Taupo zone volcanism, extension and large silicic eruptions
(Magmatism-Volcanism-Tectonism)
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Taupo Volcanic
Zone (TVZ): the
plate boundary
setting

eSlightly oblique
convergence

eOceanic plateau
(Hikurangi Plateau),
Cretaceous LIP being
subducted

eModest convergence
rates (40-45 mm per
year)

*No obvious plate-
tectonic reason for
unusual behaviour
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TVZ: a geographical
outline

Three segments to TVZ:

1. Northern —normal
andesite-dacite arc,
continuous with
Kermadec arc

[ 4 2. Southern — normal

andesite-dacite arc

(' )Taupo (25.4, 1.8 ka)
(" )Okataina (320, 61 ka)
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{4 :- Reporoa (~280 ka)
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*™ Rotorua,

*+ e Ohakuri (~270 ka)

Whakamaru (350 ka)
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3. Central — unusual,
dominated by silicic
(rhyolitic) eruptions from
caldera volcanoes
(labelled coloured
outlines) Magma volumes
and rates are an order of
magnitude higher than for
cone centres
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Bay of Plenty ,'O\}Q{b §bq% ’ ) (Ce ntral) TVZ: a
| chronological outline

Three main time periods in
(central) TVZ history:

_ 1.0ld TVZ: 2.0 Ma to ~350 ka.
24 Many uncorrelated units

ial)4//| 2.Young TVZ: 350 ka

[ 4 (Whakamaru Group
eruptions) to present day.
Most large eruptions
documented

(' )Taupo (25.4, 1.8 ka)

~ .
(_/Okataina (320,61 ka) '3 NModern TVZ: 61 ka to

'-

[+ “Reporoa (~280 ka) present, representative of the

“w

¢ \.Rotorua, active state of the system. All

Al *. 7 Ohakuri (~270 ka :
A = ( ) eruptions known?
Whakamaru (350 ka)

-

i 77| v~ 'Kapenga (890-270 ka)

R :nMangakino (1600-950 ka)
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Non-rhyolitic lithologies in
the young TVZ

volume,
km®
<0.01
0.01-0.1
0.1-1.0
1-10
10-100

>100

Key points:

e Total volumes an
order of magnitude
lower than that for
rhyolite over the past
350 ka

eNo systematic time-
progression from
andesite to rhyolite

eNo arc/back-arc
separation




Variation of heat ouput
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Magnitude-frequency relationships for silicic eruptions?
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Central TVZ: 3

68 eruptions o

782 km3 magma ¢
61,000 years ®

0.0001

TTT

cumulative number of eruptions per year
with volume > given value

0.00001
0.001 0.01 0.1 1 10 100 1000
eruption volume, km® magma

Average of one eruption per 900 years: 5 OM variations in Modified from: Wilson

erupted volumes; 3 OM variations in repose periods et al., Spec Publ IAVCEI
2, 225 (2009)
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Variation of heat ouput
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Central TVZ: rifting arc environment (as opposed to arc/back-arc pairing),
with thinned, young (Permian or later) crust. Crustal lithologies with V,
values appropriate to dominant quartz-feldspathic densities (and hence
lithologies) only 15-16 km thick. Limits depths/pressures for silicic systems.

£ "
L
[ an
.’7, i"\
N
%"
$ e R
W £ 4
-1 v Young TVZ
" 5 . e
\ ‘r w
2
{:; -

From: Stratford & Stern,
Geophys Res Lett 31, L06622
(2004) and Geophys J Intl 166,
469 (2006); Harrison & White,
Geophys Res Lett 31, L13615
(2004) and Geophys J Intl 167,
968 (2006).

Details subject to variations...
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Some paradoxes and
contradictions inherent in our
current data sets and knowledge.
Zones of crustal melt implied to
be present from MT studies do
not relate to volcanism in some

key cases, and the ‘rift axis’

defined from surface faulting
studies is not where the greatest

surface heat flows are occurring.

Central TVZ: what are the major
inferences from volcanic and
tectonic studies?

Not always where they might be
expected to be.

From Heise et al., 2010, GRL 37, L10301
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Eruption volume, km® Eruption volume, km’

0.001 0.01 0.1 1 10 100 1000 100 10 0.1 0.01 0.001
T e R E .

-
o
|

N

o

l

Thousands of years before present

N

o
N
o

w
o

30

IS

o
NN
o

ey
o=
Q
1]
=
Q
o
L
[
O
e
@©
Q
>
N
o]
2]
©
@©
2]
=
o
X -
-

(o)

o
(o))
o

Rotoiti/Earthquake Flat

Taupo/ Maroa Okataina




Modern central TVZ: dependence versus independence of volcanic

Phase 3
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Flareup calderas
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:-"Reporoa (230 ka)
«* ™™\ Rotorua,
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Pairing of eruptions
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the Mamaku —
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From: Gravley et al. 2007,
GSAB 119, 18
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between two large eruptions

*
Paleosol over eroded Pokai ignimbrite
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Zircon

