did not become explosive.
If the introduction of cold water was alse the reason for the change
at the north eastern end of the fissure, it must have coms from
elsewhere (perhaps Lake Tarawera).

Haimangu
“hroatic explosions took place during and after the eruption

to the south west, in Waimangu valley. The first occurred at sbout
0230 hrs. (Grange, 1937, p.82), but the majority tock place near the
enc of the main eruption or shortly afterwards, and the arca has
ccntinued to be thermally active to the present day. From 1900 to
1904, the spectascular ¥aisangu Ceyser played, in 1903 often reaching
a height of 1500 ft.

It is uncertain frou oye-witness accounts whether any basalt
lave was ejected from the Waimangu area during or after the erupticnm.
Thomas (1888, p.55) thinks not, but there is a surfase deposit
surrounding Zeho Crater which contains blocks of basalt up to 4 inch

in diameter (with occasional blocks up to 6 ins.). These contain
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Pig. 26.

Stean '
issuing from the fissure across Tarewera a few amths after the
eruption of June 10, 4886,

Fig. e

8
T::::t (marked by arrow), in deep crater between Ruawahia and
Dames,in 1964 (177/954925). Mete figure at bottas of
photograph for scale,
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small fragments of cryptoerystalline silica, which were probably
originally sinter, strongly suggesting that they came from Waimangu
or Rotomshana. Furthermore, the size and distribution of the
basalt favours one of these scurces. The time at which they were
erupted initially is unknown, but it is possible that they came from

Elack Crater, and were then reworked during later phreatic eruptions.

Length of Eruption.

The main activity on Tarawera had finished by 0530 hrs.,
making the total time of eruption only 4 hours. Rotomahana remained
highly active for several weeks and Wainangu for several months.
Earthquakes became weaker after the eruption and haé ceased within
24 hours. The only activity on the mountain was then steam, which
continued to pour from the walls of the fissure for many months
(Fig. 26). Today there are two small steam vents still active in
the deep crater between Ruawahia and Tarawera domes (Fig. 27) but

they appear to be waning.

Effects of the Eruption

1) loss of Life

Park (1911) records the number killed during the eruption as:
Te ki, 52; Moura, 39; Te Wairoa, 14 (including 6 Europeans);
Rotomahana, 11 (where Rangiheus and his tribe were staying). This
makes a total of 116, but it is very probable that there were more

than this number, and fatalities may even have reached 150.

2) Changs to Mount Tarawers

The most spectacular change at Tarawera was the formation of

the fissure across the mountain, over 500 ft. deep in places and up
- TL -




Fig. 28,

Tarawera from Te Ariki before 1886,

Tarawera from the same position soon after the eruption, showing
how little the profile of the mountain changed,

Tarawera, from near the site of the previous photo peints, in
1964. The level of Lake Tarawera has drepped over 20 ft, during
the interim period,
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to 300 ft. wide. luch slipping has occurred intc this fissure, both
hwudlndorookfdlaadonahrgor»;le by great blocks
slumping inwards. The latter were probvably caused Ly the numerous
cracks from which the gases escaped. Thomas (1888, p.45) records
theso as "usually parallel to the margins of the oraters, although
scmetimes at right angles..... Some of them are hundreds of yards in
length and 10 ft. or wmore in breadth, with a depth of 5 ft., 10 ft.
or more.". AL the south we.st ené of the fissure is the Chasm.

This is e large scar (900 ft. high apyrox.) formed by oblique
explosions through the side of Terawera dome (Flate &).

The thickness of the basalt on the riyolite resulted in an
ingrease in height on the mountain of between L0 and 100 ft. The
height of Euawshia Trig inereased by 40 ft. as the present height is
3646 ft.(Lands and Survey Sheet 777/7), compared with a height of
3606 ft. before 1886, Pigs. 28a, b and ¢, taken from the site of
Te Ariki,show the mountain before the eruption, just afterwards, and
today, indieating how little topographic features have changed during
the peried.

3) Changes to Lake Rotomshena
The Rotomshana basin, unlike Hount Tarawera, was well known

before the eruptia;n and hence changes can be recorded with more
certainty. [lochstetter (1864, ate 5) drew & map of the basin and
this is reprocuced with modifications (made from photographs) in
Fig. 29. There were two main lakes in the basin, Lake Rotomshana
(warn lake) and Lake Rotomskiriri (cold lake)., The former wes

shallow, as a large part of the lake was swamp . It had an cutlet,
- 74 -




. R, -
L3
%

b ek $ ~MT""‘:

Photo: Burten Bros.

Fige 30. The Rotomahana basin from Tarawera a few weeks af'ter
the eruption, In the middle distance is the new Lake
Rotomaldriri and beyond,the steam marks the site of
the original Lake Rotomahana,
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A} Terawera and Lake Rotamshane fvem ebove the Pinmk Terrace befere
June 10, 1886,

B ) Simllar view frem a bighor level soon after the eruption, The
site of the Pink Terrecc le vrobabdly near the centre of the
phetograph,

c) n«mmmmnu«mmw.utw
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rhotegraph,
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the {iweka Stroam, which flowed intc Lake Tarawera. Lake Rotoma=

kiriri was surrcunded by numercus small eircular 'cones' which

- foehStePter WegUEE a s le" to ‘the Toraorurtion of HULBIFIMEY ~® = = ¢ - -

The area between Lake Rotomakiriri and Terawera, Te Waingongongongo,
was swampy and must have been the site of s lake at one time as the
strata exposed in the craters soon after the eruption contained a

succession of Lake beds with lignite (Thomas, 1888, p.26).

During the erﬁption, both lakes emptied, and a large -ount_ of
detris was thrown oﬁ. of the crater. Within a month a new hot lake
had appeared in almost the same position as Rotomahana tut about
500 £t. lower (Fig. 29), and a larger lake formed to the noarth east
(Pig. 30). Water lovel continued to rise until the lake resched its
present height of 1098 ft., with Handed Hill becoming an island.

Fig. 31 shows the lake viewed from the side of Te Hape-o-torca

before the eruption, in 1889, and today.

Al the north east end of the basin was Grsen Lake Crater,
which Lecame incorporated in the new enlarged Lake Rotomahana after
the eruption. THowever, an explosion during the eruption had formed
a new crater about 1 mils to the south east, and this, with the rise
in water level, formed a oreter lake, The water in it was
distinctly green from the volcanic gases associated with the crater
formation, and hence was named Green Lake Ly Lands and Survey (Sheet
N77/7)s This cdusl use of the name has apparently caused some

canfusion.

4) Piok end ¥hite Terraces

pandubegfit Ao

Before 1886, the Pink and White Terraces of Lake Rotomshana
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were probably the most famous tourist attraction in the region. The
¥hite Terrace, or Te Tarata, was over 100 ft. high, At its base
were large nusbers of ecld water vasins triekling into one another,
anc at the $op was a geyser which cocasionally sent a Jet of water
up to 150 fi. On the opposite shore of the lake was the Pink
Terrace, or Utukapuarangi, which forumed a magnificent flight of
steps of' salmon pink sinter.

It is unlikely that either Terrace survived the eruption. The
first party to survey the arca after the eruption found lsrge amounts
of siliceous sinter distriluted far and wide over tie mud covered
hills. Also Smith (1886p p.2), in his preliminary report, notes that
"the spot where once was situsted the.....¥hite Terrace is now, 1
believe, occupied by a crater rornibg & sort of horse-shoe bay in the
side of the great crater of Retomahana, and from which a vast eclusn
of steam arises”. The Pink Terrace could mot be seen through the
stean cloud at this stage, but as the small hot lake which formed
very near the site of this Terrace was 500 ft. lower than the former
lake, it seems certain that the Terrace must have been destroyed.

It may be significant ghat the position of the geyser at the head of
the Thite Terrace was very close to that now ocoupied by the 'Steanming
Cliffs' of lake Rotomshana. Theose may thersfore be a contimmation of
the original thermal sotivity.

5) Change to Tarawers lLake and River
Between twoc and three feet of ash and lapilli were depositod
arcund Lake Tarawers during the eruption. This caused & blockage of

the outlet and a corresponding rise in laxe lavel, Huoch material
- T8




was carried down the Tarawera River straight after the eruption and
Thonas (1888, p.69) notes that "the Tarawera River, which before the
eruption had perfectly clear water, has ever since flowed with milk
white strean®. This deposited much material in low terraces in the
Kawerau district. Erosion continued for a number of years allowing
base level of the river to fall slowly until in 1904 the ash 'barrier’
at the outlet of the lake was broken and the lake drained to a level

protably slightly btelow that before the eruption.

6) Effect of Debris

About 6,000 square miles to the west of the mountain were
originally covered by the Tarawera 'Ash'and'lLapilli, but only sbout
1,500 square miles were covered sufficiently to remain for any length
of time. To the west,Rotomahana Mud fell (see Fige. 31b). This had
a different effect on the landscape, and became quickly rumnelled to
form only poor grazing land, while the Tarawers'Ash'and 'Lapilli’
helped produce good farmland in the Bay of Flenty. The Tarawera
deposits also had an effect on the occurrence of bush sickness;
areas previcusly covered by Kaharce 'Ash' were bLadly affected, tut
whore Tarawera 'Ash' fell, the incidence was lower (Grange and
Taylor, 1932). The bush sicimess was later found to be related to
the preserce of cobalt in the basaelt - an clement lecking in the

earlier ¥aharoca 'Ash',
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PETROGRATHY, MINERALOGY AND PETRUCHEMISTRY




B. _PETROGRAPHY, MINERALOGY ARD PETROCHEMISTRY
1. PETROGRAPHY

TECHNIQUES
All rceks ccllected from the Tarswera Volocanic Complex were

exanined in thin section, and representative examples of the rhyoclite
domes, the basalts, and the xenocliths chosen for more detailed study.
These samples were orushed to 230 mesh by a steel rollar. crusher, and,
where required, a representative sample of the toial rock was extracted
by 'thn ccne method for chemical analysis.

A part of' each crushed sample was taken for mineral separation,
and this was divided into light and heavy fractions by centrifuging
the saaple in undiluted tromoform. Frou the light fraction, feldspar
+ quarts a.d glass were separated in a mixture of bromoform and
mtom; and, where possible, the feldspar and guarts separated by
the same method, Each fraction was then purified using the Frans
Isodynamic Separator. Often quartz and feldspar cculd not be
ocompletely separated tut 90% + purity was usually obtained. The
heavy fraction was first divided into biotite + hornblende, or
augite, and hypersthene + magnetite, by ocentrifuging in undiluted
methylene iodide. The biotite and hornblende were found to be
difficult to scparate but reasonably pure fractions were obtained
by running the sample down an inclined sheet of paper. As optical
measurenments only were made of these minerals, this was quite ade-
quate., Augite only occurred in the basic rocks aund was never

sccompanied by biotite or hornblende, 80 this mineral could be
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purified directly using the Frans Isodynanic Separator. Hegnetite was
remnoved from the hypersthene by a hand magnet and the latter purified in
the Franz Separator,

Refruective index measurements were made of all the minerals by the
immersion method, and refractive indices of the oils messured on an Abbe
refractoseter, using sodium light, All measurcments are considared
accurste to -~ 0,002,

Optic angle measurements were made from selected thin sections
using a 4=~axis Leitz Universal stage. Feldspar determinations wore made
using the methods described by flemmons (1962), Direct messurements were
made of all minerals where possible, ond these are oonsidered to be
accurate te = 2°, In many cases, however, only one optie axis could be
measured and this was plotted on a Wulff stereograrhiec net to obtain 2V,

These measurements are not cansidered very accurate, however,

Partisl chemiocal analyses were made of the feldspar and glasses
and X-rey determinations were made of some biotites to determine the
Fe content,

RHYOLITE DOMES
Fhyolite™ is the most voluminous extrusive rock in the Tarawera
Voleanio Camplex fomaing over 3.5 cusuiles of lava and tephra,

* Seme authors (e.gey; Lewis, 1960, p.65) have justifiably objected to
the tem: 'rhyolite’ for the acid effusive rocks of the North Island,
because of the low nomative alkali feldspar content, If the scheme
provosed by "illiass, Twrner and Gilbert (1958, p.,121) is striotly
followed, the rocks should be called 'riyoducites' or in same cases
'dacites', Because the tem 'rhyclite’ is fimly embedded in the
literature on the on, however, this change would cause considerable
confusion and hence 'rhyolite' will be used in this account,
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Fig. 34. Ferromagnesian mineral assemblages of the rhyolite domes of the

Tarawera Volcanic Camplex,
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In a previous section (p.14 ) the domes were divided on geomorphie
evidence and hand-spesimen mincralogy into Early and Late Domes, and
this broad division will be followed in the present section.

liodal analyses of rhyclites are given in Tables 3-5 and from
these analyses, the domes can be subdivided for descriplive purposes.
In Fig. 32 the total crystal contents of the domes are showm, lMost
of the Barly Domes have a orystal content of less than 1% while all
the Late Domes are greater than 1%. Western and Hotomahana Domes
are, however, 'Early' in terms of their stratigraphy, but have &
orystal content higher than 15¢. The plagioclase/quartz ratio in
the domes varies from greater than 10:1 in Southern Dome and Flow
and Rerewhaksaitu Dome and Flow, to almost equal nmmt§ in the
Late Domes (Pig. 33)e This ratio is of considerable gemetio

intorest but is not a good method of division for descriptive

purposcs.

Probably the most satisfaotory means of division of the domes
is by their ferromagnesian mineral content (Fig. 34). In most of
the Barly Domes hypersthene is dominant (with a small emount of
hornblende, and in the Rerewhakaaitu Dome and Flow some biotite also).
Western Dome has an assemblage of hypersthene and horablende, and
Rotoqahan. Dome, biotite and hornblende in almost equal amounts,

All of the Late Domes have bilotite as the main ferromagnesian

mineral, with small amounts of hornblende * hypersthene.

For the purposes of discussing the texturss and general petro~
graphy of the rhyolites, a four-fold atratigraphio-ﬂinerdociﬁ |
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division ean therefore be made into:
1. iHypersthene-hornhlende rhyolite
2. Hornblende-biotite rhyclite Early Demes
3. Hypersthene riyolite
4. Biotite rhyolite Late Domes

Hypersthene-hornblende Rhyolite

This type is restricted to the Western Dome, and most samples
oxanined came from the oliff's on the wostern side. The rock is pink
in the hand specimen with many small mafic phenocrysts and larger
crystals of quartz and plagioclase. In thin section the crystal
eontent is moderate (av. 20.65%) and the groundmass isspherulitic
(spherulites 0,51 mn. in diemeter).

The phenoorysts urs normally large (soms plagioclase max,
diam. > 3 mn.), and oocasionally form glomeroporphyritic aggregates.
Quartz and plagicclasc are comnonly resorbed and nay be shattered.
Hafic minerals present are besaltie hornblende and hypersthene, and

small euhedral grains of nagnetite are comnmon.

Speeisen 11414° was collected from the northern edge of the
done and this has a different texture and aineralogy. The groundmass
is glassy with contorted flow bands along which small iron rich micro-
lites are orientatecd. Mediun to large spherulites are present
throughout. Quarts, plagioclase and hypersthene phevocrysts are

- et i
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All Speeimen Humbers refer to rocks and thin sections kept in Geology Dept.,
Vietorie University of Wellington,Collection,
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sinilar to the other samnles, although the hypersthene is less

oxidised. Hornblende ia, however, greern~brown, indicating a lower
tenperature of formation (p.161). 7This probebly indicates that the
specimen came fyem the edge o the dome while the other sanples were

from nearer the centre.

Blotite-hornblende Rhyolite

This mineral assemblage is found in Rotomahana Dome (and in
parts of Tarawera Dous, but this will be described with the Blotite
rhyolite; the main assembloge of Tarawera Dome)s The rock is
usuelly grey with e high crystel content (> 30%), and in thin section
is puriceocus with a few spherulites developed. The phencerysts are
vory large, often over 2 mu. in diameter (occesionally 5 mms.).
They are usually cracked asd the quartz and piagioclase resorbed.
The main mafic mineral is biotite but large green or brown hormblende
crystels alsc oscur. A small inclusion of hornblende dacite (cognate

xonolith) was found in 11087,

The eusiderable hreceletion in Rotonahana Dome suggeats it was
at least in part extruded in a solic state.

Hypersthene Rhyolite
Hypersthens riyyolite 1is tie most common rock in the Early Domes

and is found in Rerewhakaaltu Dome and Flow, Southern Dome and Flow,
Flateau Dome and Flow, Lastern Dome and Ridge Dome,

The lava in the dome is predominantly pumicecus with a few
small sphorulites developed in the glass in places. In the rocks

fron Eastern Dome granophyric groups (p.142) also cccur. The lava
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flows are obsidian showing camplex flow banding with the development
of spherulites. The glass contains crystallites (trichites,
belonites and margarites) and in Rerewhakesitu and Flatesu Flows,
occesional miorclites of feldspar. The orystal content is in all
cases low with plagioclass the nmain phenoorysts. This forms
moderate-sized orystals (max. sise 2.5 mm.). In Southern Dome they
are frequently resorbed and some show patehy soning in the centre
(see ps123)s Quarts is rare, especially in Southern and Rere-
whakaaitu Domes, anc is elways resorbed. liypersthene forms small
cuhedral orystals (mex. diem. {1 mn,) and is usually associated with
magnetlites It occasionally oecurs iu glomeroporphyric aggregates
with plagioclase, magretite and/or hornblende.

Un the western side of Rerewhakssitu Dome the lava has mixed
with the earlier Rotomakens Dome., This is visible in hand specimen
and is merked in thin section by an increased crystal content, mainly
of green hornblende end biotite. These minerals also ocour in small
amounts in the base of the corresponding Flow, probably indicating
assinilation of part of the Rotomahana Dome at the start of the

extrusion,

Biotite R te

Biotite rhyolite ccours in ell the domes associated with ths
Xabaros eruption. In hand specizen the rock varies from a pink
cclour to grey or white, but all have a high percentage of phenocrysts.
As a type example Wahango Dome may e teken and any difference in the
other domes will be desoribed afterwards.

The rccks from Idmabogn have a high crystal content (24%)
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of queris, plagiocclase anc biotite, sometimes in glomercporplyric
aggregates. 4 few smull grystais of hypersthens muy occur, but ss
these are commouly asscciated with Lroken feldspar crystals, they may
indicate essimiletion fyua vexlier domes, Zireon iz a common accessory
mineral. Erecciation frequently ooccurs in the doms and t:is results
in highly broken quartz snd plagiocluss erystals and disintegration of
biotite flakes.

Because the 1886 fissure cuts across the south side of the doms,
changes in texture and mineralogy from the margin tc the centre can be
studied in deteil. At the margin the rock is pumiceous (maximum
vesiculerity 30%), and phencoryste are lurge Lut normelly broken,
Towards the centre, swall feldspar miorclites appear in the glass and
incipient spherulites develeop arcund the phencorysts. The phencorysts
are cracked but are normally complete. [DBlotite is highly pleochreie
but not oxidised.

