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ABSTRACT

The volcamic rocks of Edgecumbe, Whale Island, White Island and
Manawahe are andesites and dacites, which are collectively termed the
Bay of Plenty Volcanics. Edgecumbe is a comparatively young volcano,
being netichbotvoca 1700 and 8000 years B.P.; Whale Island has
probably been inactive for at least the last 36,000 years; White Island
has probably been active for much of the late Pleistocene, and i{s still
in 2 stage of solfataric activity with intermittent tephra eruptioms;
aad»uanavaho is probably of the order of 750,000 years old (K-Ar date
by J.J. Stipp).

The geology of Edgecumbe, Whale In;and and White Island is
discussed, and the petrography and mineralogy of the Bay of Plenty
volcanics is discussed and compared. The rocks of Edgecumbe and
wi.l. Island are extremely similar petrographically, but the rocks of
White Island and Manawshe are sufficiently different that they can
‘b>o distinguished both from one another and from Edgeeunbe and Whale
Inl!nd rocks. Most of the Bay of Plenty volcanics are plagioclase
andesites or plagioclase dacites.

New total rock analyses for 28 elements in 44 samples of the Bay

of Plenty volcanies are presented, together with amalysés for 4 samples
from elsewhere in the Taupo Volecamic Zome, Three samples were analysed
for an additional 17 elements.

The liy of Plenty volcanics are calcealkaline and are predominantly
dacites (O 63% 8102) by Tayler et al.'s (1969) definition, but there is

chemical continuity from samples with about 61% 5i0, to samples with

2
about 66% 8102. Major and trace element variation trends camnot be



explained entirely by a crystal fractionation hypothesis, and
assimilation of upper crustal material of rhyolitic compositiom best
explains the variation trends for Edgecumbe and Whale Island.

The variation trends and certain element abundances in White Island
rocks suggest the assimilation of marime sediments, and introductiom of
seawater into the magma.

Taken as a whole, the Bay of Plenty volcanics fit the chemical
trends which have been established for the Taupo Zome by earlier workers
(e.g. Steiner, 1958; Clark, 1960). The apparent geochemical 'gap' or
discontinuity between about 68% amd 71.5% 8102 noted by Steiner (1958)
is further substantiated by the new geochemical data presented here.
1t is considered likely that basalt, andesite amd rhyolite are all
primary magmas in the Taupo Volcanic Zome. Thelr possible origims,

and the origins of Taupo Zone dacites are discussed.
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PART 1

GEOLOGY, PETROGRAPHY AND MINERALOGY OF EDGECUMBE,

WHALE ISLAND, WHITE ISLAND AND MANAWAHE




INTRODUC TION

Quaternary calc-alkaline volcanism in gemeral, and andesitic
volecanism in particular, is clo:cly‘lssoctated with active
continental margins and island arcs. Active contimental margins
and andesitic volcanism border most of the Pacific, forming am élmost‘

continuous chain of volcamoes from the Andes of South America through

Central America to the Cascades of North A&otica, from there through the

Alaskan peninsula and Aleutianm and Kurile ares to Japam, and thence
through the Bonin-karianas ﬁxe, the Solomon Islands, and the Fiji,
Tonga and Kermadec Islands to New Zealand. This remarkable volcaniec
chain which is semi-continuous for more than 20,000 miles has been
terned the ”girdla of fire" round the Pacific, The boundary between
circum-pacific andesitic volcanism and the tholeiitic amd alkalic
volcanism within the Pacific basin has been termed the “andesite line",
and has played an importamt part in mamy petrogenmetic theories for the
origin of the cale-alkalie volcanic associatiom.

In the centre of North Island, New Zealand, Holocene volcanism
has oceurtcd’princlpally in the Tawpo Volcanic Zome (Fig. 1.), which
extends from Ohakune to White Island. The structure of the Taupo
Vbicinic Zone, the diitriﬁutian of eruptive rocks withim it and the
volcanie mechanisms controlling eruption have been discussed by
Healy (1962, 1964), Thompson (1964) and Modriniak & Studt (1959).
Clark (1960 a, b,) ;otcdlﬁhat surface outcrops of the rock types
present show an apparenmt sy-notiy. with andesitic ctuptlvi. 5.1-;

located at the southwestern andmortheastern ends of the zone,

separated by rhyolitiec eruptives and minor amounts of dacitiec eruptives.
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For the intermediate calc-alkaline volcanics, some of which are the
subject of this thesis, the distribution is as follows. Volcanoes
termed “young" are thought to have beenm active within the last
50,000 years.

By far the greatest volume of andesite erupted im the Taupo Zome
has been from the volcanoes of Tongariro Natiomal Park; Ruapehu,
Ngauruhee and Tomgariroy amnd from Pihanga and Tihia just to the north
of the park., The central part of the zone contains three small dacite
volcanoes; Tauhara, Maungaonmgaonga and Maungakakaramea; and three old
andesite volcanoes; Pureora, Titiraupenga and Rolles Peak. The
northeastern portion of the zone contaias»thc young volcanoes Bdgocumbc,;
Whale Island and White Island together with the old volcano Manawahe;
all four of these volcanoces have been described as andesitic by Healy,
Schofield & Thompson (1964). Mowever the lavas of the four volcanoces
are shown here to be more acidie than the andesites of the Tongariro
National Park volcanoes, and would be better described as transitional
in composition from andesite to dacite.

The young volcanoes Edgecumbe, Whale Island and White Island lie
approximately 40 km apart on the flanks of the Whakatane Craben,
described by Macpherson (1944), and its proposed offshore extension
the White Island Trench (Fleming, 1952). The dissected remmants of
the old volcano Manawahe also lie on the flank of the Whakatame Grabenm,
some 15 km north of Edgecumbe. Thus the positions of the andesitic and j

l
dacitic volcanoes at the mortheast end of the Taupo Volcanic Zome appear |

|

to be related to the position of the Whakatane Grabenm. 1




“The Whakatane Grabqn is a complex depression, bounded on the
northwest by normal faults and bounded om the southeast by
intersecting north-south trending transcurrent faults and northeast
trending normal faults (Healy, Schofield & Thompsons 1964). Where the
graben crosses the coast the basement (Mesozoic greywacke) lies at least
2100 = below the surface, shallowing to about 1500-1800 m at Kawerau.
From samples recovered from drillholes for steam produdion at Kawerau,
the graben appears to be filled with rhyolitiec lavas, tuffs and flow
breccias; ignimbrite; andesite; and volcanigeﬁie siltstones.

For convenience of description the rocks of Edgecumbe, Whale
I1sland, White Island, and Manawahe volcanoes are collectively termed
the "Bay of Plenty volcanics™j and although other andesites and dacites
crop out in the Bay of Plenty region (e.g. Motiti Island) these are not

included in the present usage of this collective term,

.5 o



PETROGRAPHIC NOMENCLATURE

Rocks can be named according to pcttographic or chemical criteria,
but in general few rocks from any particular suite are analysed, thus
necessitating a8 dual classification using either e¢riterion. Such
classifications, one chemical and one petrographic, will often result
in different names for the same rock. Simce the intermediate calc-alkaline
volcanics are petrographically classified accordimg te their phenoeryst
assemblage, which often represents omly 20-30% "by volume of the rock,
differences between chemical and petrographic classification are quite
frequent. Throughout the sections on the geology, petrography and
mineralogy of the Bay of Plenty volcanics a petrographic classificatiom,
discussed l;dow. is used.

A nineralogical criterion which closely corresponds to the chemical
dividing line between andesite and dacite, chosem at 63% .".io2 in
accordamnce with Taylor et al.'s (1969) recommendation, is the presence
(dacite) or absence (andesite) of modal quartz. All samples from
Edgecunbe, Whale Island, White Idand and Manawshe are chemically either
andesitic or dacitic. All chemically amalysed rocks petrographically
clau;fi.d as dacites are also dacitic in chemistry () 63% sxoz)f
However, a number of "chemical dacites" do mot contain modal quartszy
thus the petrographic classification adopted provides an underestimate
of the proportion of rocks with dacitic chemistry in the volecanies
sampled. A more extensive account of the relationships between
mineralogy amd chemistry im the rocks analysed is givem in the section

on Geochemistry.
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Petrography is also used for sub-division of the andesites and
dacites. With ome modification, the mineralogical sub-divisions adopted
are essentially the same as those of Clark (1960 b.). As the plagioclase
from the Bay of Plenty andesites and dacites is more sodic than that in
the rocks of Tomgariro Natiomal Park, Clark's labradorite and labradorite-
pyroxene prefixes have been altered to plagioclase and plagioclase-pyroxene.
With this alteration Clark's petrographic classification of the andesites
is applicable to both andesites amd dacites, allowing simple comparison
of their mineralogy.

The petrographic subdivisions used in this thesis are detailed
belows -

(1) Plagioclase andesite/dacite - porphyritie plagioclase
dominant over pyroxeme phenocrysts.

(2) Plagioclase-pyroxene andesite/dacite - proportion of
pyroxene to plagloclase phenocrysts substantial., Quantitative
distinction from (1) made according to the value of the ratio
(porphyritic pyroxeme x 100)/(porphyritic plagioclase + pyroxene),
samples with a ratio less than 33.3 are classified as plagioclase
andesites/dacites.

Since none of the Bay of Plemty volcanics sampled have substantial
concentrations of olivine or hornblende, Clark's subdivisions requiring
significant amounts of these minerals are not used in this thesis.
Similarly, pyroxeme is never the dominant phemocryst in the Bay of
Plenty volcanics sampled, lnd»l pyroxene andesite/dacite definmition’

is not required.




EDGECUMBE

Edgecunrbe is a young volcamo 3 km southeast of the town of Kawerau
in‘the Bay of Plenty regiom. Its summit is 821 oo above sea-level, and
its base about 70 m above sea-level. The rocks of which it is composed
have been erupted onto the tephra-covered surface of the eroded
Hatahina Igniwbrite.

Edgecumbe was described as a young-looking hypersthene-andesite
volcino by MacPherson (1944), and was similarly described by Healy,
Schofield & Thompson (1964) who, in addition, inferred on the basis of
tephrachronology an age for Edgecumbe of little more thanm 1,000 years.
A more extensive geological description has been given receamtly by
Healy (1967); but no systematic geological, petrological or
petrochemical study of the volcano has been made previously.

Studt (1958) made a geophysical investigation of the Kawerau area
which showed that Edgecumbe has very little effect on the geomagnetic
contours and because of the marked susceptibility difference between
the andesite and the underlying ignimbrite he therefore inferred that
the ;ndcsitc does not extend far below the surface.

GEOLOGY

Edgecumbe rises abruptly from the tephra-covered surface of the
Matshina Ignimbrite and is virtually undissected. The lack of
dissection is due both to its youthfulness and to a large proportion
of the drainage being sub-surface, emerging as springs at the base of
the lowest lava flows. The outer boundury—of lava flows at the base of

the volcano is well defimed and on the mountain itself features such as
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flows and groups of flows can be deterwined from air photographs amnd
detailed contour maps.

The geology is depicted on two single-factor maps. Fig. 2 is a
detailed coﬁtour map of Edgecumbe and the surrounding area. Fig., 3 is
an interpretative map showing all recognisable individual flows ana the
vents from which they are thought to have come. Relative age of the
flows from any onme vent is also indicated wherever it cam be deduced
from topography, air photographs or ground imspection. In many cases
it is harder to observe flow boundaries and contact relatiomships
on the ground tham in air photographs, mainly because of the chaotic
and broken surface of the flows and the heavy bush cover. Table 1
lists the grid co-ordinates of the vents and groups the vents,and flows
from them according to locality.

Where flows can be ascribed to a particular vent they are given
the vent number, and a number of {;ows apparently from the same vent
are termed a flow series. The relative age of the flows in each flow
series is indicated in Fig. 3, the letters 'a', 'b' and 'c' after the
vent nuuber imdicating increasing age with 'a' being the youngest
reecognised flow from that vent. In cases where a flow series can be
rc;pgnlscd butthe vent from which it was erupted is not recogmisable,
then all the flows in any one series are identified by capital letters.
!Iig flow series A eontaina three flows Aa, Ab and Ac, in ordor of
ianr.asing age.

It has not been possible to determine the lncntion oi th. vents
from which the lowest flows around the base of the volclae were erupted,
nor do the flows form clearly defined flow series. They have therefore

been grouped acéordt-g to their locatien into thnxnorthita. Southern

and Western Bage Flows.
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TABLE 1

LOCATIONS AND NAMES OF EDGECUMBE VENTS AND VOLCANIC UNITS

Vent No. Grid Co-ordinates Gro!gigg
1« N77/163070
2. N77/164072 Western Vents, Flows.
3. N77/165071
4. N77/168071
. N77/172071 Main Dome.
6. N77/179075 Main Cone Vents, Flows.
7e N77/181087 North Dome.,
8. N77/184076
9. N77/185075 Main Cone Vents, Flows.
10. N77/186075
11. N77/187074

2 14 .




A striking feature of the volesnism at Edgecumbe is the marked
linear dis'trihtion of mearly all the vents. Ten out of the eleven
recognised vemts fall inside a band 300 m wide and 3 km lomg trending
85°, This trend is not parallel to the 50° tremd of the Tarawera rift
or its postulated extension as a concealed fault down the Tarawera
River valley to the west of Edgecumbe, mor is it parallel to the main
northesouth or northeast-southwest fault tremds in the area. There is
no topographic indication of recent faulting displacing the surface of
the Matahina ‘lnimbrtu in the area {mmediately surrounding Edgecumbe.
The vent Bmd‘ is inferred to be comtrolled by a major fracture zome,
but vertical or horizomntal displacements on this zone have not been
observed.