Partly- to wholly-
solidified crystalline
(plutonic) material

Zones of meltlng of greywacke
and mixing of crystals —

/1

Feldspar

From: Wilson et al.,
2006, J Petrol 46, 35
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inclusions)

Input of heat and materials from the
mantle source >30 km deep
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Oruanui Okaia

How rapidly was the Oruanui oY eruption eruption

Main core-rim boundary in high-SiO, rhyolite Opx
magma body assembled? GRS, Myolie =P
5= Interpretation: Arrival of individual Opx crystals
: . into the growing melt dominant magma body
Textural relationships between 3 4 _
©
orthopyroxene (Opx) and 5, \ N\ Rincton (PDF) curve
amphibole, suggest upward s Il i
Q P Model conditions: 770 °C, -0.2NNO
movement of crystals from the E L _ . (fnal magmatic conditions)
mush zone into the melt dominant < NN
14 = -
body. These matched by —‘ ( 7\\ n=28
compositional changes. o-|1 I .\-—-—-—.—
0 500 1000 1500 2000 2500 3000
Al (very-slow diffusing) * fgisastditsa Fe-Mg diffusion age (years)
smrmfv N Lk s boundry ® . Diffusional boundary in Opx marks entry
core-rim boundary - S " o = . .
* Growth zoning* % into the melt-dominant body. Fe-Mg

diffusion rates then used to measure
residence time in the magma body.
Maximum 1600 years, peak 230 years
(using final magmatic temperature on
eruption). Tectonic control on magmatic
processes?

Rim zone——\
(crystalisaton in meit
dominant magma body)

-

) From: Allan et al., 2013, Contrib Mineral Petrol,

~—— in press



What controlled the onset and modulation of the Oruanui eruption?

Two geochemically distinct but closely adjacent magma factories in action
independently prior to the Oruanui event
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Pumice types
green = ‘normal’ Oruanui
blue = biotite-bearing (%)

Oruanui
phase 3
deposits 9.2m
Phase 3 deposits Oruanui phase
§ 2 fall and
flow deposits

_"Phase 24all and flow deposits (~0.3 km’, magma)

Time break of several
weeks to months

—‘ 17%

16%

Oruanui phase
1 fall deposits
(~0.3 km’, magma)

1 miis

4%
2%

4%

.

4%

Locality 2%

2751 4%




What controlled the onset and modulation of the Oruanui eruption?

Syn-eruptive rifting the key to (a) lateral transport of independent magmas to a
common vent and (b) understanding how the Oruanui eruption started and
stopped in its early phases, as well as explaining the escalation into later activity.

Plume for
_I Syn-eruptive rift Oruanui phases
axes 1 and 2 with
1 mixtures of

27.5ka erupted
compositions

- RTD/Trig 9471 domes
Early phases of the ot e, (biotite-bearing rhyolite)

Oruanui eruption . Proto-Lake Taupo
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Post-Oruanui highstand
Lake Taupo: 500 m ASL

Post-Oruanui highstand
Lake Reporoa: 360 m ASL

Kawakawa
Waihora— Bay
Bay  Whangamata
Bay Whakaipo

Karangahape 0°

Waitahanui

Mission Bay

== mMain faults of Taupo Fault Belt

------ - post-1.8 ka shoreline

Y% post-26.5 ka shoreline site

=== inferred 26.5 ka shoreline
Omuanui structural caldera




Information from the post-Oruanui shorelines

PALAEOSHORELINE ELEVATIONS

WhangamataWhakaipo Kaiapo

Ba Bay _ Ba
520 Y Y o 7 Y
500 - - e i L 140
; | i
480 | L a +120
460 L M post-Oruanui highstand :100
A . A Al O possible post-Oruanui highstand |
— 440 + Waihora L L J 0o O A expected elevation after 26.5 ka 180
2 Kurutau Waihaha « post-Taupo highstand il
£ 420 | Omori Karangahape Kawakawa A + expected elevation after 1.8 ka 160
Stump Bay Bay . 1
400 ; » 1
'S L i . - +‘§»ﬁ;§£’&o s . ..__40
B . bi < Acacia -
380 - ST ?g © Bay Waitahanui Hatepe R 20
= §l g | & Bay —
360 | G s 1o
= S| Z | M
340 T * — e = * ——
180 -135 -90 -45 0 45 90 135 180
degrees clockwise
" uplift MODERN VERTICAL DISPLACEMENT RATES
R NP
Z\ 0 """ T 1‘ T T T T T U X' " T T T T u ‘V TN T T T T i T T T T T T T T T '\’ T T
g X
g -21 X X X
X
4 X
-6 -
subsidence

Recorded values for the post-Oruanui highstand terrace (blue trend line)
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Information from the post-Oruanui shorelines

PALAEOSHORELINE ELEVATIONS
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Lake Taupo at sunset:
a supervolcano in repose

contrasts between
locations of
volcanism and
magmatism

varying thermal
fluxes and tectonic
conditions changing
balance between
volcanism an
plutonism

magmatism

volcanism

eruptions triggered
by faulting

T ]

faulting triggered
by eruptions

tectonism

crustal magmatism timing and styles

influencing rifting
processes

of regional faulting influence
magmatic focii