The next stage iz the incrcase in spherulite content. Small,
poorly developed spherulites cccur around phenocrysts and irregulerly
throughout the glass. The biotite at this stage is becoming reddish
brown (ferrian type, see pJ27 ). Purther in, individual spherulites
become betler developed throughout and of'ten reach 0.5 mm. in dismeter,
Those spherulites inereass in sisze towards the centre until in the most
central specimen exanined fyrom in plave (14070) they are over 1.5 mm.
in dismeter. The area between the spherulites is devitrified and tri-
dymite is of'ter formed in the vesloles. The biotite in the specimen

is red=LroEn,

A specimen (41063) obtainec"é Orrom a fellen block which is :




congidored to have come from the centre of the face goes a stage
further. The spherulites are very lurgs znd ocoupy almost the
entirs rook, and the bictita is partly changed to hypersthene and

felaspar.

Rocks from Crater Dome and Ruawahis Dome are vory similar,
tut Tarawera Dome is more ccaplex. The margin of this Dome is
similar, a5 it is pumiceous and has a amineral sssemblage of gquarts,
plagioclase and biotite, tut the centre is different, Quarts and
plagicclase crystels become broker some distence in from the margin,
end ir addition to the bioctite, hypersthene and basaltic hornblende
appear. i nurber of gleomeroporphs of small hernblende end plsgioclase
are also present., lHesrer the centru (19402) is g spherulitic obsidian
ir which there is lens breeciation, but the orystal eontent is very
high (30.9%). In the cenire of the come (11104, 11105) quarts,
plagioelase, biotite, hypersthone and hormblende all ocour, and the
hypersthene and hormblends have increased in relative amounts. both
are usually oxidigzed. In 19105 the roeck is slightly brecciated but
in 41404 this is extonsive and many fragments of plagloclase cccur,

“ogsible reasons for this change will be disoussszc¢ in a later section.

Green Lake Flug also differs from Wshange Dome in that the
oerystals (quarts, plagioclase anc biotite) ar. smeller (max. diam.
of plagioclase 0.7 mam.), and the glass is full of smell microlites of
feldspar. Small xenocrystia (< 0.5 mns.) of endesite are common,

providing a useful age fector {or the dome.

RIYOLITE TEPHRA

Because of the different mode of oscurrence of the tephra,
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differont toohniques had %o be used 10 establish the mineralogy of the
deposits., [lesr the souree they wers coarsc enough for thin soctions
to Ye made from the punies and modal analyses of these are given in
Table 5. Purther away, this beocame impossible and the lapilli had to
be erushed ané the minerals separated from the glass, using diluted
troncform. It became apnarent froa this procedure that the tephra
eruptions from Tarawera oould be distinguished on their maffic mineral
content alone, and so no further samples wers separated in undiluted
upromofora, and the percentage of each mafic mineral estimated visually
under the microscope. These were recorded us:

Dominant (d) 50%; Comuon (o) 29=50%; Rare (r) 10-25% and Present
(p) 105

The resulits of this investigation are shown in Talle 8, and it is
apparent that the Rerewhakaalitu 'Ash' is typified by the minerals
hypersthene, hornbleonde and biotite;  the Waiochau ‘Ash' Ly hypersthene
*harnblonde); and the Zeharoa ‘Ash’ by biotite (Ehypersthene and
hornblende). Variation occurs voth horizontally and verticaliy in

the sequonce, so that a wore detsiled modal investigation wus of 1ittle

vaiue.

Horlsontal wariation in the tephra occurs particularly with

distance from the vent, and can probably be attributed ic wind conditions

during the eruption., A strong wind will, for example, trunsport bio-
tite for a considerable distance. Vertical variation is mainly from
contamination, and samples firon the base and top of a deposit are

particularly effected. An example of this is in sample 11059/9, from
the top of the Waichau ‘Ash', which contains a few grains of augite in

addition to the normal assomblage. This mineral is common in the
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overlying Teupc Ash Sequence and has presumably moved down, perhaps
carried by percolating water,

Bocause of their distinct mineoral assemblages, the three
rhyclite tephra showers considered tc have been erupted from Tarawera
(pel1 ) will be deseribed scparately.

Rerewhakaaitu 'Ash'

This deposit contains primary pumice fragments of two types: one
poor in phenoerysts (Type A) and the other rich in phenccrysts (Type B).
These oecur in approximately equal quantities throughout.

Iype A: This type has an average total crystal content of 2.9%, which
is almost entirely small resorbed crystals of plagioclase (0.5-1 mm. in
diameter). Quartz is absent, and the only other mineral present is
hypersthene. The glass is pumiceous, with scme granophyrie groups

developed.

Zype B: This second type contains a moderate tolal orystal content
(average 19.2%) with plagioclase the dominant mineral, Both plagio-
clase and quarts are large (max. 3.5 mms.) ancd are of'ten surrounded

bty a ria of mall feldspar micrclites. The quarts is usually strongly
rescrbed. Mafic minerals are green hormblende and biotite, which are
of mediun sigse (< 1 mm.), and arec of'ten intergrown together or with
plagioclase. The bioctite iz commonly more strongly pleochroie arocund
the margin than in the centre. The glasy groundmass is full of small
laths of feldspar(considered from cptical data to be plagioclase) with

some small biotite flakes anc hornblende crystals.

The two types of pumice in the Rerewhakaaitu 'Ash' resemble the

riyolites of Rerewhakasitu Dome and Rotomahana Dome respectively, and
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hau unwelded ignimbrite (11153)

o
- showing how the Flow Structure curves around the vesicles,

idian from the Wai

Expanded obs

Fig. 35.

light).

(Ordinary

- 94 -



it is very probatle that they werec derived from the same magma

reservoirs as these domes.

aichsu 'Ash'.
The Waichau 'Ash' and assocciatec unwelded igniaterite deposits

heve a very low crystal contant (av. 4.0%). The deposit has small
fragnents of quartz a-d plagioclase, sometimes intergrown with
aggregates of hypersthene. A few snall hornblende crystals are also
present. In 11162, a xenolith (2 mms. in diemeter) of quarts end
plagioclase shows graphic texture, very similar to that found in the

grancdiorite blocks asscciated with the Kaharoa eruption.

l

The unwelded ignimbrite has the same mineralogy, but the blocks
are of obsidian in verious stages of expansion. The glass is full of
erystallites (typically margarites and trichites) but has no perlitic
eracks., Vhere cxpansion has begun vesicles distort the flow banding
(Fig. 35) showing that cxpansion oceurred while the lava wes in a

plastic condition.

Keharoa 'Ash’

The Kaharoa 'Ash' close to the vent resembles the rhyolite of
Ruawshis Dome, DBlocks of obsidian and pumiceous rhyolite contain
large orystals of quarts, plagioclase and biotite (mex. dlem. 3 mes. ).
They are often shattered; the quartsz breaking along circular fractures
and the plagioclase irregularly or along cleavage planes., Quarts
often shows strong resorption. Pumice from Rerewhaksaitu (see pe L6)
has a lower total orystal content (Table 5) and the number of small

andesitic xenoliths has increasecd.
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Fige 35, High alumina basalt (11035) : p = plagioclase ; small crystals
of olivine and sugite in groundmwass, (crossed pelarisers)

Fige 37, Hoimblendemquarts dacite (91108} 5 p = plagicelase j b = biotite
h - hermblende 3 i - guariz Teldsper intergrowth, (crossed
polarisers)

Fige 38, Granodiorite (P29565) : p = plagioclase j; & - sonidine j q =
quarts ; b - biotite, (ecrossed polarisers),
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The unwelded ignimbrites asscciated with the Ksharoa eruption
are composed of the same "primary” rhyclite pumice, but have in
addition btlocks of ignimbrite, granodiorite and andesite which will

be described separately.

HIGH ALUMINA BASALT (11032, 14035, 11045, 11072.)

The high alumira basalt orupted in 1886 (Pig. 36) is considered
to be aphyric although it contains a few medium siged crystals of
quartz, plagioclase, biotite, augite and olivine, all of which are
regarded as "xenocrysts". The major mineral preseni is plagloclase
(av. comp,. An@) which usually forms small skeletal laths (< 0.2 mm.
long). These ere well showr. in cross section, Olivine is present
in smaller crystals ( < 0.15 sm. mex. dism.), of'ten euhedral and some-
times showing cleavage. Augite and hypersthene form the smellest
identifiable erystals (usually < 0.1 mm.), and with nagnetite probably
maike up most of the groundmass. The xenccrysts are much larger and
normally occur in glomeroporphs. Xencerysts of plagioclase, gquarts
and biotite are also normally broken, Two modal analyses are given
in Teble 7.

Various textures are present in the basalt. In the lava at
the centre of the eruptive fissure the plagioclase laths show weak
orientation, anc the rock is slightly scoriascecus. At the margin,
however, it is compact and the feldspars show strong orientation
parallel to the sides of the fissure. At the edge is a chilled .
econtact and the groundmass has formed a hard black glass. The lava
erupted explui;oly from the fissure is scoriaceous (vesicle space

often > 50%), and this may be oxidised to a bright red-brown colour
w G ~




(11045). Imnediately surrounding the vent the seoria has welded
together and this is scmetimes apparent in thin section, with lepilli

or small bombs in a matrix of crushed basalt.

Effect of Easalt om Rhyolite

The effcct the basalt has had on the rhyclite depends very much
on temperature, and this is largely conirolled by the depth at which
the lava picked up the ineludeé bleek. If it ocourred at or near the
surface, the rhyclite glass retains its puniceous nature, although it
may become somewhat expanded. Crystals are little affected, unless
at the margin of the rhyolite where they become shattered. Mafiec
minerals (particularly biotite) become slightly oxidised. If the
rhyolite is from greater depths in the vent, the chenges become more
marked. Such blocks are normally of Early rhyolite, and the glass
becomes almost completely devitrified to form a mosaic of eristo=
balite and alkali Peldspar, often with small microspherulites ( pdi5 )
Small remnants of glass or spherulite sometimes remain. Any vesicle
spaces usually contein tridymite, more of which is normally found in
reheated bloeks than in unaffected rhyclite. Hafic minerals in these
oascs are normally highly oxidised and magnetite has a selvage of

hematite.

ACCESSORY EJECTA

Two coarser grained rock types have been extrudecd which are
regarded as comagmatic with the rhyolites, and a number of andesites
and 'euerites', which ars considered to be related to the basalt.
One of the former, e hornblende-quarts dacite, is associated with the

Rerewhakaaitu "Ash', and all the remainder occur in unwelded ignim-
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brites asssociated with the Ksharce eruption. Small xenoliths of these

also occcur in the lavas of the Late Domes.

a. Hornblendo-Quarta Dagite (11108, 11109, 11157)

These boulders ocour up to 10 em. in diemeter in the Rerewhakaaltu
'Ash), and resemble the basic inclusions described by other authors (eeges
Lewis, 1960), from the Taupo Volcanie Zome. The dominant mineral is
plagioclase which occurs as euhedral crystals up to 0.75 mm. in length
and is frequently strongly soned. In many cases the centres of the
orystals have boen resorbed and glass and/or small inclusions of mafiec
minerals are present. Fine grained graphic intergrowths of querts and
feldspar surround scme crystals. Quarts also ocours as moderately
large anhedral crystals which of'ten seem to form the nuelel for
glomeroporphyritic clusters of erystals. Somctimes there is evidence

of a: original square cross section.

The mufic minerals are variable. A green hornblende is the
most commor, forming long slender prisms up to 4 mm. in length. Bio~-
tite is ocommon in some xenocrysts (e.g., 11157) but less so in others.
When both hornblende and biotite occur they are commonly intergrown.
Both clinopyroxene and orthopyroxene oceur in small amounts but they
are invariably surrounded by green hornllende (see Fig. 75). lMagnetite

is ubiquitous.

The erystals are in g variable smount of punicecus glass of
ghich the largest amount occurs in 11108. Here vesicles wp to

0.25 mms. COOUT.

b. Blotite Cranodiorite (10918, 10920, P29565)

Boulders up to 25 cms. in9 giametar occur in a post Kaharoa




'gully deposit' imrediately to the south of the mountain (177/964907).
Smaller lapilli also oecur in the 'Ash' and ignimbrites and it is from
these that the debris in the gully is thought to be derived. The
rocks are coarse-grained, with euhedral to subhedral plagioclase
dominant snd some subhedral phenocrysts of sanidine (Fig. 38). Loocally
poorly developed quartz-sanidine intergrowths oceur arcund the edges of
the quartz. The dominant mefic mineral is biotite, and this is found
in lerge flakes usually asscciatec with magnetite and accessory ninerals.
Small amounts of hypersthene and horntlende also ogour, in small
irreguler masses, and in 10920 epidote is associated with biotite.
dinor shearing is very ohamteriitio and results in the displacement
of feldspars, recrystalliszation of quarts, and shattering of bictite
flakes.

¢, Andesite

The sndesites ocour as bouldsrs up to 1C ems. in diameter in the
Kaharoa mﬁmwo and like the grenodiorites, as smaller lapilli in
the 'Ash' itself, They can be distinguished in hand specimen from the
later basalt as the blocks of andesite are coated with a white pumice,
whoreas the baselt coats this seme pumice. Also, green pyroxene
orystals are of'ten visible in the andesites, wheress this is never the
case in the basalt, Modal analyses of the andesites are given in
Table 7. The most comson acdesite found, ané that analysed,” is @
pyroxene andesite which may or may mot contain hornblends in the

groundmass. Two other types have also been found, a sodic andesite

s

L]
It is from the silica content of the analysed specimen that the name
andesite has been given.
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Fig, 39. Pyroxene andesite (11079) : a - augite phemceryst ; laths of
plagioclase, augite and olivine in groundmass, (orossed
polarisers).

Fig, 40. Bytomnite andesite (11083) : p - plagioclase ; a - augite.
(erossed polarisers).

Fig. M. Sedic andesite (11092) : p - plagicelase ; a = augite.
(erossed polarisers).
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and¢ a bytownite andesite.

Pyroxene Andesite (11080, 11082, 11158):= This roek (Fig.39) varies in

texture from aphyric (11158) to porphyritic (11080). The ground-
mass is composed of small laths of plagioclase (labradorite) between
which are small grains of augite, magnetite and sometimes olivine.

The phenocrysts are of augite and olivine (0.51.5 mm. diam.) and are
very similar to those of the coarse grained ankaramite. The augites
are frequently twinned and a few crystals show 'hour-glass' extine-
tion. The olivines, which are normally the larger, are occasionally
surrounded by a rim of pyroxene. Hypersthene occurs in most specimens,
and this is usually surrounded by a: aggregate of augite (see Fig. 76).
In some cases the augite has almost replaced the hypersthene to form a
fine aggregate of the two minerals. This feature has also been

deseribed by Kuno (1950, p.978).

Most of the andesites also contain xenocrysts of plagioclase and
quartz. The plagicclase crystals are up to 3 mm. in length and are
always partly cloudy. This seems to be related to the lime content,
and will be discussed more fully in the section on mineralogy. Quartsz,
when present, is any highly resorbed and surrounded by a rim of

pyroxene (which appears from optical data to be augite).

A variant of this type is the pyroxene~hornblende andesite
(11081, 11099), in which most of the augite of the groundmass is
replaced by small prismatic crystals of hornblende ( 0.05 mm).
Larger crystals of augite and olivine, together with quartz and

plagioclase xenocrysts, still occur and exhibit the same features.
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Bytownite Andesite (11083):= This rook (Fig. 40) resembles the labra-

dorite andesites of Natiomal Park deseribed by Clark (1960§ except for
the ccmposition of the feldspar. The crystals occur in all sises from
Oe1 mus to 1=1.5 mm. in length, anc are usually twinned, having a wide
caleic core and marrow soned margin. The other phencorysts are

augite and olivine similar to those of the pyroxene sndesite. The
augites are twinned and of'ten appear to be replaced Ly siderite. The
groundmass is a dark glass with feldspar microlites and small augite

crystals.

Xenocrysts of quartz, plagioclase and small xencliths of
rhyolite oceur in the rock, and the guarts is of'ten surrounded by a

rin of small pyroxene orystals ( < 0,05 mms.) as in the pyroxene

andesites.

Sodic_Andesite (11092, 11093):~ This rock is most complex in its
minerslogy. The essential part of the lava appeers to be small

feldspar microlites ( < 0,06 mms.), epparently of labradorite ecmpo-
sition, in a fine dark mesostasis. Small crystals of pyroxene may
also be primary. Within this, however, is a wide variety of crystals
similar to those described in the pyroxene andesite. These consist
of olivine (surrounded by reaction rim), augite, hypersthene
(surrcunded by augite), sodic feldspar (oligoclase-andesine with a
cloudy outer gcme), quarts and biotite. (This mineral was not found
1nthepyroupe-mdesitemdhsre is always surrounded by a rim of
magnetite.) In addition, mumercus inclusions of pyroxene andesites
occur (0.5 m2,=20 mm. in diam.), which occasionally have pale horn-

blende necdles developed at their margins (presumably derived from
- 103 -




Fige. 42, Ankaramite (11089) : p - plagioclase ; a - augite ; o - olivine,

(crossed polarisers).
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the pyroxemes). The groundmass varies from cryptoerystalline to glassy.

d) Ankersmite (11069, 11090, 11091)

The dominant mineral in these boulfers i: augite (Fig. 42)
which usually ocours as euhedral-subhedral twinned crystals (max.
41 mm. x 0,5 mm.). Olivine is present in smaller amounts and forms
anhedral orystals, often surrcunded by a thin oxidised nargin. The
plagioclase phenocryst content varies; in 44089 it is scarce, but in
44094 it forms about 20% of the orystal content, mostly poikiliteally
enclosing augite. The ocentres of most erystals are unzoned (anorthite-
bytownite), but around the margin a number of oscillatory sones Bay
ooccur which occasionally reach labradorite in composition. Some of
the plagioclase crystals in 11089 show marked resorption (see Fig. 48)

and ir the resorbed areas groundmass OCCUrS.

The groundmass of these rocks is composed of small feldspar
laths ridded with mimute grains of magnetite, and in 41089 prisms of
green hornblende occurs They surrcund most of the pyroxenes and often

appsar to be developed from them.

e) 'Eucrites’

These rocks are cosrsergreined than the ankaramite, and have a
very caleic plagioclase. They have been called ‘eucrites' by Willianms,
Turner ard Gilbert's definition (1958, p.52) of a gabiro "characterised
by extremely caleic feldspar ~ namely bytowmite or anorthita®, despite
the presence of a small amount of glass or groundmass. This is %o
distinguish them frou the other lavas in which the groundmass forms the
lsrger portion. The mafic mineral content varies considerably (modal

anslyses, Table 7), and probably represents = crystallisation series.
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Pig, 43, Olivine ewerite (11176) : p = plagicclase ; & - auglte ; © -~
olivine, (crossed polarisers).

Pig. Mo DBronsite euorite (11078) : p = plagicclase ; a - augite ;
b = bronsite ; g = groundmass, (erossed polarisers).

Pig. 45, Hyperstheme euerite (11077) i p = plagioclase ; a - augite
h - hypersthene, (crossed polarisers)
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For convenience, two types can be distinguished.