Western Flows

The western Base Flows are very similar in topographic expression-
to the northern and southern lu: Flows, and all three ax_g_’nbably about
the same ages The relative ages of vents 1, 2, 3, and & m not certain
as flows from these vents are separated by areas of western Base Flows.
Flows 1a, 1b, 2b and 3c do not have any well-preserved flow features
and are thought to be tat;or older than flows 2a, 3a; -and 3b.
The latter flows have well-preserved ridges parallel to the flow fromt,

together with clearly defined levées. The small flow from vent & is

certainly younger than Main Dome (extruded from vent 5) since it has
been constrained to the valley between Main Dome and Western Flows; it
is also probably jmgcr than the flows from vemts 2 nd 3. |

1t geems probubl‘ that early eruptions from vemts 1, 2, and 3 were
npprmmntoly contemporaneous, but that eruptions eoa:ﬁmd from vents

2 and 3 after vent 1 had become inactive. The lava flow from vemt 4

- 12 -




Plate 2. - Alignment of vents comprising the
Edgecumbe volcano; western vents im the fore-
ground with the Main Dome, and Main Cone vents
behind them.

Plate 3. - Main Dome, Edgecumbe.




probably postdates flows u-u wquu 2 and h M mlmu-g @
pattern of a jlwly .utvud-mi.rating focus of ornpt.lon.

Steep sides and fromts (up to 40°) on most of the flns, and‘
remnants of extrusive spines at vents 2 and 3 are indicatlions of
relatively high magma viscosity.

¥ain Dome

Main Dome lying between ¥ain Come and the Western rle-;n is one

of the most comspicuous features on Edgecumbe. It is omcly steep-
sided (up to “’) and was extruded as 2 single unit, but lava protrusions
broke through the cooling-surface at two points to form small spines.

A number of blocks of momn-vesicular lava on top of the Dome are capped
by a welded breccia of rather vesicular lava. As the contact between
the welded breecia and the underlying lava {s gradariomal, the breccia is
probably the auto-brecciated top of the lava dome rather thanm air-fall

agglomerate. . A ' f e o ol
ey

Main Dome is apparemtly younger than flow 6a, one of the youngest
flows om Main Cone, since the foot of flow 6a is covered by the eastern
margin of the Domes The Dome is probably younger tham all the flows on
Hain Cone with the possible exception of ﬂ.u 8a, It is older ct;n the
flow from vent 4, but may be the same age as one or move of the other
Western "-..v

Domes of this type and size are common im volcanoes of intermediate
cale-alkaline emttta (Williams, 1932) ud tlui.r lmuoa is often
uecnpnud by eruptiomns of the nueée ardente type. !nuo growth
accompanied by nuée ardemte eruptions is well ilt&.trnud‘fay the

.ruptim of Mt Lamingtomn in 1951 (tlil‘ot. 1958). Main Done, however,

seems to have grown quietly with nn‘acconp-yti. explosive ieuvl:y.

- 14 -




Nowhere around the base of the Dome are there any extensive talus fams,
and no breccia deposits of nuee ardente type are found either om the
volcano or on the surrounding tephra-covered ignimbrite.

The approximate volume of the Main Dome together with the
approximate volumes of the other volcamic units making up the
Edgecumbe volcano are givem im Table 2.

Main Cone

Main Cone includes by far the largest volume of volcanic material
in the Edgecumbe volcano (Table 2.). Flows forming the base of Main
Cone were erupted from vemts which are mo longer visible, and are
probably coulées from vents which are now covered both by the basal
flows themsel-es and by subsequent flows.

The mode of growth im Main Cone appears to have been by successive
eruption of m.ulvc coulées of highly viscous lava from vents near the
centre of the Conme. Thinner flows of "aa" type were erupted mainly in
the late stages of activity.

On the morth side of Main Come there are three well defined ridges,
each formed by successive coulees and flows following mearly the sane
path but for progressively shorter distances from their common vent.
Flows 6a, 6b and 6ec followed the same path, which after flow 6c must
have been a ridges Similarly flows Aa and Ab followed the ridge formed
by flow Acy and flow Ba followed the ridge formed by flow Bb, a ridge to
the east of the one formed by flow series A. Im flow urin‘A. B and C
the volumeof individual flows decreases with dncrndng age, the same
trend shown by flows from vent 6. The vents from which flow series A,

B, and C were erupted cannot be identified, but from the distribution of

the flows the lavas must have been erupted from vents 9 and 10, or from

vents close to these localities.
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TABLE 2

APPROXIMATE VOLUME OF VOLCANIC UNITS

COMPRISING EDGECUMBE VOLCANQ

Western Flows = 6.58 x 107 m3.
Main Dome = 2.98 x 107 m3.

W

North Dome = 1.18 x 10° wu .

w

Main Cone = 1.51 x 109 m e

total volume = 1.61 km® = 0.39 mile

L_é‘,_giA,f, . -16 -
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The western flank of Main Cone, between the northeastern flows
from vent 6 (62, 6b and 6¢c) and the flows from vent 8 (8a and 8b), is
sub-arcuate with the aic centered approximately on Main Dome. This
suggests that the western side qf Main Cone was sculptured either by
explosion or collapse related to activity from vent 5. A wmajor explosion
in this area appears to be ruled out by the lack of fragmentary
andesitic material or amdesitic ash on or within the tephra deposits
covering the Matahina Igniwbrite at the foot of the mountain., However,
as shown in Fig. 3, extensive scree slopes on the western flank of
Hain Come might have been forwed by collapse along am arcuate fracture
alsociated with vent 5. A flow from vent 6 apparently postdates this
scree formation but predates the extrusion of Maim Dome from vent 5.

On the south side of Main Cone there are four major coulées,
which have been assigned to flow series D as it is likely that the
vents from which they were erupted (possibly 9 and/or 10) were close
together or coincidemt. Flow 8a postdates flows Da and Dd and from its
.Qurtac. appearance is probably the youngest of the flows on Main Cone.
Flow 8b, which is largely covered by flow 8a, may be contemporaneous with
some of flow series D.

A smooth surfaced fam-shaped lahar deposit, with its apex at the
present summit of Edgecumbe, covers the easterm side of Main Cone.

Its upper margins lie at the rim of an old breached crater, within
which a small tholoid or vent plug was extruded from vemt 11. It
contains all sizes of volcanic material from 15‘m blocks down to sand
size particles, and extends for about 1 km northeast of the volcano,

following the floor of a valley in the ignimbrite. Part of the lahar
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debris comsists of blocks which are chemically indistinguishable

(see p.3c)) from samples taken from the small plug tholoid in vent 11,
and thus the plug may be the remnant of a larger extrusive spine, whose
collapse provided much of the material incorporated in the lahar.

The two small craters at the top of Mailn Come are explosion pits
(vents 9 and 10), and with the possible exception of flow 8a are
probably the youngest features on the come. The amount of ejecta
produced by the explosions must have been swmall as andesitic ash and
lapilli were only found at two sites on the southside of the Main Cone.
No andesitic ash or lapilli were found in the tephra sheet covering the
Matahina Ignimbrite at the base of the volcano.

North Dome

North Dome is motable since it was extruded from the only vent om
Edgecumbe which does mot 1lie within the 300 m wide band enclosing the
other vents. It is even smaller than the plug tholoid in vent 11 and is
topped by a small 25 m high extrusive spine which has ltr;a;ly ribbed
sides, probably due to scoring by the sides of the vent during extrusion.
The relative age of Nath Dome is unknown as it is separated from other

flows by scree debris from flows higher on the mountain.

Igninbrite Roof Dome

On the northeast side of Edgecumbe voleano, 300 m beyond the foot
of the lowest flow from Main Come, there is a topographic dome composed
of Kntaﬂlua Ignimbrite which was described by Bc;ly (1967) as a "roof
mountain", Healy comsidered that it had "beem thrust and lifted upwards,
presuxably by an intrusion of lava bemeath it, until it stands 400 ft

above its surroundings."

w1 Qe




It can be seen from Fig. 4 that the ignimbrite was not merely
pushed up vertically from below, but was also ti!ted downwards to the
northeast in the process. Thus a sheath of the unwelded top of the
ignimbrite bounds the Roof Dome on the north amd east flanks.

An avcuate valley on the top of the Roof Dome, together with collapse
pits along the floor of this valley, suggest that part of the Dome
collapsed back into the underlying vent alomg a ring-fracture.

Strong hydrothermal alteratiom of welded igmimbrite is exposed on the
northern, northeastern and northwesternm flanks of the highest portion
of the Roof Dome, inside the inferred arcuate fracture.

No andesite is exposed either om or around the base of the Roof
Dome. As Healy (1967) saidy "it represents am incipient velcano,
the lava of which did not reach the surface". The age of the Roof
Dome relative to the velecasnic activity om Edgecumbe cammot be
determined directly as the two are not inm contacty it is however
digcussed further in the section on tephra stratigraphy and
chronology.

TEPHRA STRATIGRAPRY AND CHRONOLOGY

The assistance of Mr C.G. Vucetich and Mr W.A. Pullar was
invaluable in identifying and measuring the three distinmctive ash
layers recorded §n RBdgecumbe volcano. In order to determine the 1
tephra stratigraphy flattish sites were carefully selected om the very {
rough surface of \tbo block flows, and each site was dug out im the
form of a marrow :r.nﬁ in order to measure the average thickmess of
each layer, and im order to aveid erosion breaks uuﬁinud with the

rough topography. Three ash layers, which are briefly described below,
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were found at all the selected sites on the Western Flows, Main Dome
and ¥ain Come; the thicknesses found at each site are given in
Table 3.
(1f‘ Tarawera Ash: dark-brown to black, glassy, fine lapilli,
and near-white accessory rhyolite scavenged from the vent walls.
(2) Kaharoa Ash: capped by a very black paleosol contrasting
with the underlying pale-brown to white, shower-bedded, dense fime ash.
(3) Taupo Lapilli: shower-bedded coaisq ash at the base, overlain
by a brown paleosol contaiming soft, highly vesicular pumice fragments.
Towards the top of Main Come the colours and the weathering
expression of the ash layers chaﬂgo due to higher rainfall. 1In
particular the Taupo Lapilli i{s stained dark-brown and allophanic
colloid extends throughout. However the coarse-ash basal layers of
the Taupo Lapilli are still recognisable.

At site 6, on the summit of Main Come, a well-weathered fime ash,

about 5 cw thick, underlies the basal layer of the Taupo Lapilli.

It is ill-defined and the form of the pumice and the accessory minerals
are hard to determime. The ash is most unlikely to be the Whakatame
Ash which is usually 100 em thick in this area, and is temtatively
correlated with the Waimihia Ash, At site 8 om the southern side

of ihc ¥ain Cone the basal fine ash layer is also present, and again
about 5 em thick, It overlies about 8-10 cu of andesitic lapilli and |
u;h which is thought to represent ejecta frow the explosion pits at
vents 9 and 10. It is likely that mearer the explosion pits the
ejected debris is coarser and harder to distinguish from the surface

of the underlying flows.
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TABLE 3

1.
2.
3.
e
5.
6.
7
8.
9.

Site

N77/160070
N77/172073
N77/171085
N77/183078
N77/184076
N77/189073
N77/189068
N77/18%064
Lahar Flow
(mean of 7

EDGECUMBE TEPHRA STRATLIGRAPHY

THICKNESS OF TEPHRA LAYERS IN Ck.

Tarawera Kaharoa Taupo

Ash Ash Lapilli  Other
* * *

* # *

* * *

25 43 3

30 36 30

33 43 33 5
33 7 38

33 56 25 15
36 37 16

sites)

. indicates presence of particular tephra, but thickness

uncertain.

Site Identification

1. Flow 1a.

2. Main Tholoid.

3. Northern Rase Flows.
4. Flow Aa.

;. Eain Cone, West Peak.
6. Flow 11=,

7. Flow Dbe

8. Flow Dc.

9. Lahar Flow, grid references
for sites as belows; N77/: 203082,
202083, 201083, 205086, 206087,
207089, 207091.
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The site chosen on the Roof Dome (grid ref; H77/197091) is over
a part of the ignimbrite which is moderately welded, not on the
unwel ded upper part of the ignimbrite. Thus the tephra section
measured postdates the formation of the dome, during which the updomed
part of the ignimbrite was &il:cd to expose lower stratigraphic horizons

within it. The following ash section was founds

Tarawera Ash 25 em
Kaharoa Ash 36 em
Taupo Lapilli nil

Whakatane Ash 86 em

A critical section in a road cutting 500 m southeast of the
Roof Dome (grid ref: N77/200086) shows a boulder of Edgecumbe andesite
resting on the paleosol capping the Rotoma Ash, and surrounded and
covered by the Whakatane Ash.

