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Abstract

Realistic probabilistic hazard forecasts for re-awakening volcanoes rely on making an
accurate estimation of their past eruption frequency and magnitude for a period long
enough to view systematic changes or evolution. Adding an in-depth knowledge of the
local underlying magmatic or tectonic driving processes allows development of even
more robust eruption forecasting models. Holocene tephra records preserved within
lacustrine sediments and soils on and surrounding the andesitic stratovolcano of Mt.
Taranaki (Egmont Volcano), New Zealand, were used to 1) compile an eruption
catalogue that minimises bias to carry out frequency analysis, and 2) identify magmatic

processes responsible for variations in activity of this intermittently awakening volcano.

A new, highly detailed eruption history for Mt. Taranaki was compiled from sediment
sequences containing Holocene tephra layers preserved beneath Lakes Umutekai and
Rotokare, NE and SE of the volcano’s summit, respectively, with age control provided
by radiocarbon dating. To combine the two partly concurrent tephra records both
geochemistry (on titanomagnetite) and statistical measures of event concurrence were
applied. Similarly, correlation was made to proximal pyroclastic sequences in all sectors
around the 2518 m-high edifice. This record was used to examine geochemical
variations (through titanomagnetite and bulk chemistry) at Mt. Taranaki in

unprecedented sampling detail.

To develop an unbiased sampling of eruption event frequency, a technique was
developed to distinguish explosive, pumice-forming eruptions from dome-forming
events recorded in medial ash as fine-grade ash layers. Recognising that exsolution
lamellae in titanomagnetite result from oxidation processes within lava domes or plugs,
their presence within ash deposits was used to distinguish falls elutriated from block-
and-ash flows. These deposits are focused in particular catchments and are hence
difficult to sample comprehensively. Excluding these events from temporal eruption
records, the remaining, widespread pumice layers of sub-plinian eruptions at a single
site of Lake Umutekai presented the lowest-bias sampling of the overall event
frequency. The annual eruption frequency of Mt. Taranaki was found to be strongly

cyclic with a 1500-2000 year periodicity.
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Titanomagnetite, glass and whole-rock chemistry of eruptives from Mt. Taranaki’s
Holocene history all display distinctive compositional cycles that correspond precisely
with the event frequency curve for this volcano. Furthermore, the largest known
eruptions from the volcano involve the most strongly evolved magmas of their cycle
and occur during the eruptive-frequency minimum, preceding the longest repose

intervals known.

Petrological evidence reveals a two-stage system of magma differentiation and
assembly operating at Mt. Taranaki. Each of the identified 1500-2000 year cycles
represent isolated magma batches that evolved at depth at the base of the crust before

periodically feeding a mid-upper crustal magma storage system.
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from Mt. Taranaki, split into the component rates for fast-ascent
and slow-ascent eruptions. The bandwidth of the smoother was
optimized at 485 yr using the Kullback-Leiber score (Marron
1985), and edge effects were dealt with by inverse weighting of the
kernel density (Diggle 1985). The highlighted area corresponds to
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Figure 4.7:  Kernel smoother estimates for a sample of the annual eruption rate
from Mt. Taranaki, concentrating on fast ascent, sub-plinian
eruptions from the combined datasets of Lake Umutekai and
Maketawa eruption records. Modified after Turner et al. (2008b;
Appendix 1). Open stars (summit-sourced) and circles (Fanthams
Peak sourced) represent the best-estimated positions of the larger
tephras (>0.6 km’ bulk rock) identified by Alloway et al. (1995).
Filled stars and circles represent positions of largest tephras as
identified from dated lake records and geochemically correlated to
Major units on the edifice. ............ccccuevoueivieiieiiiiiieie e, 99

Figure 4.8:  Plot of electron-microprobe derived Al;O3; vs. TiO, wt.% in
titanomagnetite grains for the entire Holocene record of sub-
plinian tephra eruptions from Mt. Taranaki. Each numbered and
coloured set of points indicates individual batches of related
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temporally constrained (hence the apparent overlaps of some
groups). The black dots indicate titanomagnetite derived from more
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Figure 4.9:  SiO; and MgO variation diagrams for Taranaki eruptives. These
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Y-axis), including star (summit-sourced) and circle (Fanthams
Peak sourced) symbols showing the timing of the largest-known
eruptions (>0.6 km’ in bulk volume). Upper orange symbols
represent the ranges of MgQO concentrations in titanomagnetite
crystals within erupted products. These are used to define the
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(confident=solid line, tentative=dotted line). Individual magma
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Figure 5.1:  Orthophotograph showing Mt. Taranaki and the distribution of the
Curtis Ridge unit-1 eruptive. 50, 100 and 150 mm isopachs are
shown. Spot thicknesses in mm. Localities mentioned in the text are
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eastern Mt. Taranaki. Modified from Neall and Alloway (1986).......... 125

Figure 5.3:  Optical micrographs of selected phenocrysts under cross-polarised
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pumice. (g) Plagioclase phenocryst with patchy/sieve textured core
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