Olivime Buerite (11176):= The three main minerals are augite, olivine
aud plagioclase, as in the ankeramite, but the orystals are larger (max.
size 2 mms.), and subhedral-anhedral (Fig. 43). Augite and olivine
often show evidence of resorption (particularly olivine) and may include
plagioclase. The groundmass is composed of small laths of zoned plagio-
clase (max. size 0.3 mm.) together with small erystals of sugite and

magnetite,

Orthopyroxcne Eucrites (11077, 11078):= In these roeks the percentage
of plagioclese resches a marimum of 638 and hypersthene or Lronzite
occur as important uaﬁc minerals. In 11078 (Lronzite eucrite) augite
and brenzite occur together, and are of'ten partly enclosed in the
feldsper (Fig. 44)e The bronsite usually encloses small anhedral
erystels of olivine indicating perhaps some genetic relationship.
Plagioclase is the most importent mineral in 11077 (hypersthene cucrite)
end olivine is absent; the plagioclese showing resorption and the
outer gone (often full of inclusions) much more sodic than the centre
(Fig. &45)e Hypersthene is often intergrown with the feldspar, and in
somc cases appears to form large corystals. The groundmass in both
11077 a2d 11078 is composed of small laths of feldspar probably more
sodie than the phenocrysts together with small ascicular crystals of
horndlende. This is varislitie structure (Hateh, Wells and Wells,
1949, p.301) and is apparently the basic equivalent of spherulitie
development in uscid rocks. Ifornblende alsc oscurs around the margins

of pyrcxenes, &8 in the ankaramites.
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Fig. L6,

Ignimbrite

(11056) showing Y-shaped shards, (ordinary
light).,
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ACCIDENTAL EJECTA
a) Ignimbrite

A pusber of small blocks (max. diam. 5 oms.) of ignimbrite have
been found in the 'gully infill' deposit acd, like the accessory ejocta,
are probably derived from the Xaharoa deposits. Three broad types can

be recognised:

(1) 11056, 11084, 11085, 11094. These have & moderate crysial content,
of which plagioclase (andesins) is the dominant mineral. They are of
medium size (max. 2 mm.) and are frequently resorbed arcund the edge.
Some contain inclusions of apatite or sirecon and magneiite. Hany also
show a margin of apparently later erystellisatlon which is in optical
continuity with the crystal, but is more sodic (Ve = 60°), Quarts
is modcrately ccmzon and usually resorbed. o mafic ninerals are
present, but diffuse iron-rich arces oould wall represent their remains.
The glass has good vitroclastic texture (Fig. 46) and is not devitrified.
The sherds are characteristically Y-shaped, and although they appear to
show little flattening, small sreas of porous matorial (<2 mss.) are

present. These presumsbly represent pumice lapilli.

(i1) 19424, 11425, 11130, This sceond type has & higher total cxystal
content and larger crystals (max. diam. plagioclase & mns. ), particularly
of resorbed guarts, are developed (some > 5 mms.). Nost orystals are
broken, and many smell fragments occur tarcughout the glass. Biotite
occurs as smell, usually broken, flskes. The glass is devitrified and
only in 41130 can shards be distinguished. Large pumice lenticles

(540 mms. max. diam.) arc common snd thesc are now spherulitic.

(1ii) 11106, The third type is similar to (1) exceopt it is completely

devitrified. Shards can be disfdgguishec and these indicate that




1ittle flattening has occurred., A fine grained inclusion present
could represent cooked up sediment as no pusice can be distinguished
within it, Fragments of spherulites alsc ceour (perhaps from earlier
rhyolites).

In addition to the ignimbrites, blooks of tuff ocour (11057,
11111, 11412). These usually show no true vitroclastic texture but
are full of szall pumice, quarts and feldspar fragments (all < 0.5 mns. )e
Specimen 44C57 is full of broken shards, but in this rock ne cﬁotah

are present.

b) (2) Arkose

one (7) arkose xenclith §1107)was found in the Ksharos unwelded
ignimbrite. This has a sugsry appearsnce in hand specimen with a
bakeé margin. In thin section ths major constituent is quarts, which
forms large interlocking grains. [umorous cracks cross the mineral
and these are often filled with glass, socondary quarts and feldspars
An aggregate of anhedral quarts and feldspar (< 0.25 mms.) is present
between soms grains. The latter shows albite twinning and is of
lebradorite composition. In one plece there is a fibrous mass of
erystals thought to be sillimanite, and if so the rock would compare
with those deseribed by Lewis (1960, p.80) from the dacites at Tauhara.

¢) Zjecta from Green Laks Crater
Blocks up to 2 metres in dlameter were thrown from Groen Lake
(Explosion) Crater during the cruption in 4886, These consisi of
various types of ignimbrite and rhyclite, often lreccisted, which for
the purpose of the present siudy cen be divided into:
Hypersthene~hornblende Ignisbrite (7 Rangitikei Ignimbrite)

Biotite Ignimbrite 1(9)& lentieulite bands)




Devitrified Rhyolite.

Of particular note is the ccourrence of caloite in certain rooks.
It appears to replace some of the mafic minerals, slthough in one case
(14126) it ocours in very small veins throughout the rock. The origin
of this mineral is unknown, but could possibly be hydrothermal. In
11172 o breccia ccntaining fragments of pumice, spherulitic rhyclite
and many crystals of quartz anéd feldspar is cemented by an iron rich
matrix, This is full of small grains (< 0.1 mm,) of carbonate, which
further sugpgests an "invasion" by hydrothermal solutions,
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Figse 47 = 49,

Camera lucida drawings of phenocrysts showing resorption,
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Figs 47.

Quartz phenocryst from
11073 with preferential
resorption along

circular cracks,

Fig, 48,

Plagioclase phenocryst
from 11144.

Fig, 49.

Biotite cleavage plates
from 11031,




Fig. 50, Highly resorbed quartz crystal from the pyroxene andesite
(11080) surrounded by a rim of granular augite (crossed

polarisers),
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HINERALOGY
SILICA MINERALS

Three silica minerals; quarts, cristobalite and trigymite occur
in the rooks of the Tarawera Complex. Quartz is the most common type
and the only one forming suhedral phenocrysts. Cristobalite 1s an
important constituent of sphorulites and tridymite occurs in many of
the rhyolites, perticulerly where reheating has ocourred.

Quarts
thsmmmmthemmdmcm,dwnh

doubtful whethor it is of prinmary origin in the sndesites snd basalt,

In the rhyolites, quertsz phencorysts vary from < 0.5% of the
total rock in scme of the lave fiows to > 10% in some of the lLate
domes., The size varies correspondingly, some of the largest cccurring
in Rotomshana Dowe (< 5 mm.). The phenccrysts are usually euhedral to
subhedral and are square or hexagonal in oross section. They often
contain crasks which may be circular, ané ccntinue into the glass &s
normal perlitic cracking. Froguently embaymenis ogcur in the orystals
which usually comsence along oracks (Pige 47) and are considered to be

a result of resorpiion.

Quarts crystals are present in very minor amounis in the high
alumina basalt and slightly more in the andesites. The erystals
resemble those of the rhyclites in their shape and resorptiom, and in
every casc they are surrounded by @ reaction rim of pyroxene (probadly
augite) with what appears to be dark glass between the two minerals
(Fige 50)e
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Fige 51« Cristobalite in a vesicle within the pyroxene anderite
(11158) showing ‘reofing structure’ (erdinary light)

Fig, 52, Same mineral under crossed polarisers,

Pig. 53, Tridymite crystals in o vesicle within rhyolite (11069).
Crystal on right shows pseudo-hexagonal twin (ordinary
light),
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Fig., 51,
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The quarts of the "cognate® hornblende — quartsz dacite, ccours as
subhedral grains often intergrown with feldspar and hornblende or
biotite. In eech case it eppears to £ill interstices between the
other crystals. In the grancdiorites it strongly rescmbles the pheno-
orysts of the rhyolites. Thoy are large,subhedral to euhedral, and
have the typical embayments. In some crystals these appear to be
developed parellel to the hexagonal faces of the quarts (Bwart and
Cole, in press. Pig. 6).

Cristobalite

Cristobalite is foumd 4n spherulites within the rhyolite dome
lavas and ss these features are very common it is an important cccurrence.
It is diffioult to recognise the mineral optically, but an X-ray diffraoc~
tion pattern confirmed cne spherulite to be oristobalite and sanidine.
The mineral is also found in vasicles in a vesicular andesite (11158),
where it shows typical twinning end 'roofing’ structure (Figs. 51 and
52); undinwxvu-dl-otmuin.m specimens of the high alumina
basalt.

Iridymite

oridymite is found lining vesicles in spherulitic rhyolite samples
from near the centres of the domes. The small orystals cccur as clear
euhedral prisms which frequently show wedge-shaped twinning. The
refractive index (measured from & crystal in 11069) is 1.478. When a
riyolite has been reheated By inclusion in tho basalt, tridymite is
more sbundant and forms wedge-shaped crystals 0.5 mm. long (Fig. 53)e
In 11086 tho orystals often completely fill the cavities in which they

occur.
- 116 -




FLAGIOCLASE

Plagioslase is present in &ll the rocks of the Tarawera Complex,
and in the rhiyolite it is ncarly always tho most abundant phenocryst
mineral. Only one example, an obsidian from the Xaharoa "Ash' (14030)
was found to have a higher percentage of querts than plagioclase. 1In
the high slumina basali and pyroxene andesites the groundmass, plagio-
clase accounts for neerly 208 of the total rock, aud in the bytownite
andesite, phonoerystio plagioclase forms 17 of the rook.

The sise of the phenoerysts in the rigolites vary considerably
(< 0.5 mo~5 ma,), both betwsen different domes end in some cases within
the seme domc. Io gencral, however, rooks with a high total crystal
content have larger feldspars than rocks with a small crystal countent.
Cften glomeroporphyritic clusters are forwed (mgx. dlem. 8 mm.). Perro-
magnesian ninerals are somotimes presert in these clusters.

The phencerysts are euhbedralesubhedrsl, but,as they are prone to
shattering, ia many cases only part of a orystel may vemain. Inclusions
arc comuon, both of earlier formed minerals (e.g., biotite, hornblende,
hypersthene and magnetite) smd glass. The latter is probably linked
with the scmmon yrescrption of the mineral (Fig. 48). Zoning and
twinning are ubiquitous. The latter nsy be of elbite, combined
carlsbad-albite or pericline-altite type. In the rhyclites of Green
Lake "lug and in the Rerowhakssitu 'Ask® sz2ll microlites of feldspar
occur in the glasses, and these, from Xe-ray determinctions, appear to
be plagioclassc.

The plagioclase in the groundsess of the basalt and the pyroxene-
andesite occur as smell laths ({{0x5 mu. ), showing carlsbad or albite




Spec No.

11038 (1P)

11137 (2P)

11097 (3P)

11129 (4P)

11122 (5P)

11105

11144

11061/7 (6P)

11170 (7P)

11171 (8P)

11198 (10P)

P29565%(11P)

Ha, 0

4.8

6.04

6.12

5.24

4,62

5.34

6.24

9.2

K0

0.36

0.40

0.40

0.58

0.60

0.42

J.54

0.36

Ced

3.88

6.41

7.56

5.74

3.25

u.ud

6447

7.07

8.88

3.8

Composition

Or; 18045 4804 5

0r, AP0 14837 3
Or

2.48056 38849 3

Or, ¢APsg sARay 4

Oty 7Ab¢. 78027 6

Ory oAPgg ¢hlos o
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"2.74%0.5883¢ 5
Ory ,Abgy 4404 o
0

T2.0805q ah84¢ o

Org albys o808 -

v (+2°)
margin - core

63 - 83°
85 - 98°
70 - 104°
70 - 86°
64 - 70°
68 - 36°
g6 - 101°
62 - 72°
70 - 82°
8)72 - 120%
b)34 - 93°
80 - 102°
59 - 79°

FoI. (+0.002)

i

B
(>3
B

max

-

L e o Xooe o= R
EORETER
5 ®os R B

-

R = R
5
5

kE

~n

= R =
B
=]

3
&

1.538
d.muw

1.544
1.561

14543
1.563

1.543
1.559

1.552

1.540
1.557

1.543
1.563

1.536
1.552

1.542
1.555

1.543
1.562

1.543
1.563

1.536
1.550

A
gy = Abgy
»cwm - »bnm
>
-uwo - bu»w
An,¢ - Aoy
Aoy, - Anyy
bmuo - bbmu
fa, - Aag,
»uwm - bmuq
Angy - Angy
»nuo - >bmu
A4 = Ay

+ The two readings are from the two different pumice types in the Ferewhekeaitu 'Ash!

* Humber in collection of the d.Z. Geological Survey, Lower Hutt.



TASLE 40 = GPTICAL DATA ON PLAGIOCLASS FELDSPARS FRUM THE

BASIC ROCKS 3
L]
spee. No. v (e27) R.I. Approx. Comp. Range
margin-gore (#0.002) (nargin-sore)
11079 K, 1a560
— m u .
(groundmass ) - et 62"“7\,
1079 °_g1° o . 1.538
(xenocryst) 67 -8k et po Angg=Anag
w -
11091 1030..3’0 ! oin 1.562 An“-m”
¥ o 14583
11078 Bu2(7)-81° o 1.570 MnggrAng,
¥ e 12588
11077 95°-81° o 1567 A gmhn
¥ g 1055
11063 91°-80° oL 1.565 A -
¥ e 14585

- 119 -




Fige Skhe

Camers Lueide drawings of plagicclase phencerysts showing different
trpes of zoming (approximate ccmpesitions in % Anorthite).

A ) Oscillatory soning in phenoeryst frum 11105,
B ) Zoning with a break in composition {11071).

¢ ) Zoming with & breal: in campositiom, and a patehy
core caused by the presence of plagioclase of two
compositions and inolusions of glass (11454).
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Fige 55.

Camera lucida drawings otphs:lcohsephmocmtsmm
types of soning (approximate compositions in % Anorthite).

A ) HNomal zoning in nhenoeryst frem 11108,

B ) Phenocryst from 11099 with sodic core, caleie
mergin and cloudy zone betwéen,

¢ ) Phenooryst from 11097 with eseillatory sened core
and patchy, resorbed margin,
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twins. They also freguently form glomerqporphyritic clusters with
the ferromagnesian minerals. In the andesites larger crystals occur
and in the pyroxene andesites thoss arc suhedrsl-subbedral, and are
partly cloudy. In the ‘cucrites' they ere subhedral-anhedral, and
ususlly less strongly zoned.

The average compositions of tem plagioclsses are shown in
Tablie 9, together with the range of ccmposition determined by measur-
ing refractive indices. Optic amngle measurements show the mineral
to have a high temperature minerslogy (Deer, Howie and Zussman, 1963,
p.134) and this is consistent with the results of Ewart (1963, 1965)
who has mede X-ray detemminations of plagioclases from other acid

rocks in the Taupc Voloanic Zons.

The phenocrysts of the rhyoclites ar: andesine-cligo-liase in
composition, although the core of soveral orystals are: as calcic as
labradorite. The composition of orystals in the basic rocks is highly
varisble. Those in the basslt and in the groundmass of the pyroxene
andesite appear to be latraderite (¥ mex. 14579, speecimsn 11072), end
those in the eucitesrange from ancrihite-iytownite (Table 10). The
larger crystals in the pyroxene andssites are shown to have a raage
or ecmposition from btytowaite to oligoolass, but in lact the cores are
oligoclase anc the rims Lytownitc, with a distinot break betwsen the

two compositions.

Zoning
Most of the types of zcning described by Homma (1936) and

Larsen (1938) cen be found in the Tarewers rocks. and scme of these

are shown in Figs. 54 and 55. The most common type in the rhyolites
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is oseillatory soning (Fig. 54A), which may show breaks between some
of the sones (Fig. 548). Many of the larger phenccrysts have a patchy
core in which there is an intimate mixture of plagioclase of two compo=
sitions (Fig. 54C) and in the Western and Southern Domes the 'patehy’
feature may occur at the margin accompanied by extensive resorption
(Pig. 55C)s Only one example of reverscd scning is lmown to have
ooocurred in the rhyclites. This is in Crater Dome and has a core of

approximately Anze separated from a margin of Anw by e distinct break.

In the more basic recks the groundmass feldspars usually show
normaly ealeicesodic soning (Fig. 554), but the larger phenocrysts may
show one of two types. In the pyroxene andesite they have sodic cores
separated from hichly caleic rims by a cloudy intermediate sone (Fig.
55B). This intermediate sone appears to be a mizture of the tweo
types, probably with minute inclusions of groundmass. In extreme cases
the whole of the core has this cloudy appearance. In the 'eucrites'
the cores are highly calcic (Angz_%) and these are surrounded by a
thin margin of osecillatory or normal zoned plagioclase.

The petrogenetic implications of the type of scnes present will

be discussed in the section on crystallisation history.

SANIDINE
Sanidine is present only in the granodiorite blocks froam the

Faharoa 'Ash'. It occours as distinot subhedral orystals, and as inter-
stitial material between quartsz and plagioclasec. It frequently
contains dust-like glassy inclusions which give it a cloudy appecarance

in ordinary light.

The compusition and optical propertics (from Fwart and Cole, in
- 12% =




TABLE 11

Spec. No.

P29565%

10922

zmwo

SRFEeM, LATA ON SANIUINE FROM THE GRANODIORITE

K0 Ccad Composition (201101 coup. from 2v
(from partial Querts X-ray (+27)
analyses)

¢ (¢]

8.6 0.4 onma.@bwpu.o>nm.d Aw.wwv owmo 2 - 30

: (or,)
6
n - - Au.auv 7y 23 - 33°
1.3 \
* §

unber in collection of the N.:. Geological Survey, Lower datt.

(+) X-ray determinctions by Dr. A. Fwori. (Eubeidiary phese shown in brackets)

Re1,
(#0.002)

1.519
1.525

1.520
1.525




press) of twe specimens arc given in Table 11, and these show the
mineral to belong to the sanidinec-cryptoperthite series (Tuttle, 1952).
Xeray powder data show a very strong perthitic development, the sodic
phase being almost pure albite.

BIOTITE

Biotite is an important mafic mineral in most of the domes end
tephra which have a high crystal content, and also occurs in the granc-
dlorite xenoliths., Of the Early Domes it is only prosent in the
Rotomahane Dome, where it forms up to 3% of the total roek. In the
Late Domes it is the most important mafic mineral, usually forming
1=2,5% of the total roeck, and cccurring in pseudohexagonal plates
0,5=2 mms, in dismeter, They are euhedral but frequently show
embayments (Fiz. 49) and sometimes these are filled by querts or
plagioclase feldspar. (ften the biotite includes accessory minerals
such as apatite and zireon, and in a few cases it forms intergrowths
with other mafic minerals. The most common of these is hornblende

('00 m. 7#).

Two types of biotite can be distinguished on optical properties
(Table 12):

Type At The main type found at the margins of the domes and in tephra
It is & *normal' biotite which has a moderate refractive index (¥ =
1.656=1.667), high dispersion, and a 2V which varies from 16°=35°
moasured by the method of Tobi (1956)s It is markedly pleochroic;

X, pale yellow-light brown; Y, derk brown; Z, dark browm-opaque

(X< Y< 2). The estimated Fe content of the type is 65-78% (by

method of Gower, 1957). 105 -




TALLE 92 - OPTICAL AND X-BAY PRUPERTIES OF THE BIUTITES

3pec.
Ho.