The tephra cover on the lahar flow on the eastern gide of
Hain Cone was studied at seven sites and the mean thickness of each
ash layci given im Table 3, Tarawera Ash, Kaharoa Ash and the T‘upo
Lapilli are present at six out of the seven sites, but at the seventh

the Kaharoa Ash is missing.

cbiunologtenl Conclusions
The minimum age of the lava flows on Edgecusbe and of the lahar
flow from the ﬁnin Come, at the sites examined, is 1700 years B.Ps, the

age of the riupo Lapilli. If the basal fine ash layer at sites 6 and §

is the Waimihia Ash (as seems probable), then the minimum age for the
£lows underlying these two sites is 3200 years B.P., the age of the

Waimihia Ash. The age of the uplift which formed the ignimbrite Roof




Douwe is between 5000 years and 8000 years B.P. (Whakatane Ash: 5000 B.P.;
Rotoma Ash: 8000 B.P.) The blek of Edgecumbe andesite resting on the
paleosol capping the Rotoma Ash has probably rolled downhill from the
fromt of flow Cb, a distance of 60 m; indicating that there was
effusive volcanism on the mortheast flank of Maim Come betweem 5000
years and 8000 years B.P.

This conclusion differs from that reached by Healy, Schofield,
& Thompsom (1964) who found only the Tarawera and Kaharoa ashes om
Edgecumbe, and thus inferred an age for the volcamo of little mere
than 1000 years.

PETROGRAPHY

75 thin sections of samples from Edgecumbe volcano were studied
and 50 representative samples were chosen for modal amalyses. All the
samples, apart from xenoliths, are porphyritic plagioclase =ndesites
or plagioclase dacites. They all contain phenocrysts of zoned
plagioclase (An,o-Anso). clinopyroxene (augite), orthopyroxene
(hypersthene-bronsite), and opaque oxides (magnetite, titanomagnetite).
The groundmass invariably contaims small laths of plagioclase, and
crystals of orthopyroxene, opaque oxides, apatite and rutile; in
addition about half the samples have recognisable cristobalite in the
groundmass. Biotite, quartz and hormblende are present as phenocrysts
in 50%, 40% and 25% respectively of the samples.

Glomeroporphyritic aggregates of varying proportions of plagioclase,

pyroxenes amd opaque oxides occur in mest samples. MKost groundmass

textures are pilotaxitic, but some are hyalopilitic, usually with the




glass partially devitrified. Two of the thin sections examined have
anygdaloidal texture with cristobalite amygdales.

Sample locations for the 50 selected samples and their modal
analyses and phenocryst proportions are given in Table 4. At least
1500 points were counted on each thin section. In order to evaluate
the precision of a modal analysig and the degree to which it is
representative, six wmodal analyses of the same thin section were made,
followed by six modal analyses of different thin sections from the same
sanple and a further six modal analyses of one thin section from each of
six sawples from Maim Dome. The results of this test are givenm in
Table 5 in the form of the relative deviation for each mineral within
one thin section, between thin sections and between samples. Table 5
shows that the relative deviatiom is much less for major constituents
than for mimor comstituents, as would be expected. There is also a
general tendency towards higher relative deviation for any mineral
between thin sections than within a thin section, and a tendency towards
higher relative deviation between samples than between thin sectioms.
Thus a single sample can be considered mineralogically representative
of the volecanic unit from which it was taken only as an approximation,
and analysis of a number of sanples from the same flow will greatly
increase the precision of the wode, and the degree to which it is

representative,

Comparative Petrography of Edgecumbe Volcanic Umits

The following discussion of comparative petrography is based on
the average analyses of samples frnn each unit, presented im Table 6.
Where there was only one sample from a unit, and averages could not

be taken, it is marked with an asterisk in Table 6 to indicate the

low.: reliability.
- 26 -




*S{e18UTW A1PPU0las ayl SE pajunod s1 ydiowopnasd syz ajopdwos s uorzeasIE
saays ‘peraugu Lrewprd sy3 se pajunad s1 ydiowopnasd

AY3I ulBWDI @pulquaoy

A0 2337019 A4 JOo AWOS IIIyM -apuajqurcy pue 231307q 1233e sydrowopnasd Kpgeqoad
&394 1€ yoyym asers018e(d pue sanbedo ‘anaxoxdd Jo sajeHaai¥e ujlejued SUOIIISS ISOR 930N
L0 9 [ 21 a4 ¢re B*09 @ P113eQ ASRII0 [N [ L1t
Lo d Iz Sk 8°8C 9°£9 aaysapuy aseyd0iielqd 0sElT
90 1o 91 £ 062 0 %9 €a) 2112eq 3se(a0tdeid glett
8t L0 e 7' 0°ce {9441 #319eq asera01de(d 69ELl ADTd. ¥R
B - ity 79 "Lz 6°%9 PIfsapuy aseIoi¥eq 8yEll
- - 970 0y 9°BT 469 @i1sapuy ase(do1feld LHeTl
T 85 s*5 6" 8785 aifIeq IsE(018e |4 9vETl 5 awoqg Y3IIoN
= - o €€ 0*€T i*89 @3150puy asellorde)qy SUETT
= E'% 34 S -5t Le9 »31aeq @se1078e]d Ladngt
= 9°0 0°1 (Al 6*12 1"eL 2peeq ase(d01de(d et “a
- - 2-e rady 1eal £ L 2y1sapuy 3serd01felq el
= - L0 0z 66l L9L 231svpuy asedo1¥eld| Twgll | *D
3 - 69 6°S 9 It 1*%5¢ (v) 23rsapuy asepdoide|q 91211
- 81 LAY 9L 2 6e 6°6S 2310w 9se(d0idelq omeETl
& = Al gy A L85 a3ysapuy asepaoideid| peLll
= 01 hen el 81z 879 a313mq @serd01ferd| eCCll *q
- ) at L0 9 EL 0°8¢ 319eq Ise(aeile(d (ARA R
5 = 0%y ey 18 6719 a31sapuy esedordeld | 9Lell
. 3 vy (&) 947 6°LS (Q) @aysapuy aseidoiBerd| L0717 | v
LT - §°T A2 4 wher b L9 airsapuy aseraordeqq SEETT
® - Sty 8¢ 0762 9*59 (a) 231sapuy ase(d013e]d #1Z11 11
o (4 81 (489 g0t z°99 23y2eg ase(lordelq REELT
= = 0t €6 9s2e 7°LS 31sapuy aseyIeidelyd EeEll *8
w €0 T 9*€ 0'1y g Is 21158q dse[d01¥e(d (459
" . i€ gy L6l SRS @311sapuy ase[l0i¥e(d LEETT
- - o'y (A 1" L2 0°09 a3jsapuy aserdeidelq ofEll
6°0 0 9T 1°g 1Lz 919 2312eq ase(doide(qd (49441 9 Quo) uieR
0 6z 9z [Ad] 9T 619 (a) 11d2eq ase[dciderd [A¢A41
%4l 6°9 €9 0t L*6L €19 @312eq 9seyIo038eryq 6CELT
%0 "5 154 6°C g1z 0°<9 2312ed uwmﬁuauu.wef_ BZELT
80 [ % Lo 8% 9% 0°69 2312eQq 2se[I03de(d Leelt
Lo vl 9 T 8¢ 9L L7119 3313eq ase12018e|d 9zell
[ 50] 11 9*1 99 L9 §° 19 (a) 23198q Pse1I01¥E |4 Liern
0 L] 81 5°0 0°5Z L°9% (@) 231eeq Iserd0rBeld| Qr21l < awog uieW
- - 6°C 0z L0t 0*%L a31sapuy aseldorderq CTELT 7
& [ 01 0°€ 961 192 2319uQ aseyd018¥e1d| 4ZEIL
- L P 9°€ & 9t §%9¢L 2311sapuy aselojfeld £Zere
T - Lt L $ 0z 6°1¢L 231sapuy aseqlorfe|q [£429%
= = 7°1 LA 091 (ALY 231s9puy ase2018e|4g 12611 €
N - s 6°C gl 6°CL aiysapuy ase(3oyde|y 0ZELT
g - 1A ¢ 61 R €L 9L 311sapuy as¥a018R(q 61ETT *1 Smo{d UIDISIN
- - (4 6" € vzl 6" %L () sa1sapuy ase(o0(8e|d gletr
L = 6% 0°9 g1E £°9¢ a31sapuy asedofe(d g9LIT
01 €1 g 8“9 L0t 6°5% 23798 PSR (I018e |4 L9ELT S
N = g0 6T 652 £ 69 !:v A3 §sapuy ase(I0y8e(q 90Z11
L = 6°C 9°¢ 98l 9* 5L ajysapuy asefdoiderd 99¢T1 L3
s & 91 €e 18814 29 #1328 @sei0ife|q L9ETL
N - €T (a1 6°ce 6" 69 23153puy oserd01derd €511
(5] - 91 iz 9°91 et () 21159puy asepaorderd| <ozIl N SMotd 3seq
apua [quiop  zaiend) susxoikd auaX01Ly ASEI0I¥E[4 SSEWPUNOIH NOTIVO 4188V T “ON ALTTV201
=ouITD o431 DIHAVYDON L4 ATdWYS

SISATVNY  TVAOR

d 1SIMOONdHd ANV SISATVNV TVAOR *SNOLIVOIOT

% dTEVL




*sisd[eur Junoa-juiod

HoE? 103 3pen IIPM SIUNOD (OS] ‘UNROD GIED U] WOFIETIEBA

2yl SUjLIIIAP 0] IVPIO W] Pprw IIdm sIsA[eus Junod-jujoed ¢ iaj30y

ueay
00 X uolle(4d( PIEPURIS IUOTILIASP 2AIIE[D2 s¢ pessoxdxe

81 €59 2°8¢€ 0°ZL senbedp
3 1 I*1e 9° %L §*LS 2313019
§*0 . gee 1°28 0°06f  spusjquioy
_ €z L°19 'Ly 0°0C z3aE0)
gz 0°s8 90y 6°cE suaxoiddoutyd
| Ty Less €°0z 0°0¢ suexoxddoy3ao
1°62 rAd 9! §°6 89 el g T
€29 0*S 0°s %°€ sseupunoIn

1EIoUIH sajdueg udam3zaq SUOTIONE USIMISG UOIIIVG UT s$juan] jIsuc)
3O 4 usady # uojeravsp ¥ vorIRLTIEA #uoljeIIEA Teasuy

SASITVNY INNOD-INIOd 20 ALTTINIONAONIEY ATINVS ANV NOISIodud

S ATVl

= 98 =




*a8exane ue jJjou ‘Ajuo apdues auQ

#

191 L1t0 £ S0 el 20 (Sl 0"t £70¢ 8°09 MoT4 aeyeT
9e°1 e o 71 e = 61 VAR ? ] 9*6¢ [*E9 “L swoq Y3iioN
CE" L 27T 0 et 9°0 = 0°1 Gz [ 189 *a

9,1 €20 1 = l % (| 9z 0*LL &3

s0*1 1¢°0 6°1 - = L0 & h 6" 0°8§ k!

ee°l 820 £*¢ 1o 5 0 VAS? 8% A1 Y

80°T 9¢°0 VAR 1°0 Bl - 0%¢ £g £*99 ]

(A €20 Lol /gl 3 =0 01 7T £*s L°19 "8

€9°1 Le*o 9°1 LG 0 0 0*€ 16 0"8¢% ‘9 quo) ulep
%61 2" 0 g1 0°1 9°0 I*% 2T L e 9°*%¢ g°19 "6 sl wPEN
€9°0 T 0 [ ¢*0 - - €°C 0*Z L0t 0 €L *.q

€81 920 Le1 - = €0 01 *¢ £ gl 6 L i

LL"0 9¢*0 0°1 = - - 1*€ L €°0¢ 9*TL *] sMol4 uralsop
8e°1l SE*0 £l - €0 70 [ 9*¢ 7°9¢ 6 Z9 S

on1 | A} (AN - - & (G} g£°c (4 6° 1L M

o1 octe VA 1°C ¢t 0 H g1 9z (s VAR YA N sMolg aseq

auaxoakdout])y ase(d013e|d sanbedy @a31301g @pua[quiop ziiend osuaxoakg ouaxoakq asef(dorde[d SSewpunciy ALTIVDOT
auaxoiafdoylrig auaxoild -outly(n ~oy3aQ
SOTLVY SISATYNY TVAOW
SLINN JINVOTIOA FERNDIOAT J0 SASATVNY 'TVAOW HOVHIAV
9 ATEVL

29 -



The morthern and western Base Flows have almost identical
proportions of groundmass, plagioclase and total pyroxene. Their
orthopyroxene/clinopyroxene ratios are identical and the only
difference between them is that a trace of hornblende and biotite is
present in the northern Base Flows but mot in the western Base Flows.
The southern Base Flows differ frow the northern and westerm Base Flows
in having a considerably lower proportion of groundmass, more total
pyroxene and a wuch higher pyroxene/plagioclase ratioy they also have
a trace of quartz, which is not present in the other Base Flows.

The Western Flows are petrographically very similar to one
another and are also very similar to the northern and western Base
Flows. The main difference between different flow series in the
Western Flows is the much higher orthopyroxene/clinopyroxene ratio inm
flow series 3 compared to that in flow series 1 and 4. Other differences
between them are the presence of a trace of quartz in flow series 3 and
a trace of biotite in flow series 4.

Haln Dome is the most distinctive petrographic unit en Edgecuube,
having a low groundmass comtent, high quartz content and significant
amounts of hormblende and biotite (particularly the lat:cr).v It is the
only voleanic unit on Edgecumbe whose petrography is distinctive emough
for it to be recognised solely on the basis of its modal analysis.

A comparison with the flow from vent 4 is of interest since this vent

is very close to vent 5, and flow 4a was probably erupted shortly after
the extrusion of Main Dome from vent 5. Flow 4a has a very much higher
groundmass content than Main Dome, lacks qusrtz and hornblende and has

only a trace of biotite. Even considering the comparatively small ramge




of variation in the samples (Table 6), the differences bquw.iﬁ flow 4a
and Main Dome obviously represent a significant difference in the
petrography of lava erupted from the two nearly coincident vents in
this area.

Table 6 shows that the petrography of flow series om Main Conme is
extremely variable, with the minerals showing the most variatiom being
quartz, hornblende and biotite. The orthopyroxene/clinopyroxene ratio
for all flow series om Main Cone is greater than 1. Since the relative age
of the flow series on Main Cone is not sufficiently well known, it is
impossible to deternmine if there is systematie petrographic variation
with age. Within flow series 6, however, there 1: a gystematic decrease
in the proportiom of groundmass with decreasing age; from 61.6% groumdmass
in flow 6c, through 58.5% in flow 6b to 51.8% im flow 6a. Being based
on modal analyses of stgaie samples from each flow the validity of this
trend is uncertain; but such a trend of increasing eryctnlliliéy with
time would be expected in successive flows from ome body of cooling
magnad. Flow series 6 also shows a similar systematic dcero;uc in the
orthopyroxene/clinopyroxene ratio.

North Dome is similar im modal composition to Main Dome but the
quartz content is slightly lower and it lacks hormblemde. The steep
sides and gcnpral topographic forms of Main Dome and North Dome nu.sesti
that their magma was particularly viscous st the time of its extrusion. |
High quartz and low groundmass pomecncagct suggest that they w.r. nore
erystalline prior to cxtrusion than any of the other volcanlc unitl.

The modal composition of thn lahmr flow. having otgui!ieant

- proportions of quartz, hornmblende and biotite, suggest tbat it is
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largely composed of material from a tholoid or spinme similar im
composition te Main and North Domes. 1In the section on Edgecumbe
geology it was concluded that a spine is likely to have formed part
of the plug tholoid extruded from vent 11.

As a whole, there does not appear to be any systematic variatiom
in modal cowposition with age for the Edgecumbe volcano, but there
are suggestions of a cyclic variation of imcreasing crystallinity
and quartz content, and decreasing orthopyroxene/clinopyroxene ratio
with decreasing age im a flow sequence. The overall similarity of
modal mineralogy omn Edgecumbe, and the close similarity between some
flows of different ages and from different vents (e.g. nerth.rﬁ Base
Flows and flow series 1) suggest a parental magma at d.pﬁh whose
composition has varied little during Edgecumbe's period of activity.
The modal variations observed are comsidered to be due to processes
within magma held at shallow depths beneath the volcano immediately
prior to eruptions. The modal minctalogy of lava erupted from such a
"magma chanber"” would depend on the amount of magme im the "chamber"
prior to a particular eruptiom, the rate of cooling and the load and

vapour pressures on the wmagma.

o 3




WHALE ISLAND 4
Whale lllnd ie the upper portion of ﬁe erodedrrmsnn of a
volecano lying 12 ko north of the town of Whakatane, and 8 km off the
coast in the Bay of Plenty. It has a écmal'peak 347 w high, which
is the southern portion of an eroded volcmc cone, and lower peaks
to t:llo east and west which are separated from the Central Come by short
valleys. The north coast of the 1-1‘-_-&;1- precipitous with continuous
cliffs between 20 and 300 m hi.h. The goo_logy of Whale Island was
described by lhc?lu.r-oa (1944), who stated that "practically the whole
island is occupied by andesitic reck, excepting minor areas of simter,
bedded rhyolite tuff, greywacke comglomerate, and dune sand." ﬁcaly
(1967) deseribed the northern ¢liffs as a comparatively recent fault
SCATD . Hattom im an appendix to MacPhersom's (1944) paper described
a thin “uct.iou of a sample collected from the south coast of the island

o s sugite-hypersthene andesite very similar to Edgecumbe samples.

GEQLOGY

Tﬁn geology of Whale Island is dcptqtoc on two single-factor maps
with !1;. 5 an apptcximtc ‘contour map d!m by radial 1ine plotting from
air pbuotnplu wtth heights by parallax mmumnts; and Fig. 6 a map
showing surface geoluy and inferred v.;t lgentlen. :

cmral Cone roekl are well otpooql; 9|1th¢ island's puetyimc

nort:horl face and are also exposed in tt. cganl cliffs on the south

side o! I:h. island. Iluﬁcrm (1944)
lava, ngglmnu and btu.cis, wu:h mhﬁ,.m- of rhyolitic tuff

||||“|

exposed in the morth cliff section.
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P L o LA B ii‘*‘*W

Eassive Mwun andesite crops out at the base of Central
Cone in the l.rth cllft’ section and is thoukht to be part of a single
tholoid or mhﬁ. vhieh hn been naned &r convenience as zhe "Cone
ﬂoloi.d". The Cm rholoid h covered by am even layer, l n thi.ck, of
volcanic material thought to be of nuée udon:e origin. The bulk of
-the materiasl Mt the nuée ardente anosit is volcaniec breccia,
cmi:.tiu of a yocﬂy sorted mass of angular and sub-angular blocks
of lava in a watrix of smaller boulders of lava and finer, mainly
ash grade, volcanic waterial. The volcanie breccia has rudimgntary
bedding with the stratification nearly parallel to the present cone
surface, it is mot possible, however, to place boundaries om a
particeular beds A second nuee ardente deposit, very similar inm
appearance end thickness to the lower onme, occurs within the volcanic
breceia sbout 70 m stratigraphically above the Come Tholoid. It is
conformable with the stratification in the voleanic breceia and has
smooth upper and lower contacts. A nu}.u ;nd homogeneous dacite
with ﬁur-vcniul sides Mt 80 = high, crops out in the upper
central portion of the morth cliff sectfomn, and is surrounded on all
visible sides by volcanic breccia. iﬂnn they ;te exposed the contacts
botw;n this dacite and the velcanic brn;ﬂa are abrupt, and there is
no evidenge that the dacite intrudesthe bnuu

The nuée ardente deposits are pootiy; sorted material comsi n:lngr |
of lapilli-size fraguents of andesite li‘tiedtélte in a pale-coloured
matrix of daciue composition, m:kano“lt; constant alomg ih
outcrop (about 300 m) and the deposit luh m-boddiu. tlu poor
sorting and lnk ol bedding nuut M ih m- is lutl, but the

. ...I'i o \—‘ ol !
; y RPN ik o ;1

g 2
Wil
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constant thickness indicates that the deposit is \mlikel! to be tephra
from a local source (see p.'38 fat. thickness measurements on recent
ﬁhlu Island tephra erﬁpcions). It is therefore considerad that the
deposits were formed by two small nuée ardemte eruptions from a vent
on the Central Cone.

The origin of the volcanic breccia referred to above (pe35)
is problematical. 1If it is air-fall agglowerate, then it is reasonable
to assuve that eruptions which produced agglomerate om such a large
scale, must also have produced large amounts of finer-grade tephra. |
However there are mo deposits of andesitic or dacitic tephra
interbéddcd with the volcanic breccia om Whale Island, nor are any
such deposits found in a Lower Pleistocene-Recent section (Whale Island
is probably late Plelstocene), described by Healy & Ewart (1965), in
the mainland cliffs west of Matata, some 20 km from Whale Island.
Hence the volcanic breccia is umlikely Ifobc airfall agglomerate,
although it was originally described as ;uéh by MacPherson '( téé&).

A second possiblity is that the volecanic breccia is composed
of completely auto brecciated lava flows. The precise geonmetrical
shape of the Central Cone implies that if it is composeéd almost
entirely of auto-breccisted lava flows, them these flows must have
been thin and evenly distributed. BSearch of the literature .hu failed
to provide examples of a comparable succession of totally auto-brecciated
thin dacitic lavas. If the volcanic breccia represents a flow
succession them the massive dacite croppimg out in the nornljlkcuff
section (p.3S ) would be interpreted as a veat plug, and mu be

expected to show in_ intrusive contact vtt_h sowe of the basal flows,



however the contact zome observed im the outcrop is not of this type.
The volcaniec breccia is thus unlikely to have been formed by a
succession of auto-brecciated lava flows.

The author's preferred hypothesis is that the massive dacite is
the remnant of a large spine of liwn, whose upper portions have collapsed
during extrusiom to form a conical fan of debris surrounding the spinme.
The spine continued to collapse or be brokem dowan by erosion unctil it
was no higher than the fan of debris surroundimg it. The Central Cone

half amgle is 32°-38°, about the usual angle of rest for poorly sorted

‘
debris. The bresk im slope on the western flank of Central Come is mot
interpreted as a parasitic vent, but as a secondary lava spine
protruding slightly above the level of collapse debris. Stages in the
growth of Central Come, according to this interpretation, are shown
diagramatically in Fig. 7.

The low lying part of the island east of Cemtral Come is ome large
flat-topped lava dome, here named "East Dome". The Dome ii well
exposed in 30 m high sea.cliffs on its northern side and is conposed
of magsive, colusnar-jointed lava. The western margin of East Dome
is exposed in the north cliffs and alomg the eastern side of McEwans
Valley, which runs down between the Dome and Central Come to McEwans
Bay on the south coast. In the north cliff exposures the western
margin has a comspicuous pale grey coloured fime-grained border zome
containing many near-spherical, dark grey xemoliths about 2-5 cm in
diameter. This conspicuous border zone is not presemt on the side of

HMcEwans Valley, about 250 m from tbcviorth coast, but in McEwans Valley

the western margin has been extenmsively altered by hydrothermal activity.




Fige 7. - (See mext page). Interpretation of stages of growth of

Central Cone, Whale Island, details of each stage are given below,.

(1)

(2)

(3)

(4)

(5)

Extrusion of Cone Tholoid.

Start of extrusiom of central spine, accompanied by a small

nuée ardemte eruption.

Extrusion of central spine comtinues, accompanied by semi-
continuous collapse of portioms of the spine which results
in a cone of volcanic breccia being built up around the
base of the spine. Start of extrusion of western spine

(probably more dome-shaped than central spiue).

Small nuée ardente eruption from easterm flank of the

central spine, continued spine growth and collapse.

Both central and western spines grow to their wmaxiaum
height, probably accompanied by comtinuous spine
collapse. After spimes cease growing their height

is reduced by erosiom until their tops are level with

the comes of collapse debris surroundimg them.
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Fig. 7. ~ See previous page for capticns.
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At the north end of McEwans Valley are valley-floor deposits
consisting of lenses of loess and dacitic tuff (some of it sub-
agqueous), which overlie Central Come volcsﬁic breccia, and which have
been tilted so that they now dip 40° towards the Come. Tilting of
these beds decreases rapidly away from the margim of East Dome and is
therefore thought to be due to its extrusion. Hemce East Dome is
considered to be younger than Central Come. Extrusion of the Dome
caused eastward migration of the axisof maximum deposition in McEwans
Valley and a2 lense of loess and rhyolitic tephra was deposited 30 m
west of the tilted deposits, after the extrusiom of the Dome.

The peak at the west end of the island is formed by a massive

outzrop of lava with both colummar and onion-skin jointing shown in
exposures around the coast, The northern half of this western portion
of ihe island appears from ground, sea and aerial observations to
consist of a single dowe, here mamed "West Dome". The southern half
of this western portion of the island is couposed of pumiceous marine
sandstomes and siltstones, some of which are current bedded, and which
at the southern end of the cliff exposure dip 10° south but which are |
overturned and dip 80° north at their contact with West Dome. A zone
of reddish, baked, hydrothermally-altered siltstones forms a band
about 5 m wide alomg the contact. Two stages in the up-doming have
' been recognised. After the first part of the up-doming a 5 = cliff
was cut by the sea at the south end of the sectiom, uLInhar from West
Dowe then flowed over this cliff, forming a wedge of lahar debris on
the seaward side. In the final stages of up-doming some of the

uplifted sediments slumped southwards over the lahar debris, and were
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then eroded to form another sea-cliff to the south of the previous one.
A second lahar from West Dome then ftliad in another wedge of debris
on the seaward side of the new cliff. Photographs of the westerm end of
the island showing these features are givem as Plates7, 8 , and 9 ,
and a north-iouth cross-section is givem as Fig. 8.

The pumiceous marine sandstones and siltstomes are lithologically
very similar to the fossiliferous Castlecliffian sediments described
by Healy & Ewart (1965) im the section on the mainland coast between
Matata and Otamaraksu, 20 km from Whale Island. Castlecliffiam
sediments slso occur on the Rurima Rocks, 8 km west of Whale Island.

The undont:§ and dacite forming the sides and floor of Sulphur
Valley, the valley immediately to the west of Cemtral Come, has
suffered extensive hydrothermal alteratiom and fairly thick deposits
of siliceous sinter carpet the valley floor. Six small fumaroles are
still discharging steam, and steas is emitted from the beach sands in
Brimstone Bay at low tide, however only ome small boiling pool remainms.
The total area of the sinter deposits is about 0.016 kng they form
a dumbebell shape with the two largest parts being approximately
circular and 80-100 » in diameter. Between the two main areas of sinter
deposition in the valley there are remmants of water-laid rhyolitic
ash beds, which are probably tephra which has been washed off the
Central Cone and deposited im a pool im the thermal area. From its
uppqﬁraa:c the re-deposited tephra is proba)ly tﬁi Rotoma Ash dated
at about '8,000 years R.P., and sifice the water-laid beds overlie thick
deposits ;f‘lintct it would seem that the major part of the hydrothermal

activity in Sulphur Valley took place prior to 8,000 years B.P.
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Plate 8. - Cliff section on west coast of West Dome.
Pumiceous sediments in foreground, dacitic lava inmn
background, with contact dipping about 80° away from
viewpoint (sediments are locally overturnmed). Direction

of view is approximately mormal to strike of contact.