11128

11038
11076

14071

1477
11178
11122
11061/7
11171

P29565

Location

Rotomahana Dome

Ruawahia Dome

Waehanga Dome
(core)

Wahanga Dome
(margin)

Tarawera Dome
Crater Dome
Green Lake Flug
Kaharoa 'Ash'

Herewhakaaitu
!”ht

Granodiorite
cognate xenolith

R.I. (#2°)

3) X -1 .666
b) Y =1.723

¥ =1.658
¥ -1.722
¥ =1.662
y=1.722
Y=1.665
§=1.742
¥ ~1.662
§=1.662
to 1.667

X"1 0650
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Iobs (005)

1.165

1.320
0.460

1.270

1.250

Fe % (25¢)

78%
16%

75%

Thé




Type B: This type has a very high refractive index (Y = 1.722-1.742),
and is red brown in eolour, The pleochroic scheme is X, psle reddish
green; Y, red brown; 32, dark red btrown. (X< Y <Z). 2V is highly
variable, a nusber of plates giving a 2V of > 50°. It has been
recorded in the mare basic rocks from the San Juan volcanic roecks,
Coloradc (Larsen et al., 1937, p.901) and Deer, Howie and Zussman
(1963, p«70) note that "among the very fow bLiotites which have refrace
tive indices cutside the ranges indicated above (Y = 1.,605-1.695) are
those with an extremely high content of h" which have Y and 8 as
high as 1.73 and 0,08 respectively, such minerals are sometimes called
ferrian biotites®. In the rhyoclites at Tarawera ferrian biotite
ogours in the centres of domes, and in the centre of Tarawera Dome;

it is associated with basaltic hornblende. Winchell (1961, p.376)
records that heating biotite to 1000°C raises the refractive index to

1.71 and the observed 2E to 38.4.

HCRNELENDE

Hornblende is present in most of the rhyclites, although in
many cases it accounts for < 0.,1%. In the andesites it is present in
the groundmass particularly surrounding sugite orystals, and in 11093
in the reaction rim surrounding an included xenolith. In the horn-

blende-quarts dacite it forms the major mafic mineral (max. 10%).

Four different types of hornblende can be distinguished and the

optical properties of these are listed in Table 13.

Iype A. "Pale Horablende"

This mineral may casily be mistaken at first for hypersthene,

but it can be distinguished by 1%:_? higher extinction angle. It




TABLE 43 = OPTICAL FROPERTIES OF THE HORNDLLENDES
TYPE 'A* ‘Pale’ Hornblende

X Colourless
Y Pale Fawn
Z Light bromn
Speec. lo. Y*€
*1°
11038 17°

IE e Green Hornblende

X Straw yellow

Y (live green

Z Dark green
11108 13°
11470 13°
11171 15°

TYPE ‘C* Brown Hornblende

X Yellow

Y Green browm

Z Dark brown
11145 10°

X< Y=23

R.I.
24,002

< 44656
¥ 14673

X< Y<Z

X 4,662
Y 1.683

¥ 1.678
¥ 1.680

i< Y<Ka

<L 14667
¥ 1.693

TYPE 'D* 'Baseltic’ Hormblende

X1 Pale yellow

Y Reddish brown

Z Dark red/Opaque
11097 &°
11429 0°
11105 0°-2°

X<Y< Z
=< 4,669
¥ 1.730
¥ 1.742
Y 1.738
= 198 =

2 Ve
22°

1L




Pigae 5c = 53,

Comern Iueids drewinge of phenceryste from rhyclites,
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Green Hornblende

Fig, 56.

Green hornblende separated
by a break from pale horn-

blende (11156).

Fig. 57.

Oxyhornblende (= basaltic
hornblende) with opacite

rim (11098).,

Fig. 58-

Typical hypersthene pheno-

cryst with inclusions of

epatite and magnetite
(11115).

Fig. 59.

Hypersthene phenocryst
with opacite rim (11151).




occurs within the Tarawera Complex in small quantities in Ruawahia
and Wahanga Domes (< 0.1%) and is present in one crystal from the
Rerewhakasaitu 'Ash'., In all cases the orystals are snall, Ewart

- (pers. comn.) has found a similar mineral in the rhyclites of the
Harcharc Complex and hes shown by analysis that it is cummingtonite.
The Tarawera samples have a megative sign, however, and further work
would be necessary to decide whether the two minersls are different,
or if the optioc sign is variable in volecanic cummingtonites. The
latter could be the case, as only two other examples of the mineral
are known to the writer in voleanic roeks. These are from e dacite
tuff, and from the Hakone Voloano, Japan, both deseribed by Funo

(1938, 1950).

Type B. "Creen Hornblende"
Green or common hornblende is present in the hornblende -quarts

daeite, and in some of the rhyclite domes and tephra. 1In the
andesite it usually forms prismatio crystals with a long axis up to
2 mms. in length, and in the more quarts rich examples, it is of'ten

intergrown with biotite.

In 14156, from the Rerewhakaaitu 'Ash’, the crystals show
goning, ard in one crystal the core is apparently pale hornblende
(type A) end the margin green hornblende (Fig. 56); the two minerals
separated by a break. This increase in iron towards the margin is
comparable with the szoning deseribed by Zuno (1950, p.980) from

dacites of Hakone volcano.

Type C. "Brown Hornblende"

Brown hornblende is found in the Southern Dome anéd Flow, where
- 130 -
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the crystals are usually small (< 1 mm.) and frequently intergrown
with plagioclase and hypersthene. Large orystals of this type ocour
at the margin of Rotcmahana Dome and are particularly well developed

in 11127, where one crystel is over 2 mms. in length.

ZIype D. "Basaltic Hornblends"

This type is found in the rhyoclites of Western, Tarswera and
Rotomahana Domes. I[n all cases the enclosing rocks are spherulitie,
and in Tarawera Dome it can be clearly demonstrated that the type
oocurs only in the centre of the dome. In Rotomahans Dome the
relationship between basaltic hornblende and brown hornblends is
complex, and one iype may occur in one outerop, while the other

occurs at the next,

The refractive index of the mineral is very difficult to

measure, and the optic amgle even more diffioult, because of the
deep cclour and strong dispersion. 2V is, however, in all cases

very high (80°-90°2).

Crystals of this type are often surrounded by an opacite rim
(Pig. 57) and in a fow cases show evidence of resorption and subse-

quent alteration (p.163).

RTHOPYROXEHES

Hypersthene ocours in most of the rhyolites, but is usually
present only in small quantities (< 1% of the total rock). In
most of the Barly Domes (exeluding Western sné Rotomahana Dome) and
in the VWaiohau 'Ash' it forms the major mineral, accompanied by small
amounts of hornmblende. In the Late Domes it is rare and, where

present, may be a result of assimilation of accidental fragments of
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TABLE 44 = OPTICAL FROPERTIES OF [HE HYPERSTHENES

o

'Hypersthene’ irn rhyolite

A Pale pinikish brown
I Pale pinkish yellow

Z Pale green

Spec. llo. Rele
(20.002)
111357 o i 12702
b’m 1,720
¥ pox 14712
11145 ogm 1.700
ok 1.718
11118 X' 1.746
11405 ¥ 1.726

'Hypersthene' in Euerite

‘6.“ 1.716
'trongite' in Euecrite

X Pinkish browm
Y Psle yellow

Z Pale green

11078 g ats 1.683

\(m 1.697

=32 <X

2v
(229

530_0-. 560
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the earlicr domes.

In the more basic rocks hypersthene is present in the horn-
blende-quartz dacite and pyroxene andesites,and in the eucrites both
hypersthene and bronszite occur,

The optical properties of the hypersthenes and bronzite are

described separately below and in Table 1k

Iypersthene

In the rhyclite,hypersthene forms suall cuhedral to subhedral
erystals (< 0.5 mms.) which may be cracked, but rarely show resorption.
They usually have numercus inclusions of magnetite and some also
eontain apatite (Fig. 58). In the centres of the domes they are
surrounded by a rim of cpecite (Fig. 59) but there does not appear to
be any difference in composition between these orystals and those

without the rim, as found by Lewis (1960, p.45).

The hypersthene in the hypersthens euerite (11077) is similar
in optical properties to that in the rhyolite, except that 2V is
higher (ses Table 14). The orystals, however, are more anhedral and
resemble those of the bronszite, to which they are probably genetically

related.

Drongite

This ocours as subhedral to anhcdral crystals in sample 11078
(bronzite eucrite). The erystals ars large and usually contain small
inclusions ofalivine (see Fig. 4&4). Augite and plagicclase mey also
be partly enclosed by the mineral.
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CLINOPYROXERES
The only clinopyroxene present in the Tarawera rocks is augite,
which forms the dominant mafic mineral in the enkeramite, eucrites ,

basalt, and in the andesites.

In the ankaramite sné eucrites , euhedral to subhedral
erystals (max. diasm. < {1 @m.) are very pale green and non-pleochroic.
They are sometimes enclosed poikilitically in feldspar. Twinning is
common and is often multiple, parallel to 100. The composition based
on optieal properties shows scme variation in relative Fe and Mg
content, but calcium is more or less constant. (ptics arc as follows:

B 1.691-1.701 (20.002), 2v 53° (£2°), z"C 41 (21)°.
Average estimated composition (af'ter Hess 1949) C'M-hﬁﬂ‘}'l'

Many of the phenoorysts are rimmed by prismatic orystals of
pleoghroic green hornblende which appears to be orientated in the

same crystallographic direction as the main erystal.

In the andesites the phenocerysts cocur with the same optic
properties as those of the ankaramite, and are considered to be
comagmatic. There ars also smaller crystals (< 0.3 mam.) of clino-
pyroxens in the groundmess, scme of which rim the olivine and quarts

'xencerysts' in the rock.

In the basalt a few 'phenocrysts' of augite and some glomero-
porphyric aggregates of augite and feldspar occur. DBoth are the
same as found in the andesites and are presumably derived from them.
Minute orystals of elinopyroxene (< 0.1 mm.), probably augite, occur

in the groundmass, but no interference figure could be obtained.
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GLIVINE

Forsteritic clivine ocours as euhedral to subhecral erystals in
the ankaramite blocks of the Zaharoa 'Ash'. It is clear and can be
distinguished fruvm the accompanying augite by the general lack of
cleavage and twinning. A thin oxidation rim often occurs around the
margin., In the andesites olivine has the same optical propertiecs as
in the ankaramites, but the crystals are usually anhedral. They are
sometimes surrounded by a rim of pyroxens and megnetite similar to
that found around the quarts. In the olivine eucrite the mineral is
large, and sometimes resorbed, but in the btronzite euorite it ccours

only as inclusions in the orthopyroXene.

In the Tarawers basalt crystals are very small (< 0.2 mm.) and
frequently have 'hollows' at either ond of the long axis, This
featurs was also found by Zumo (1950, p.970) in the Hekone Voleeno,
and he illustrates e complete gradation between these crystals and
normal olivine erystals, suggesting the crystals to be the first stage
in the growth of the olivine.

ACCESSCRY MINERALS
Magnotite

Hagnetite is ubiquitous in all the rocks of the Tarawera Complex.
In the rhyolite and granodiorites it forms small euhedral to subhedral
orystals (<1 mn.) and ivelusions (0.4-0.3 mm.) in many mafic minerals.
At the margins of the domes it is steel-grey in refleoted light, but
towards the centres of the domes it is cxidised, and develops a red
lustre., In rocks where hydrothermal alteration hes ccocurred, leuco-
xene is often present. This is distinguishod by its white colour in

refleoted light, and probably indisagéc thet the original magnetite
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had a moderately high noz content,

Iin the more basic rocks magnetite forms a high percentage of the
groundmass. In the basalt it forms minute (< 0.05 mm.) anhedral
crystals in the glass and in the andesite it is usually slightly larger
(< 0.1 mm.) and of'ten evhedral with a square cross scotion.

Apatite
Apatite is a rare accesscry in a few of the rhyclites, and

cccurs as small prismatic orystals, usually enclosed in biotite. In

cne erystal the centre appears to be hollow.

Zircon
This is common as inclusions ir biotite erystals, where it

normally forms small prismatic crystals (< 0.1 mm.), particularly
when the biotite is in an aggregate with other minerals. A few
examples show woll developed gemiculate twimning (e.ge, 11064).

Epidote
An iron rich epidote is present in one of the granodiorite

blocks examined (10920). It occours in small orystals (max. 0.5 mm.),
which are plecchroiec from pale yellow to yellow green, and are closely
associated with biotite (Ewart and Cole, in press).

Carbonates
Caleite occurs in the matrix of a breccia from Creen Lake

Crater. It forms small smhedral orystals surrounded by hematite
and is probably from a hydrothermal scurce.

In another rock from the same location siderite is present.

This forms large euhedral to numwgral erystals which were probably
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originally pyroxene. It also occurs in some rocks as spherulites
with alternating bands riech and poor in iron. The souree of the

siderite is, like the caleite, probably hyérothernal.
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Fige 60, Simple spherulite developed in rhyolite (11179) showing
several concentric bends (ordinary light).

Fig. 61. Composite spherulite in 11120, formed by cocalescing of many
spherulites along o fracture plane (ordinary light).

- 138 -




- 1383 -



S LITES AND oG D

The tern 'spherulite’ has been defined by Holmes (1928, p.ﬂ_b)
as” radiating and often concentrically arranged aggregation of one
or more minerels, in outward form approximating to a spheroid, amd
due to the radial growth of prismatic or acicular orystals in a
vimmawdﬂmmc.mmmum'.
Brysn (1940, p.41) points cut, however, that difficulty may be met
mumm.strutmmmmwmmmmuﬁ
lphomntumnotdcmthythow&hmwﬂumﬁn
demands. Such bodies, he suggests, should be called "spheruloids®.
Sphmlimmdmumhhdapmuummmm
extrusives, and in the Tarawera complex three fypes can be identified.

1. Spherulites (sensu strieto).

2. Granophyric groups.

3. Hicro-spherulites.

mwummmdwamwu,mm
a different period in the history of the lava.

Spherulites (sensu stricto)

The form and structure of the true spherulite has been des-
cribed by Bryan (1940) and he divides them into simple end composite
structures. Both types may be found in the rhyolites snd cbsidian
at Tarewera (Figs. 60 and 61).

The composition of the spherulites was the subject of much
discussion at the end of the last century. Harker (1909, p.275)
suggested that they were entirely feldspar fibres. Others sald they
were both feldsper end quarts. It was not until Hurlbut (1936) did

mxwmsinmtmmm:mmﬂmduhwu
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and perthitic feldspar or sanidine, snd an X-ray analysis of &
spherulite from Terawera conforms with this interpretation. Their
origin was considered by Harker (1909) to be "a result of rapid
crystallisation in a highly supersaturated solution", but he notes
that in glassy rock;flow lines seen to pass uninterrupted through
the spherulites. This suggests that they developed when the lava
had ecased moving and this is supported in the Tarawera rocks as
perlitic orecks frequently pass tm-mgh the spherulites. Marshall
(1961, p.1513) has caloulated that devitrification of glass at low
temperatures (< 20°C) is no more than 45u in 100 a.yrs. end hence
spherulite development must teke place before cooling is complete.
Vater is probably a critical factor as Narshall has found that
devitrification in the presence of water requires only a short time
et temperatures of no more than 300°C. Thus it seems likely that
most spherulites form during the final stages of cooling of a
rhyolite dome.

In volcanic domes the sise of spherulites increeses towards
the centre, where cooling is presumably slower. The 'trapped’
water content inside the dome would presumably lower the viscosity,
also aiding spherulits development. It appears that s seed must be
pramt.mdinmmtruofthoduuuhmdlysmn.
Often the spherulite develeps from a number of points on the 'seed’
ané an elongate or oomposite spherulite forms. Crowth sust be
irregular as evident from the many concentric zomes within some
erystals (Pig. 60). Eydrothermal diffusion may play an important
role in this feature.

In the obsidian lava ﬂovz development is less uniform, and
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Pig, 62. Cranophyric group of Type A. Single mierolite of feldspar
ﬁuwhhhquartsamlfeldsparrmammmm
(eressed polarisers),

Fig. 63, GCranophyrie group of Type B. Two granophyric groups of type
A intergroemn (cressed polarisers).

Fig, 6k, Granophyrie group of Type C, Individual fibres radiate frem
a centre (cressed polarisers).
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simple forms predominate. A eritical factor seems to be strain,

as spherulites frequently occur along cracks developed parallel to
the flow banding (Fig. 61), and even simple spherulites tend to
develop where the flow banding is most contorted. This fsature nay
glso play an important part in the centres of domes, as bands of
spherulites are of'ten found parallel to the sircular joint planes.
The reason for this is probably that such breaks in the glass act as
‘seods' in the same way as phenoorysts, and permit the start of
growth of the spherulites.

Granophyris Groups

These are found in pumicecus rhyclite at the outer margin of
some of the earlier domes and in some of the earlier tephra. They
are gemerally small (<4 mm. in diam.) end three differeant types can
be distinguished:

1. The base of the group is a single erystal of feldspar
(thought from refractive index end aspproximate optic axis measurements
tc be anorthoclase). Within this, small inclusions of guartz ocour
which produce the grenmophyric intergrowths (Fig. 62).

2. This type is formed by two or more of the first type
intergrom tc produce the granophyric groups described by Iddings
(1888). The grenophyric intergrowth is less distinot than the first
type, but can still be identified (Fig. 63).

3.Inthoth1rdmoindividudﬁh‘lraﬂ.hm.m
in the same way as a spherulite. Each fibre is distinet, but a

granophyric intergrowth of type 1 cemnot be recognised (Fig. 64).

The origin of these grouns is regarded by Teall (1888) to be

dus to orystallization at sutectic oconditions, but, as Harker (1909)
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Pig. 65, lierospherulites in 11033 from a blosk of rhyclite reheated
during the 1886 eruption, Scme 'spherules' show a 'pseudo-
isogyre' effeet (creossed polarisers),

Fig, 66, Enlarged photograph of microspherulites frem same rook
(11033) showing 'peudo-isogyre’ effect (cressed polarisers),
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Pig. 67.

ligrospherulites:
A ) Normal NS / EV extinction oross.
B ) Rotation through 45° to give "pseudo-isogyres',

C ) Small miereolite with strauight extinetion in

centre of micrespherulite, providing pessible
explanation for feasture B,

D ) Section cut through the basal section of microlite
« the extinction cross will not '"break up' on
rotation,
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points out, a spherulite does not crystallise at one point of time but
grows over & period of time from a centre outwards., Iddings (1888,
p.276) regards the spherulites as having "orystalliged before the
lava came to reat", end this is supported in 11134 by the small
erystallites of the groundmass, which flow around the groups, Hormal
spherulites are alsc sometimes developed around them.

The reason for the granophyric groups' presence in the outer
gones of the older domes and tephra only is more difficult to
interpret. Many suthors, including Ewart and Cole (in press), have
suggested a correlation between graphic intergrowths and a high
volatile content, and this may be a controlling factor in the
formation of granophyric groups. It would be consistent with their
occurrence only in the pumiceous rhyclite, and the presence of
snorthoclase rather than plagioclase in the orystals (see Ewart and
Cole, in press). The complete absence of the groups in the Kaharos
'Agsh' and associated Late Domes cannot be explained, unless the lack
of erystallitesin the glass meant that nuclei were not available to
seed their formation.