Plate 9. - West Dome with Central Cone and East Dome

in background.

- 45 -
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The western wall of Sulphur anlcy is formed by a lava flow,

Flow A, whul ﬂ.pcd to the south from a vemt on the western side of
t:ln Central Colnf whieh hu now been eroded aways At the north ¢liffs
Flow A is eempmd ot about 10 m oz massive lava, capped by ‘about

3 m of blocky l.va'

" The dc.tu of slumping has made it difficult to tn-xpm cliff
exposures on the i?_"llo‘x‘th coast between Central Cone and West Doue.

The lower pnnAo! the cliff section adjacent to West Dome iﬁpumtly
contains pumiceous sandstones and siltstones similar to tlgooi“ exposed
in the west cliffs south of West Dome. fh‘ upper part of the section
is couposed of lahar debris from West Dome, covered by a few ;ccres ‘
of loess and rhyolitic tephra. On the axis of Sulphur Valley, scree
debris from Central Come is inferred to be faulted against the
pumiceous Mmtn. but the fault plane is obscured by slumps.

A high-sngle fault in this position was also postulated by»pac?hefson'
(194&). who related the hydrothermal asetivity in Sulphur V-lléy to the
southward ur.mion of mh a fault zome.

Healy (I’i’!} states tllat “the whole {sland has been ?nltcd along
the northern coast with the formation of steep cliffs m:p eut across
the three elevated parts as well as the heads of the two valleys".

A siupler -xpll;tioi ls_ that unconsolidated veleanic bi‘ectl on the
north side of éﬂtul Ceu has been eroded by the sea, exposing the

'-"I.I :.11

cone angle om thmi !‘kc from 39' to 70‘

~ more resistant m J_P'.““ and central spime ud :mp-i-g 9-

composed o! nassive lava -u hnu Mng more tuiotnt unﬁiu
erosion extends furchex nsvard_than the remnants of Central Come.

Sea cliffs 80 m high on the south side of Cemtral Come show the




Plate 10. - Bedded volcanic breccia on North cliff
section through Central Come. Pale coloured band
(about 1 m thick) is a probable nuée ardente deposit.

Plate 11. - Whale Island from the east with East
Dome in foreground and Central Come in background.
Note cliffing and erosion on morthern side.



amount of erosion relative to present sea level achleved in an ares
where the sea waves had a fetch of only 8 km. The amount of erosion
that has occurred om the north side of Central Come im the same time
is therefore quite reasonable in view of its wuch greater exposure to
'seas and swell, as iﬁ faces ;he open ocean. Healy also couments on
what he considers the lack of an appreciable wave-cut platform on the
north side of the island., iowever, the present author considers that
there is insufficient bathymetric data to decide whether or not the
size of the wave-cut platform }c comparable with the base area of the
eroded portion of the island.

East Dome consists of massive lava and is thought to have been
only slightly eroded to form the cliffs om its north and east sides.
Hgst Dome is also thought to be close to its origimal size; but it is
very likely that the Dome would have been mantled on its western and
northern sides by up-domed sediments, similar to those preserved on
its eastern and southern sides. Any lhnh.nan;ltﬂg_l.dtaan;s have been
almost complctclf jiodcd away from the northern and western sidas of
the Dome, with just a few remmants preserved aboug 180 m above sea

level on its net(hcra £lank,

TEPHRA STRATIGRAPHY AND CHRONOLOGY

In order to determine the tephra stratigraphy, sectioms through
air<fall cover bod,ﬂel the north and west cliffs of the tllauj were
carefully exanimed, “gmu pﬁo were dug to pnw-q&ﬂud
sections on East and West Domes and Cemtral Come. Tephra layers were
identified by Mr C.G. Vucetich.

Air-fall cover beds in 2ll sections imclude a significant propertiom

of loess and dune sand. The loess beds have stromg cohesion and a

o 8 =



“magsive" appearamce when weathered. Buried dune sands, on the other
hand, tend to be incohesive and are friable when weathered. An
initial proportion of fine-graimed material in the loess has been
converted to colloids by soil processes, and apart from this colleid
there 1s no clear difference in the grain-size of the material
comprising loess and dume sands.

The most complete sectiom of air~fall cover beds om Whale Islamnd
is a lensoid deposit in the cliff face at the truncated north end of
McRwans Valley. The base of the section is stratified velcamic breccia
from Central Cone, overlain by a bed of yellow-brown clay containing
abundant chips of andesite and dacite. The overlying part of the
sectiom consists of six rhyolitic tephra layers, interbedded with
loess and buried dumé sands. The tephra layers are correlated, in
order of decreasing age, with the Rotoehu Ash, Waiohau Ash, Rotoma Ash,
Taupo Lapilli, Kaharoa Ash apd Tarawera Ash (Fig. 9 i{s a stratigraphic
colunn for this section). Bigco the cover beds were deposited after
the westward displacement of the valley axis during the extrusion of
East Dome, they are clearly younger than both Central Come and East
Domes which thus have 2 minimum age of 36,000 years B.P., the age of
the Rotoehu Ash.

Sections im pits dug om East Dome and the southern side of Cemtral

Cone are incomplete. In most of the pit sectioms no volcanic aohct could

be recognised, only variable :hlcklousos of loess being prpcout.

The oldest ash found in any of the pit sections is the Rotoma Ash,

dated at 8,000 years B.P.
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dark brown, gritty loamy sand (loess)
%" black ash - TARAWERA SCORIA

dark brown gritty silty-sand (loess) + pumice fragments

olive silty-sand - KAHAROA ASH
brown gritty silty-sand (loess)

vesicular pumice up to 1-1%" - TAUPO LAPILLL

yellow-brown coarse sandy-loam, friable, (loess)
with small fragments of andesite

SCALE
(metres)
0 brown sands, friable and loose
- 1 j_:- "| shower-bedded ash - ROTOMA ASH
- 2 yellow-brown coarse sandy-loam (loess)
3 yellow sand
-
medium & fine ash, shower-bedded - WATAHOU ASH
r&
dark yellow-brown paleosol
fine white sands

dark yellow-brown paleosol

[
%ﬁa
7

4
;
5
7 yellow-brown sands
4
z

white coarse & medium ash, with some %" finely
vesicular pumice lapilli

shower-bedded - ROTOEHU ASH

oo -ap| yellow-brown sticky clay + andesite chips

volcanic breccia

Fig. 9. ~ Section through airfall cover-
beds at the north end of McEwans Valley,

Whale Island.




The Rotoma Ash is also the oldest uo‘ recognised in cover beds
overlying lahars from West Dome im a ¢liff section at the southwest
corner of the island. Thus the minimum age of the West Dome is
8,000 years B.P., but as the section is very possibly incomplete the
Dome may be much older.

PETROGRAPHY

Fifty thin sections of samples from Whale Island lavas were
studied and 25 feproncnta:ivn sections were chosen for modal amalysis
(Table 7). All non-xenolithic samples except ome are porphyritic
plagioclase dacites or plagioclase andesites; the exception being a
single plagioclase-pyroxene dacite from the Central Cone. All
non-xenolithic samples contain phenocrysts of intermediate-caleic
plagioclase, augite, hypersthene-bronzite and titanomagnetite.
Quartz, hormblende and biotite are present as phemoerysts im 70%, 50%
and 40% respectively of the samples. Groundmass con:cituonﬁs are

plagioclase, orthopyroxene, titanomeagnetite, apatite, rutile and
cristobalite. Groundmass textures arcApilo:axitic or hyalopilitie
and in sowe cases there is marked flow alignment of plngioelali laths
in the groundmass.

The lavas of Whale Island contain a large number of xenoliths,
which are particularly well exposed in the abraded and reunded lava
beach boulders found around the coast of the islamd. In the beach
boulders menoliths crop out st am average o!hopo xenolith for every
square metre of lavguiic!lzo exposed. On wnneho;‘ﬁ surfaces of lava
atili‘ln.plae;. such as in the ¢liffs on the sides of West Dome,

xenoliths are mnot easily iico.ninod since the surface weathering
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obscures the differences in colour and texture between the xenoliths
and the host lava., It is unlikely that the lavas of Whale Island are
any more xemolithic than those of Edgecumbe, as the proportion of
random samples containg xenoliths is about the same for each volcanoe.
The majority of the xenoliths are andesites, and pyroxeme and pyroxene=
hornblende wicrediorites, whose petrography amd petrogenesis are
discussed in a later section.

Comparative Petrography of Whale 1sland Volcamic Units

All except ome of the 13 modally analysed samples freom Central
Cone comtain quartz, but the presence of hormblemde amd biotite is
more variable, with a general temdency for samples with high quartz
contents to comntain more hormblende and biotite. The Come Tholoid
at the base of Central Cone has the lowest phenocryst content of any
Central Come sample, but is mot notably different im any other respects.
The major variation between sanmples from differemt localities on
Central Cone is in their plagioclase and pyroxene contents. A set
of sl@plol from the stratified volcanic breccia exposed on the north
face of Central Cone shows an inverse relatiomship Sotwcan the
plagioclase and total pyroxene conmtents. There is no systematic
presence or absence of gquartz, hormblende and biotite within amy
particular area of the Central Come; this is comsidered to be due to
‘thc inherent inaccuracies of the sampling technique and point-counting
when applied to minor comstituents, as discussed on p.26, and as
shown in Table 5. The modal mimeralogy of the central spime (sample
11353) and the volcanic breccia (samples 11234-11239) are very similar

and qnito consistent with the volcanic breccia having formed by
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collapse of the upper part of the spine. The relatively high pyroxene
content of the plagioclase-pyroxene dacite sampled om the southwest
flanks of- the Central Conme may be due to derivation from the western
spine rather than the central spime. However, surface samples from
the western spime are too altered by weathering for modal analysis.
Flow A is very similar to the Central Come but has less quartz and a
distinctly lower orthopyroxene/climopyroxefie ratio.

The mineralogy of the altered lavas and scree deposits on the
flanks of Sulphur Valley was determimed optically and by x-ray
diffraction. The end-product of this hydrothermal alteration consiats
almost emtirely of silica minerals; being mainly opaline silica and
cristobalite with lesser amounts of quartz. In some sanmples a trace
of plagioclase still remaims but ferromagmesian mimerals are
apparently altered and leached at am early stage in this alterationm
-of the rock. Secondary mimerals mot found im any of the samples
include clays, mica, felspar and geolites.

None of the East Dome sawples contain quartz or hormblende, and
this clearly separates rocks of this unit from rocks of the other
volcanic units on the island. Comparison of the average modal mlyus
of the units given in Table 8 also shows that the East Dome is distimetly
lower in phemocryst comtent tm'm other unit. There is thus evidemce |
from the modal analyses for c;uldnﬁu the Esst Dome to be the pioduct
of a different magmatic event from that which produced the rest §£ the
't olatds Additional chemical, mimeralogical and xenolithic evidence

is discussed in later sectioms.
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4 West Dome sawmples have the highest average quartz and hormblende
content of any unit, but are otherwise very similar to Central Come
rocks. Modal analyses of samples from West Dome show much more
variation in their groundmass and plagioclase comtemts than samples
from any other units. ‘This variation, since it applies to major
constituents, is considered to be real and not merely a result of
sampling and point-counting techmique. BSuch a variation could be
due either to the extrusion of magma whose phemocryst distribution
was inhomogeneous or to successive extrusion of magma pulses from a
body of magra whose phenocryst content was changing with time.

As the efficiency of magma movement and extrusiom as a homegeni sing
process is not known, it is mot possible to decide between these two
alternatives. Jointing patterms vary in different parts of the West
Dome but there are mo clearly identifiable individual cooling units.
In gemeral, the variation in modal analyses between samples from
the same velcanic units is comparable to that in volcanic units on
Edgecumbe. The variations betweenm West Dome rocks are comparable to
variations between the units comprising the Main Cone of Edgecumbe.
ﬂﬁ only voleanic unit on Whale Island within which stratigraphic
sequence can be established is the Central Cone. HMW:. although the
volcamic breccila which forms the bulk of the exposed part of the cone
is bedded, it is not possible te tell if the order im which the beds.

were deposited corresponds to the order im which the lava was extruded

from the vent to form the central spime. It is thus impossible to
determine the successive variatiomns im modal mineralogy during a single

extrusive phm on Whale Island. If one considers the Central Cone
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and the West Dome to have been formed from the same high-level magma
body, as seems very possible from their petrographic similarity, them
a discontinuous sequence is established which can be placed in 0340r
of age from the field evidence. Considering the sesquence from the
tholoid at the base of the Central Cone, to the Central Cone breccias
and then to the West Dome there is a trend of increasing quartz and
hornblende content and decreasing groundmass and total pyroxene
content with decreasing age. This compositional trend is the same as
that inferred from modal amalyses of Edgecumbe samples. At Edgecumbe
this trend was apparently cyeclicy and this may also be the caic at
Whale Island. Extrusion of the East Dome may represent the start of

a second cycle.
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WHITE ISLAND VOLCANIC GOMPLEX

White Island is an active volcano in the Bay of Plemty, about
48 lor northeast of Whakatane. It lies immediately to the west of the
White Island Trench (Fleming, 1952) and is part of a large veolcanic
edifice, here named the White Island Massif, whose other parts above
sea-level are the Volckmer and Club Rocks. A number of dacitic and
andesitic seamounts described by Pantin (in prep.) and Duncan (in press)
lie between 6 and 44 km from White Island, and are mainly to the west
and northwest of the island. The seamounts together with the White
Island Massif comprise the "White Island Volcanic Complex", the

geology and petrography of which is described below.

WHITE ISLAND

White Island (Fig. 10) is approximately 2.4 km from east to west
and 2.0 km from north to south, its highest point, Mt Gisborne, being
321 w above sea-level. The White Island Massif extends down to between
the 300 and 400 m isobaths, but only half of its height and a very small
portion of its volume are above sea-level. Twe groups of seamounts to the
northwest of the island have comparable volume to the White Island Massif
and one of these, the Xahina seamount (Pantin, im prep.), has a form
similar to that of White Island, being a broaghcd cone with ecrater walls
200-300 = high. The approximate volume of vniclnic rocks in the White
Island Volcanic Complex is estimated to be 78 km’. cnnplf.d with a
volume of 800 k-’ (Clark, per. comm.) for the andesitic volcanoes of
Tomgariro National Park, , '

White Island has been in a state of continuous solfataric eruptiom,

with intermittent ash eruptioms, ever since 1826, when it was first
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examined by Europeans. A comprehensive review of the literature
concerning the volcanic and economie history of the White Island
crater from 1826-1940 was given by Lnke (1959). Since the 1920's
the island has been studied at intervals by lcienttqta from the N.z.
D.8.1.R., in particulsr those from the Geological Survey and Chemistry
Division. D.S.I.R. Bulletin 127 (1959) summarised much of this work
with papers on the general physiography and geology (leilggt &
Baumgart); physical and chemical investigations 1939.1955 (Wilson);
-soils (banugart. Stout, Johnston & Vernon); vegetation (Hnmilton);
and birds (Wodzicki & Robertson). More recent papers on the geology
and volcanology of the island are those by Thompson (1965). Healy (1967)
and Black (1970). Tephra eruptions between 1966 and 1969, together with
related iullatian and deflation of the ground surface in the crater,
have been described by Clark (in press) and Puncan & Vucetich (in press).
Geological mapping and investigations of White Island have been
mada by Mr J. Healy (N.Z.G.8.) and the results are in preparation for
publication. Consequently the present author has largely confined his
invostigltiona to the crater, and to a recomnaissance petrographic
and geochemical investigation cf that portion of the island east of
Mt Giaborng. The details of White Island petrography and geochemistry
doncrihod‘iy‘llnck (1970) are largely complementary to the present 1
investigation, since Black's work was nnialy concerned vteh the ’
area no!th and west of Mt Gisbhorne.
Geology g! !!1:. I!llid i
White llland*vno described by Hamilton and Baumgare (1959) and
Thompson (1965) as consisting of thr« overlapping, amd partly eroded,

cones of different ages. The first come, the oldest, forms the western
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Plate 12. - White Island (viewed from the east).



portion of the island in the Mt Ngatoro-Te Matawiwl area (Fig. 10),
and was thought by Hamiltom and Baumgart (1959) and Thompson (1965)
to include Volckner Rocks amd Club Rocks. The second cone was
considered by these authors to include Troup Head and Pimmacle Head.
The third eéno consists of the cemtral portion of the present island
and it has surmounted both the older cones.

The attitude of lavas and agglomerates formimng the western portion
of White Island indicate a sea-level diameter of less tham & km for
the cone of which Mt Ngatoro is part. The present auther therefore
considers it unlikely that the Volckner Rocks (lying 5.5 km northwest
of the western end of White Island) were part of the first cono..

The bathymetry (Duncamn, in press; Fig. 1) indicates that Volckner Rocks
are the remmants of a separate volcano whose sunmit was probably
100-200 m above present sea-level. A submarime ridge that links
Volckner Rocks with White Island was probably formed by c_mption

from a mumber of vents. : _

Healy (1967) considers that the cemtre of the top of the oldest
cone would have been situated on the mortheast part of the presenmt
island, possibly near North Bemch. However, because the lava flows
in the ﬂif!a on the northwest side of the island dip 30° at 20°, it
is more likely that the centre of the oldest come was to the morthwest,
and problbl’l'no more than 500 m from Mt Ngatore. i

chl lnko. consldered by Hamilton and umm p”!) to be
part of m First m iu more likely to mark thc ﬁ& of a parasitic
vent o.lth ol the uln mﬂdﬁ‘ White Island, ud th.ﬂ age relative

r I\ o

to uy part of !ﬂzitc I-lud cannot be easily ut'mcd. |
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The youngest cone forms the easternm and cemtral portions of the

island. Its crater is divided into two sections by a spur at the eastern

end of South Crater Bench and by 2 spur on the morth crater wall,

The crater therefore appears to be two coalescemt craters which are
named for convenience as the east and west sub-craters. The once-
continuous eastern crater wall is now breached at three points on the
coast, at Crater, Wilson, and Shark Bays.

Lavas at the base of Troup Head on the eastern side of Crater Bay
closely resenble lavas at the base of the crater wall on the western
side of Crater Bay and pale-coloured, poorly-sorted pyreclastics on
Troup Head are identical with those in the crater wall below South
Crater Bemch. In view of these correlations between Troup Head and
Central Cone sequences, suggestions by previous authors' (Baumgart
& Hamiltonm, 19593 Thompsom, 19653 snd Healy, 1967) that Troup Head
and Pinnacle Head are remmants of an earlier come seem unlikely.
lowever, a massive andesite (probably 2 tholoid or coulée) at the
base of Troup Head was probably extruded from a parasitic vent on the
east flank of the Central Come.

The presemt author therefore concludes that White Island consists
of two, and not three cones as has previously been suggested.

The eroded older come, forming the western portion of the island,

is surmounted by the younger antral Cone which Eérnm the bu;k of the
present island. Club Rocks mark the site of a parasitic voaﬁ. but
their age relative to the two comes is unknown. A second parasitic

vent, on the east flank of the Central Cone, is indicated by the




massive andesite at the base of Trouwp H-ad. Volckner Rocks are
considered to be the remmants of a separate volcano lying to the
northwest of White Island.

Both cones are composed of lava flows, agglomerates, volcanic
breccias (imcluding lahars), pyroclastics, and dyl_tn. Black (1970)
has also reported am ignimbritic flow on the northeast flank of the
Central Cone. There are numerous examples of eroded gullies which
have been filled with volcanic material and subsequently re-eroded,
indicating :iu: the volcano has had a complex geological history with

alternating periods of activity and quiescence.

Development of the White Island Crater

Hamilton and Baumgart (1959) suggested that the present White
Island crater was produced by collapse of parts of their second and
third cones. However, there appears to be little evidemce to support
thig view and it is comsidered wore likely that the crater was
explosively excavated.

The stages of formation of the crater cam be inferred from the
pyroclastics exposed in the upper parts of the crater wall sections.
The section near the preseat crater rim above South Crater Bench
consists of threé gyroclutic units. The lowest unit, A, consists of
30-40 w of illedefined beds, approximately 1-2 m thick, composed
predominantly of ?d.sitic blocks in a reddish brown ntﬂx.

The middle unit, B, comsists of 20 m of andesitic blocks (comsiderably
smaller than th‘ou in unit A) and lapilli set im a bedded matrix of
crean-coloured andesitic ash which contains apprecisble gypsus and

sulphur., Unit B differs from unit A im its colour, overall fimer

grain size, comparative scarcity of blocks, and gemerally thinner
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Plate 13, - Pyroclastic unit B on Troup Head,
White Island,

Plate 14, - Pyroclastic Units A and B exposed in
the walls of the crater, and on the flanks of South
Crater Bench.



beds (lem - 1 m) with more clearly defined bedding planes. Umits A
and B are ovnéluin Sy 1=3 m of pytocluittcn, unit €, comsisting of
bedded sandy ash amd lapilli capped by the fimer ashes produced by
historic eruptions. : J

Unit A oceurs in many places on the outer slopes §£ the island
and is exposed im cliffs on the morthern and southerm shores, with its
greatest thickness on the southern side of the island. Umit B has
been largely eroded off the outer slopes of the cone but is preserved
in coastal sectioms, ptrtle.la:iy near Ohauora Point nld on North Bench.

Unit A and unit B m not found on the present crater ﬂur, nor were

Pyroclastic units A and 3 represent the most recemt major eruptioms
on White Island, and are therefore thought to be the pyroclastic
deposits that record the formation of the present crater., It has been
suggested above zigt the crater accually cenoist' of two coulcsciag
"sub-craters"; unit A is eoaotd-ro; to have bton erupted dlria; the
formation of one sub crater, and unmit B during the formation of the
other. It remains to determine which unit came from wh;eh sub-crater.

Critical sections ave cxponod on the north and west sides of

4

|
|

they observed im pits dug into the Crater floor. ‘

Troup Yead (Plates !S5 and ¢ ), and they are interpreted 1‘ a crosse

section (rlg.‘ll). The base of the morth face sectionm tn a wmassive

andesite tholoid ox coulee, cappcd by 1 m of palo-colouz.d. bedded,

andesitic aah. Abovl-zhp ash luyot .hcru,aio a few lava Elows, some

of whteh are natuivu and otinrs ax% btceciatod. riotn in a near

vetttcsl andc:ttic dyke at the western end of the section, the western

side of which 18 comsidered to be the original wargin of the east

tnb-cratcr§ The deposits in the west face section are thus interpreted
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Plate 16, - Section on northwestern cormer of Troup

Head, c¢f. Plate 15 and Fig. 11.
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as crater floor deposits formed after the east sub-crater had been
explosively excavated. The west face section consists of blocks of
andesite set in a sandy andesitic matrix, overlaim By about 30 m of
thinly-bedded, horizomtal, gypsum and sulphur deposits; which are in
turn overlain Sy 30 » of andeliﬁtc blocks (probably seree of lahar
debris). The uppiruost part of the section comsists of about 20 w
of pyroclastic umnit B.

The presence of unit B at the top of a section on what was the
floor of the east sub-crater indicates that the east sub-grater was
formed prior to the west sub-crater, unit A being erupted during the
formation of th.-.llt sub-crater and unit B during the formatiom of
the west sub-crater.

After its formation the east sub-crater was largely filled with
horizomntally bedded gypsum and sulphur deposits; remmants of which are
preserved on the south wall of the crater, in the west face lcefion on
Troup Head, and to a’hcightn of 70-80 m above the present crater floor

on the north crater wall. The deposits-are extremely similar to those

that formed in a lake which occupied much of the crater floor at the
end of the last eenxnrf. and it is likely that they were also formed
in a lake.

The level of the lake is unlikely to have been more than 20 m
above or below sea-level because the crater walls are not a;fficieutly
1mp¢rm¢nblc. 1t would thus nocn that shore-level was some 1o~ao m |
higher at the tim. when the bcddod sulphur and gypsum dlpo:itn on

the a»tth'cratut wall were formed. Sinece it is generally accepted

that Pleistocene sea-levels have not been markedly higher tham they
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Plate 17. - Gypsum and sulphur beds preserved in
a section on the north wall of White Island crater.

Plate 18. « Detail of gypsum and sulphur beds on

north crater wall.



are at present, White Island is i&fertcd to have been llpl}ftcd about
70-80 m since the formation o,!dluc deposits. -

At the coast inm Crater Bay and Wilson Bay there is a clearly
defined Holocene ph;_nr surface cut into old lshar dcbris.'_ This
surface probably formed close to sea-level, but it now stands about
3 m sbove present sea-level. Bustatic sea-level curves for the last
10,000 years are mot sufficiently accurate: for a reliible uplift rate
to be inferred for a surface so close to present ua-hul. However,
it is very likely that the uplift rate is less than 1 I-_"per year.

An alternmative method of derivimg the uplift rate is to make use of
the knowm‘mnxim height for the north wall sulphur and gypsum
dcposit:.l In view of the probable uplift rate of less than 1 mm per
year, these deposits almost certainly formedduring an interglacial,
hence a maximim wplift rate for White Island {s deteruined by assuming
this interglacial to be the last interglacial. The meximum uplift rate
s0 derived is 0.7 nu“per year.

The sulphur and gypsum beds on the east subecrater have been
largely removed by erosion, probably marine erosiom following the
breaching of the crater. The breaching itself was very likely a
result of marine erosion since there is no ovidonn of explosive
activity im the east sub-crater after i.n formation. As shown on
the west face mmnmm; wmlnue uﬁt‘lm-
deposited at an mw:m u-a in the erosiom of the -max
filling the east ub-etntot, and thc west sub-crater is Mo!ou
. appreciably younger tham the esast sub-crater.

The well-bedded character of pyroclastic unit B indicates that

the west sub-crater was not formed by a single paroxysmal eruption,
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 but_rather by a series of smaller eruptions spread over sote timey
the absence of any significant weathering breaks within the sequence
indicates that the imterval between eruptioms is unlikely to be
greater than a few hundred years.

After the erosiom and removal of gypsum and sulphur beds in the
east sub-crater, and explosion debrilvdepouitod on both, lahars and
pyroclastics of unit C were depbaitcd over the whole crater to form
its present floor. Some bedded gypsum and sulphur deposits were
also formed as sediments im a lake about 12 m above present sea-level,

No lava flows which apparently post-date the formatiom of the
west sub-crater have been observed om the crater floor. However,
Black (1970) coasidcrn the youngest lava flow on the island to be
at the suowit of ¥t Gisborme, overlain by omnly a thin layer of bedded
tephra. The age of this flow is unknown but from its situation it
seens most unlikely to post-date crater formatiom.