Hicrosphorulites
The third type cf spherulitic development is very small

(< 0e2 mm,) and usvally clear in ordinary light. It can thus only
be distinguished under crossed nicols (Fig. 65)e A single micro-
spherulite appears circular and has a well-dafined extinction cross
within it (Pigs. 66 and 67A)s This is in all ceses NS/EW showing
the constituent fibres to have straight extinction. On rotation
through 45°, the extinotion orosy often splits wp into two 'pseudos




isogyres' as shown in Pigs. 66 and 67B. This mey be explained if

the structure resembles the granophyric groups, with a micrclite in
the centre and the fivres radiating from this. If the scotion is cut
along the mierclite, 'pseudo-isogyres' will develop (!iz 67C), but if
the section is cut scross the mierclite, the normal extinction cross
will remain at all positions of rotation (Fig. 67D). All inter-
mediate sections will ocour between the two.

In flow banded rocks the microspherulites tend to occur parallel
to the flow planes, end in some places thay coslesce to fora ocontinuocus
chalns,

Miorospherulites are considered to grade from the normal
sanidine/cristobelite assomblage to & single mineral, as in some cases
the fibrous meture can only be identified by the extinction cross.

The refractive index is still less than Cenada balsam (1.54) and Xeray
determination suggests that it is an alkald feldspar, presumably
sanidine. It is significant in this context that between groups of
these miorospherulites patches of quartz are usually present, and they
may therefors result from e separation of the two minerals.

These spherulites are found both in small xencliths of earlier
rhyolite included in later extrusions, and in boulders thrown up
during the 1886 eruption, both of which involve reheating of the
rock. Coombs (1952, p«205) regards sinilar features as a result of
potash and silica metascmatism of glassy rhyolite, and this could be

applicable in the Taraweras rocks.
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4. PETROCHENISTRY
General

Twelve new chemical anslyses have been made of total rock samples
from the Terewera Complex, using the methods of Ritchie (1962). Five
of the samples are from rayolite domes, four from rhyolite tephra,
and one each of the hornblende-quarts dacite, pyroxene sndesite and
high slumina basalt. The results of those are given, together with
their equivalent norms, in Tables 15-19. Analyses of the grano-
diorite (Ewart and Cole, in press) end the baselt scoria (Grange, 1937,
p. 79) are also given. Average rhyolite dome and total riyclite
(dome 4 tephra) snalyses of the Tarawera Complex are given in Tables
15 end 46 for comparison with average analyses of the Teupo Voleanio
Zone, younger rhyclitss of the Okataina, Rotorus end ¥okai Complaxes
(Ewart, 1965) end the calc-alkaline rhyolite of Nockolds (1954, p.1012).
In Teble 19 anslyses of the Rotoetua, X Trig, Crakeikorako basslts,
average ‘central' type basalt of Nockolds (195k, p.1021) end average
high aluuina basalt of Kuno (1960) are shown for compariecn with the
high alumina besalt.

The only consistent normative variation in the rhyolites is in
the anorthite, which decreases with time. Thia can be correlated with
the change in composition of the feldspars (see Pig. 84). The
sresence of normetive corundum or diopside seems to be related tc the
mafic minersl contsnt - normative diopside indicating hornblende
boaring rocks. Analysis 5 has an gbnormelly high ncrmative diopside
content, however, and this is probebly due to the many smell
inclusions of the pyroxene andesite seen in thin sectiom. Of the

oxides, the main snomaly is the high l"ezﬂ3 4n 3, It should be noted,
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Fig, 68,

Vuhtimﬁmdﬁaﬂmimﬁmmwvmcm

( Musbers in this and suceeoding figures eorrespond to analyses
in Tables 15 = 19 ).
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however, that this was located near the centre of the domse, whercas

all the other samples were collected from the margins of the domes.

The modsl content of the granodicrites (Table 17) suggests that
their ccmposition is very similar to the rhyolites of Tarawera, but
the analysis is more basic, Because of this discrepancy, & sccond,
partial aralysis was made (P29565) and this differcd from the
original, but corresponded to the mocal analysis. A repeat of the
alkalis was made on the original sample (10918) tut this just

eonfirmed the original analysis. It is therefore considered likely
that the part of 1091€ analysed previously, contained a vein of |
epidote, which is ccmmon in soveral of the granodiorite specimens
examined from Terawera (Ewart and Cole, in press).

In the basalts the variations in norn between 13 and Grange's
(1937) analysis are largely due to the former sample being partially
oxidiged. Th.ﬁ affects the normative magnetite, hypersthene,
diopside and quarts.

Comparison of the Chemistry of the Terawora Rooks with Others in
the Taupo Velcanic Zone

The range of the main oxides in the Tarawers rhyolites (rig. 68)
and their normetive eompcnents are comparable to the other rhyolites
in the region, and the average 'Tarawera dome' analysis is very
similer to the average 'young rhyclite' anslysis of Ewart (1965§.

The tephra likewise compares closely with the dome rhyclites, as would
be expected, for most was erupted at the same time as the domes formed.
The water content is higher in the tephra, except for Sample 9 -« an
unwelded ignimbrite deposit (p. 45) full of blocks of expended pumice.
®ater presumably cscaped from this sample during the process d

expension (as in Perlite menufacture) and thus only & small emcunt of
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Fig. 69.
Varietion diagrem showing the relationship between the Tarawera basalt,

andesite, hornblende~guartz dacite and granodiorite, and the main
trends of the Taupo Volcanic Zome (after Lewis, 1960).
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Fige 70
Enlarged section of von Wolff diagrem (after Clark, 1960b, Fige 16),

mmwprrmmmmmmwvm
Zone,
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Fige 724

VMWMWWVMZMW”WW

systen Ab = An - Or (after Bwart, 1965¢, Figs B = 9)s The different-

4ation trend is frem the Thingmuli province, Iceland, and the

mwmmmmwmm,w(w,

1963).Wandmmnmwmcorum-m.tmm
temperature trough of Kleeman, 1965,
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water would be expected to remain.

The granodiorite analysis fron Tarswera is similsr to an analysis
of an equivalent rock from Huka (Ewart and Cole, in press) but the
possible epidote in the Tarawera specimen makes direct couparison
difficult. The more basic rocks are also difficult to correlate. The
hornblende -guartz dacite has a high N.20, but low MgO and Fel compared
with other rocks of the region with a similar silica percentage (Fig.
69), and this probebly reflects the high modal plagioclase. The
pyroxene sndesite (Table 18) has & high Mg0 and Cal but a low A1,05

thichhpﬂmb];mtoahiapemwa of pyroxene.

The high alumine basalt compares closely with those of K Trig,
in the Maros Complex (Grange, 1937, p. 75) and Rotoatus, in the
okataine Voloanic Cemtre (Steiner, 1958, p. 330).  The basalt from
Orakeikorako (ILloyd, in press) is more alkaline, and has a correspond-
ingly lower silica ecntent. All can, however, be classed as high

alunina basalts.

All the analyses from the Tarawera complex are plotted on a
von Wolff diagram in Fig. 70; an AR diagram in Fig. 71, and an Ab-
An=Or ternmary diagram in Fig. 72 for general comparison with other
rocks of the Taupo Volcanic Zome. The petrogenetic significance of

these will be discussed in the next section.

Comparison of the Tarawera Rocks with Other Celc-alksline Eocks

The average rhyolite of Tarawera is comparable to the average
calo-alkaline rhyolite of Nockolds {195k, Pe 1012) except for the
u.zo/xzo ratio, (Table 15). In most calc alkaline rocks K,0

> :uzo, but in the Tarvawera rocks, as in almost all acid rocks in
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ﬁ!qo\'olw:iothhz()?K,O. This feature iz most important
in eonsidering genesis of the rooks. Ferric iron is slightly lower
umwm,mm-mumunmmm
from the unoxidised margins of the domes. Analysis 3 (from the centre

whmm)mummu:o}muodmum.

Tho Terewera basalt is a typioal high alumina besslt, and is
mmmmmapmwwumﬂ.wm)‘u
Zuno (1960, p.t4t)e The only difference is that the Tarawers
mem.ammzmn’o’mtnqumm
Cal content. This is peflected in the higher normative diopside end
lower hypersthene (Table 19)s The andesite is very different,
however, from Nockolds (1954, p.1019) average andesite (Table 18).
Ithnmbuic.yethunlmnzojnamdhmm,d
a correspondingly higher Ce0 eontent. These proportions arc similar
to the high slumina besalt and may reflect the rock's hybrid origin.

Strontiup Batlos in Taramwora Rocits

pr. S.R. Taylor (Clark, pers. com:.) has amalysed five rooks
from the Terawera Volcanic Cosplex to find ar'"/ar“ rotios. The
results are listed below:

sr"/a-“ ratio
NZ-A High alunina basalt 0.7037
Ni~B High alumina basalt 0.7039
Ni=C Pyroxeme andssite 0.7043
HZ-D Spherulitic rhyolite 0e704L5
HZ-E Pumiceous rhyolite 0.7049

mmmwm»mmtamumumdnmm

on origin of the Terswers rocks.

rll;cmu' (1954, p.1021) average 'centrzl' basalt, howeves, aifrers

pe from the high elumins basalt, and hence cannot
directly be compared. - 155 ~




Plate 4. Lake Rotomahana and Tarawera fram Waimangu Valley, On the left of the

mountain is Tarawera Dome and on the right, Rotomahana and Rerewhak-

aaitu Domes, The 'scar' on Tarawera Dome is the Chasm,
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Figse 70 = 76

Canera Lucida drawings showing relationships between minerals,
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Fig, 7e

Hypersthene surrounded by
oxyhornblende (=basaltic horn-

blende) in 11097,

Fige The

Intergrowth of biotite and

pale hornblende (11036).

Fige 75

Augite surrounded by green
hornblende and biotite in
11110,

Fig. 76.

Hypersthene surrounded by
augite (11082).




C. PEIROGENESIS

4 CRYSTALLIZATION OF Ii_ACID ROCKS
FERROHAGHESIAN WINERALS

The ferromagnesian minerals present in the rhyclites of the
Tarawera Complex are hypersthene, hornblends and biotite. Horanblende
oscours in most domes, but hypersthene and biotite are not usually
found together as primary minerals in the same rock.

It 1s difficult to establish the crystallisation history of the
forromagnesian minerals accurately because of the complex nature of
the lavas. The sccessary minerals were presumably first to
orystallise, followed by pyroxenes, and then hornblende end/or biotite.
In the rhyclites, hypersthene of'ten cccurs in the centres of crystals,
surrounded by hornblende (Fig. 73); end in the hornblende-quarts
daoite, augite may be swrrounded by hornblende in a similar way
(Fig. 75)« In cech case the hornblende may de intergromm with
biotite, showing that the two minerals crystallised together (Fig. 74).
Throughout the crystellisation of the ferrcomagnesian minerals, plagio=
clase appears to have been forming, as the mineral is often found as
inclusions, or in glomercporphyritic aggregates with biotite and
hornblends. The plagiocclase phencerysts often show resorption and
soning (p.122), iliustrating the complex crystellisation history of
tho magma, and during this period the ferromagnesian minerals must
also have been affected. In some cases {wo rhyolite magmas may have
been mixed, providing two different mineral assemblages. This is
known to have occurred in the Rerowhakaaitu "Ash’ and could account
for the hyperstheme in Tarawera Dome.

The compositions (lg, Fe, {lggcnnnd optically, Ca, chemicelly)




En Fs

Fig. 77. Crystallization trends of hypersthenes from the rhyolites of
the Tarawera Volcanic Complex : A—D Two pyroxene pairs
from the Thulean Volcanic Province (Carmichael, 1960), XX
Range of compositions from the Taupo pumices (Ewart, 1963) for

comparisSon,
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of four hypersthones from Tarawera are plotted in torms of lig, Fe and
Ca in Pig. 77. The rangs of compositions of the hypersthenes from |
pumice deposits of the Taupo Sub~Group (Ewart, 1963), and two co-
existing clino- and orthopyroxenes from acid rocks of the Thulean-
Icelandie province (Carmichasel, 1960), are plotted for comparison. |
The Terawera minerals are similar in composition to the lg-rich
members of these exauples, and this is consistent with the freguent
inclusions of magnetite in the orystals. Carmichsel (1963) has
shown that the early separation of magnetite from the liguid will
impoverish this liquid in irem, and this will result in the formation
of iron-poor pyroxenes. Bwart (19654 p.685) has further noted that
as the pyroxenes crystallise the reverse effect should take place and
the liquid beeome enriohed in iron. This would result in soning of
the crystals, which is a comson feature of orthopyroxzemes. HKumo
(1954, pe30) states that he has "never seen ungoned pyroxenes from
voleanie rocks®. However, in the acid rocks of the Taupe Volcanic
Zone gomed arthopyroxencs have not been found (Ewart, pers. comm.).
This may perheps be due to the small sise of the orystals, allowing
the minersl to remein in equilibrium with the liquid. In the Tare-
wera rocks, the hypersthenes are not somed, but become more irom
rioch with successive eruptioms, a feature consistent with the above
scheme.

The reason for the crystallisation of hornblends and biotite
rather than clinopyroxene has becn discussed by Larsen et al.
(1937, p.893) end Ewart (1963, 1965). Llarsen et al., considered o
that mineralizers were the critical factors, and Bwart (19654

p.659) attributed the WW assemblage to a lower

S



temperature and higher volatile content than the auglte-hypersthene
assenblags. The volatile content at the time of eruption was
mlih];tohouactwmnuthemtutvdmat.w
ummrmorwum-.mamupumwm
non-explosive conditions. A more eritical factor in determining
which mineral crystallised may be temperaturc. The temperature
within the demes immedistely after éxtrusion wes probably 700°-800%C,
and this is below the temperature (900°-1000°C) at which pargasite
nwt:hﬁomotqmtstormuqdbomuho
plagioclase (Boyd, 1956).

Another feotor consldered by Bwart (19654, p.619) to be
MthmmnmumaxzomewnM
maitmummmmm.mmmtmuum-m
at Terawers in rock with @ high crystal content. This suggests
mtmromumotpw-qnnwmmm
in Na and Ca, leaving it enriched in K, which could thus go inte
forming biotite.

Buno (1954, p.980) has suggested that there is a solid
solution series within the amphiboles from cummingtonite-green
hernblende-bassltic hornblende. Sundius (1933) end Watters (1959),
however, put a miseibility gap between the cunringtonite and green
hornblends. This would be consistent with the evidence at Tarawera
(umpmmmmm.um.mmmm)u.
distinot twreak occurs between the two minerals deseribed from a
soned crystal in 11156.

mrmnmgmnmwm.mm.mw
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Fig, 78, Biotite showing alteration (11039), probably to vermiculite
(ordinary light),
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bas been shown by Kosu, Yoshiki and Keni (1927) to take place at
750°% by oxidation of iron and subsequent loss of water. At
rmaitonl:msuﬁnmtn-dw:mww
cooling wes slower and devitrification ocould take place. It thus
produces a useful temperature indicator for the domes. The
formation of ferrian btiotite is presumably anelogous with the process
forming bessltic hornblende. This agrees with the data of Hellner
and Euler (1957) and Kosu and Yoshiki (1929) who found that on
hesting biotite graduslly from 500°C - 800°C the } refractive
index ohenged from 1.655-1.703 and from 650°C the 2V began to

oalll'p.

on ) d .

Blotite mmd hornblende are very prone to alteration when
subjooted to moderats temperatures and pressures or hydrothermal
solutions. Two forms of alteration can be distinguished at
Tmmannltoflmhingndﬁeoﬂurm

Leaching: Atmmdmun.uﬁ“mltotdh'hﬁl
of colour (Fig. 78) and the relief lower (< 1.54). Under orossed
nicols, basal sections zre opague, but other sections show slight
birefringence. This suggests vermiculite, but because of the small
quantity and difficulty of separation this mineral could not be
confirmed by I-ray.

Sobwartz (4958) motes that iron,nmagnesium, and/or potassium
can be leached from the biotite, end Welker (1949) has suggosted
that if potassium only is removed by weathering or hydrothermal

alteration, vermiculite is formed. The processes causing the
- 163% -




Fige 7

Fige 80.

Fig. &,

Biotite from 11150 showing alteration to megnetite and
feldspar (ordinary light).

Biotite from 11034 showing alteration to magnetite, feldspar
and orthopyroxene (ordinary light).

Hornblende showing exidation te magnetite, feldspar and
orthopyroxene (ordinary light).
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lonnhineot'rmmmm“th-pwmh
the rock are also altered, hydrothermal sctivity 1s probably the
nostlﬂu]y.

Oxidation: The origin of iron rich biotites (ferrian biotites) and
hornblendes (basaltic hornblendes) has already been discussed.
muﬁmmmmumw,w.ﬁmmﬁa
and subsequent recrystallisation of the mineral to give irom oxide,
feldspar end/or pyroxens, Larsen et al., (1937) have inferred this
process from San Juan, Colorado where thay recognize three stages of
development in biotite. Pirstly, "pyroxens or a reddish slteration
product....arve concentrated next to the border....0n further
resorption an outer some of the blotite is replaced Yy fine grained
feldspar, red and black ore and pyroxens....Finally all evidence of
the original biotite is destroyed” (lars-n et al, 1957, Pe900). The
three stages are difficult to recognise at Terawera, but examples
with magnetite end fine grained felisper (Fig. 79) and magnetite +
feldsper + pyroxens (Fig. 80) are common. Hornblende shows a
sinilar type of alteration, often with distinet orystals of hypers-
thene, alkali feldspar snd magnetite as in Pig. 81.

It is gemerslly considered that this type of alteration took
place after the lavas were erupted (larsen et al., 19357, p.890;
Lewis, 4960, p.57) as the alteration has not coccurred in the same
lava where it has a glassy groundmass. The products of the
alteration are not disseminated throughout the rock. Zaveritskii
end Sobolev (1964) mote that biotite disscciates above 850°C, but
both *normal’ snd ferrian biotite, and basaltic and trown hornblende

show this alteratiom, so it uenls6gnubb that temperature is the




only factor. Eugster and Wones (1962, p.117) have shown that anuite
w111 brosk down to potash foldsper end magnetite between 400°C and
825°C, depending on £0, (oxygen fugacity). Breskdown will osour
ummzsmdm:ozummt.uurozu
inoreased while temperature is constant. The latter could cccur
mmmewummwufoam
resulting from & loss of hydrogen (and water) during devitrification.

mmammmmmntm-unmouﬁn
l‘ooctioulthighmaofﬂz. but with low to moderate velues the
mawmnvwmuunmmmwmun
to form sapmidine + fayalite + vapour. The presence of magnesium in
the biotite changes the reactiom to:

bintite + quarts = sanidine + pyroxens ¢ vapour
mmmmmmtmmwnmmmm
biotite at Tarawora. The value of fﬂz and tomperature at which this

change ocours is not yet known,

It seems, therefore, that this oxidation may teke place at
the same time as the production of ferrian biotite end basaltic
hornblende, probably during devitrification, but due to local

diﬂeminm:ndmuiﬁummm

FELDSPARS
It is not imown whother plagiocclase or guarts was the first

salic mineral to erystallize in the Tarawera rhyolites and grano-
diorites, but the two minersls clesely followed cne another.
Sanidine was much later, cocurring as a separate phase only in the

holoerystalline granodiorite. 166
— o —




Fig. 82,

Normative compoments of total rocks and their residual glasses frem
the Tarawera Voleanic Complex, plotted in the system Ab - Or - Q -
(H0)s The boundary curves have been plotted for four water vapour
pressures (-'alkslunz). +4+¥+ Positions of the minima on the
boundary curves (after Tuttle and Bowen, 1958).
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If the normative components of the total rock analyses are |
plotted in the system Lb-Or-Q-(Hzo) (Fig. 82), most of them fall
within the main compositional field of the rhyolites of the Taupo
Volcanie Zone, and most are on the quarts side of the guarts-foldspar
boundary curve. This suggests that quarts would be the first
nineral to orystellise (Carmichacl, 19634 p.110). Ewart (19654
P+656) has pointed out, however, that "the quarts-foldspar boundary
slopes back towerds the quarts apex of the tetrshedron as the
Loundary moves away from the Ab=-Or-Q plane. Thus a ccmposition
relatively rich in anorthite, which lies near but not on the feldspar
side of the boundary will sctually project on to the Ab=Or-Q face on
the quartz side of the boundary curve".

There is good correlation in the Terawera rocks between the
projected positions of the total rock compositions plotted in the
W—(nzo)mg-mdmmiumwmmum.m
showing modal plagicclase/quarts ratio (Fig. 83). Western and
Rotomahana Domes (3 and 4) plot almost om the 1000 bar cotectic in
ﬂulbm-Q-(ﬂzO)mdeumlmudrmWﬁo
equivalent points in the plagioolase/quarts dlagram it projects back
to out the plagioclase baseline. This suggests that plagioclase
erystallised first. Ruawahia Dome (1) is the most quarts rich of
the domes in the ternary diagram, and in the plagioclase/quarts |
diagran the mean line of the Late Demes projects back to cut the l
quarts baseline, suggesting that gquart: crystallisged first. ‘
Flateau Dome (2) (representing the Early Domes) is intermediate in
both diagrams and in age. m.tmmmwnmm
and feldspar field in the Tarawers rocks (with some anorthite
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Fig. Gk

Nommative plagioclase (P) end residual glass (C) compoments plotted in
the systam AY = in = Or, B 5 B Coexistine plagioclase -~ sonidine -
residual gluss assemblege of grancdiorite P29565 (Bwert end Cele, in
px‘-eu).‘ v - Tyn {eldspur boundary surface of Carmichael, 19‘3:

‘\ \‘mmtmm@memn,a%s.
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/——’
present) is probably nearer the quarts spex than apparent on the
WMO

Hlegloclase

If the normative components of the plagioclase feldspars are
plotted in the system An-Ab-Or (Fig. 84) they form a well-defined
m'“‘“as“‘zo (spprox.). lNormative Or inoreascs correspond-
ingly from 2% to almost 7%. The most calcic member is from the
hornblende-quarts dacite blocks of the Rerewhakaaitu 'Ash® (10P),
and the most sodic, the corresponding gramodiorite blocks of the
Kaharoa 'Ash' (11AP). The plagioclase from the rhyclites renge
between these, with the oldest (3P) the most celole, and the
Kaharoa 'Ash' (6P) the most sodic. The only snomaly is that 5P,
which is the youngest extrusion, is slightly more caloic than the
preceding Kaharoa 'Ash'. The renge of composition (determined
optically, Teble 9) is, however, the same, and hemce it is probable
mtmaﬂmmu.u-ut«mmmm«m
and late formed sones in the phencorysts. This inorease in sodium
Mingmuutimorthoplmhudwhmmdh
Ewart (pers. comn.) in other parts of the Tsupo Voloanic Zone.

The orystallisation history of individual phonoorysts is
complex, as shown by their soning and resorption features. The
pbmmuormdmmmwm-muw
oscillatory sones, normally without resorption, which are similar
to those described by Vance (1965, p.645) from plutonic rooks.
These he regards as having formed st depth, risen to a higher level
in the crust, become resorbed end then finally orystallized a more

mmrmwumwmw.m.rmdmm
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The Tarawera phenoorysts have a nuaber of important differences,
howover, frem those deseoribed Ly Vance. For example, his distinction
between a caleic oscillatory soned core and normal somed rim cannot be
made. mwwnmmwuam
core surrounded by en oscillstory somed rim which extonds to the
margin. The ecmposition of the sodic menmber of the core often
corresponds to the outermost some of the margin (sec Fig. 54C),
mgactiu&sttbtmﬁmofthepatﬂmmmhhhm
development of the crystal. At Tarawera, such phenocrysts ell ocour
in domes, which presumably had a lower volatile pressure at the time
of eruption than the tephra which is often erupted just before them
(pe122)e This would suggest a drop in vapour pressure at the top of
the magma reservoir shortly before extrusion of the domes. Vanoce
(1962, p.75k) notes that "rapidly decreasing pressure will ceuse
resorption of carlier orystals in a melt undsr-saturated in volatiles®,
and this may therefore ascount for the patehy cores.

A problen with this explanation is that if the formation of
thonWmm.dimtnnlthermmhth
surfsce on extrusion, all crystals should show the feature. In fact,
in the domes that they oscour, less than 20% of the plagioclase phenmo-
erysts have them. Even allowing for some of the seotions not passing
through the centres of orystals, this is very low. The form of the
oscillatory somed margin also varies between adjacent erystals in
some instances this has slso been found by Greemwood and lMoTaggart
(1957) to be the gemersl case in voloenic rocks. It thus seems that
the phencarysts with the patehy core end complex soning have probebly

undergone a different erystallisation history to the remainder, and
- 172 -




Mumnmrhaubmwmm.wudm
wwm&mdtthmm-pm.

fenidine
mmmmumudu.nmumaum

Mmmmmmmapmu. It probably did not stert
tommmuuut%dmn&umwﬂm-u
cm.um).wmunmwmmhwm
ceased to forme. Munmmiumm.-wh
mwusism-mmtmmuuwmn‘damm
nmmmwuwummnatnsum
nhudhtbwbzﬂmmtﬁthmmuu Biotite,
m.ppomhdo-huauddththstotm&mw
(zwart, 1965¢, pe659), orystallised carlier than, or conteaporancously
um.mwurm.mmummm-
u@midmntuxzowmm.wm

Gesidual Glass
ummwmmmwmmmmm

plotmmmmmmmrm.athmmm
the two feldspar cotectic of Carmichael (1963) and Ewart (19658) or
the low tesporature trough of Kleeman (1965)e This exception is 56
(mmmmu)mmmtmmm From
msnm'uwmtpommapém«mmto
mmnnuﬁemhhtqumdmmmu
detoctod this. Bwart (99654 pe652) also found that sanidine d&id not
cocur in some rooks whose glasses plotted along the cotsctie, while
in others it did ccour. He suggested that there was & vapour

mmummwxuumwmnmnmmeau
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perhaps explain the lack of sanidine in the Green Lake Flug rhyolite.

¥estern Dome (3G) plots some distence towards the Ab-An
sideline., This rock is certainly more basic than the others, but
the low normative Or eculd also be due tc sampling. The rook is
highly spherulities, and Ewart (pers. comm.) has noted that spherulites
arc usually enriched in sodium at the expense of the glass.

SiLICA MINERALS
Quarts

Quarts usually forms square or hexagonal orystals which are
typiecal of high temperature or [3 quarts (Foster, 1960, p.892) amd
these are frequently resorbed. Rittmann (1962) end Steiner (1963)
have attributed this feature to & xemcerystic origin, but the constent
ratic of the quarts to plsgioclase throughout a particular dome
(Table 15) mekes this unlikely. Ewart (19654 p.656) has shown that
the resorption can also be explained by changes in water pressure
during crystallisation of the magma. This mochenism has already
been invoked to explain some of the resorption in the plagiloclase
foldspars at Tarawersa (p.172) and hence could well have caused the
resorption of the guarts.

Eristobalite
This mineral cocurs in the riyolites only in spherulites and,

as such, is presumably a late product of crystallisation formed by
devitrification of ths glass.

Iridymite
Wedge-shaped crystals of tridymite ocour in gas vesicles of

some spherulitic rhyolites and are presumebly even later than
- 174 -




eristobalite to form. They probably form by vapour phase
deposition in the same way that Ross and Smith (1961) regard the
mineral as forming in ignimbrites. The amount of tridymite is
small in the rhyolite, but increases if the rook has been reheated
(eeges by inclusion in the baselt of the 1886 eruption), so that it
may elso form after solidification, as suggested by Rogers (1928),
by pneumatolytic metamorphism.
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Information on the erystallisation history of the minerals in
the basic rooks is meagre, as high slumina basalt is the only rock
which reached the surfeecc in a ligquid state; tho andesites,
ankaramite and eucrites ccourring only as blocks in the Kaharoa
deposits. In many cases, as & further complication, the rocks
appear to have bean modified during their rise to the surface.

FERROMAGNESTAN MTIZBALS

The main ferromagnesian minerals are olivine and augite, with
hornblende or orthopyroxens present in some of the rocks. The sise
of the minerals is variable; 4n the oucrites the crystale are
comparatively large (max. 2 mms.) while in the basalts and andesites
most are much smaller (< 0.2 mms.). A few larger orystals ocour
(< 9 mm,) and these form the major constituents of the ankaramite.

In the olivine euorite there is little evidence indlcating
which mineral started to crystallise first, end it is probable that
during most of their development olivine and augite crystalliszed
together. The oomuon resorption of the olivine suggests, however,
that as the composition of the liguid changed, olivine ceased
erystallising and, with further change, started to become resorbded.
This is supported by the leck of any olivine in the groundmass.

In specimen 11078 the percentage of olivine is greatly reduced
end orthopyroxeme (Lromzite) occurs. This mineral frequently
encloses anhedral inclusions of olivine, suggesting that it is
dorived from it. This agrees with the views of Xuno (1950, p.991)

who notes that a "reasction relationship between megnesian olivine
- 176 -




~

< 11078 ® Clinopyroxene
1079
o0 A%

o rth
M077 _ - Orthopyroxene
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Fig., 85. Crystallization trends of coexisting hypersthene and augite from
the eucrites of the Tarawera Voleanic Complex, with an augite
from the pyroxene andesite plotted for comparison (11079). Two
trends are also plotted for comparison : G.E, Garbh Eilean Sill,

Shiant Isles ; Sk, Skaergaard Intrusion (Deer, Howie and

Zussman, 1963).

( Positions on diagram plotted from optical data).
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and hypersthens is (also) suggested by the antipathetic reletion
between porphyritic olivine and hypersthene in the rocks". Inm
specimen 11077 olivine is absent, and the orthopyroxene is more iron
rich (Fig. 85). Augite alsc inoreases in iron content, and this
increase has been found by many suthors to occur during differentia-
tion of tholeiite and alkali basslt magmas (e.g., Poldervaart and
Hess, 1951; Muir, 1951; Wilkinson, 1956). In the Tarewers rocks,
however, the enrichment of the orthopyroxenes appears extreme (beyond
the inversion point to pigeonite postulated by Muir (1951) in the
Skasrgaard intrusion), and it seems probable that it is a result of
assimilation of acidic material. The hypersthene crystals present
in the pyroxene andesite are nearly always surrounded by a rim of
granular sugite (see Fig. 76), suggesting that they also are out of
equilibrium with the melt. They may thus be 'xencerystic’, but
whether from an earlier basalt or from a- acid rook is unknown.

Hornblende occurs only in the groundmass of the rocks, where
it often forms long sciculer orystals surrounding sugite or hypers-
thene. This suggests that it may be a secondary alteration product
of the pyroxene during the final stages of orystallization - perhaps
due to an incroased water pressure.

FELDSPARS

The orystalligation history of the feldspars differs in the
various types of basic rock. The mmall laths of plagioclase in the
basalt and pyroxene andesite are labradorite in composition (Table
40) and show well developed zoning. Thay are probably a result of
direct erystallisation during cooling of the magma (possibly en
route to the surface). - 178 -




mw;erphgi.ochncxysmsmotmmes. In the
pyroxene andesites they bave a sodle eore surrounded by a cloudy some
and a thin ealeic rim. The cores of thesc orystals are complotely
ontotoqﬂnbrimuthmmoaiuonaftbhutm but are
very similar to thom of the rhyolite. It is therefore most probable
that they have been derived from the riyclites by a process of
assimilation. Larsen et al., (1938, p.255) have oome to the same
mamxmw@mmm.maummammw

Cclorado.

The other type of crystals occur in the euorites, ankaramite
and bytownite andesite. These have an almost ungoned core of
anorthite or bytownite surrounded by narrow zZones, that become
successivsly more sodic towards the margin, and may reach labradorite
in composition. They roseable the plagiosclase crystals in some of
the rocks of the Hakone voleesno (Xuno, 1950, p.963) which are
oonsidered to represent early segregations in the basaltic magns.
In 11077, which is the most felispar rich of the eucrites, there is
& break between the oaloioomofthoaryctdmdtbmum
pargin, which inoludes much variolitic glass. As these crystals
mhﬁomm&uﬁowmmmﬁsm
(p.133)s it is thought that ths change may have been caused by
assinilation of acid material, which would alter the composition of
the liquide

SILICA MINERALS
Quarts
Quarts crystals cocur in most of the pyroxene andesites and

oocasicnally in the basalt. %both cases they are surrounded by
- 5




e reaction rin of pyroxeno., As the host reocks also contain small

crystals of olivine, the quartsz must be out of egquilibrium with the
melt, and this is further indicated by the common resorption of the
mineral. The orystals are thus probebly derived from the rhyolites
in the same way as the sodic cores of the plagioclase feldspars.

Crigtobelite

This mineral occurs in the gas cavities of ome of the andesites
(pe116) and in very small smounts in seme samples of the basalt. In
both cases it was formed &t a very late stage in the erystallization
history of the rock, snd probably resulted from gas tremafer af'ter
sclidification of the groundmass, in the same way as Larsen et al.,
(1936) oonsidered it to form in the laves of the Sem Juan region,
Colorado.
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Fault scarp to south of Lake Notemahana wideh is theought to
rapresent the scuthern margin of the Clataina Ring Ctructure,
Cuteorops at left edge of photogreph are of igndubrites
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3¢ ORIGIN OF ACID ROCKS
The Tarawera Volcanic Complex lies within the ‘kataina Volcanie

Centre, which is regarded by Healy (1964) as bounded by a ring
structure. This interpretation is based largely on topographic
expression of the volecanic domes, but can in part also be substantiated
by studying the fault pattern. To the scuth of lake Rotomahana there
is a well developed fault scarp, which is slmost at right angles to
the regicnal trend (Pig., 86), It probably continues to the south of
Tarawers, but it cannot be identified there bicsuse of thisk tephra
doposits masking it. The feult can again be inforred to the south
esst of the Southern Lava Flow, and followsd for a distance of about
one mile before becoming obscured by further tephra. At the second
locality, beds of older tephra, e.g., the Rotoiti Pumice Broccis
(Vucetioch, pers. comm.) occur dirsctly to the scuth east of the
strueture. These are blook faulted and tilted, and from the estimated
age of the Rotoiti Pumice Broccie movement is indicated within the last
36,000 years (Thompscn; Vucetich, pers. comm.). In the Tarawera
Complex (tc the north west of the fault and inside the proposed ring
structure) the lowest bed identified is the Rerewhakeaitu 'Ash', which
is muoh younger, This suggests that the earlier beds, if present,
must have been downfaulted to a lower level within the structure.

During the earlier history of the Okatsina Volcanic Centre,
igninbrite sheets (e.g., the Natahina and Kaingaros Ignimbrites) were
erupted (Bailey, 1965; Healy et al., 1964). These were followed by
eruptions of 'ash-flow' pumices (e.g., Rotoiti Pumice Ereccia) and,
finally, extrusion of rhyolite domecs and flows accompanied by

explosive eruptions of 'air-fall' tephra. This type of activity
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has eontinued until the present day (Healy, 1965, p.10).

The origin of the acid lava hes caused much argument. Batiey
(1965) has sugsested that the rooks are derived from & sub-crustal
source, ané compares the Taupo Voleanic Zome with Iceland, where the
conoept of acid material being produced from the mantle, in conjunction
with basaltic voloanisn, is widely asoepted. Host New Zealand
petrologists, however, favour an origin within the erust (Clark,
1957, 1960p; Steiner, 1958; Ewart, 1964, 1965). The main argument
in Pavour of axustal origin 1is the large volume of acid lava in the
Taupo Volcanic Zone, probably about 4,000 cubic miles (Healy, $962).
Clark (1960 p.128) has calculated that sbout ten cubic miles of
basalt are requlired to 'gifferentiate’ ons cubic mile of acid lavs,
so thet for Healy's estimated volume 40,000 cubic miles of basalt
would be required. If this had happened in Hew Zesland it would
mlogimwmtmmmmummnormAtmu&
A further argument against a 'differentiation’ origin is the lack of
a complimentary ultrabasic fraction. A few blocks of ankaremite
have been ejected at Tarawsra, but no large quantities of peridotite
or other ultrabasic rocks are known or indicated by geophysical

methods.

The sislic material which cculd produce the magma is equally
speculative. Steinor (1958) has suggested that it is gnelss, but
as there must be a large volume of greywacke faulted under the
region this is also a possibility (Clark, 1960d. The high uazq/
K20uuoafﬁleﬁwzedmdmywuhus, and the comparadble high
n.zq/xzo ratio in the acid volcanic rocks makes it a very ressonable

cholce., Ewart (1965 has plotied the normative Ab-An-Q in a
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ternary dlagram, and finds that, by combinstioun of greywacke and
argillite, a rock of very similar composition to the acid volcanics

can be produced.

The riyyolites of the Terawera Complex form well defined trends
if their compositionms are plotted on von Wolff or AFM diagranms (Figs.
70 and 71). This suggests that they have probably originated from
the same magma sourcs. Variation within individual domes, however,
suggests that the lava may have risen to separate reservoirs before
eruption, and crystalliszed under slightly differsnt conditioms. At
times the magma from mors than one resarvoir nay have been erupted
at the seme time and this could account for the variatien in
mineralogy present, for example, in Tarswera Dome. It is possible
that in gsome examples the variation could be due to differences
within an eriginal large magma reserveir. In the Rerewhakaaitu
'iAsh', however, sbout equal quantities of two types of pumice were
erupted simultancously, snd the lack of any intermediate types mekes
this unlikely,

The hormblende-quartsz dacite and granodiorite are both
considered comagmatic with the rocks with which they were erupted.
The granodiorite blocks in perticular show evidence of having
erystalliged high in the crust (p.100) and probably represent the
plutonic rock which would have resulted had the magma completely
crystaellized without eruption. Thi interpretation is consistent with
the usual occurrence of granite or granodicrite plutens in older ring
structures, e.g., Central Ring Complex of the Isle of Arran (King,

1954) and those of Northern Wigeria (Jacobson, Mcleod and Elack,
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49568), The grenite in many of these plutons also exhibit the
granophyric intergrowths found in the Tarswera rooks.