PETROGRAPHY

Forty thin sections of samples from White Island were studied amd
thirteen representative sections were chosen for modal smalysis.
A large proportion of the sawples ¢oll¢ce;d showed signs of alterationm,
both by weathering and by hydrothermal processes. Weathering processes
appear to be particularly rapid on White Island (they were dqocitbcd
as "intense" by Baumgart, 1959), probably due to the acide fumes amd
to the ;ou pH (1<4.5) of the ground water. Samples eellchﬁd included
lavas, ag.lc-orttia. dykes, volenn&c'btteclls. pyroclastics Qad'

volcanigenic sediments. Tephra erupted during the period 1966-1969
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was also sampled and its petrography, grain size distribution and
mineralogy was described by Duncan & Vucetich (in press).

The lavas, dykes and agglomerates collected comprise plagioclase
andesites, plagioclase-pyroxene andesites, plagioclase dacites and
plagioclase-pyroxene dacites. Their mineralogy is similar to that
of Edgecumbe and Whale Island samples in that they contzin interuediate
-calcic plagioclase, augite, hypersthene-bronzite and titanomagnetite
as the major comstituents. However hornblende and biotite which
often occur in the Edgecumbe and Whale Island lavas are absent from
the White Island lavas sampled (Black, 1970, reported biotite as a
constituent in some samples)., The only occurrence of olivine observed
by the author in the Bay of Plenty volcanics is in sample 11362, which
was collected west of Poropore on the south coast of White Island.
Generally speaking the White Island sawples comtain more pyroxene and
less quartz than the other Bay of Plenty volcanics.

Volcanigenic sediments sampled from the crater consist of a
mixture of weathered andesitic debris, sulphur, and gypsum, together
with minor amhydrite. Horizontal beds of almost pure gypsum crop
out in a low cliff near the coast imn Crater Bay and pure sulphur is
deposited at the mouths of many fumaroles. |

The gtoundngls texture of White Island volcanic rocks is
generally hyalopilitic or pilotaxitiec. The velcanie glass which
comprises most of the hyalopilitic groundmasses is pale-brown to
dark brown im colour and gemerally comtains few crystallites (mainly -
felspar). The proportion of rocks with hyalopilitic groundmass is

higher in White Island voleanics than in any of the other Bay of
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Plenty volcanics except Manawahe. Pilotaxitic groundmasses of White
Island rocks often contain pale coloured patches, composed largely
of cristobalite, some of which have "cores" of quartz. Brownish
patches in 2 number of pilotaxitic groundmasses are comsidered to be
due to formationm of hydrated iron oxides and hydroxides.

Accessory minerals comprise apatite, rutile and a little zircon.

Comparative Petrography of White Island Volcanic Units

¥odal analyses of White Island samples and sample locationms
are given in Table 9.

Twenty samples were collected from the south coast, and nine
of these were sufficiently unaltered to warrant modal analysis.
There was mo systematic petrographic variation observed either
between flows from a particular cliff section, or between flows
from different cliff sections. Relative ages of flows in different
cliff sections could not be established and it is thus impossible to
say whether th;re were any petrographic trendswith time during the
formation of the Central C;-..

A massive lava (sample 11246) at the base of Troup Head has
the lowest groundmass content of any White Island sample studied,
and it has the highest plagioclase/pyroxene ratio. This sample has
distinctly different petrography from amy Central Come sample.

A sample (11370) frow a dyke im Troup Head is very similar
petrographically to Central Come examples, except that it contains
1.4% chalcedony. '
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KANAWAHE

The eroded remnants of the Manawahe volcamo lie about 8 lkm
northeast of the town of Manawahe, on the west f£lank of the Whakatane
Graben. It was correlated with Beeson's Island voleanics of
possible Miocene age by Healy, Schofield and Thompson (1964), but
has been recemtly dated by the K-Ar method (J.J. Stipp, pers. comm.)
at approximately 750,000 years B.P. No detailed geological study of{
the volcano has been made. |

Petrography of Manawahe |

Eighteen samples, collected both on the surface and from drillholes

(drillhole samples supplied by D. Rishworth, N.Z.G.S.) were selected

for thin-sectioning, and 15 of these were modally amalysed (Table 10).
Phenocryst comstituents found im all samples are intermediate plagioclase,
augite, bronzite-hypersthene and titamomagnetite. One sample comntains
phenocrystic cristobalite and biotite, and another sample contains
phenocrystic quartz.

All samples listed in Table 10 except for 11383 have hyalopilitic
textures Qi:h the groundmass glass in varying degrees of devitrificationm.
Savple 11383 has the lowest groundmass content of any sample and has a
pilotaxitic groundmass texture. GCroundmass minerals are microlites of
felspar and orthopyroxeme, and grains of opagues. Cristobalite is
a common groundmass mineral in many semples, it usually occurs as
patches in the groundmass which are ottc-..arrosndod by a rim of
groundmass glacs'whieﬁ is darker tham the rest of the groundmass glass.

Plagioclase phnnoeryoei often show patchy zonation with extensive

formation of glass in their cores, and in some cases the cores are

- /0O =
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altered to clay minerals. Clay minerals were not observed as major
alteration products of plagioclase in the rest of the Bay of Pleaty
voleanics, but minor amounts of c¢lay are probably present im the
other volcanics. The clay alteration product was identified by
X-ray diffractiom as hydrated halloysite (endellite) om the basis
of its 9.9 % peak, which increases to 10.8 % on glycollation, and
decreages irreversibly to 7.0 % on drying at 110° ¢ for 24 hours.
Endellite, chlorite and henatite-limonite veins are common in
altered drillhole samples.

Petrographically, all of the samples examined are very similar,
with 13 out of 15 being plagioclase andesites, and the remaining two
sawples being plagioclase dacites. Three samples were chemically
analysed and all were found to be chemical dacites, but one of the
three is a petrographic amdesite (sample 11243). Samples takem from
boreholes do not show any systematic petrographic variatiom with
depth, and together with surface samples do not show groupings of
petrographic types according to aresl distribution within the

¥Yanawahe veolcano.

- 78 -



PETROGRAPHIC COMPARISONS BETWEEN EDGECUMBE,

WHALE ISLAND, WHITE ISLAND AND MANAWAHE

The means and standard deviation for the modal compositions of
savples from each of Edgecunbe, Whale Island, White Island and
Manawshe are given in Table 11.

The most obvious differences between the modal analyses of the
four volecanoes are for those mimerals which are prcncnt.in the rocks
frow some volcances but not in the rocks from others. Thus modal
olivine is found only in White Island samples and modal cristobalite
(phenocrystic) only in Manawahe samples. lormblende is found in
rocks from Edgecunmbe and Whale Island but mot im rocks fros White
Island and Manawahe. Biotite is not found inm Hh1:§ Island rocks
(c.fe Black, 1970) but is found in rocks from the other three volcanoes.

Comparisoms of the variance and the wean of the six ubiquitous

modal constituents (groundmass, plagioclase, orthopyroxene, clinpyroxene,

quartz, and titanomagnetite) im each of the four volcances are made

using the statistical parameters "F" and "Studemt's 't! ", The parameter
"F* is the ratio of the squares of the standard deviations for two
distributions, and is used to test whether there is any significant
difference between the variances of the two distributioms. Student's

't'! is a parameter used to test for significant differemce between the
weans of two distributioms. In order to compare ill possible pairs of
distributions for the four volcances 2 4 x & matrix of F and t values

for each of the six ubiquitous medal constituents was computed and is

given as Table 12.
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TABLE 12

F _AND t MATRICES FOR MODAL ANALYSES

ANALYTICAL GROUPS ARE [DENTLFIED IN THE TEST MATRICES BY THE FOLLOWING NUMBERS

1 - Edgecumbe Voleano 2 - Whale Lsland Volcano
3 - White Usland Volcano 4 - Manawahe Volcano
F Test Matrix - Groundmass F Test Matrix - Clinopyroxens
1 2 3 4 1 2 k] 4
1 0,00 ¢ 0, 0) 1.39 (49,24) 1.39 (49,12) 3.89 (49, 14)* 1 0.00 (¢ 0, 0) 1.86 (49,24) 1460 (12,49) .00 (At),m)"
2 1.39 (49, 24) 0.00 ( 0, 0) 1.00 (24,12) 2.81 (24,14) 2 1.B6 (49,24) 0.00 ( 0O, D) 2:98 (12, 26) LoBL (26,16
3139 (49,12) 1.00 (12,24) 0.00 ( 0, 0) 2.81 (12,14) 3 1.60 (12,49) 2.98 (12,26) 0,00 ( 0, 0) Wass (12,10
4089 (4e,08* 2.8 (26.14) 2.81 (12,14) 0.00 ( 0, 0) & 9,00 (69, 10% 48 (26, 10%  4.6s (i3, 160* LN (0, 0y

F Test Matrix - Plagioclase F Test Matrix - Quartz

i 2 3 4 1 2 k! I3
1 0.00 (0, 0) 1.26 (49,24) 1,00 (49512) 2.62 (49,14 1 0.00 ¢ 0, 6) Tell (49,26) 15,36 (49 17 (4, 1™
2 1426 (49,74) 0.00 ( 0, 0) 1.26 (12,24) 2.08 (24,14) 2 1.1 (49,29) 0.00 ( 0, 0) 13.88 (26,10 .40 (2, 0*
3 1.00 (12,49) 1426 (12,24) 0.00 ¢ 0, 0) 2.62 (12,14) 3 15.38 (aw‘u)" 13.88 (ga.m* n.a0o (o, 0) 1S (12, 18%
L E.62 (49,18) 2.08 (24,14) 2.62 (12,14) 0.00 ( 0, 0) 405907 (a0, 10" 5.0 (26,10% 15 (200% .00 ( 0, 0
F Test Matrix - Orthopyroxene F Test Matrix - Opagues
1 2 3 4 1 2 ¥ B
I 0.00 ¢ 0, 0) 2.01 (49,24) 2.52 (12,49) 4.52 (49, 14)% 1 0.00 ( 0, 0) 1.89 (24,49) 467 (a9, 120* .78 (49,1 6%
2 2.01 (49,24) 0.00 ( 0, 0) 5.06 (12.200% 3,25 (264, 14) 2 1.89 (24,49) 0.00 ( 0, 0) 886 (26,020 inLe0 (s, w0®
3 2.52 (12,49) 5.00 (12,20% 0,000 ¢ 0, 00 11.39 (12, 14)* 1 &7 (W90DY B (26,1* 0200 (0. 0 LoBH (12, 14)
A 4,52 (40, .35 (2%, 14) 1139 (12,18*  0.00 ( 0, 0) G 878 (49,160% 1660 (24, 16)% 188 (12, 14) W0 ¢, 0y
t Test Matrix - Lroyndmass L Toest Matrix - 41 (LR
1 2 3 4 1 2 ¥ 4
1 0.00 ¢ 0) 1.26 (73) 0.32 (61) 5.59 (a1)* 1 0.00  0) 0.90 (79 GobH (AN 146 L™
2 L2 (73) 0.00 ( 0) 0.66 (36) 4,99 (38)* 20,30 (73) 0,00 { 0) 14 ()X 25 a¥
0.92 (81) 0.66 (36) 0.00 ( 0) S04 (26)* TGeB e s.1e (e)* G0 o) aab (oo™
4 559 em* 499 (8% sk 200 0.00 ¢ 0) L 3aae (e aus (IB* 89 (sm* ) g iy
t Test Matrix - Plagioclasue L Tese Maerix - Quartz
1 2 3 4 1 2 9 4
1 0.00 ¢ 0) 308 (T 1.81 {61) TP [uA™ 1000 () i35 (71) LoE RIS 217 T
2 2.08 (01) a.00 ¢ m 0,27 (i) 1:87 () T 125 (1) O ¢ u) 2.3 (3™ S iy
T 181 (A1) 9.23 (36) 0.00 (0 1.45 (20) 1.8 (e L9y e* oo oom 1235
5 3.2 (o3y* 1.97 (18) 1265 ( 26) 0.00 ( 0) 4 2,17 (63 185 ()Y 1o 44 {260 Vet ¢
t Test Matrix - Orthopyruxenc L Test Matrix - Opagues
i 2 3 4 | 2 i 4
I 0.00 ( 0) 133 (71 4,06 (n1)™ 2.96 (nay* 1 0.00 ¢ 0) 136 (23) A13 0O dLgA Cun ™
2 113 (7)Y n.o0 ¢ ny Ur-)" 5.24 (1»!)’( 2 136 (77) (00 () 2.12 () JIp sy
Vs e w27 Ge®  d.00 (o) 5.82 (2m* VoAt e 2002 (e ) & T
4 3.4 reny? .24 (1N 5.87 ()™ .00 ¢ 0y P s ok 2.31 (18) W) D00 L i
Nore (1) Figures in brackets denote the number of degrees ol frovdom Yor a particular

value of F or t.

(2) values of F and t marked with an asterisk are statistically sfgniticant at
the 1% level, f.e, the two variances or the two means being tested have
loss than ofie chance in a hundred of being drawn from the sasme disuribution,

and are thercfore considervd to represcat two statistically different distributions.