The ascidental ejocta of the Kaharos eruption (ignimbrite,
eto.) have prosumsbly been caught up by the rhyolite lava en route
to the surface, and from petrographic correlation of these ignimbrites
with those of the Rerewhakasitu region further confirmation of down-

throw in the ring structure can be obtained.
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4. ORIGIN OF BASIC ROCKS

The most voluminous basio rock st Tarawora is the high alumina
basalt erupted in 1886, whioh is typical of the basalt lava erupted in
the ciroum-Pacific region (Kuno, 1960). There is little doubt that
its origin is from within the mantle, but the reason for the high
alunina content 1s debatsble. Kuno (1960) regards the high slumina
basalt in Japan as & primary magme intermediate between tholeiite and
alkali basalt, and produced by partial melting of the mantle at a
depth of 200 kms. Yoder and Tilley (1962) show, however, that
basalt with a high alumina content can foram important members of both
the tholeiite and olivine basalt groups. He attributes the high
alumina content to the large amount of plagioclase present, possibly
by removal of olivine. O'Hara (1965, p.34) suggests that it is the
way the magma reachos the surfsce that is isportant. He considers
that hich alusina baselt forms by interruption of the ascent of the
magna in a low pressure region (presumabtly within the erust) where
fraotionation occurs and & ligquid¢ rich in normative plagioclase

results.

The Tarawera basalt must have either contained s moderate -
high percentage of water, or absorbed water en route to the surface,
for the lava vesioulated and became highly explosive, This produced
small basalt lapilli and these were probably the only eruptive product,
any apparent coherent lava having formed by a welding together of
these lapilii.

The origin of the andesites is debatable. The blocks could
have come from an andesite voleano extruded before the earliest

visible dome at Tarawera. However, their ccmplete absence in domes
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and tephra until the Kaherca eruption makes this unlilkely. A genersl
seromagnetic survey (see Appendix 1) has shown a slight positive
magnetic anomaly over the region, but this could alsc be explained by
basalt near the surface, and this seems far more likely.

Pyroxene andesite is probably the nearest chemically te high
alunina basalt, oapecidly:h:.plurio andesite, and the samples with
only a few phenocrysts of augite and olivine. Quarts and plagioclase,
present in most specimens, are presumably derived from acid rocks, and
these could be the cause of the high silica content of the analysed
sanple (and henoe the name 'andesite'), If this is the reason,
however, the original rock must have had a relatively low alumina
content, for in spite of the feldspar xencerysts the content of n203
is lowor than that of the basalt. As the lava must have been intruded
at lecast 1000 years before the 4886 sruption (i.¢., before the Kaharoa
eruption) this is ecnsistent with 0'Hara's explanation for the origin
of high alumina basalt,

The andesite intrusion is eonsidered to have followed the same
fissure as the baselt, for the latter contains many small inclusions
of andesite. Also the general lack of rhyolitic material in the
basalt, execept for blocks picked up near the surface, suggests that
the vent pipe was probably largely through basic rocks. The varia-
tion in texture in the andesite from compact to vesioular, and the
ocourrence of black glass in some samples (e.g., 11158), suggests that
the intrusion almost reached the surface. (Macdonald, 1963, p.1076
regards the maximun depth that vesicles form in the Hewalian magmas

to be 2000 f't. below the contemporansous surface.) lio trace of this
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dyke can now be found, Nfuthecventmthnocewndpn-m
sruption, it would presumably now be buried under the domes or
destroyed by the 1886 eruption.

The ankaramite which is formed slmost entirely of augite and
olivine phenoorysts is thought to be an scoumulative rock, formed by
sinking of phenocrysts in the 'andesite' intrusion. This would
account for the gradation from ephyric tc porphyritic samples.

The most problematic of the basic rocks are the euorites.
These are usually regarded as early formed segregations within a
basaltie reservoir (XZuno, 1950) end this is probably the case at
Tarawers. Their coarse grained nature suggests that they are compara-
tively deep seated; they could represent a marginal facies of an
early deep magma reservoir. The olivine eucrite, from its
petrography, would seem the nearest to the composition of a basalt,
and from features in the hypersthene eucrite (e.ge, the formation of
the orthopyroxene from the clivine; the presence of sodic margins to
the plagioclase and the even more sodic foldspars in the groundmass)
some assimilation of acid material is suggested. Thomas (in Richey
and Thomas, 1930, p.295) considered the cucrites of Ardnsmurchan to
be a mixing product, but in this case the assimilation went further
to produce a suite of biotite and alkali feldspar bearing eucrites.
The lack of these minerals at Tarawera may be due to the materials
assimilated having a low potash content (e.g., greywacke or granc=—
dlorite)s It is likely that, during emplacement of the pyroxene
andesite, blocks of eucrite were rafted into the intrusion, as the

blocks of eucrite brought to the surface are always ccated with scme
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5, SUGGESTED EXPLANATION FOR TWC LAVA TYPES AT TARAWERA

It has already been stated that vast amounts of aeid lava have
been erupted from the Ckataina Volcanic Cemtre. Host of this has
been in the form of ignimbrite, which flows for many miles away from
the centre of eruption. The Matshina Ignimbrite, for example, flowed
as far oast as the front of the Ikswhenua Range; in the Rangitikel
Gorge, 10 miles east of the proposed ring structure, it is still
350 ft. thieck. These large outpourings of material must have affected
the stability of the crust in the area, and are likely to have caused
collapse of the material overlying the partially emptied magma
reservoir (Williams, 1941; Smith et al., 1961), to produce a caldera.
The widespread distribution of the ignimbrite is elso likely to lower
the load pressure in the immediate source area, and to compensate for

this,denser basalt from within the mantle could move up inte the erust.

This combination of 'roof collapse' and intrusion of basalt
would tend to cause any magma left in the reservoir (now probably
under a lower volatile pressure) to move towards the surface through
fractures developed in the collapsed roof, or around the margin of
the caldera. This stage is well seen at Valles Caldera, New lMexico,
and results in a ring of domes near the wargin (Saith, et al., 1961‘,
Fig. 30.1). In the Okataina Volcanic Centre this stage is repre-
sented by the alignment of dcmes (see Fig. 2) in the centre of the
structure and in the semi-circular arrangement around the north
eastern edge.

Onee basalt moved into the crust, it could be affected by the
'gifferentiation’ process suggested by O'Hara (1965). The first
material to solidify, pnmbl,)é at the edges of the basic intrusiom,
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would tend to be low in alumina, anc¢ during its rise through the
orust would be likely to assimilate some of the rhyclite 'magma’.
The varying degree to which this assimilation ococurs could refleot
the variation in the andesites at Tarawera from pyToxene andssite to
sodic andesite. Omoe the original basic intrusion had orystallised
it would provids a 'sheath’ for any later basalt upwelling (as in
4886) and reterd further assimilation. Thus the later eruptives

would be mearer to the parental compositiom.

An argument against this hypothesis is that no aéuitis are
found at the surface in assoociation with othor besalts in the Taupo
Zone. It should be remembered, however, that the caly rsason for
the presence of the andesite bloeks at Tarawora is the intervening
Xaharca eruption. Had it mot been for this event, the lava would
presusably still be in place within the crust. At the other basalt
eruptive centres, there have been no explosive seid eruptions to
eject blocks of earlier intrusions, and inguffiocient work has been
dome on the basalts themselves to check for small xenoliths. A
final supporting point is the ocourrence of andesites at Walrakei
(Grindley, 1965). These oocur in fissures at the intersectioms of
faults, and form small lava flows which thin repidly away from the
vents. They differ from the Tarswora andesites in having no gquarts
phencerysts, and their feldspars are of andesine ecmposition. How-
ever, the close association with faulting is very sinilar to the

proposed cecurrence at Tarawera.

The HE-S¥W alignment of the basalt eruptive vents in the Taupo

Voloanic Zome is very striking. It ocours at K Trig (unpublished
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observation) and et Tarawera., Hunt (pers. comn.) has also suggested
fron magnetic evidence that there is a second dyke at Tarawera of
similar orientation and thickness to the main fissure, but several
bundred yards to the south east (see Appendix 1). This does not
reach the surface. It could thus be that onee in the crust, further

movement of the lava is controlled by the IE-SW faults common throughout

the Zone. It has been suggestecd that before the Xaharoa eruption at
Tarawera a basic dyke ocourred; a second dyke is thought to occur
Bow & small distance to the south cast, and sc it does not seem
unrsasonable to suggest that othor NE-SW fractures may contain basalt
at depth. If so, there could be the beginnings of a dyke swarm
coaparable tc that formed in the final steges of eruption in the
Thulean volcanic province of Scotlanc and Iceland.
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SUMMARY

1. Tarawere Volcanic Complex consists of twelve rhyolite domes
and flows, which fall into Early and Late suites.

2. Wehanga snd Crater Domes are most nearly endogencus in origin,
while the rest are substentially exogenous.

3. Tarawers was the source of four tephra deposits which form
essential datums for consideration of the stratigraphy on the mountain.

L. During the Ksharoa eruption 'airefall' tephra was erupied,
nuécs ardentes swept down the southern and castern sides of ihe mountain,
and Crater, Ruswehia, Tarswera snd Wahanga Domes were extruded. Finally

Green Lake Flug was emplaced.

5, In the Tarswera eruption of June 10, 16886, the first activity
waes from a fissure on Wahanga Dome at about 0415 hrs. This was
followed by activity from the extension of the same fissure first on
Ruawshia Dome, then on Tarawera Dome. At 0330 hrs. activity became
phreatic, and large 'accidental' blocks of rhyolite were torn from the
wells ani ejected, leaving the present decp craters. The main activity
had ceased by 0530 hrs.

6. About 500 f'¢t. thickness of debris was blown out of the ocentre
of Rotomahsna basin, and both the Pink and White Terraces were probably

dostroyed.

7. Petrologically the rhyclites can be divided into four types:
horablend
hypersthene-hornblends rhyclite, M—bioﬁt@ rhyolite,

hypersthene rhyolite, biotite rhyclite.
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8. Disorete blocks of hornblends-gquartz dseite, granodiorite,
andesite, ankaramite end cucrite were ejectod with the riyolite tephra
during the Xsharca eruption.

9. Chemically, the Tarawers rhyolites and basalt are comparable
to similar rooks from other centres in the Tewpo Volcanic Zone end to
the averages of ocale-alkaline rocks of cther provinces. The andesites
are, however, more comparable to the average of high alumina baselts

than to the average andesite.

10. The rhyolites formed by melting of crustal rocks, possibly
graywaske, and the hornblende-quartsz dacite and granodiorite formed
at the sides of the megma 'reserveir'.

11. The high alumina basalt is thought to be nearest in composi-
tion to the paremt basic magma, and the andesites probably originated
by decp seated sssimilation of acid material by this basic nagna.

The ankaramite and the eucrites probably resulted from variation in
the original intrusion.

12. The presence of twc lava types at Tarawers resultec from the
vast cutpourings of ignimbrite and rhyclite and consoquent crustal
readjustment. The reduced load pressure caused Uy these eruptions
allowed basalt magua to move from the mantle isto the crust. At
first the magms ovuld mix with seid rhyolite to produce 'andsaite’,
then later basalt magme could rise through the andesite without
cortomination from rhyclite. Such a process would adequately account
for the basalt erupted in 1886.
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APPENDIX 4 - MAGNETIC SURVEYS (P THE TARAWERA VOLCANIC COMPLEX

Introduction
The Terawera Voleanic Complex is an ideal location for magnetie

investigations beceuse of the inter-relatiomship of rhyolite and basalt.
Rhyolite from the arca has a remnant magnetism of about 400 x 10'6 egs.
units whilec basalt has been messured at about 30,000 x 10’6 cgs. units

(Hunt, pers. comm.). It is thus casy to locate basalt within rhyolite

even where the former has not reached the surface.

vestigation

The first investigation of magnetic variation at Tarawera was
made in 1936 by Wetsco-dunro (1938). He traversed the 1686 fissure
in thres places (Pig. 87A ~ in pocket at back of thesis) using &
Sohmidt Vertical Variometer, and mede random measurements elsewhere.
In his paper, Watson-Hunro has drawn a sketch map of the ares, and
has shown data from two traversecs. A third traverse is indicated on
the map by a small arrow, and the data given in a profile in his
Figure 1.

In 1951, an airborne magnetometer survey m carried out over
the whole Rotorua-Taupo thormal area (Gerard and Lawrie, 1955). Twe

flight lines crossed Tarswera, but no major variation was measured.

The most recent survey was carried out by Hunt®, who in 1964
made three further ground traverses across the 1886 fissure (Fig. 87A)

also using a Schmidt Vertical Variometer. He also re-measured the

e pv—— ——

*This was a project underteken by T.H. Hunt for a B.S0.(Hons.) degree
at Viectoria University of Wellington, and much of the information in
this Appendix comes from his unpublished thesis, held in the CGeology
Department Library at Victoria University of Wellingtonm.
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remnant nagnetisnm of the two major rook {ypes at Tarawcra.

Results
The results of the six ground traverses made across the fissure

ere shown in Fig. 678. Profile A records no major ancmaly; the
slight variation probably a result of topography. Profile B, which
orosses ncar the centre of the line of the craters, shows a marked
anomaly (maximue 5679 gammas). The sise end shape of this suggosts
mtmu.mum-ymmmrmmmmmm.-.
w.son.m.uwumumpummmmwoou.
(approx.) to the south east, this is reasomable. A similar ancmaly
mhnmmndmmmmthmthnn.ufcuhb
Rotomahana, showing the continuous nature of the dyke.

A second anomaly is shown in profiles B, C and D (Pig. 87B) to
the scuth east of the main fissure. This is considered by Hunt to
be a dyke vertically parallel to the main dyke, but which does mot
reach the surface. The smaller amomaly in profile C, compared with
pmmo.nmmwmtmummm-mmnw
by the second dyke. It does not appear to extend further south west
than profile B.

Sunngry
1. A basalt dyke exists bemeath the length of the 1886 craters

across Tarawora.
2. This dyke does not continue north east of the mountain.
3, There is probably a second dyke, of similar trend, sbout

4500 ft. south east of the main dyke, which does not reach the surface.
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APPERDIX

HODAL AFALYSES OF RCCES IH

TARAWERA VOLCAWIC COMPLEX

Localities of all samples are shown on map in pocket at back
of thesis. '




TABLE 3A « MCUDAL ANALYSES OF THE BARLY RHYCLITE DOMES

i 2 3 L 5 6

Thin Section lio. 11135 11913 11095 11096 141097 14087
Glass or Groundusass 9‘&0‘} 82.1 7509 7800 80.5 69.0
Quartz 1.0 506 5.5 4e5 2-8 8.}
Plagioclase 43 11,6 16,7 bl 14,0  20.4
Biotite - - - - - 1.9
Hypersthene 0.4 0.9 0.6 1.8 1.2 -
Hornblende - 1.2 0. 6 1.0 007 oo 3
Kagnetite 0.2 0.6 0.7 0.3 0.6 0.1
Total Crystal

Content 506 1709 2he1 22,0 1905 5’ «0
Plagioclase/Quarts

ratio Le30 3,22 3,02 3.20 K82 2.46
Vesicular (V) or
Spherulitic (8) v v 8 8 s v

1 Ridge Dome
2=5 Western Dome

6-8 Rotomahans Dome
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7 6
11127 11129
71.1  75.2
11.9 5.0
15.0 16.5
13 1.9
Ouds 1.1
0.3 0.3
28.9 24.8
1026 5020
v v




TAELE 38 -~ MODAL ANALYSES OF THE EARLY RHYOLITE DOMES

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Thin Section Hoz 11161 11163 11088* 11115 11116 11117 11110 11144 11145 11146 11138 11133 11134 11142 11119 11120 11062 11136
Glass or
Groundmass 97.3  95.8 94,0 97.0 94,3 94,8 94,7 90.3 92,8 91.0 93.0 95.4 94,9 94,3 93,7 94.8 93.9 93.6
Quarts 0.1 041 0.6 0.1 0.2 1.1 0.6 0.4 0.3 0.3 1.5 1.0 0.6 0.6 0.9 0.4 1.4 1.0
Plagioclease 2.4 3.9 3.1 2.8 4.9 3.6 4.6 8.3 9.5 Te4 563 3.4 4,2 5.0 5.9 445 4.1 540
Biotite - - 0.2 - - - - - " - - - " - - - - -
Hypersthene 5.1 0.1 0.3 - 0.5 0.2 0.1 0.8 0.7 0.7 0. 0. 0.2 0. 0.2 0.4 0.5 0.2
Hornblende - - De3 0.1 - 0.1 - 0.1 Q.4 D2 - - - - D1 - - -
Maznetite 9.1 0.1 1.5% - 0.1 0.2 - 0.1 0.3 0.4 01 041 0.1 0 0.2 22 0.1 0.2
e Srete 27 4.2 6.0 3.0 57 5.2 5.3 9.7 1.2 9.0 7.0 4.6 5. 5.7 7.3 5.2 6.1 bud
wwmmwoopmm.\psuaau 24,0 39.0  5.16 28,0 24,5  3.27  7.66 20.75 31.6 24,5 3,52 3,40 7.0 .32 6.54 11.25 2,92 5.0
Vesicular (V) or - - ) )
hvcomderr A B v v v v g 5 v v s v v s - v s g v

1-3 Rerewhakaaitu Dome % Conteing crystals from

47 North wWestern Lave Flow fotomehane Lome

8 Southern Dome
9-10  Southern Lava
11-14 Plateau Dome

15=16 lorthern Lave Flow

17-1% Esstern Lome

Flow + Totel iron oxide



TABLE 4 - MODAL ANALYSES OF THE LATE RHYOLITE DOMES

Thin Section lo:

Glass or
Groundmass

Quartz
Plagioclase
Biotite
dypersthene
Hornblende
Mapnetite

Total crystal
content

Plagioclase/Quarts
ratio

Vasicalar (V) or
Spherulitie (S

d
11149

71.1
9.7
16,6
2.3

-3
=7

P

9

2 3 4 5 6 7
11150 11151 11046 11037 11036 11075
80.9  75.6 75.5 76.6 72.8 72,3

7.3 8.7 7.2 8.5 8.7 10.3
10,9 13.5 13,3 12,2 15.1 15.8
0.7 1.8 2.5 2.2 3.0 1.3
- 03 - - - .

- " S A ”
0.2 0.1 1.5 0.4 0.4 0.3

24,5 23.4

1.53

Crater Lome
Fuswahie Dome
Tarawera Dome

‘ondq Wehanga Dome

(13-17 - series from margin to core)

18

Green Lake Plug

8 9 10
11101 11102 11040
76.0 69.1 77.8

q-” AO.U .Noo
13.2 17.1 12.2
3.1 1.7 3.0
- O-U -
0.1 245 -
0.4 0.8 -
WI.NOO WQQQ M\_.M
1.33  1.63 1.78
v £ &

+ Cunmingtonite

1
11044

74,6
7.9
15.0
2.5

1.90

12
11147

2 ~J

O = nn o 0
- . -

- N &~

13

11066

75.8
9.4
13.2

14

11067

75.2
9.6
11.0
4.2

15
11068

76.3
9.3
1241
2.3

% 17
11069 11070
751 74,4
10,1 R.7
13.2 14.5
1.2 2.2
ﬁvlw o.m
24, 25.6
131 1454
& S

18
11123

13.3

1.10




TABLE 5_ -

Thin Section Noi

Glass or
Groundmeass

Quarts
Plagioclace
Bdotite
Hypersthene
Hornblende
Magnetite
Xenoliths

Total Crystel
Content

Plagioclase/Quarts
Fatio

Vesicular (V) or
Spherulitic (8)

43

1-3
4-6

=9
10-14

2 3
11160 11165
(1)
7.5 96.7
2.5 3.2
- 0.1
2.5 3.3
v v

Ferewhakasitu 'Ash' (pumice of Type A)
Ferevheksaitu 'Ash' (pumice of Type RB)

4

11165
(2)

20.5
3.8
12.0
3.0
3.1
0.1
045

1945

3.1

Yaiohau 'Ash!
Jowelded ignimbrite of Waiohau age
Ksharoa 'Ash!

5
11159

81.2

2,8
13.5
2,0
0.2
0.2
0.2

—

12.9

6
11156

82.0

2.3
13.1
JOM

7

11152 11153/4 11153/7

98.1

0.3
1.5

O.d

1.9

5.0

-

3]

94,0

1.6
3.6
0.7

0.1

9 10
11169

95.7 94,7
JON diw
2.6 3.
- \uou
Q'A O.u
Q.1 J1
- UIN
4.3 5.4
2.16 2.4

- v

11 12
11142 11030
83,3 66,6

4.6  13.5
n\gutn. dmnu
2.2 3.6
OCM .

0.2 -

- -
16.7 33.4

2.06 1.21

V 2

13
11064

62.5
13.5
13.4

.&'M

14
11065

68,0

9.3
21,0
1.6

2.1

3%,

N
Ll

n
o




TABLE 6 = MODAL ANALYSES OF COGNATE XENOLITHS FROM TARAWERA

1 2 3 A

Thin Section Ho., 11109 19443 10918 P29565°
Glass or Groundmass 32.5 2.1 - -
Quartz 3.7 11.5 3.2 35.6
Plagioolase 48.6 53.2 b1.3 3645
Sanidine - - 20.9 2.4
Biotite - 5.8 33 3.0
tiypersthene 0.7 - < 0.4 < 0.1
Hornblende 10.2 b7 0.1 < 0.4
lagnetite 14 0.7 0.2 0.5
Graphic Intergrowths 2.8 - - -
Total Crystal

Content 67.5 75.9 100 100

1. Hormblende-gquarts-dacite

2. Rhyodacite
3=l Granodiorite

*Specimen held in N.Z. Geol. Survey Colln., Lower Hutt.
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TABLE 7 -

HODAL ANALYSES OF THE BASIC ROCKE

Thin Section Ho:

Groundmesss
Geaeral
F'eldspar
0Olivine
Pyroxene
Amphibole
Magnetite

Phenocrysts:
Plagioclsase

Olivine
Aagite
dypersthene

Xenocrystss:
Plagzioclase

Guartz
Biotite

Xenoliths:
thoiite
Andesite

Vesicular (V)

— DTN =
- O | [
o g S

1
11032

77.6

17.1

5.3
g

E

~

2
11974

79.3

15.6

4.6
g
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3 4

11082 11158

73.7  59.7
- 1.0
21.5 36.4
0.9 3.0
1.7 =
2. ™
1.7 -
0.2 -
v v

digh alumine tasalt
Pyroxene andesite
Bytownite endezite
Sodic andesite
Ankaramite
Olivine eucrite
Bronzite eucrite
Hypersthene eucrite

5
110




TABLE 8 = MAPIC_KINERAL GONTENT_ OF THE RUXOLITE TEFHRA

1. REREWHAKAAITU *ASH"

Spec. Ne. Hyperstheme . Tl . . UPROR . Blotite e+ g
11060/ r | - ¢ a (Base)
11060/3 2 - o c

11060/5 c - s ¢

11060/7 e P r é (Top)
11152/1 a - r r (Base)
11152/2 a - r r

11152/3 a P r or (Top)
11051 e - ° P (Base)
11052 e - ¢ P

11053 s - r a

1105 ‘ e - ¢ c (Top)
11164/1 a - r r (Base)
2, BAIGHAU *ASH'

11059/1 a - ° P (Base)
11059/2 a - P ”

11059/5 a - P -

11059/7 ae - v - L
11059/9 as - P - (Top)
11048/4 ¢ - 5 -

11152/% a P r - (Base)
11152/6 ° - c* -

11452/8 a - o' P J
11152/9 c P o P
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Pale Creen Posn, in

Spec, No, Ilypersthenc Hogmblende Iornblends Biotite Bits om
11152/10 d - r -

11152/11 a - - - l
11152/12 a - - - (¥r. Top)
11152/13 a - P P ?
11152/1% d P r P ?
11152/15 d - o - ?
11055 d e P P

19154/2 d - o "

11456/3 d - P -

11164/2 a P P -

11139 a - - - (Base)
14440 d - r - (vr. Top)
1115%/1 a - r - (Base)
11153/3 é - r -

11153/7 d - r - J,
11153/11 a - r - (Top)
11173 d - P -

11175 a - r -

3) KAHARCA ‘ASH'

Spec.io. lypers- Pale Green Biotite OClivime Augite Posn.in

thene Hornblende Hornblende seotion

11061/1 r - P o r r (Base)
11064/3 p - - a P P

11064/6 P - P d % p (Top)
11142/6 r p P d - p

11043 g - P d - p

11132 r p’ P c - r

11050 r P r a - r

11121 p P P é P P

11168/1 r p* p a - r

11168/2 r - P d - P

11167 p P P d - -
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d = dominant (> 50%)

¢ = comuon  (25-50%)

r - rare (10-25%)

p - present (< 10%)

+ = brown hornblende present

¢ - augite present.
ities:

11060  Typo section - Democrat Road (1N86/934623)

41452  Near head of large pumiece wash (i77/964908)

14051=5 Heac of small pumice wesh (N77/93691h)

4446,  "¥oat' betwoen Tasrawera and Rerewhakeaitu Domes (177/96991k)
11059  Type section - Democrat Road (w86/93u824)

11048  DBretts Road (N86/946861)

11144  Sast of fissure (N77/99h952)

14439-42 Cully S.5. of Wehanga (N77/985%42)

44153  Track up mountsin (177/961906)

$1473=5 West side Rotomahena Domo (N86/955899)

14064 Type section - Cavin Road (NB6/993831)

41045  South side Ruawshia coulce (177/969927)

4132  East shore Lake Rotomshana (77/930903)

44050 = South end pumice washcs (1986/963667)

44121  On Zortherr Lava Flow (177/957973)

44168  Top of Tikitere Hill (N76/829134)

41467  lorth end gully between Ruawehia auc Wahanga Domos (177/965950)
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AZPENDIX

CHEMICAL ANALYSES OF ROCKS IR
TARAWERA VOLCANIC COMPLEX




TAELE 15 = CHEMICAL ANALYSES OF THE RHYCLITE DOHES
(and averages for comparison)

3102

T102

A1203

36203
Fel
¥nO
ugo

Cal

1

75.03

0.17
12.50
0.7
0.83
0.40
Cel0
1.36
Le12
2,82
0.68
0412
0.13

3607k
16.68
3le 58
6.12
0.54
2,06

0,70
0.30
0e 3k

N
72.80

0.51
13.02
0.9L
0.77
0.10
0.23
174
.22
3.00
1.50
0.08
0.04

5
The76

0.21
12.10
0.23
0.69
0.09
0.22
0.76
he12
3.57
2.13
0.13

0.01

A
74.20

0425
12.71
0.63
0.78
0.08
037
1.50
be25
2.92
0.98
0.10
0.06

A1 < then 0,05

2 3
76.05 72,36
0,25 0.35
12.26 13.68
0.48  1.03
0.75 0.87
0,05 0,09
0,29 ©0.72
1,31 2.32
LekO L0
2,84 2.36
0.23 0.37
0,07 0409
0,01 0.09
3645k 31.98
16,68 13.90
37,20 37420
5.56 10456
0,81 2.20

0.70 =
0.70 1.3
046 0.61
- 0.3

32.70
17.79
35463
751
0.68
0.91

1.39
0.30

31.50
27«2k
3458
1.11
0.36
2.32
0.23
0ok

33.89
18.46
35.84
6.17
0.10
1.22
0.52
0.88
0.43
0.1

-

B
Thee95

0.25
13.07
0.75

0.88

0.06
0.25
145
b5
3404
0.84
0.17
0.05

33456
17.97
38.12

6elsd

e
7405

0.32
12.70
0.56

3490
18.13
35408
5473
0u47
1.28
0.16
0.85
O.k2
0.07

422
0.28
13.27
0.88
0.92
0.05
0.28
1.59
L2
3418
0.60
0.23
0.05

33445
18.84
35486
75k
0.09
048

1.27
0.53
0.13

73.66
0.22
13.45
1.25
0.75
0,03
0.32
1.43
2.99
535
0.78

0.07

33.2
a7
25.1
540
0.9
0.8

19
0.5
0.2




TABLE 46 « CHEMICAL ANALYSES UF THE RHYCULITIC TEFHRA
(and their average)

6
810, The 33
740, 0,26
A].zo3 12.52
Pe 203 Oukt
FeO 0459
Kn0 0.02
Mgo 025
Cal 0.82
a0 3.92
K0 3.48
820’ 2.19
H,0- 0.49
P205 -
Li.20
HORES
Qs 36424
or 20.57
Ab 33.01
An 3.89
C 0.92
Hy 0.80
pi -
Mt 0.70
n OS54
Ap -

7
7559

0.22
12.35
0u49
0,70
Va0
0417
0.96
4,0k
2.72
2,80
0,70
0.03
A1l <

37426
16.12
34.06
La73
1.12
0.73

0.70
0.4

8 9
72.80  7he86
0.11 0423
13.40  12.48
0.57 0,65
1.00 0s74
.04 0.07
0.357 . 0.18
1.42 1.09
Lo 06 .22
2,92 2.92
2.01 0.82
0.43 TN
0.01 0.03
than 0,05
33.76 36430
7.2 7.2
.58  35.63
6.95 5456
0.92 Oulst
0.80 1.03
0.93 0.93
0.15 Oukb
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P
T 05

0.24
12.70
0,58
0.77
0.04
0,30
1.29
L.16
2.97
1.47
0.27
0.02

3590
17.79
3432
5428
0.8
1030

0,82
0440




TABLE 17 = CHEMICAL ANALYSES OF THE COGNATE XENOLITHS

8i0
Ti0

A1203

1520’

Fel

HnO

¥ B &§ R &§ F B §

10
62.74
0.84
16.21
1.89
2.38
0.12

Seble
4.78
.42
1.28
0.8
0.16
< 0.05

16,44
8.34
4035
18.63
3.02
6.5k
2.78
1.52
043

1
68.8
Oul2
15.2
1.3
2.45
0.06
1.3
b5
3.9
1.45
O.45
0.45
0,08

27,06
8.90
33.01
19.46
5.28
1.64
1.86
0.76
0.34

11a

1.3

4.6
2.7




- (and comparison with an ave
12

810, 58449
1‘102 0.48
A1203 15.50
l'bzo5 1.97
FeO 4.67
¥nO 0.11
ugo Sels3
Cal 8.30
la,0 2.8
K,0 1.36
8200 0.53
H20- 0.21
9205 0.15
uzo < 0.05
NORMS

Qs 11.28
or 8.34
Ab 2%-10
An 25.30
Hy 13.76
i 12.55
ut 3.02
pal 0.9
Ap 0.34

TABLE 48 = CHEMICAL ANALYSIS OF THE PYRCXENE ANDESITE

andesite
¢
5. 20
1.5
17.47
3e48
5.49
0.15
4.36
7.92
3.67
1.41
0.86

0.28

5.7
6.7
30.9
27.2
12,0
8.4
5.1
2.4
0.7




TABLE 19 - CHEMICAL ANALYSES (F THE HIGH ALUMINA BASALT
(with others from the Teupo Volcanic Zone, and average

8i0
Ti0

A1205

ruzos

Fel

Cal

13
51.2%

0.77
17.28
5.25
k.32
0.15
5.82
11.08
2.20

0.60
0.16
C.12
0.20

7+26
3430
1834
35.86

'o.m
1%4.48

7.66
1.52
0.3

1%
51.16

0.80
17.12
2.40
7425
0.18
6.12
1.1
2.28
0e 54
0.27
0.15
0.43

2.40

2,78
19.39
3503
17.20
1746

3e48
1.52
0.34

g
5446

0.84
17.07
2,05
6.82
0.48
6404
11.43
2.40
0,64
0.56
0.147
0,10

I
L9.52

1.15
17.32
3,84
7.03
0.19
6.01
1141
2.50
0.33
025
0.26
0.19
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analyses for compsrison)

J
59.1

1.40
17.0
2.45
6.95
0.47
6.8
10.4
3415
0.40
0.72
034

K
51.33

1.10
18.04
3.004
570
0.16
6.01
10.07
2.76
0.82
0.45

0.16

2.2
5.0
23.6
33.9

4.7
12.8

b9
2.1
0.3

L
50.19
0.75
17.58
2,84
7.19
C.25
7.39
10.50
2.75
0.40

0ot

2.22
23.58

15.54
1416
2.66
1.63
4.18

1.52
Ce 34




TABLE 20 - CHEWICAL ANALYSES OF GLASSES FROM RHYOLITE DGMES AND IRTHEA

8i0 2

Pel

r.zo 3

)

51020

K20

Cal

¢

1©c
7513
0.64
0.07
Ou1l
Leals
Le2l
1.02

37.6
5540
Tols

27.2
40.1
32.7

%

75.88
0.35
0.15
0.16
3.76
4.80
1.68

.3
46.3
12.4

30.2
33.8
3640

36
75.82
0.27
0.03
0.11
be16
2.42
2.07

2
58.5
17.4

16.6
40.3
&3.1

4
7399
0.61
0.55
0.14
3.76
4.52
1.48

40.6
18.2
11.2

29.8
354
4.8
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AND TEPHRA
56 &6 76 8¢
7h+66
0.56
0.19
0.11
3,82 4.10  3.90  3.84
5.0 412  3.60  4.00
0.75 0.82 1.08  1.5%
45.2  39.0  35.4  37.2
9.1 5.8 55«3 50.7
5.7 6.2 9.3 12.1
32.0
35
33.5




TABLE 24 ~ CO-CRDINATES IN THE SYSTEMS Or - Ab - An AND
Ab - Or = Q = (nzo) FROM THE TARAWSRA VOLCANIC COMPLEX

(Caleulated to 100%)

1.
2.

3e

5.
6.
7.

9.
10C.
11.
114,
12.
13.
1k.

or
29.1
28.0
22.6
29.2
43.2
35.7
29.4
29.4
29.3
12.4
4.5
21.2

5.8
k9

Ab
60.2
62.6
60.3
58.5
55.0
57.5
62.0
58.8
60.3
59+9
53.8
38.9

51.8

.9
33.9

An
10.7
9ele
17.1
12.3
1.8
6.8
8.6
11.8
9.4
27.7
3.7
9.0
43.8
62.3
61.2

Ab
3943
.2

X s
37.0
36.7
39.0
b1.2
40.0
61.9
W77

or
19.0
18.5
16.7
20.6
29.3
22.9
18.4
19.8
19.3
12.8
12.9

Q
.7
L0.3
38.5
38.0
33.7
40.4
42.6
39.0
40.7
25.3
394




DABLE 22 = A=P-M AND VO WOLFF (L-#-Q) CO-CRDINATES FROM

1.
2.

3.

5.
6.
7.
8.
9.
10.
1.
12.
13.
b

81.3
82.7
72.0
76.8
87.4
8545
83.2
78.3
82.0
50,7

25.8
15.4
15.2

THE TARAWERA VOLCANIC COMPLEX
_(Caloulatec %o 100%)

M
b7
3.3
7.7
2.5
2.5
2.9
2.1
L.
2.1
1.5

33k
32.0

‘ 570%

57.80
60.62
60.60
€1.74
57475
56.22
59.14
57 +9h
67.20

5k 70
5575

340k
2.48
hetib
2.98
3.52
1.86
1.68
3.08
2.42
1440

33.22
36.32
43.22

39.90
39.72
34.92
36.42
Slos S

© 40,36

41.90
57.78
39.9%
18.40

42.08
7.95
2.65




XEY 70 ANALYSES IN T4
Sped. lio.

lo.
1.
2.
Je
ba
Se
6.

7

8.

9.

10.

it.

114,
12.

13.

1l

B.

11038
1157
11097
11129
11122
11064/7

11470
11171
11155/4

11408

10946

P29565
11079

11072

Location
Ruagehia Uome, Tarawera
Flateau Dome, o
Westorn Dome, "
Rotomahana Dome, %
Groen Lake "lug, *

Hahavroa ‘'Ash', Gavin Road,
Rorewhakealtu

Waishau 'Ash', Demoarat Road,
Rerewhakaaitu

Rerewhakeaitu 'Ash', Democorat
Boad, Rerewhaikeaitu

Waichau *Ash' Nuee dopoait,
177/981906

Horntlende~quarts-dacite.
Joncilth in “sharcs Tephra,
UTT/964913

Granodiorito. Xenclith in
iahsroa Terhrs, 1177/964913

Pyroxene andesite. Xenolith
in FKaheros Tephra
H77/964913

High alumina basalt.
Fissure tc the S.W. of
Ruawahia Trig.

Basalt scoria, Tarawers

Aversge Tarawers come
(average of © analyses)
Average Young Ehyolite Dome.
(average 11 anslyses)
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1522 ANp FIGURES 68-72, 82, 8&

Reference

Unpublished

Bwart ané Cole
(in press)

Grange, 19357
P79

Unpublished

Ewart, 1965.
Po'hv




tio. Speo. No.

Ce -
Ds -
E. -
T -
G. -
H. -
I. -
J. -
e -
Le -

Location

Average Terarcra rhyclite
}dmc + ash)

average of § analyses)
Average Rhyolite of Taupo
Voleanic lone

(sverage of 25 analyses)

Averags Cale-alkaline
rhyolite

Average Tarawers Tophra
{aversge of 4 anslyses)

Averags ‘ancesite’
Basalt scoris, Rotocatus
Basalt, £ Trig

Basalt, U(raxeikorako

Average 'Central' type
basalt

Average 'high alumina'
basalt

AALYSTS:

1=10, 12, 13 J.¥. Cale
11, 114, J J.A. Ritohis
1, H, I F.7. Seclye

& BP0 o

Unpublished

Ewart, 1965
pe Y.

lockolds, 1554
p.im&

Unpublished
Hookolda, 1954
p.‘lms

Steiner, 1958
Pe330

Grange, 1937
P075

Llgyd, in press

Socktolds, 1954
p.1024

Kuno, 1960
petite