DPetailed inferences as to significant differences in a
>pqrtieu1ar modal constituent between pairs of volcanoes can be made
from Table 12 and will not be listed here. The principal conclusions
ares (1) for all modal constituents Edgecumrbe and Whale Island rocks
are 1nd£otingulnhnhle; (2) wWhite Island rocks and Manawahe rocks
can be statistically distinguished from each other and from Edgecumbe
and Whale Island rocks by their orthopyroxene and clinopyroxene contentj
(3) Hanawahe rocks have significantly higher groundmass contgnts
than any of the other Bay of Plenty volcanicsy (4) the variance of
quartz is significantly different in the distributions for White
Island and for Manawahe when compared to each other, or to Edgecumbe

and Whale Island distributions.
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MINERALOGY
PLAGIOCLASE

Plagioclase is present in all the Bay of Plenty volcanics, and
is the most abundant phenocryst in all sauples. The modal percentage
of plagioclase lies in the ramge 15.7% - 41.0% and plagioclase
expressed as a proportion of the total phemocryst content lies in the
range 49.1% - 86.3%. Differences in the plagioclase abundance
distributions between rocks from Edgecumbe, Whale Island, White
Island and Manawahe are shown im Tables 11 and 12.

Within any ome rock there is a large range in the size of
plagioclase phenocrysts, from about 6 mm to less than 0.1 mm for
the maximum dimension. There is am apparemt correlation im rocks
from the same volcamo, between the modal size of plagioclase phenocrysts
and the total crystallinity of the sample, but this cannot usually be

observed unless thul difference in .crylulhuty is marked (i.e. exceeds
| 10%). The distribution of the saximum dimension of plagioclase
phenocrysts in Edgecunbe lavas was determimed by mmrmis on 250
randonly selected crystals, tem efytclll being selected from each of
25 rock samples of comparable crystallinity. The distribution obtained
(Figs. 12) is biwodal with modal sizes at 0,6 mm and 1,0 mm; it is
strongly -k«od_.’:with a lancr‘uunht of small phenocrysts than large
ones. The continuity oi the distribution suggests that yiaglochu
nucleation has continued throughout its crystallisation histery and the
biﬁodl‘l nature of 5&. distribution in!eto two periods of increased
nucleation (dependant on the assunption that maximum dimension of

plagioclase crystals in the same rock sample is an indication of

< B3 i



Maximum Dimension of Plagioclase Phenocrysts (mm)

0.10 - 0.19
0.20 - 0.29
0.30 - 0.39
0.40 - 0.49
0.50 - 0.59
0.60 - 0.69
0.70 - 0.79
0.80 - 0.89
090 -~ 0.99
1.00 - 1.09
1.10 - 1.19
1.20 - 1.39
1.40 - 1.69
1.70 - 1.99
2.00 - 2.99
3.00 - 5.99

I T T LA T
2 4 6 8 10 12 14

% Frequency of Occurrence

Fig. 12. - Histogram showing size distribution of

plagioclase phenocrysts in 25 Edgecumbe rock samples.
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relative age, this assumption is discussed below). Since the
distribution is obtained by combining data from 25 discrete rock
samples of different ages (age of extrusion) the two periods of
nucleation could be due to chamge in physical and chemical changes
within a single magma body, or could be due to the samples being taken
from two magma bodies of different n?es and crystallisation history.
Alternmatively, the bimodality of the distribution is a result of
sampling error.

Plagioclase is also a ubiquitous grounduass constituent and
occurs as small (2-10 microm) lath-like crystals im both pilotaxitic |
and hyalopilitic groundmasses.
Composition

Plagioclase compositions were determined by measuring the
extinction anmgle X' A (010) in sections oriented i 3, using the chart
given by Tobi (1963, Fig. 6B). In order that a reasonable number of
determinations for plagioclase in each selected thin-section ¢ould be
made, a universal stage was used to rotate selected plagioclase erystals
into am orientation . a. Using thig technique the core compositions of
at least 10 plagioclase phenocrysts im each of 50 selected thin sections
from Edgecumbe, Whale Island, White Island and Manawahe were determined.
The core compositions were chosen because the couplex zomation patterns
shown by vtrtually all the plagioclase phemocrysts necessitated
measurement of a particular zome within all crystals if meaningful
interpretations were to be made. The ramge of plagioclase core
compositions determimed for phemocrysts in 2 single sample are

fieqnontly coupér:bln with the range of compositions shown by all the
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plagioclase phenocrysts determined. It is therefore 1onsniblc to
distinguish a particular ramge of plagioclase core compositions imn
samples from a particular volcanic unit from the range of coapositions
in samples from another veoleanic wnit, nor is the range of plagioclase
core coupositions distinctive for samples from amy particular volcamo
couprising the Bay of Pl;nty volcanics. In general, plagioclase core
compositions for the Bay of Plenty volcanlen”range from An35 to Ang,
with the most frequently observed values in the range Anss-Aa .

65
The most sodi¢c rim composition determined was An

21°

There is a reasomable correlation between the core composition
of a plagioclase phenocryst and its sige (expressed as Jxy where
x and y are the maximum and minimum dimensions of a section )\ a.),
with smaller phenoecrysts having more albite-rich cores than larger
phenocrysts (Fig. 13). It is considered that veolcanic plagioclase
is in disequilibrium with the magma after its crystallisatiom (as
indicated by extreme zonmatiom patterms), and that the core compositions

of plagioclase crystals are therefore dependant on the composition of

th§ residual liquid in the magma at the time of their crystallisation.

Thus it can be inferred that the size of a plagioclase phenocryst within

a particular rock sample of the Bay of Plenty volcanics is largely
dependent on its relative age.
Determinations of the x-ray diffraction parameters T

("131*‘”!20 - 4V 5, for Cu radiatiom) and B (2V,7, - 2¥504
for Cu radiation) were made (Table 13) for plagloclases separated
from 12 rock samples of the Bay of Plemty volcamics. The values of

the parameters are dependent on the plagioclase composition and on

- 86 -



%An

90

%An

50 L 'Y

90

70

%An

30 |

Fig. 13. - Graphs of plagioclase phenocryst size against core
composition for five rock samples from Central Cone, Whale Island,
In the graph for cach sample, phenocryst size is expressed as

/XY (increasing to the right), where X and Y are the maximum
and minimum dimensions of phenocryst sections L a (X and Y were
measured in arbitrary units). Lines are RMA regression lines

fitted to the data plotted.




TABLE 13

X-RAY DIFFEACTION PARAMETERS FOR PLAGIOCLASE

SAMPLE
NO. s

11251 1.02
11219 0.90
11206 1.30
11228 1.30
11386 0.99
11327 1.27
11387 1.30
11352 1.07
11349 1.20
11215 1.18
11388 1.18
11389 1.05

T = 2V131 + 2V

B = 2?{;

1

- 88 &

220

%301

0.81
0.85
0.75
0.76
0.82
0.80
0.78
0.78
0.77
0.76
0.78
0.75



its structural state (Smith & Gay, 1958). A plot of T against B
for the plagioclase amalysed (Fig. 14) shows no significant differences
between samples from each of the four voleanoes.

¥ost plagioclase phenocrysts are twimmed,and twinning of carlsbad,

albite, combined eaflsbsd-albitc. and pericline types was recognised.
8

-

Zoning

© Nearly 311 plagioclase phenocrysts are zoned, the most common
zonation patterns being mormal oscillatory, or oscillatory with
different compositional groups but no overall compositiomal trend.
In all cases vhere it was exawined in detail the pattern of oscillatory
zoning is of groups of zones with successive zomes im each group having
the same average composition, but with abrupt compositional chamges
between groups of zomes. In plagioclase phenocrysts im samples of the
Bay of Plenty volcanics the overall change in the mean composition of
groups of oscillatory zomes between core and rim of the phenocryst may
show a mormal trend (decreasing %An outwards), a reverse trend, or no
trend at all. Detailed compositional cross-sections (obtained by
measurement of extinction angles X'\ (010) in sections oriemted 1\ a.)
of two plagioclase phemocrysts with complex zoning patterns are shown
in Figse. 15 and 16, Ewart (1963) in his description of plagloclase
phenocrysts from tephra in the Taupo Sub-Group nogod that plagioclase
phenocrysts from partiecular ash members often showed a characteristic
number of shary and discordant bresks im their zonia&lpattora:.
He correlated these zoning breaks with prcv£§ul cruptioﬁs in the
Taupo sequence. Similar discordant brcnkc‘nrc observed in the

zoning patterns of plagioclase phcioerysts from the Bay of Plenty
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Fig. 14. - Values of the x-ray diffraction parameters V'

and B for plagioclase from samples nf the Bay of Plenty
volcanics., Symbols: e Edgecumbe, w Whale Island,

O White Island, m Manawahe.
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volcanics. But here there is mo association of a particular number of
discordant bresks with a particular volcanic unit, and corteiatian of
zoning breaks with previous eruptions is nnt clcntbcitv »

Theories on the oligil of oucillatory zoning 'Cl‘»‘llCUlltd by
Vance (19‘!), who l‘lﬂlﬂiﬁd that oscillatory zoming !ﬂaln in respomse
to “recurrent supersaturation of the melt im l-htthit;, adjacent to
the tuygvidnal crystals” (a hypothesis originally advanced by Harloff
in 1927), Bottinga, Kudo & Weill (1966) demomstrated the existence
of large concentration gradients for a number of elements im the boundary
zones (in 2 glass u;:rix) immediately surrounding plagioclase crystals.
rﬁcy were thus able to infer that plagioclase growth rates are diffusion
co.t!all-d, which is a requirement of Harloff's theory for the origin of
oscillatory zoning. They inferred from electron microprobe determinations
of boundary-zome glass that the controlling diffusion rate in escillatory
zona formation is that of Al, mnot that\of Ca and/or Na as had previously
been postulated (Hnrloff.'1917; Vance, 1962). The cyilc of oscillatery
plagioclase crystallisation was considered by Bottinga, Kudo & Weill
to be due to the systematic change im character of thi crystal-liquid
interface during diffusion-controlled cryséallinattan gio:tinga, Kudo
& Weill, 1966, p. 801). 7

Resorption of plagioclase phemocrysts, p-rtleuli;ﬁérthe cores of
phenoerysts, resulting im inclusioms of eelwrhu u-ﬁio—brm glass
(or oecasicnally sodic plagioeln:c) is a common !tatitq in samples of
the iq l! Plenty volcanics. m-au on m:ﬁ”hu phenocrysts
in 25 samples shows a strong cottnlation,bnc-o.- the ogceurrence of

plagioclase resorption and phenoeryst size, more large phenocrysts

- 95 -




Plate 21. - Glass resorption zones in plagioclase
phenocrysts. Photomicrograph, x 32.

Plate 22. - Glass resorption zonme in core of

plagioclase phenocryst. Photomicrograph, x 70,

Plate 23. - Euhedral patches of glass formed by’

plagioclase resorption. Photomicrograph, x 460.



show resorption than do small phenoerysts (Fig. 17). Plagioclase
regsorction of this type is cld;oly analogous to patchy zoning in
pla#ioclnso as described by Vance (1965).> However, in Vance's

exanples the areas which were resorped were subsequently filled with

8 plagioclase more sodic tham their origimal compesition. The formatiom
of a sodic plagioclase in patchy zones is seldom found in plagioclases
of samples from the Bay of Plenty volcanics,

Although resorption zomes are particularly common in the cores of
phenocrysts from the Bay of Plemty volcanics, they are also found as
discrete bands in the outer zomes of plagloclase phenocrysts. Some
phenocrysts have been observed with three or four discrete bands of
resorption zones, but it has not been peossible to dctcrmi;. whether
these bands formed simultaneously or sequentially. Resorption patches
tend to be subhedral, with stromng crystallographic contrel over their
form, the more euhedral patches being bounded by (001), (010) and (100)
and showing quasi-rectangular outlines im section. Poikilitic inclusions
in plagioclase cores are found more frequently in the phenocryst cores
which are resorped, than in the cores which are not; supporting Vance's
(1965) contention that the resorped patcp.. are at least partially filled
with magmatiec material. Poikilitic inclusions in plagioclase from the
Bay of Plenty volcamics consist predominantly of opaques, clinopyroxene,
lnd.otthopyroxcno. with ninor apatite. Vance (1965) considers that
resorption of plagioclase in tﬁo formation of patchy zonimg is probably
due to fall im hydrostatic pressure related to wpward displacement of
the magma and this hypothtﬁls i8 consistent with the available data from

the Bay of Plenty volcanics.
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Maximum Dimension of Plagioclase Phenocrysts (mm)
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Fig. 17. - Histogram of frequency of resorption in plagioclase

phenocrysts compared to their size, data from 25 Edgecumbe rock

samples.

- 98 -



PYROXENE

Pyroxene is the second mest abundant phenocryst mimeral in the
Bay of Plenty volcanics and both orthopyrozeme and clinopyroxene ocpur
in all samples examimed. Modal pyroxene is in the range 2.3% - 18%,
with total pyroxene as a proportiom of the phenocrysts in the range
5% = 28%. Five pyroxene types have been recognised in samples of the
Bay of Plenty volcanics; bronzite, hypersthene, ferro-hypersthene,
augite and sub-calcic augite. Pigeonite, reported by Clark (1960 b)
in the Tongariro National Park andesites, was not found in the Bay
of Plenty andesites and dacites. The orthopyroxene : clinopyroxene
ratio is extremely variable, but modal orthopyroxene generally exceeds
modal clinopyroxene and the average value of the ratio would be <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>